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RCA Bipolar Power Devices 

This DATA BOOK contains detailed technical 
information on the full line of more than 750 RCA 
bipolar power devices consisting of: power 
transistors, SURGECTORs, ultra-fast-recovery 
rectifiers, power hybrid circuits, SCRs, and triacs. 
A complete index of these types is included on the 
following pages. 

Eleven separate data sections provide definitive 
ratings and characteristics for each major product 
category of devices. Within each section, data 
pages for individual devices are included, as nearly 
as possible, in numerical-alphanumerical 
sequence. Because some devices are grouped 
together to show similarity of function or data, 
some individual type numbers may be out of 
seq.uence. If you don't find the type number that 
you are looking for where you expect it to be, 
check the Index to Devices. 

The DATABOOK also contains general 
information on high-reliability power devices, 
package information covering dimensional 
outlines, mounting hardware, and lead forms for 
plastic packages, abstracts of RCA application 
notes, and listings of RCA sales offices, authorized 
distributors, and manufacturers' representatives. 
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Information furnished by RCA Is believed to be accurate 
and reliable. However, no responsibility is assumed by 
RCA 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 patent rights of RCA. 

When incorporating RCA Solid State Devices in equipment, 
it is recommended that the designer refer to "Operating 
Considerations for RCA Solid State Devices," Form No. 
1 CE-402, available on request from RCA Solid State 
Division, Box 3200, Somerville, NJ 08876. 

Copyright 1986 by RCA Corporation 
(All rights reserved under 
Pan-American Copyright Convention) 

Trademark(s)8Registered 
Marca(s} Registrada(s} 
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Type Page 
No. No. 

2N681 672 
2N682 672 
2N683 672 
2N684 672 
2N685 672 

2N686 672 
2N687 672 
2N688 672 
2N689 672 
2N690 672 

2N691 672 
2N692 672 
2N697 88 
2N1479 350 
2N1480 350 

2N1481 350 
2N1482 350 
2N1613 90 
2N1700 353 
2N1893 95 

2N2102 90 
2N2270 100 
2N2405 95 
2N3053 104 
2N3053A 104 

2N3055 356 
2N3228 675 
2N3439 156 
2N3440 156 
2N3441 359 

2N3442 365 
2N3525 675 
2N3583 160 
2N3584 160 
2N3585 160 

2N3650 678 
2N3651 678 
2N3652 678 
2N3653 678 
2N3654 684 

2N3655 684 
2N3656 684 
2N3657 684 
2N3658 684 
2N3668 690 

2N3669 690 
2N3670 690 
2N3771 370 
2N3772 370 
2N3773 374 

2N3791 377 
2N3792 377 
2N3870 694 
2N3871 694 
2N3872 694 

2N3873 694 
2N3878 108 
2N3879 108 
2N3896 694 
2N3897 694 

PHC = Power Hybrid Circuit 
PWT = Power Transistor 
SCR = Silicon Controlied Rectifier 

Type of Bulletin 
Device File No. 

SCR 96 
SCA 96 
SCR 96 
SCA 96 
SCA 96 

SCR 96 
SCR 96 
SCR 96 
SCR 96 
SCR 96 

SCR 96 
SCR 96 
PWT 16 
PWT 135 
PWT 135 

PWT 135 
PWT 135 
PWT 106 
PWT 141 
PWT 34 

PWT 106 
PWT 24 
PWT 34 
PWT 960 
PWT 960 

PWT 1699 
SCR 114 
PWT 64 
PWT 64 
PWT 529 

PWT 528 
SCR 114 
PWT 138 
PWT 138 
PWT 138 

SCR 408 
SCR 408 
SCR 408 
SCR 408 
SCR 724 

SCR 724 
SCR 724 
SCA 724 
SCR 724 
SCR 116 

SCR 116 
SCR 116 
PWT 974 
PWT 974 
PWT 526 

PWT 1059 
PWT 1059 
SCR 578 
SCR 578 
SCR 578 

SCR 578 
PWT 766 
PWT 766 
SCR 578 
SCR 578 

Index to Devices 

Type Page Type of Bulletin 
No. No. Device File No. 

2N3898 694 SCR 578 
2N3899 694 SCR 578 
2N4036 115 PWT 216 
2N4037 115 PWT 216 
2N4063 156 PWT 64 

2N4064 156 PWT 64 
2N4101 675 SCR 114 
2N4103 690 SCR 116 
2N4240 160 PWT 138 
2N4314 115 PWT 216 

2N4347 365 PWT 528 
2N4348 374 PWT 526 
2N4898 381 PWT 1150 
2N4899 381 PWT 1150 
2N4900 381 PWT 1150 

2N5038 120 PWT 698 
2N5039 120 PWT 698 
2N5202 108 PWT 766 
2N5239 166 PWT 321 
2N5240 166 PWT 321 

2N5294 384 PWT 322 
2N5296 384 PWT 322 
2N5298 384 PWT 322 
2N5301 388 PWT 1029 
2N5302 388 PWT 1029 

2N5303 388 PWT 1029 
2N5320 127 PWT 325 
2N5321 127 PWT 325 
2N5322 127 PWT 325 
2N5323 127 PWT 325 

2N5415 170 PWT 336 
2N5416 170 PWT 336 
2N5441 754 TRI 593 
2N5442 754 TRI 593 
2N5443 754 TRI 593 

2N5444 754 TRI 593 
2N5445 754 TRI 593 
2N5446 754 TRI 593 
2N5490 392 PWT 353 
2N5491 392 PWT 353 

2N5492 392 PWT 353 
2N5493 392 PWT 353 
2N5494 392 PWT 353 
2N5495 392 PWT 353 
2N5496 392 PWT 353 

2N5497 392 PWT 353 
2N5629 397 PWT 1141 
2N5630 397 PWT 1141 
2N5631 397 PWT 1141 
2N5671 132 PWT 383 

2N5672 132 PWT 383 
2N5754 759 TRI 414 
2N5755 759 TRI 414 
2N5756 759 TRI 414 
2N5757 759 TRI 414 

2N5781 400 PWT 413 
2N5782 400 PWT 413 
2N5783 400 PWT 413 
2N5784 400 PWT 413 
2N5785 400 PWT 413 

SUR = SUAGECTOR 
TRI = Triac 
UFA = Ultra-Fast-Recovery Rectifier 
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Index to Devices 

Type Page 
No. No. 

2N5786 400 
2N5838 174 
2N5839 174 
2N5840 174 
2N5885 411 

2N5886 411 
2N5954 415 
2N5955 415 
2N5956 415 
2N6032 136 

2N6033 136 
2N6043 228 
2N6044 228 
2N6045 228 
2N6050 232 

2N6051 232 
2N6052 232 
2N6055 236 
2N6056 236 
2N6057 232 

2N6058 232 
2N6059 232 
2N6077 180 
2N6078 180 
2N6079 180 

2N6106 419 
2N6107 419 
2N61 08 419 
2N61 09 419 
2N6110 419 

2N6111 419 
2N6121 428 
2N6122 428 
2N6123 428 
2N6124 428 

2N6125 428 
2N6126 428 
2N6211 186 
2N6212 186 
2N6213 186 

2N6214 186 
2N6246 431 
2N6247 431 
2N6248 431 
2N6249 191 

2N6250 191 
2N6251 191 
2N6253 438 
2N6254 438 
2N6259 374 

2N6262 365 
2N6263 359 
2N6264 359 
2N6282 241 
2N6283 241 

2N6284 241 
2N6285 241 
2N6286 241 
2N6287 241 
2N6288 419 

PHC = Power Hybrid Circuit 
PWT = Power Transistor 
SCR = Silicon Controlled Rectifier 

Type of Bulletin 
Device File No. 

PWT 413 
PWT 410 
PWT 410 
PWT 410 
PWT 1041 

PWT 1041 
PWT 675 
PWT 675 
PWT 675 
PWT 462 

PWT 462 
PWT 1151 
PWT 1151 
PWT 1151 
PWT 1185 

PWT 1185 
PWT 1185 
PWT 563 
PWT 563 
PWT 1185 

PWT 1185 
PWT 1185 
PWT 492 
PWT 492 
PWT 492 

PWT 676 
PWT 676 
PWT 676 
PWT 676 
PWT 676 

PWT 676 
PWT 1149 
PWT 1149 
PWT 1149 
PWT 1149 

PWT 1149 
PWT 1149 
PWT 507 
PWT 507 
PWT 507 

PWT 507 
PWT 677 
PWT 677 
PWT 677 
PWT 523 

PWT 523 
PWT 523 
PWT 1077 
PWT 1077 
PWT 526 

PWT 528 
PWT 529 
PWT 529 
PWT 1001 
PWT 1001 

PWT 1001 
PWT 1001 
PWT 1001 
PWT 1001 
PWT 676 

Type Page 
No. No. 

2N6289 419 
2N6290 419 
2N6291 419 
2N6292 419 
2N6293 419 

2N6342A 763 
2N6343A 763 
2N6344A 763 
2N6345A 763 
2N6346A 763 

2N6347A 763 
2N6348A 763 
2N6349A 763 
2N6354 141 
2N6371 438 

2N6383 245 
2N6384 245 
2N6385 245 
2N6386 250 
2N6387 250 

2N6388 250 
2N6394 700 
2N6395 700 
2N6396 700 
2N6397 700 

2N6398 700 
2N6400 705 
2N6401 705 
2N6402 705 
2N6403 705 

2N6404 705 
2N6420 197 
2N6421 197 
2N6422 197 
2N6423 197 

2N6467 445 
2N6468 445 
2N6469 431 
2N6473 419 
2N6474 419 

2N6475 419 
2N6476 419 
2N6477 449 
2N6478 449 
2N6486 454 

2N6487 454 
2N6488 454 
2N6489 454 
2N6490 454 
2N6491 454 

2N6496 120 
2N6500 108 
2N6530 255 
2N6531 255 
2N6532 255 

2N6533 255 
2N6542 202 
2N6544 202 
2N6545 202 
2N6546 202 

SUR = SURGECTOR 
TRI = Triac 

Type of 
Device 

PWT 
PWT 
PWT 
PWT 
PWT 
TRI 
TRI 
TRI 
TRI 
TRI 
TRI 
TRI 
TRI 
PWT 
PWT 
PWT 
PWT 
PWT 
PWT 
PWT 
PWT 
SCR 
SCR 
SCR 
SCR 
SCR 
SCR 
SCR 
SCR 
SCR 
SCR 
PWT 
PWT 
PWT 
PWT 
PWT 
PWT 
PWT 
PWT 
PWT 
PWT 
PWT 
PWT 
PWT 
PWT 
PWT 
PWT 
PWT 
PWT 
PWT 
PWT 
PWT 
PWT 
PWT 
PWT 
PWT 
PWT 
PWT 
PWT 
PWT 

UFR = Ultra-Fast-Recovery Rectifier 

Bulletin 
File No. 

676 
676 
676 
676 
676 

1084 
1084 
1084 
1084 
1084 

1084 
1084 
1084 
582 

1077 

609 
609 
609 
610 
610 

610 
891 
891 
891 
891 

891 
892 
892 
892 
892 

892 
1100 
1100 
1100 
1100 

888 
888 
677 
676 
676 

676 
676 
680 
680 
678 

678 
678 
678 
678 
678 

698 
766 
873 
873 
873 

873 
1096 
1096 
1096 
1096 
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Type Page 
No. No. 

2N6576 261 
2N6577 261 
2N6578 261 
2N6609 460 
2N6648 266 

2N6649 266 
2N6650 266 
2N6666 270 
2N6667 270 
2N6668 270 

2N6671 14 
2N6672 14 
2N6673 14 
2N6674 20 
2N6675 20 

2N6676 26 
2N6677 26 
2N6678 26 
2N6686 32 
2N6687 32 

2N6688 32 
2N6702 146 
2N6703 146 
2N6704 146 
2N6738 38 

2N6739 38 
2N6740 38 
2N6751 44 
2N6752 44 
2N6753 44 

2N6754 44 
2N6771 51 
2N6772 51 
2N6773 51 
40346 211 

40347 465 
40348 465 
40406 469 
40407 469 
40408 469 

40411 469 
40412 211 
B0142 518 
B0181 522 
B0182 522 

B0183 522 
B0201 526 
B0202 526 
B0203 526 
B0204 526 

B0239 529 
B0239A 529 
B0239B 529 
B0239C 529 
B0240 532 

B0240A 532 
B0240B 532 
B0240C 532 
B0241 535 
B0241A 535 

PHC = Power Hybrid Circuit 
PWT = Power Transistor 
SCR = Silicon Controlled Rectifier 

Type of Bulletin 
Device Fiie No. 

PWT 1152 
PWT 1152 
PWT 1152 
PWT 1061 
PWT 1013 

PWT 1013 
PWT 1013 
PWT 1069 
PWT 1069 
PWT 1069 

PWT 1090 
PWT 1090 
PWT 1090 
PWT 1164 
PWT 1164 

PWT 1165 
PWT 1165 
PWT 1165 
PWT 1171 
PWT 1171 

PWT 1171 
PWT 1187 
PWT 1187 
PWT 1187 
PWT 1291 

PWT 1291 
PWT 1291 
PWT 1244 
PWT 1244 
PWT 1244 

PWT 1244 
PWT 1292 
PWT 1292 
PWT 1292 
PWT 211 

PWT 88 
PWT 88 
PWT 219 
PWT 219 
PWT 219 

PWT 219 
PWT 211 
PWT 701 
PWT 700 
PWT 700 

PWT 700 
PWT 1282 
PWT 1282 
PWT 1282 
PWT 1282 

PWT 669 
PWT 669 
PWT 669 
PWT 669 
PWT 670 

PWT 670 
PWT 670 
PWT 670 
PWT 671 
PWT 671 

Index to Devices 

Type Page Type of Bulletin 
No. No. Device File No. 

B0241B 535 PWT 671 
B0241C 535 PWT 671 
B0242 538 PWT 672 
B0242A 538 PWT 672 
B0242B 538 PWT 672 

B0242C 538 PWT 672 
B0243 541 PWT 673 
B0243A 541 PWT 673 
B0243B 541 PWT 673 
B0243C 541 PWT 673 

B0244 544 PWT 674 
B0244A 544 PWT 674 
B0244B 544 PWT 674 
B0244C 544 PWT 674 
B0277 547 PWT 667 

B0500 550 PWT 1108 
B0500B 550 PWT 1108 
B0501B 550 PWT 1108 
B0533 552 PWT 1236 
B0534 552 PWT 1236 

B0535 552 PWT 1236 
B0536 552 PWT 1236 
B0537 552 PWT 1236 
B0538 552 PWT 1236 
B0550 557 PWT 1109 

B0550B 557 PWT 1109 
B0643 275 PWT 1241 
B0645 275 PWT 1241 
B0647 275 PWT 1241 
B0649 275 PWT 1241 

B0795 559 PWT 1242 
B0796 559 PWT 1242 
B0797 559 PWT 1242 
B0798 559 PWT 1242 
B0799 559 PWT 1242 

B0800 559 PWT 1242 
B0801 559 PWT 1242 
B0802 559 PWT 1242 
B0895 279 PWT 1240 
B0895A 279 PWT 1240 

B0897 279 PWT 1240 
B0897A 279 PWT 1240 
B0899 279 PWT 1240 
B0899A 279 PWT 1240 
B0901 279 PWT 1240 

BOX18 562 PWT 994 
BOX33 282 PWT 693 
BOX33A 282 PWT 693 
BOX33B 282 PWT 693 
BOX33C 282 PWT 693 

BOX330 282 PWT 693 
BOX34 288 PWT 694 
BOX34A 288 PWT 694 
BOX34B 288 PWT 694 
BOX34C 288 PWT 694 

BOX340 288 PWT 694 
BOX53 294 PWT 1213 
BOX53A 294 PWT 1213 
BOX53B 294 PWT 1213 
BOX53C 294 PWT 1213 

SUR = SURGECTOR 
TRI = Triac 
UFR = Ultra-Fast-Recovery Rectifier 
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Index to Devices 

Type Page 
No. No. 

BDX83 298 
BDX83A 298 
BDX83B 298 
BDX83C 298 
BDY29 565 

BDY55 569 
BDY56 569 
BDY58R 572 
BDY90 576 
BDY91 576 

BDY92 576 
BFT19 580 
BFT19A 580 
BFT19B 580 
BFT28 585 

BFT28A 585 
BFT28B 585 
BFT28C 585 
BTA20C 768 
BTA20D 768 

BTA20E 768 
BTA20M 768 
BTA20N 768 
BTA21C 773 
BTA21D 773 

BTA21E 773 
BTA21M 773 
BTA21N 773 
BTA22B 778 
BTA22C 778 

BTA22D 778 
BTA22E 778 
BTA22M 778 
BTA22N 778 
BTA23B 783 

BTA23C 783 
BTA23D 783 
BTA23E 783 
BTA23M 783 
BTA23N 783 

BU323 303 
BU323A 303 
BUW41 56 
BUW41A 56 
BUW41B 56 

BUW64A 591 
BUW64B 591 
BUW64C 591 
BUX10A 597 
BUXllA 601 

BUX14 605 
BUX16 609 
BUX16A 609 
BUX16B 609 
BUX16C 609 

BUX21 613 
BUX32 62 
BUX32A 62 
BUX32B 62 
BUX33 68 

PHC = Power Hybrid Circuit 
PWT = Power Transistor 
SCR = Silicon Controlled Rectifier 

8 

Type of Bulletin 
Device File No. 

PWT 955 
PWT 955 
PWT 955 
PWT 955 
PWT 819 

PWT 1215 
PWT 1215 
PWT 1206 
PWT 1289 
PWT 1289 

PWT 1289 
PWT 683 
PWT 683 
PWT 683 
PWT 815 

PWT 815 
PWT 815 
PWT 815 
TRI 1298 
TRI 1298 

TRI 1298 
TRI 1298 
TRI 1298 
TRI 1299 
TRI 1299 

TRI 1299 
TRI 1299 
TRI 1299 
TRI 1300 
TRI 1300 

TRI 1300 
TRI 1300 
TRI 1300 
TRI 1300 
TRI 1301 

TRI 1301 
TRI 1301 
TRI 1301 
TRI 1301 
TRI 1301 

PWT 1312 
PWT 1312 
PWT 1275 
PWT 1275 
PWT 1275 

PWT 1199 
PWT 1199 
PWT 1199 
PWT 1216 
PWT 1353 

PWT 1203 
PWT 800 
PWT 800 
PWT 800 
PWT 800 

PWT 1172 
PWT 1285 
PWT 1285 
PWT 1285 
PWT 1354 

Type Page Type of Bulletin 
No. No. Device File No. 

BUX33A 68 PWT 1354 
BUX33B 68 PWT 1354 
BUX37 307 PWT 1243 
BUX39 618 PWT 1211 
BUX45 621 PWT 1231 

BUX66 625 PWT 870 
BUX66A 625 PWT 870 
BUX66B 625 PWT 870 
BUX66C 625 PWT 870 
BUX97 630 PWT 1288 

BUX97A 630 PWT 1288 
BUX97B 630 PWT 1288 
BUY69A 633 PWT 1237 
BUY69B 633 PWT 1237 
BUY69C 633 PWT 1237 

BYW51-100 648 UFR 1412 
BYW51-150 648 UFR 1412 
BYW51·200 648 UFR 1412 
ClOOA 710 SCR 1005 
Cl06B 710 SCR 1005 

Cl06C 710 SCR 1005 
Cl06D 710 SCR 1005 
Cl06E 710 SCR 1005 
Cl06F 710 SCR 1005 
ClOOM 710 SCR 1005 

ClOON 710 SCR 1005 
Cl06S 710 SCR 1005 
C122A 715 SCR 1173 
C122B 715 SCR 1173 
C122C 715 SCR 1173 

C122D 715 SCR 1173 
C122E 715 SCR 1173 
C122F 715 SCR 1173 
C122M 715 SCR 1173 
HC2000H 658 PHC 566 

HC2500 663 PHC 681 
MACI5·4 788 TRI 1086 
MACI5·6 788 TRI 1086 
MACI5·8 788 TRI 1086 
MAC15·10 788 TRI 1086 

MACI5A·4 788 TRI 1086 
MACI5A·6 788 TRI 1086 
MACI5A·8 788 TRI 1086 
MACI5A·l0 788 TRI 1086 
MJ2955 562 PWT 994 

MJ15001 474 PWT 1093 
MJ15002 474 PWT 1093 
MJ15003 485 PWT 1060 
MJ15004 460 PWT 1060 
MJ15022 490 PWT 1293 

MJ15024 490 PWT 1293 
MJ16010 74 PWT 1839 
MJ16012 74 PWT 1839 
MJE13004 78 PWT 1840 
MJE13005 78 PWT 1840 

MJE13070 81 PWT 1841 
MJE13071 81 PWT 1841 
MJE16002 84 PWT 1842 
MJE16004 84 PWT 1842 
MJH16010 74 PWT 1839 

SUR = SURGECTOR 
TRI = Triac 
UFR = Ultra·Fast·Recovery Rectifier 



Type Page 
No. No. 

MJH16012 74 
RCA1B04 478 
RCA1B05 478 
RCA1000 310 
RCA1001 310 

RCA3054 480 
RCA3055 480 
RCA3773 485 
RCA6340 214 
RCA6341 214 

RCA8638C 485 
RCA8638D 485 
RCA8638E 485 
RCA8766 313 
RCA8766A 313 

RCA8766B 313 
RCA8766C 313 
RCA8766D 313 
RCA8766E 313 
RCA9116C 460 

RCA9116D 460 
RCA9116E 460 
RCA9166A 490 
RCA9166B 490 
RCA9202A 317 

RCA9202B 317 
RCA9202C 317 
RCA9203A 321 
RCA9203B 321 
RCA9228A 325 

RCA9228B 325 
RCA9228C 325 
RCA9228D 325 
RCA9229A 325 
RCA9229B 325 

RCA9229C 325 
RCA9229D 325 
RJH6674 20 
RJH6675 20 
RJH6676 26 

RJH6677 26 
RJH6678 26 
RUR-810 650 
RUR-815 650 
RUR·820 650 

RUR-D810 652 
RUR-D815 652 
RUR·D820 652 
RUR-D1610 654 
RUR·D1615 654 

RUR·D1620 654 
S2060A 719 
S2060B 719 
S2060C 719 
S2060D 719 

S2060E 719 
S2060F 719 
S2060M 719 
S20600 719 
S2060Y 719 

PHC = Power Hybrid Circuit 
PWT = Power Transistor 
SCR = Silicon Controlled Rectifier 

Type of Bulletin 
Device File No. 

PWT 1839 
PWT 908 
PWT 908 
PWT 594 
PWT 594 

PWT 618 
PWT 618 
PWT 1060 
PWT 1205 
PWT 1205 

PWT 1060 
PWT 1060 
PWT 1060 
PWT 973 
PWT 973 

PWT 973 
PWT 973 
PWT 973 
PWT 973 
PWT 1061 

PWT 1061 
PWT 1061 
PWT 1293 
PWT 1293 
PWT 1414 

PWT 1414 
PWT 1414 
PWT 1413 
PWT 1413 
PWT 1448 

PWT 1448 
PWT 1448 
PWT 1448 
PWT 1448 
PWT 1448 

PWT 1448 
PWT 1448 
PWT 1164 
PWT 1164 
PWT 1165 

PWT 1165 
PWT 1165 
UFR 1355 
UFR 1355 
UFR 1355 

UFR 1356 
UFR 1356 
UFR 1356 
UFR 1383 
UFR 1383 

UFR 1383 
SCR 654 
SCR 654 
SCR 654 
SCR 654 

SCR 654 
SCR 654 
SCR 654 
SCR 654 
SCR 654 

Index to Devices 

Type Page Type of Bulletin 
No. No. Device File No. 

S2061 A 719 SCR 654 
S2061B 719 SCR 654 
S2061C 719 SCR 654 
S20610 719 SCR 654 
S2061E 719 SCR 654 

S2061F 719 SCR 654 
S2061M 719 SCR 654 
S2061 0 719 SCR 654 
S2061Y 719 SCR 654 
S2600B 724 SCR 1693 

S2600D 724 SCR 1693 
S2600M 724 SCR 1693 
S2600N 724 SCR 1693 
S2700D 727 SCR 1627 
S2700M 727 SCR 1627 

S2700N 727 SCR 1627 
S2800A 730 SCR 890 
S2800B 730 SCR 890 
S2800C 730 SCR 890 
S2800D 730 SCR 890 

S2800E 730 SCR 890 
S2800F 730 SCR 890 
S2800M 730 SCR 890 
S2800N 730 SCR 890 
S2800S 730 SCR 890 

S3700B 734 SCR 306 
S3700D 734 SCR 306 
S3700M 734 SCR 306 
S4060A 737 SCR 1306 
S4060B 737 SCR 1306 

S4060C 737 SCR 1306 
S4060D 737 SCR 1306 
S4060E 737 SCR 1306 
S4060F 737 SCR 1306 
S4060M 737 SCR 1306 

S4060N 737 SCR 1306 
S4060S 737 SCR 1306 
S4060U 737 SCR 1306 
S5800B 741 SCR 1051 
S5800C 741 SCR 1051 

S5800D 741 SCR 1051 
S5800E 741 SCR 1051 
S5800M 741 SCR 1051 
S5800N 741 SCR 1051 
S5800S 741 SCR 1051 

S6000D 745 SCR 1628 
S6000M 745 SCR 1628 
S6000N 745 SCR 1628 
S6420A 694 SCR 578 
S6420B 694 SCR 578 

S6420D 694 SCR 578 
S6420M 694 SCR 578 
S6493M 748 SCR 247 
S741 OM 678 SCR 408 
S7412M 684 SCR 724 

SC141B 792 TRI 1167 
SC1410 792 TRI 1167 
SC141E 792 TRI 1167 
SC141M 792 TRI 1167 
SC141N 792 TRI 1167 

SUR = SURGECTOR 
TAl = Triac 
UFR = Ultra·Fast-Recovery Rectifier 
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Index to Devices 

Type Page 
No. No. 

SC146B 792 
SC146D 792 
SC146E 792 
SC146M 792 
SC146N 792 

SGT03U13 639 
SGT06U13 639 
SGT10S10 642 
SGT23U13 639 
T2300A 798 

T2300B 798 
T2300D 798 
T2300M 798 
T2300N 798 
T2301A 798 

T2301B 798 
T2301D 798 
T2301M 798 
T2301N 798 
T2302A 798 

T2302B 798 
T2302D 798 
T2302M 798 
T2302N 798 
T2320A 803 

T2320B 803 
T2320D 803 
T2320E 803 
T2320M 803 
T2320N 803 

T2322A 803 
T2322B 803 
T2322D 803 
T2322E 803 
T2322M 803 

T2322N 803 
T2323A 803 
T2323B 803 
T2323D 803 
T2323E 803 

T2323M 803 
T2323N 803 
T2327A 803 
T2327B 803 
T2327D 803 

T2327E 803 
T2327M 803 
T2327N 803 
T2500B 807 
T2500D 807 

T2500M 807 
T2500N 807 
T2506B 835 
T2506D 835 
T2506M 835 

T2506N 835 
T2700B 812 
T2700D 812 
T2700M 812 
T2700N 812 

PHC = Power Hybrid Circuit 
PWT = Power Transistor 
SCR = Silicon Controlled Rectifier 

Type of Elulletln 
Device File No. 

TRI 1167 
TRI 1167 
TRI 1167 
TRI 1167 
TAl 1167 

SUR 1692 
SUR 1692 
SUR 1691 
SUR 1692 
TRI 911 

TRI 911 
TRI 911 
TRI 911 
TRI 911 
TRI 911 

TRI 911 
TRI 911 
TRI 911 
TRI 911 
TRI 911 

TRI 911 
TRI 911 
TRI 911 
TRI 911 
TRI 1042 

TRI 1042 
TRI 1042 
TRI 1042 
TRI 1042 
TRI 1042 

TRI 1042 
TRI 1042 
TRI 1042 
TRI 1042 
TRI 1042 

TRI 1042 
TRI 1042 
TRI 1042 
TRI 1042 
TRI 1042 

TRI 1042 
TRI 1042 
TRI 1042 
TRI 1042 
TRI 1042 

TRI 1042 
TRI 1042 
TRI 1042 
TRI 615 
TRI 615 

TRI 615 
TRI 615 
TRI 406 
TRI 406 
TRI 406 

TR1 406 
TRI 351 
TRI 351 
TRI 351 
TRI 351 

Type Page Type of Bulletin 
No. No. Device File No. 

T2706B 835 TRI 406 
T2706D 835 TRI 406 
T2706M 835 TRI 406 
T2706N 835 TAl 406 
T2800A 817 TRI 1314 

T2800B 817 TRI 1314 
T2800C 817 TRI 1314 
T2800D 817 TRI 1314 
T2800E 817 TRI 1314 
T2800M 817 TRI 1314 

T2800N 817 TRI 1314 
T2802A 817 TRI 1314 
T2802B 817 TRI 1314 
T2802C 817 TRI 1314 
T2802D 817 TRI 1314 

T2802E 817 TRI 1314 
T2802M 817 TRI 1314 
T2802N 817 TRI 1314 
T2806B 835 TRI 406 
T2806C 835 TRI 406 

T2606D 635 TRI 406 
T2606M 635 TRI 406 
T2606N 635 TRI 406 
T4700B 621 TRI 300 
T4700D 621 TRI 300 

T4700M 821 TRI 300 
T4700N 621 TRI 300 
T4706B 835 TRI 406 
T4706D 635 TRI 406 
T4706M 835 TRI 406 

T4706N 635 TRI 406 
T6000B 825 TRI 1004 
T6000D 825 TAl 1004 
T6000M 825 TRI 1004 
T6000N 825 TRI 1004 

T6001B 625 TRI 1004 
T6001D 625 TRI 1004 
T6001M 825 TRI 1004 
T6001N 625 TRI 1004 
T6006B 825 TRI 1004 

T6006D 625 TRI 1004 
T6006M 625 TRI 1004 
T6006N 625 TRI 1004 
T6401B 830 TRI 459 
T6401D 830 TRI 459 

T6401M 830 TRI 459 
T6401N 830 TRI 459 
T6406B 835 TRI 406 
T6406D 835 TRI 406 
T6406M 835 TRI 406 

T6407B 835 TRI 406 
T6407D 835 TAl 406 
T6407M 835 TRI 406 
T6407N 835 TRI 406 
T6411B 830 TRI 459 

T6411D 830 TRI 459 
T6411M 830 TRI 459 
T6411N 830 TRI 459 
T6416B 835 TRI 406 
T6416D 835 TRI 406 

SUR = SURGECTOR 
TRI = Triac 
UFR = Ultra-Fast-Recovery Rectifier 
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Type Page 
No. No. 

T6416M 835 
T6417B 835 
T6417D 835 
T6417M 835 
T6417N 835 

T6420B 754 
T6420D 754 
T6420M 754 
T6421B 830 
T6421D 830 

T6421M 830 
T6426B 835 
T6426D 835 
T6426M 835 
T6427B 835 

T6427D 835 
T6427M 835 
TIP29 494 
TIP29A 494 
TIP29B 494 

TIP29C 494 
TIP30 498 
TIP30A 498 
TIP30B 498 
TIP30C 498 

TIP31 502 
TIP31A 502 
TIP31B 502 
TIP31C 502 
TIP32 506 

TIP32A 506 
TIP32B 506 
TIP32C 506 
TIP41 510 
TIP41A 510 

TIP41B 510 
TIP41C 510 
TIP42 513 
TIP42A 513 
TIP42B 513 

TIP42C 513 
TIP47 219 
TIP48 219 
TIP49 219 
TIP50 219 

TIP100 329 
TIP101 329 
TIP102 329 
TIP110 332 
TIP111 332 

TIP112 332 
TIP115 336 
TIP116 336 
TIP117 336 
TIP120 340 

TIP121 340 
TIP122 340 
TIP125 344 
TIP126 344 
TIP127 344 

PHC = Power Hybrid Circuit 
PWT = Power Transistor 
SCR = Silicon Controlled Rectifier 

Type of 
Device 

TRI 
TRI 
TRI 
TRI 
TRI 

TRI 
TRI 
TRI 
TRI 
TRI 

TRI 
TRI 
TRI 
TRI 
TRI 

TRI 
TRI 
PWT 
PWT 
PWT 

PWT 
PWT 
PWT 
PWT 
PWT 

PWT 
PWT 
PWT 
PWT 
PWT 

PWT 
PWT 
PWT 
PWT 
PWT 

PWT 
PWT 
PWT 
PWT 
PWT 

PWT 
PWT 
PWT 
PWT 
PWT 

PWT 
PWT 
PWT 
PWT 
PWT 

PWT 
PWT 
PWT 
PWT 
PWT 

PWT 
PWT 
PWT 
PWT 
PWT 

Bulletin 
File No. 

406 
406 
406 
406 
406 

593 
593 
593 
459 
459 

459 
406 
406 
406 
406 

406 
406 
990 
990 
990 

990 
988 
988 
988 
988 

991 
991 
991 
991 
987 

987 
987 
987 
992 
992 

992 
992 
996 
996 
996 

996 
978 
978 
978 
978 

1153 
1153 
1153 
1336 
1336 

1336 
1387 
1387 
1387 
998 

998 
998 
997 
997 
997 

Type 
No. 

TIP562 
TIP563 

Page 
No. 

152 
152 

SUR = SURGECTOR 
TRI = Triac 

Index to Devices 

Type of 
Device 

PWT 
PWT 

Bulletin 
File No. 

1212 
1212 

UFR = Ultra-Fast-Recovery Rectifier 
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Package Designations 

VERSATAB 
JEDEC TO-202AB 

JEDEC TO-204AAITO-3 

Low-Profile 
JEDEC TO-20SAF/TO-S 

~
o , ' 

{ 

\ 
~ 

~ 

VERSAWATT 
JEDEC TO-220AA 

\ 
\ 

MODIFIED TO-202 

(0.060-ln. Dia. Pins) 
JEDEC TO-204AElT0-3 

JEDEC TO-208AAlTO-48 

VERSAWATT 
JEDEC TO-220AB 

MODIFIED TO-202 

JEDEC TO-20SAA/TO-S 

JEDEC TO-213AA/TO-66 

~\ 
o \ 

\, \ 
oJ 

VERSAWATT 
JEDEC TO-220AC 

PRESS-FIT 
JEDEC TO-203AA 

JEDEC TO-20SAD/TO-39 

JEDEC TO-218AC 

ISOLATED STUD 
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Swib:".d Power Transistors 

Multiple Epitaxial, Double-Diffused Structure 

SwitchMax transistors use a multiple epitaxial layer 
collector to achieve the necessary voltage field gradient 
control essential to good switching. safe-operating area 
(SOA) without compromising either the switching speeds 
or saturation voltage VCE(sat). 

Two graded n-type layers, epitaxially grown on a heavily 
doped n+ substrate, provide the voltage capability for the 
switching SOA (clamped Es/b) requirement. A third n-type 
layer, carefully controlled to give the required breakdown­
voltage (VIBRICBO) capability, is then grown over the second 
layer, completing the collector structure. 

Ion implantation of the p- base dopant achieves the 
necessary precise control of resistivity and depth of the 
base layer diffusion. The fine geometry emitter is then 
deposited and diffused into the structure. 

Optimized emitter geometries, wide base, controlled 
lifetimes, and graded multiple n- collector layers all 
enhance the ruggedness of Switch Max transistors. 

Clamped Reverse-Bias Safe Operating Area 
(Clamped Es/b) 

Considerations of switching efficiency and power econ­
omy generally dictate that the normal operating load line 
of an inverter switch be resistive or capacitive. However, 
extremes of operation such as start up surges, overloads, 
short circuits, step load changes, can easily drive the load 
line inductive. 

For this reason, clamped Es/b or inductive-load turn-off 
SOA is an important design parameter for a high voltage 
switch. In the RCA SwitchMax families, concern for this 
parameter was the main driving force for the multiple 
epitaxial collector design. 

Forward-Bias Safe Operating Area 
Forward-bias second breakdown (IS/b) is an important 

limit parameter for all linear transistor applications. In 
switching applications it can become important whenever a 
significant excursion of the load line into the active area 

occurs. An example of such an excursion is the turn-on 
transients produced in the start up of some inverters with 
uncharged filter capacitors. 

SwitchMax transistors have excellent ISIb capability due 
to the structural techniques already mentioned, particularly 
the sophisticated geometry permitted by the metal system 
and the wide base widths allowed by the ion implantation 
and controlled lifetime processes. 

Dynamic Saturation Voltage 
RCA Switch Max power transistors offer lower dynamic 

saturation characteristics than other presently available 
high-speed transistors. The dynamic saturation voltage is 
the collector emitter voltage measured during the time 
interval between 10% of the supply voltage and the 
steady-state saturation voltage. 

This measure of the instantaneous voltage provides a 
useful method to determine how rapidly the collector 
approaches VCE(sat) after the transistor has reached it's 
classical turn-on time, which is the 10% VCE point. 

For power supplies operated at high collector supply 
voltages, a high dynamic saturation voltage can cause 
appreciable device dissipation. Thus, the improved per­
formance capability exhibited by Switch Max-series transis­
tors permits greater operating efficiency over power 
supplies built with other high-speed transistors. 

100 -vcc 

'", • TIME '"SEC) 
Dynamic saturation voltage. 
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------------------------------.............. Power Transistors 

Transistor Classification Chart 

'c(.II) lA 5A 5A SA SA lOA l5A 
VCEV 260 V - - - - - - -

280 V - - - - - - -
300 V -

2N67716 2N66711 - - - 2N66741 2N66761 

4S0V - 2N67386 - - - RJH6674 RJH6676 
- BUW41 6 - - - - -

2N67726 2N6672 - - - - 2N6677 
SSOV - 2N67396 - - - - RJH6677 

- BUW41A6 - - - - -
2N67736 2N66731 - - - 2N667S1 2N66781 

6S0V - 2N67406 - - - RJH667S RJH6678 
- BUW41B6 - - - - -
- - 2N67S1 BUX32 BUX33 - -

800 V - - - - - - -
- - - - - -

850 V - - 2N6752 - - - -
- - 2N67S3 BUX32A BUX33A - -

900 V - - - - - - -

- - 2N6754 BUX32B BUX33B - -
1000 V - - - - - - -

- - - - - - -
Chlnu:tlrlatlcs Tlmp., Tc Umlts 

IcEV (max) 
25·C 0.1 rnA 0.1 rnA 0.1 rnA 0.1 rnA 0.1 rnA 0.1 rnA 0.1 rnA 

at VCe==VCEV 
l00·C - - 1 rnA 1 rnA 1 rnA 2mA 1 rnA 
125·C 1 rnA 1 rnA - - - - -

VCE(sat)(max) 
25·C 1 V 1 V lV 1 V 1 V 1 V 1 V 

at Ic (sat) 
l00·C - - 1.S V 1.SV 1.S V 2V 2V 
125·C 2V 2V - - - - -

t,(max) 
25·C 0.2ps 0.5ps 0.45ps 0.45ps 0.45ps 0.6ps 0.6ps 

at Ic (sat) l00·C - - 0.6ps 0.6ps 0.6ps 1 ps 1 ps 
125·C 0.5ps 0.8ps - - - - -

t.(max) 
25·C 2.5ps 2.5ps 3ps 3ps 3ps 2.5ps 2.5ps 

at Ic (sat) l00·C - - 4ps 4ps 4ps 4ps 4ps 
125·C 4.5ps 4ps - - - - -

t,(max) 
25·C 0.4ps 0.4ps O.4ps 0.4ps O.4ps 0.5ps 0.5ps 

at Ic (sat) 
l00·C - - 0.7ps 0.7 ps 0.7 ps lps lps 
125·C 1.3~s 0.8~ - - - - -

Ie (max) 
25·C O.4ps 0.4ps O.4ps 0:4ps O.4ps 0.5ps 0.5ps 

at Ic (sat) 
l00·C - - 0.8ps 0.8ps 0.8ps 0.8ps 0.8ps 
12S·C 1.3ps 0.8ps - - - - -

All Switch Max transistors are supplied in JEDEC TO-204AA/T0-3 packages, except as noted below: 
6supplied in JEDEC TO-220AB plastic package. 
IMIL Approved: 

MIL-s-19500/536 - 2N6671, 2N6673 
MIL-s-19500/537 - 2N6674, 2N667S 
MIL-s-19500/S38 - 2N6676, 2N6678 

"c (sat) = 20 A. 

25A 
2N6686 
2N~ 

12N6688' 

-
-
-
-
-
-
-
-
-
-
-
-
-
-
-

-
-
-

0.05 rnA 
-

0.5 rnA 
1.5 V 
-

1.5V 
0.61:'s 

-
0.8ps 
1.5ps 

-
2.5ps 
0.2Sps 

-
0.8 us 
0.5ps 

-
0.8ps 
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2N6671, 2N6672, 2N6673 

5-A SWltchMid 
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: Appllcatlon8~ 

File Number 1090 

TERMINAL DESIGNATIONS 

c 

'0' 
92CS~ 275'6 

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 RCA-2N6671, 2N6672, and 2N6673- 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 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-mod­
ulated regulators. These high-voltage, high-speed tran-

-Formerly RCA8767, RCA8767A, and RCA8767B, respectively. 

sistors are 10o-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 1250 C to 
provide information necessary for worst-case design. 

The RCA-2N6671, 2N6672, and 2N6673 series transistors 
are supplied in steel JEDEC TO-204AA hermetic packages. 

MAXIMUM RATINGS, Absolute·Maximum Values: 

'" vCEV 
VSE =-1.5V ........•................ 

'" VCEX (Clamped) 
VSE =-1.5V ....•...........•........ 

: ~~~~ : :::::::::::::::::::::::::::::::::: 
'" :~(~t.).::::::::::::::::::::::::::::::::::: 
'" :~M .. ::::::::::::: ::::::::::::::::::::::: 
'" PT 

TCup to 26°C ••........••.......•..... 
T C above 26°C. derate linearly ......•....• 

* Tsts' TJ .............................. . . 

'" TL 
At distance ;;> 1/16 in. (1.68 mm) from 
seating plane for 10 B 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 WPC 

-65 to 200 °c 

235 °c 
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------------------___________ liiwIIfIIIlliDfpower Transistors 

ELECTRICAL CHARACTERISTICS 

TEST CONDITIONS 

CHARAC· VOLTAGE CURRENT 
TERISTIC Vdc Adc 

VeE I V...BE ~l!a 

450 -1.5 
• ICEV 550 -1.5 

650 -1.5 

* lEBO -s 0 

* VCEO(sus)O 0.2a 0 

* hFE 3 5a 

* VBE(sat) 5a 1 

5a 1 
VCE(sat) 

sa 4 
* 

VCEXb 
(Clamped ES/b) -5 5 le 
L=170 IlH, -5 S 3e 
RBB=5 n 

ISlb 25 6 

* Ihf~1 f 5 MHz 10 0.2 
fT 10 0.2 

* Cobo f=O.l MHz 10c 

tdd 5 1 

* t rd 5 1 

* t sd 5 le 

* tfd 5 le 

* tc 
VCC=125 V, 
L=170 IlH, 5 l e 
RC=25 n 
Collector clamped 
to VCEX 

450 -1.5 
* ICEV 550 -1.5 

650 -1.5 

* VCE(sat) 5a 1 

* tra 5 1 

* t sd 5 le 

* tfd 5 le 

tc 
VCC=125 V, 
L=170 IlH, 5 l e 
RC=25 n 
Collector clamped 
to VCEX 

* I ROJC 

* In accordance with JE DEC registration data. 
a Pulsed: pulse duration = 300 !.IS, duty factor ~ 2%. 
b CAUTION: The sustaining voltage V CEOlsus) 

2N6671, 2N6672, 2N6673 

LIMITS 

2N6671 2N6672 2N6673 UNITS 

Min.1 Max. Min.1 Max. Min.1 Max. 

- 0.1 - - - -
- - - 0.1 - - mA 
- - - - - _0.1 
- 2 - 2 - 2 

300 - 350 - 400 - V 

10 40 10 40 10 40 

- 1.6 - 1.6 - 1.6 

- 1 - 1 - 1 
- 2 - 2 - 2 

V 

350 - 400 - 450 -
200 - 250 - 300 -

1 - 1 1 5 

3 12 3 12 3 12 
15 60 15 60 15 60 MHz 

50 300 50 300 50 300 pF 

- 0.1 - 0.1 - 0.1 

- 0.5 - 0.5 - 0.5 

- 2.5 - 2.5 - 2.5 

- 0.4 - 0.4 - 0.4 
115 

- 0.4 - 0.4 - 0.4 

- 1 - - - -
- - - 1 - - mA 
- - - - - 1 

- 2 - 2 - 2 V 
- O.S - O.S - O.S 
- 4 - 4 - 4 

- O.S - O.S - O.S 
115 

- O.S - O.S - O.S 

cVCsvalue. el S =-IS ' 
d 1 2 

VCC = 125 V, tp = 20 !.IS. 

and V CEX MUST NOT be measured on a curve tracer. 
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.... 1Wivf Power Transistors __________________________ _ 

2N6671, 2N6672, 2N6673 

COLLECTOR-TO-EMITTER VOLTAGEIVc[I- V 92CM-29979RI 

Fig. 1 - Maximum operating areas for all types ITe = 25°C). 

COLLECTOR-TO-EMITTER VOLTAGE IVCEI- V 
92eM-29910RI 

Fig. 2 - Maximum operating areas for all types ITe=l00°C). 
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___________________________ 6IwIblIIII/IdPower Transistors 

! 
:;: 
~IOO 

2. 

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 

CASE TEMPERATURE 1Tcl--C 

92CS·Zl8~!I 

Fig. 3 - Dissipation and ISlb derating curves for 
all types. 

200 COLLECTOR-rO-EMITTER 
0 VOLTAGE (VCE)=3V 

~ r · , 
~c 

. --/---

~~4 
~ 
~ "'-

1l 
I , 

CASE TEMPERATURE (Tel - -"> f\ 1£ 
~ 1I 1 1 [-11 ~ 10 

" g · I J I I I · , . . . , . , . 
0.1 I 10 

COLLECTOR CURRENT IIcl-A 

Fig. 5 - Typical dc beta characteristics for all types. 

10 
COLLECTOR CURRENT (lei-A 

Fig. 7 - Typical base-to-emitter saturation voltage as 
a function of collector current for all types. 

2N6671, 2N6672, 2N6673 

2 

~ 
I iii i--

~ · IL 
5~ & V !II;! 
~§ 4 

:;:'" V i 'v 
0.1 . .. . . .. . ... , . .. 

0.001 001 01 • I 10 
PULSE WIDTH (tpl-s 

Fig. 4 - Typical thermal-response char~~te~i~;ic 
for all types. 

I IS" IC/5 · z Tc"-40·C 0 · TC -12S-C " .J : TC· 2S- C 
~~ 4 

~ 
"',=, 
f5i 

~ 1--
1-'" 
~gt 

~.~ '''' ~~ \~ ':(,'olf.t,\.1C" .... ,. ~~Ol 
t; ~.(. ... 
~ e ,to'* 

.. to 
8 ' . . . . 

10 
COLLECTOR CURRENT (leI-A 

Fig. 6 - Typical collector-to-emitter saturation voltage 
as a function of collector current for all types. 

4 COL.LECTOR -TO-EMITTER J VOLTAGE (VCEI=3V 

'" '" ~ , 
0 
~ 

"'> 

~!. 
~~I _40 OC 

= r--~ ... . ~ 
'" 6 REl"C\~125·C '" 01 \--::;:;;;"TE .. • .. IO co.sE . 

, . . . 
10 

COLLECTOR CURRENT<Icl-A 

Fig. 8 - Typical base-to-emitter voltage as a function 
of collector current for all types. 
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.... IIcfPower Transistors ___________________________ _ 

2N6671,2N667~2N6673 

COLLECTOR-TO-EMITTER VOLTAGE II/eEl-V 

Fig. 9 - Typical output characteristics for all types. 

COLLECTOR CURRENT (IC)-A 

Fig. 11 - Typical saturated switching time 
characteristics for all types. 

COLL.ECTOR CURRENT (ICl-A 

Fig. 13 - Typical saturated switching time 
characteristics for all types. 

COLLECTOR CURRENT (IC1-A 

Fig. 10 - Typical saturated switching time 
characteristics for all types. 

COLLECTOR CURRENT (IC)-A 

Fig. 12 - Typical saturated switching time 
characteristics for all types. 

CASE TEMPERATURE (TC)-·C 

Fig. 14 - Typical saturated switching time 
characteristics as a function of 
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____________________________ SwiltJIIIIBJf Power Transistors 

1Ii"- 10' 
a • rl 4 

1J 2 

~~~. U: 
50-
i~ 2 

~a102 
~w 8 .. :/ . 
ii : 
~ 10 

CASE TEMPERATURE (Tcla2S-C 
FREQUENCY If) -I MHz 

.1 
P-~'bO 

-........ 
r--

Co" -I 
I 

2 4 .. 2 4 •• 
10 102 2 

COlLECTOR-lO-BASE VOLTAGE (VcBI-V OR 
EMITTER-lO-BASE VOLTAGE (VEBI-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 voltage for all types. 

,,-----1 

VCEX 
RATING 

10% Ie I PEAK) 

92CS-10389 

Fig. 17 - Oscilloscope display for measurement of 
clamped induction switching tima (te). 

a OOIJ.'-F 

22. 

0005~F 

24 n 

1" 50 I'F 

2g~~ 
i.J- 20 ,s son = 

MIN 

F,REQ· 500 Hz 

VB. 
ADJ. FOR IB2 

2N6671, 2N6672, 2N6673 

VCEORATING /'OOV 

I CLAMPED A 
/VCEX RATING/'· 

I 

COLLECTOR-TO~EMJTTER VOLTAGE 

92CS-304SS 

Fig. 16 - Maximum operating conditions for switching 
between saturation and cutoff. 

>01-,.-------,X"'-90% 

A 10"" 

92CS-30458. 

I(I=A--B 
I.-!l-e 
Is=X-Y 
If-V-Z 
t,-RANSITION • x-w 
NOTE TRANSITION TIME 
FROM 90% 181 TO 90'11. I~ 
MUSTBELESSTHAN03"" 

Fig. 18 - Phase refationship between input and output 
currents showing reference points for 
specification of switching times. 

Ie Rl R2 V CLAMP 
5 A 15 fI: 15 n CLAMPED v RATING 
8A sn sn VCEO -l00V 

ai, Q2 • 2N6354 
03 .. 2N3762 

Q4,05. 
06,07 = CA372~ QUAO 

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(CLAMP) INDICATE RIGOROUSLY FILTERED 
VOLTAGE SOURCES AT THE CIRCUIT TERMINALS 
TO ACCOMODATE THE FAST Ir AND If TIMES 
AND HIGH CURRENTS PRESENT IN THE ORCUIT. 

NOTE: SWI CLOSED FOR tr. t •• It SWI OPEN FOR Ie 

92CM-304!58 

Fig. 19 - Circuit for measuring switching times. 
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........... PowerTran.l.tors _____________________________ _ 

2N6674,2N6675,RJH6674,RJH6675 

10-A 5wIb:/IMid 
Power Transistors 

High-Voltage N-P-N Types for Oft-Line 
Power Supplies and Other High-Voltage 
Switching Applications 

Features: Applications: 

• Fast switching speed • Off-line power supplies 
• High voltage ratings: • High-voltage inverters 

VCEx=350 V to 450 V • Switching regulators 
• Low VcE(sat) at Ic=lO A 

The RCA 2N6674, 2N6675, RJH6674, and RJH6675 Switch­
Max series of silicon n-p-n power transistors feature high­
voltage capability, fast switching speeds, and low satura­
tion 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 

VBE=-1.5V ........................ .. 
*Vcex(Clamped) 

V.E=-1.5V ........................ .. 
*VCEO •••••••••••••••••••••••••••••••••••• 

*VEBO •••••••••••••••••••••••••••••••••••• 

Ic(sat) ................................ .. 
*Ic .................................... .. 

ICM ................................... .. 

*1 ..................................... .. 
oPT 

Tc upt025°C .................... .. 

RJH8874 

450 

350 
300 

1.4 

File Number 1164 

TERMINAL DESIGNATIONS 

e 

'0' 
COLLECTOR 

FLANGE 

92es- 27511 

JEDEC TO-204M 

JEDEC TO-218AC 
92C5-40257 

2N6674 
2N6675 

RJH6674 
RJH6675 

inductive turn-off time, and saturation voltages are speci­
fied 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 
RJH6675 transistors are supplied in JEDEC TO-218AC 
plastic packages. 

RJH8875 

650 

450 
400 

7 
10 
15 
20 
5 

175 
1.4 

2N8874 

450 

350 
300 

2N8875 

650 

450 
400 

v 

v 
V 
V 
A 

A 
A 

A 

Tc above 25°C. derate linearly ••••... 
*Tstg, TJ -- -65 to 150 -- __ -65 to 200 

W 
W/·C 

·C 
*TL 

At distance;:: 1/16 in. (1.58 mm) from 
seating plane for 10 s max .......... . 235 

TL 
At distance;:: 118" in. (3.17 mm) from 
seating plane for 10 s max ......... .. 235 ·C 

*In accordance with JEDEC registration data (2N6674. 2N6675 only). 
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---------------------------____ ~MiDf Power Transistors 

2N6674,2N6675,RJH6674,RJH6675 
ELECTRICAL CHARACTERISTICS 

CHARACTERISTIC 

Te=25°C 

leEV 

lEBO 
VeEo(Sus)b 

hFE 
VBE(sat) 

VeE(sat) 

VeEXb 
(Clamped ES/b) 
L=50 pH, RBB=2 n 

IS/b 

I h,.1 f-5 MHz 

h 
Cobo f-0.1 MHz 
tdd 
t,d 

t.d 
t,d 

te 
Vee=135 V, 
L=50pH, Re:S; 
13.5 n, Collector 

clampe.d to VeEX 

Te=100° C 

leEv 

VeE(sat) 
t,d 

t.d 
t,d 

te 
Vee=135 V, 
L=50pH, Re:S; 
13.5 n, Collector 
clamped to VeEX 

2N6674, 2N6675 
RJH6674, RJH6675 

·Pulsed: pulse duration=300 jis, duty factor oS 2%. 

TEST CONDITIONS 
VOLTAGE CURRENT 

Vdc Adc 
VeE I VBE Ie I IB 

450 -1.5 

650 -1.5 
-7 0 

0.2- 0 
2 10-

10- 2 
10- 2 
15- 5 

-4 10 2 

30 5.9 
100 0.25 
10 1 
10 1 
10e 

-6 10 2 
-6 10 2 
-6 10 28 

-6 10 2e 

-6 10 2e 

450 -1.5 

650 -1.5 
10- 2 

-6 10 2 
-6 10 2e 

-6 10 28 

-6 10 28 

bCAUTION: The sustaining voltage VeEo(SUS) and VCEJ( MUST NOT be measured on a curve tracer. 
"In accordance with JEDEC registration data (2N6674, 2N6675 only). 

eVe. value. 

dVec=135 V, tp=20jis. 

eI81 =-1 82. 

LIMITS 
2N6674 2N6675 UNITS RJH6674 RJH6675 

Mln·IMax. Mln·IMax. 

- 0.1 - -
- - - 0.1 mA 
- 2 - 2 

300 - 400 - V 
8 20 8 20 
- 1.5 - 1.5 
- 1 - 1 
- 5 - 5 

V 

350 - 450 -

1 - 1 -
1 1 

s - -
3 10 3 10 
15 50 15 50 MHz 

150 500 150 500 pF 
- 0.1 - 0.1 
- 0.6 - 0.6 
- 2.5 - 2.5 
- 0.5 - 0.5 ps 

- 0.5 - 0.5 

- 1 - -
mA - - - 1 

- 2 - 2 V 
- 1 - 1 
- 4 - 4 
- 1 - 1 

ps 

- 0.8 - 0.8 

___________________________________________________________________ 21 



Iiflwlll:llIIIiI1f Power Transistors ______________________________ _ 

2N6674,2N6675,RJH6674,RJH6675 

6 e 10 

COLLECTOR-TO-EMITTER VOLTAGE (Vc"l- V 

92CM-30419R3 

Fig. 1 - Maximum operating areBS for all types (Tc=25°C). 

i 
:0 
~ 100 

25 50 75 100 125 150 175 200 225 250 
CASE TEMPERATURE (Tcl_oC 

Fig. 2 - Dissipation and ISlb derating curves for 2N6674 
and 2N6675. 

0.01 

0.001 " 0.01 
2. 4 6 a 2. 4 68 2. 4 68 

0.1 I 10 

PULSE WIDTH {tpl -, 
92CS-30387 

Fig. 4 - Typical.therma/-response characteristic for all types. 

NOTE! CURRENT OERATING AT CONSTANT VOLTAGE 
APPLIES ONLY TO THE DISSIPATION-LIMITED J:IORTION 
OF MAXIMUM-OPfRATING-AREA CURVES DO 
NOT DERATE THE SPECIFIED VALUE FOR Ie MAX. 

25 50 15 100 125 150 11S 200 
CASE TEMPERATURE ITC1-oC 

Fig. 3 - Dissipation and ISlb derating curves for 
RJH6674 and RJH6675. 

j~. COLLECTOR - TO - EMITTER VOLTAGE (VeE) • 3 V 

I Q 6 

C'.q~.. .J ~ 
4 'e 

I 
.ff,ot"<94,) 

~<9t" 
20." ,-"" , */00 

~ ...... , '0 z 

~ ·40·C ~~ 
~ 10 ,...., 
~ . 

~ ~ 6 
g 

4 , 4 6 • 2 4 . 8 
10 100 

COLLECTOR CURRENT (Ic)-A 
92CS-3038S 

Fig. 5 - r;ypical de beta characteristics for all types. 
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-----------------------------__ !iIwIb:II1WiIJf Power Transistors 

COLLECTOR CURRENT (Ie) - A 

92CS-105.e 

Fig. 6 - Typical collector-to-emitter saturation voltage charac­
teristics for all types. 

0.4 0.8 1.2 1.6 
COLLECTOR CURRENT IIC1-A 

92CS-303T7 

Fig. 8 - Typical small-signal forward current transfer ratio 
characteristic for all types (f=5 MHz). 

• a I 
5~ 

.~ 
I­... 

3~ 

~ 

COLLECTOR CLAMPED TO I 
VCEX FOR Ie ONLY 

o 
8 12 16 

COLLECTOR CURRENT (Icl-A 
92CS-303H 

Fig. 10 - Typical saturated-switching-time characteristics at 
TJ=25" C as a function of collector current for al/ 
types. 

2N6674,2N6675,RJH6674,RJH6675 

.. la· Ie/5 

II 
;::> 
~J. 2 

~! 
ffi~ 
~-; 

~ ~~I 
l'!-' _40°C ;.....::;~.\oO·C 
~g • 
;I ~-::;;;:;;;;.,u~~tl . 1:~~~ 

0 .. 

CO¢I 

2 4 . • 10 
2 4 • 100 

COLLECTOR CURRENT lIe) -A 
92CS-3037e 

Fig. 7 - Typical base-to-emitter saturation voltage character­
istics for all types. 

COLLECTOR-TO-EMITTER VOLTAGE (YeE)-Y 

92CS-30374 

Fig. 9 - Typical output characteristics for all types. 

Fig. 11 -

It • 

Vcc· 200Y 

~::g~~ I 
COLL'~ Cl.AW£D 
TO VCEX FOR tc ONLY 0 

4 6 8 ~ ~ ~ ~ 

COLLECTOR CURRENT (Icl- A 92CS-30379 

Typical saturated-switching-time characteristics at 
TJ= 1 00" C as a function of collector current for all 
types. 
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..... lIiIJfpower TranslstOrll ______________________________ _ 

2N6674,2N6675,RJH6674,RJH6675 

1800 
JUNCTION 
TEMPEIlfATURE (lj) -Ioo·e 
181=3A VBE ·-5V 
ISZ S 5 A MAX..t.-eo p.H 
Vcc·200 V 
t -20 • 

LLECTOR CL 

4 • 8 10 12 

" 

'. 

COLLECTOR CURftENT tXC)-A 
,. ,. 
"CI·50510 

Fig. 12 - Typical saturated-switching-time characteristics at 
TJ=100· C as a function of collector current for a/l 
typflS. 

i!i 'a004! i""'----
'& I 6 

n' 
~~ 2 

;;to! 
W~ I 

~~ . ........ 
S~ , 
B~2 
ww • n: 
II · II 10' 

i:::::::C, CASE TEMPERATURE (Te) • 25"'C 
FREQUENCY (f) • 1 MHz 

...... 

1--- s,.,. 

46'10 48~OI 48 101 
COLLECiOR-TO-BASE VOLTAGE (Vca)-V OR 

EMITTER-TO-BASE VOLTAGE IVEa)-:2C8_30388 

Fig. 14 - Typical common-baBe input (C, .. ) or output (C ... ) 
capacitence characteristics for aI/types. 

O.OOI/LF 

2411 

i 50 /LF 

2g~~ 
W- 20 I'S 5011 = 

M'N 
FREQ= 500 Hz 

200 

'00 

IC· IOA 
I81"'IIZ"'2A 
Vee. ISS V 
'P-ZOp. 
RL"'13.54 
L-SOp.H 

JUNCTION TEMPERATURE IT .. ) - ·C '2C8"50315 

Fig. 13 - Typlca/saturatfld-switchlng-tima charactarlstics as a 
function of lunction temperature for a/ltypes. 

c 
I 

~ 
1'0 . ___ I- 2N8674, RJH8674 

~ ir 2N8675, RJH6875 

11 
0: TCSIOO'C 

U~ O'~--~~~~-;~~r.b~~~ o 100 200 300 400 !!DO 
3SO 450 

CLAMPED COLLECTOR -TO- EMITTER 

VOLTAGE [VCEXCCLAMPED)j-V 

92C8- 3OH4R2 

Fig. 15 - Maximum operating conditions forswltchlng between 
saturation and cutoff for aI/types. 

** 

RL·13.511/30W 
NON IND 

D2540M 

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 

NOTE, BATTERY SYMBOLS VCC ,VBI ,VB2' 
VBCCLAMP) 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 te. 
92CM- 30382RI 

Fig. 16 - Circuit for measuring switching limes. 
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----___________________________ .",..MiDfpower Transistors 

I. 

10% VCEX ~----t.----~ 

VCEX 
RATING 

IO~ Ie (PEAK) 

92CS-30389RI 

Fig. 17· Oscilloscope display for normallzad measurement of 
clampad inductive switching time (tel. 

2N6674,2N6675,RJH6674,RJH6675 

WAVEFORMS 

181 -,.------..,X""90 % 

A 10% 

.... A-8 Is- x-v 
t,-s-c .. -y-z 
t ..... lion· X- W 
NOTE. TRANSITION TIME 
FROMtKl., TO IQ'I.t~MUST 

IE LESS THAN 0.5 Jd. 92C$- 303BIAI 

Fig. 18 • Phasa relationship between input and output currents 
showing reference points for specification of switching 
times. 
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..... -.rPower Transistors __________________________ _ 

2N6676,2N6677,2N6678, RJH6676, RJH6677, RJH6678 File Number 1165 

1S-A SWitchMiIlf 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: 

VeE>< = 350 V to 450 V 
• Low VcE(sat) at Ie = 15 A 

Applications: 
• Off-line power supplies 
• High-voltage Inverters 
• Switching regulators 

TERMINAL DESIGNATIONS 

c 

'0' 
92CS- 27511 

JEDEC TO-204AA 

2N6676 
2N6677 
2N6678 

The RCA 2N6676. 2N6677 and 2N6678. RJ H6676. RJ H6677. 
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. 

COLLECTOR 
FLANGE 

c RJH6676 
1*==5 RJH6677 

The 2N6676. 2N6677. and 2N6678 transistors are sUDDlied 
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: 

B 

JEDEC TO-218AC 
92CS-40257 

RJH8878 RJH8877 RJH8878 2N8878 2N8877 2N8878 
* VCEV 

va. = -1.5 V.............................. 450 550 650 
• VCE< (Clamped) 

Va. = -1.5 V.............................. 350 400 450 
'VCEC ....................................... 300 350 400 
• V.ao ....................................... __________ _ 

Ic(sat) ..................................... __________ _ 
• Ie .......................................... __________ _ 

leM •.•••••...•••••••••••••••..••••••.••••••• __________ _ 
• la .......................................... __________ _ 

• P. 

450 

350 
300 

8 
15 
15 
20 
5 

550 

400 
350 

650 

450 
400 

Tcupt025·C ............................ __________ _ 175 
Tc above 25· C. derate linearly ••••.••••••• 1.4 _____ 1 ____ _ 

·T .... T .................................... .. -65 to 150 ____ -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. 2N6677. 2N6678 only). 

RJH6678 

V 

V 
V 
V 
A 
A 
A 
A 

W 
W/·C 
·C 

·C 

·C 
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____________________________ .... ~PowerTr8n.l.tors 

2N6676, 2N6677, 2N6678, RJH6676, RJH6677, RJH6678 
ELECTRICAL CHARACTERISTICS 

TEST CONDITIONS LIMITS 

CHARACTERISTIC VOLTAGE I CURRENT 
Vdc Adc 

2N6676 I 2N6677 
RJH6676 RJH6677 

VCE I VeE I Ic I Ie Mln.IMax.1 Mln.IMax. 

Tc=25°C 

450 -1.5 - 0.1 - -
IcEY 550 -1.5 - - - 0.1 

650 -1.5 - - - -
IEeo -8 0 - 2 - 2 
VCEO(sus)b 0.2- 0 300 - 350 -
hFE 3 15- 8 - 8 -
VeE(sat) 15- 3 - 1.5 - 1.5 

VCE(sat) 
158 3 - 1 - 1 
15- 3 - 1.5 - 1.5 

VCEXb 
(Clamped Es/b) -6 15 3 350 - 400 -
L=50 pH. Ree=2 0 

IS/b 
30 5.9 1 - 1 -
100 0.25 1 1 - -

I h,.1 f-5 MHz 10 1 3 10 3 10 
fT 10 1 15 50 15 50 
C.b. f=0.1 MHz 10C 150 500 150 500 
t"d -6 15 3 - 0.1 - 0.1 
t,d -6 15 3 - 0.6 - 0.6 
t.d -6 15 3- - 2.5 - 2.5 
t,d -6 15 3- - 0.5 - 0.5 

te' 
Vcc=200 V. 
L=50pH. -6 15 3e - 0.5 - 0.5 
Rc S; 13.5 0 

Tc=100·C 

450 -1.5 - 1 - -
IcEY 550 -1.5 - - - 1 

650 -1.5 - - - -
Vc.(sat) 15- 3 - 2 - 2 
t,d -6 15 3 - 1 - 1 

tod -6 15 3- - 4 - 4 
t,cl -6 15 3- - 1 - 1 

te' 
Vcc=200 V. 
L=50pH. -6 15 3- - 0.8 - 0.8 

" Rc S; 13.5 0 

o R9JC 2N6676. 2N6677. 2N6678 
R9JC RJH6676. RJH6677. RJH6678 

·Pulsed: pulse duration=3DO ps. duty 'actor ~ 2%. 

bCAUTION: The sustaining voltage VeEo(sus) and VeEX MUST NOT be measured on a cl/rve tracer. 
°In accordance with JEDEC registration data (2N6676. 2N6677. 2N6678 only). 
eVe. value. 

dVee=2DO V. t.=20 /lS . 

• , 81 =-182. 

'Collector clamped to VeEX. 

2N6678 UNITS RJH6678 

Mln.IMax. 

- -
- -

0.1 
mA -

- 2 
400 - V 

8 -
- 1.5 
- 1 
- 1.5 

V 

450 -

1 -
1 

s -
3 10 
15 50 MHz 
150 500 pF 
- 0.1 

- 0.6 
- 2.5 
- 0.5 ps 

- 0.5 

- -
- - mA 
- 1 

- 2 V 
- 1 

- 4 
- 1 

/lS 

- 0.8 
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.... IIII1fPowerTran.l.tors ___________________________ _ 

2N6676,2N6677,2N6678, RJH6676, RJH6677, RJH6678 

10 100 

COLLECTOR -TO -EMITTER VOLTAGE lVeE) - V 
92CM-30390R3 

Fig. 1 - Maximum oparating areas for a/l types (Tc = 25° C). 

~ 111111111111111111111111111111111111111111111111111 
~ 
III 
1;100 

•• 
u ~ ~ 100 ~ ~ ~ ~ ~ ~ 

CASE TEMPERATI.ItE (T c)-ec 
CASE TEMPERA~E (Tcl--C 

Fig. 2 - Dissipation and 18/0 derating curves for 2N6676, 2N6677, 
and2N667B. 

Fig. 3 - Dissipation and 18/1> derating curves for RJH6676, RJH6677, 
and RJH667B. 

10. 
Ij • 

J 4 

I 2 

~ I • · ~ • ~ ....- ...... 
! 2 

~ 0.1 
!;" 

I 
• :/ 
2 

~ftN. COLLECTOR -TO-EMITTER VOLTAGE tv E)·! V 

l • !! 
~~ I I; .. • ....:...~4~" .. 

i ~.~( .. ZS-c K'CJ.~ ... 2 "0. ... z r--. c 

! ~~ 
• 10 

-40'0 

i · i""'--

~ • ~ 
!l 

0.00 • 
2 4" 

QOOI 0.01 
246124682468 

0.1 I 10 
2 .. • • • • • • 10 100 

PULSE WIDTH Ct,) -. 
nCI-IOM? 

COLLECTOR CURRENT (Ie)-A 
92C ... J03I1 

Fig. 4 - Typical thermal-response characteristic for a/l types. Fig. 5 - Typical dc beta characteristics for a/l types. 
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2N6676, 2N6677, 2N6678, RJH6676, RJH6677, RJH6678 

COLLECTOR CURtI£NT llel -. 

ftCl-101" 

Fig. 6 - Typical collector-to-emitter saturation voltage 
characteristics for aI/ types. 

o 0.4 0.1 1.2 1.6 
COLLECTOR CURRENT lIe' -A !teCS.30577 

Fig. 8 - Typical smal/-signal forward current transfer ratio 
characteristic for aI/ types (f = 5 MHz). 

Fig. 10 - Typical saturated-swltching-tlme characteristics at TJ = 
25° C as a function of col/ector current for aI/ types. 

18 • lC/~ 

z 
0 
>'> 

~J. • .. ~ 
~! 
15:r 
;i ~ ~~I -40·C -I-::~ oO'c ';'0 
ill> 8 \.1c.'-\ 

ill "'C ~,,,;.E.I 
.~,t."~ 

04 

C·· I 
2 . • • 10 

2 . • 100 
COLLECTOR CURRENT(lC) - A 

• Fig. 7 - Typical base-to-emltter saturation voltage characteristics 
for aI/ types. 

COLLECTOR· TO-EMITTER VOLTAGE (VeE) - V 
92CS-3037. 

Fig. g - Typical output characteristics for aI/ types. 

""" JUNCTION TE_TURE ITJI"1OO'C tmIIE 
~ 100 tl,-X,z-SA 

~ 100 

il 000 
2.!. 
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o 

Fig. 11 - Typical saturated-switching-time characteristics at TJ = 
100° C as a function of col/ector current for aI/ types. 
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2N6676,2N6677,2N6678, RJH6676, RJH6677, RJH6678 
JUNCTION 
TEMPERATURE (TJI cIOO·C 
181"'3A VeE" $V 
IS2 S 5 A MAX..,L-50 po" 
Vcc· 200 V 
tp -20 • ,Co 

f, 

I, 

COLLEC CL D TO VeEX Ie 

... 6 8 10 12 
COLLECTOR CUIRENT (1cl- A •• 16 

92CS-30380 

Fig. 12 - Typical saturated-swltchlng-tlme characteristics at TJ = 
100" C as a function of co//ector current for a// types. 
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~c,,,, ~ CASE TEMPERATURE (Tel = 25"c 

........ 

FREQUENCY (fl .. I MHz 

t--
1--1- c ... 

468 10 46~O;; 46'Oi 

COL.L.ECTOR-TO-BASE VOLTAGE (Veal-V OR 
EMITTER-TO-BASE VOLTAGE (VEa)-V 

92CS-30388 

Fig. 14 - Typical common-base input (C ••• ) or output (Cobo) 
capacitance characteristics for a/l types. 

1"50~F 

2~::TL~ 
I I 50n = 
1->-20,.S 

MIN 

FREQ- 500 Hz 

47n 
2n 

VB2 
ADJ. FOR 182 

700 

~ 600 

~ 

IC- 15A 
IBI," IB2· 3A 

Vcc '" 200 v 
Ip·2.0 J£I 
RL -13.5n 
L"50~H 

.. .. 
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~! 500 

ffil " 5~ 

'" i1. 400 4" 
I-

~i 300 

~ 
3~ .. 

0 
I-

::1 200 

if 
2" 
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"' COLLECTOR CLAMPED TO VCEX FOR tc ONLY 
o 0 
~ ~ ~ ~ ~ ro ~ ~ ~ 

"UNCTION TEMPERATURE ITJI-oc 
92CS- ;'0378 

Fig. 13 - Typical saturated-switching-tlme characteristics as a 
function of junction temperature for !I// types. 
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TCSIOO·C 
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~ I-~ 

400 

1-2 N66?6, RJH6676 
2N6677, RJH6677 
2N6678 RJH667B 

l-
I--

!!IO 450 
CLAMPED COLLECtOR -TO- EMITTER 

VOLTAGE [VCEX (CLAMPED)]-V 

92CS-lI038'111 

Fig. 15 - Maximum operating conditions for switching between 
saturation and cutoff for a// types. 

** 

RL=13.511/30W 
NON IND 

D2540M 

VCC AS_+ 
SPECIFIED--

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 

NOTE, BATTERY SYMBOLS VCC, VBI' VB2' 
VB(CLAMP) INDICATE RIGOROUSLY FILTERED 
VOLTAGE SOURCES AT THE CIRCUI.T TERMINALS 
TO ACCOMODATE THE FAST I, AND If TIMES 
AND HIGH CURRENTS PRESENT IN THE CIRCUIT. 

NOTE, SWI CLOSED FOR 1"1,, If. SWI OPEN FOR Ic. 

92CM- 30382R. 

Fig. 16 - Circuit for measurement switching times. 
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2N6676,2N6677, 2N6678, RJH6676, RJH6677, RJH6678 

10% VCEX ~---I,~ 

VCEX 
RATING 

10% Ie (PEAK) 

92CS-303B9RI 

Fig. 17 - Oscilloscope display for normallzad meesurement of 
clamped Inductlva switching time (te). 

WAVEFORMS 

IBI -.------::.'1 90 % 

A 10% 

'd-A-B .. -x-v 
.... B-C ct- V-Z 

t ..... taan ... x - w 
NOTE: TRANSITION TIME 
FROM en. I., TO "'" IIJ MUST 

IE LEIS THAN 0.5",.. 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 

25·A liiwitchMd 
Power Transistors 
N-P-N Types for 
Power Supplies and Other High-Voltage 
Switching Applications 

Features: 

• High-temperature parameters guaranteed 
• Fast switching speed 
• Low VCE (sat) 
• Steel hermetic TO-204AA Package 

File Number 1171 

TERMINAL DESIGNATIONS 

c 

'0 
92CS- 275US 

JEDEC TO-204AA 

The RCA-2N6686, 2N6687, and 2N6688· SwitchMax ser­
ies of silicon n-p-n power transistors feature high-voltage 
capability, fast switching speeds, and low saturation volt­
ages, together with high safe-operating-area (SOA) rat­
ings. They are specially designed for converters, inver­
ters, pulse-width-modulated regulators and a variety of 
power switching circuits. These high-current, high-speed 
transistors are 100-per-cent tested for parameters that 
are essential to the design of high-power switching cir­
cuits. Switching times, including inductive turn-off time, 

and saturation voltages are guaranteed at 1250 C as well as 
at 250 C, to provide information necessary for worst-case 
design. 

The 2N6686, 2N6687, and 2N6688 transistors are supplied in 
steel JEDEC TO-204AA hermetic packages. 

-Formerly RCA Dev. Type Nos. TA9119A, TA9119B, TA9119C, 
respectively. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

2N6686 2N6687 2N6688 
• VCEV 

vBE=-1.5V ............................... 260 280 300 V 
• VCEx(Clamped) 

VBE = -1.5V.. ............. ...... .......... 210 230 250 V 
• VCEO......................................... 160 
• VEBO········································· 

180 200 V 
8 V 

IC(sat)........................................ 25 
• IC............................................ 25 

25 20 A 
25 20 A 

ICM ......................................... . 50 A 
• lB············································ 8 A 

P-r 
TC up to 25·C ............................... . 200 W 
TC above 25 'c, derate linearly ................. . 

• Tstg, TJ ...................................... . 
• T L 

1.14 W/'C 
-65to 200 ·C 

At distance ~ 1/161n. (1.58 mm) from 
seating plane for lOs max ..................... . 235 ·C 

• In accordance with JEDEC registration data. 
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.... 1III1f Power Transistors 

2N6686, 2N6687, 2N6688 

ELECTRICAL CHARACTERISTICS Tc = 2S·C 

TEST CONDITIONS LIMITS 

CHARACTERISTIC 
VOLTAGE CURRENT 

2N6688 2N6687 2N6688 UNITS 
Vdc Adc 

VCE VBE Ic IB Min. Max. Min. Max. Min. Max. 

IcEV 260 -1.5 - - - 50 - - - -
280 -1.5 - - - - - 50 - -
300 -1.5 50 

p,A - - - - - - -
lEBO - -8 0 - - 100 - 100 - 100 

VCEo(sus)b - - 0.2- 0 160 - 180 - 200 - V 

hFE 2 - 1- - 30 - 30 - 25 -

2 - 10- - 25 100 25 100 20 80 -
2 - 208 - - - - - 15 -
2 - 25- - 15 - 15 - - -

VBE(sat) - - 208 2 - - - - - 1.8 

- - 25- 2.5 - 1.8 - 1.8 - -
VCE(sat) - - 20a 2 - - - - - 1.5 

- - 25- 2.5 - 1.5 - 1.5 - - V 

VCEXb 

(Clamped Est.) 
-4 25 3 210 230 250 -- - -

L = 25p,H. 

RBB = 10 n 
I Sib 18 - 11.1 - 1 - 1 - 1 - s 

I hl·1 10 - 1 - 4 
f = 5 MHz 

20 4 20 4 20 -
fT 10 - 1 - 20 100 20 100 20 100 MHz 

C ••• 
10c 300 650 300 650 300 650 pF - - -

f = 0.1 MHz 

tdd - -4 20 2 - - - - - 0.1 

- -4 25 2.5 - 0.1 - 0.1 - -
t,d - -4 20 2 - - - - - 0.60 

- -4 25 2.5 - 0.60 - 0.60 - -
tad - -4 20 2- - - - - - 1.50 

- -4 25 2.5- - 1.50 - 1.50 - -
tId -4 20 2- 0.25 

p.s - - - - - -
- -4 25 2.5- - 0.25 - 0.25 - -

to Vcc=80V. 

l = 25p,H. RcS; 4 n. - -4 20 3- - - - - - 0.5 

Collector clamped - -4 25 3- - 0.5 - 0.5 - -
to VCEX 
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2N6686, 2N6687, 2N6688 
ELECTRICAL CHARACTERISTICS (cont'd) 

TEST CONDITIONS LIMITS 

CHARAC- VOLTAGE CURRENT 
TERISTIC Vdc Adc 2N6686 2N6687 2N6688 UNITS 

VeE IVBE IC liB Minj Max_ Min-j Max_ Min_I Max_ 

260 -1.5 - 0.5 - - - -
* ICEV 280 -1.5 - - - 0.5 - - mA 

300 -1.5 - - - - - 0.5 

VCE(sat) 
20a 2 - - - - - 1.5 

V 25a 2.5 - 1.5 - 1.5 - -* 
20 2 - - - - - 0.8 

trd -4 
25 2.5 0.8 0.8 - - - -* 
20 2 - - - - - 2.5 

tsd -4 
25 2.5e 2.5 2.5 - - - - J.l.S 

* 
20 2 - - - - - 0.8 

tfCI -4 
25 2.5e 0.8 0.8 - - - -

* tc 
VCC=80V, 
L=25J.1.H, -4 20 3e - - - - - 0.8 
RC";4U, -4 25 3e - 0.8 - 0.8 - -
Collector 
Clamped to 

VCEX 

* I ROJC 1 -I 0.875 1 6 
1 0.875 I - I 0.875 I CIW I 

• In accordance with JEDEC registration data. 
a Pulsed: pulse duration = 300 1'5, duty factor ";2%. 

b CAUTION: The sustaining voltage V CEO (sus) and V CEX 
MUST NOT be measured on a curve tracer. 

10 

C VCB value. 

d VCC = 80 V. tp = 20 I'S 

a IB1 = -IB2 

COLLECTOR-TO-EMITTER VOLTAGE IVCEI-V .'CM-31451 

Fig. 1-Maximum operating areas for al/ types (TC = 25'C). 
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25 

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 
CASE TEMPERATURE (TC)-OC 

Fig. 2 - DiSSipation and IS/b derating curves for all types. 

400 
COLLECTOR-TO-EMITTER VOLTAGE 
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COLLECTOR CURRENT IIel - A 92CS~314152 

Fig. 4 - Typical dc beta characteristics for a/l types. 
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Fig. 6 - Typical base-to-emitter saturation voltage 
characteristic for all types. 

2N6686,2N6687,2N6688 

001 
2 468 2. 468 468 2. 468 

0001 0.01 0.1 I 10 
PULSE WIDTH Up) - s 92CS~30387 

Fig. 3 - Typical thermal-response characteristic for all types. 
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10 100 
COLLECTOR CURRENT(IcJ-A 92CS-31453 

Fig. 5 - Typical collector-to-emitter saturation voltage 
characteristics for a/l types. 

COLLECTOR CURRENT (leI - A 
92CS-31455 

Fig. 7 - Typical small-signal forward-current transfer ratio 
characteristic for all ypes (f = 5 MHz). 
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2N6686, 2N6687, 2N6688 

40 
CASE TEMPERATURE (Tel· 25°C 

30 ., . 
130 

" ~ .. 
~ 

ffi 0.1 

~ 20 0.' 

~' .. 
i;l 
:l 10 0.2 
8 

BASE CURRENT (1 ) = 0.1 

2 4 Ei 8 10 12 14 16 18 20 

COLLECTOR-TO-EMITTER VOLTAGE (VCE) - v 92CSw31456 

Fig. 8 - Typical output characteristics for all types. 
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~ 

Q -

ILl ::-j I;: I t=J I 
a 5 ~ ffi 20 25 30 

COLLECTOR CURRENT (leI - A UCS-314S8 

Fig. 10 - Typical saturated-switching-time characteristics as a 
function of collector current for all types. 

Noo 
CASE TEMPERATURE ITel" 2!5"C 
FREQUENCY (t I -0.1 MHz 

COLLECTOR-TO-BASE VOLTAGE (Vca)-V OR 
EMITTER-TO-BASE VOLTAGE (VEBl-V 92CS-31459 

Fig. 12 - Typical common-base input (Clba) or output (Cabo) 
capacitance characteristic for all types. 

COLLECTOR CURRENT (leI - A t2CS-514!1 

Fig. 9 - Typical clamped turn-off time characteristics for all 
types . 

.. '°8 CAS~ TEMPERATURE (TC)·,25°C 
Isole /lO I • ."- 18,=IS2 Vcc '" eo v 

~ .- ~ -

" "'--. 
::l 2 ....... ! :---..... ~ t---. I. :l I 
~ • 
Q • ~ -r-... I, • ~ _./. I, 

IL:I'tifi I I II 
o 5 10 15 20 25 30 35 

COLLECTOR CURRENT IIC1- A 92CS-31460 

Fig. 11 - Typical saturated-switching-time characteristics at T c = 
1250 C as a function of collector current for all types. 

25 __ 2N6 

...- ....... ...,N • 
.8. 
• 87 

~2 NEiSee 

TC$.125°C 

100 210230 250 
CLAMPED COLLECTOR-TO -E~ITTER 

VOLTAGE [VCEX (CLAMPED)j-Y 
92CS-31461 

Fig. 13 - Maximum operating conditions for switching between 
saturation and cutoff for all types. 
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10% VeEX 

VCEX 
RATING 

10% Ie (PEAK) 

92CS-'30389Rt 

Fig. 14 - Oscilloscope display for normalized measurement of 
clamped inductive switching time (te). 

o OOIJ.LF 

~501LF 

2g::.rL~ 
U-20~S 50n = 

MIN 

FREQ: 500 Hz 

VB2 
ADJ FOR I82 

2N6686, 2N6687, 2N6688 

IBI-r-----~X:'l. 90 % 

A 10% 

..,=A-B t,=X-Y 
t,=B-C tt .. v-z 
tv.nlilion = x-w 
NOTE: TRANSITION TIME 
FROM 90% la, TO 9O'J(, 182 MUST 

BE LESS THAN 0.51-15. 

92CS-3D381RI 

Fig. 15 - Phase relationship between input and output currents 
showing reference points for specification of switching 
times. 

** 

RL= 4n/30 W 
NON INO 

02540M 

Vee AS _ ... 
SPECIFIEO-

QI, Q2 " 2N6354 
Q3 " 2N3762 

Q4,Q5, 
Q6,07 " 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. VB I I VS2 I 

VB(CLAMPJ INDICATE RIGOROUSLY FILTERED 
VOLTAGE SOURCES AT THE CIRCUIT TERMINALS 

TO ACCOMODATE THE FAST tr AND tf TIMES 
AND HIGH CURRENTS PRESENT IN THE CIRCUIT 

NOTE SWI CLOSED FOR 1r, t5 • 1f SWI OPEN FOR tc 

92CM-31462 

Fig. 16 - Circuit for measuring switching times. 
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2N6738. 2N6739, 2N6740 File Number 1291 

5-A liiwib:hMid 
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 

'M;"l° II ] t r 
TOP VIEW B 

• High voltage ratings: Applications: 92CS-39969 

VCEX = 350 V to 450 V 
• Low Vee (sat) at lc = 5 A 

• Off-line power supplies 
• High-voltage inverters 

JEDEC TO-22OAB 

• VERSA WA TT package • SWitching regulators 

The RCA 2N6738 and 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. Switch­
ing times, including inductive turn-off time, and saturation 
voltages are guaranteed at 125°C to provide information 
necessary for worst-case design. 

The RCA-2N6738, 2N6739, and 2N6740 series transistors 
are supplied in the JEDEC TO-220AB package. 

-Formerly RCA Dev. Type Nos. TA9141A, TA9141B, and TA9141C, 
respectively. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

VCEV 

2N6738 

VBE=-1.5 V .•...•..........•..••..•......•.•.. 450 
, VCEX(Clamped) 

VBE=-1.5 V ..................•................ 350 
VCEO .... .............. .... .... .... ...... ....... 300 

VEBO············································ 
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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ELECTRICAL CHARACTERISTICS 2N6738, 2N6739, 2N6740 

TEST CONDITIONS LIMITS 

CHARAC- VOLTAGE CURRENT 
2N6738 2N6739 2N6740 UNITS 

TERISTIC V de A de 

vCElvBE IC J Ie Min.1 Max. Min·IMax. Min·IMax. 

TC=25°C 

450 -1.5 - 0.1 - - - -
• ICEV 550 -1.5 - - - 0.1 - -

mA 
650 -1.5 - - - - - 0.1 

• lEBO -8 0 - 2 - 2 - 2 

• VCEO(sus)D 0.2a 0 300 - 350 - 400 - V 

• hFE 3 5a 10 40 10 40 10 40 

• VBE(sat) 5a 1 - 1.6 - 1.6 - 1.6 

5a 1 - 1 - 1 - 1 
• VCE(sat) 

8a 4 - 2 - 2 - 2 

• VCEXb V 

(Clamped ES/b) -5 5 l e 350 - 400 - 450 -
L=170 tJH. -5 8 3e 200 - 250 - 300 -
RBB=5 n 

· IS/b 25 4 0.5 - 0.5 - 0.5 - 5 

• Ihlel 1-5 MHz 10 0.2 3 12 3 12 3 12 

IT 10 0.2 15 60 15 60 15 60 MHz 

• Cobo 1=0.1 MHz 10e 50 300 50 300 50 300 pF 

• tda 5 1 - 0.1 - 0.1 - 0.1 

• trd 5 1 - 0.5 - 0.5 - 0.5 

• tsd 5 le - 2.5 - 2.5 - 2.5 

• tid 5 le - 0.4 - 0.4 - 0.4 
J1.S 

• tc 
VCC=125 V, 
L=170J1.H, 

5 le - 0.4 - 0.4 - 0.4 
RC=25 n 
Collector clamped 

to VCEX 
TC=125°C 

450 -1.5 - 1 - - - -

• ICEV 550 -1.5 - - - 1 - - mA 

650 -1.5 - - - - - 1 

• VCE(sat) 5a 1 - 2 - 2 - 2 V 

• tra 5 1 - 0.8 - 0.8 - 0.8 

• tsd 5 l e - 4 - 4 - 4 

• tid 5 l e - 0.8 - 0.8 - 0.8 

• tc 
VCC=125 V, J1.S 
L=170 J1.H, 

5 l e - 0.8 - 0.8 - 0.8 
RC=25 n 
Collector clamped 

to VCEX 

• R8JC 10 5 - 1.25 - 1.25 - 1.25 °C/W 

R8JA I - 70 - 70 - 70 °C/WJ 

'In accordance with JEDEC registration data. cVCS value. elS1 - -IS2. 
apulsed: pulse duration = 300 ps, duty factor:S 2%. dVCC = 125 V, tp = 20 ps. 
bCAUTION: The sustaining voltage VCEO(SUS) 

and VCEX MUST NOT be measured on a curve tracer. 
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2N6738, 2N6739, 2N6740 

92CM-33694 

Fig. 1 - Maximum operating areas for all types ITc = 25°C). 

NOTE! CURRENT DERATING AT CONSTANT VOLTAGE 
APPLIES ONLY TO THE DISSIPATION-UMITED PORTION 
OF MAXIMUM-OPERATING-AREA CURVES 00 
NOT OERATE THE SPECIFIED VALUE FOR Ie MAX. 

2S 50 75 100 125 150 175 200 0.1 
CASE TEMPERATURE (Tcl-OC 468 468 2 468 

Fig. 2 - Dissipation and derating curve for all 
types. 

200 COLLECTOR-TO-EMITTER 
0 VOLTAGE (VCE1=3 V 

~ r · J.- -· ~ I-
~W4 
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~ 
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'I , 
[;l 

CASE ITEMPERAIURE (cil i -".;;;:c-~ \ ; 
~ 10 
g · I '\ 

· I I 
0.1 I 

COLLECTOR CURRENT IIel - A 

Fig. 4 - Typical dc beta characteristics for all 
types. 

10 

0.001 0.01 0.1 
PULSE WIDTH (tp)- S 

Fig. 3 - Typical thermal-response character­
istic for all types. 

COLLECTOR CURRENT IIc)-A 

Fig. 5 - Typical collector-to-emitter saturation 
voltage as a function of collector 
current for all types. 

10 

10 
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COLLECTOR CURRENT (ICI-A 

Fig. 6 - Typical base-to-emitter saturation 
voltage as a function of col/ector 
current for al/ types. 

COLLECTOR-TO-EMITTER VOl..TAGE IVCE1-V 

Fig. 8 - Typical output characteristics for al/ 
types. 

'--*"''''''', 
COLLECTOR CURRENT (ICI-A 

~2CS-29988RI 

Fig. 10 - Typical saturated switching time 
characteristics for al/ types. 
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2N6738, 2N6739, 2N6740 
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COLLECTOR CURRENT II~ -A 

Fig. 7 - Typical base-to-emitter voltage as a 
function of col/ector current for al/ 
types. 

COLLECTOR CURRENT (Icl-A 

Fig. 9 - Typical saturated switching time 
characteristics for al/ types. 

COLLECTOR CURRENT IXc)-A 

Fig. 11 - Typical saturated switching time 
characteristics for al/ types. 
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2N6738,2N6739,2N6740 

42 

I 
COLLECTOR CURRENT (IC)-A 

Fig. 12 - Typical saturated switching time 
characteristics for all types. 

II: Il. 104 
o. 6 

t~ 4 

~~ 2 

~~K)3 
zj! 8 

~~ 6 

I ~ 4 

~~ 2 
~. 

~aK)2 

i~· : 
" 4 

I~ 2 

88 10 

CASE TEMPERATURE (TC)=25°C 
FREOUENCY (f j-I MHz f--- -

--I-i 
"-~;~ I-

--

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

C,be -I 
II 

2 4 6 B 2 4 6 B 
10 102 2 

COLLECTOR-lO-BASE VOLTAGE (VCB1-V OR 
EMITTER-lO-BASE VOLTAGE (VEBJ-V 

4 6 B 

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. 

VCE 

~---t,---~ 

VCEX 
RATING 

10% Ie {PEAK} 

92CS-30389RI 

Fig. 16 - Oscilloscope display for measurement 
of clamped induction switching-time 
(tel· 

CASE TEMPERATURE (TC)-OC 

Fig. 13 - Typical saturated switching time 
characteristics as a function of case 
temperature for all types. 

81-----, 
VCEORATING 

;/'OOV 

:z 5-- ----

:i:!4 I a I 
a: 3 I CLAMPED ;; 
g Tcs 125'C I VCEX RATING --. 

~2 I 
..J 
01 

" 
OL-------~--------~­

COLLECTOR-TO-EMITTER VOLTAGE 

Fig. 15 - Maximum operating conditions for 
switching between saturation and 
cutoff. 

ISI -.--------X' 90 % 

A 10% 

92CS-30458 

tcI"'A-B 
tr"'s.-C 
ts=X-y 
'tf=V-Z 
tTRANSITION = x-w 
NOTE. TRANSITION TIME 
FROM 90% 18, TO 90% 'El2 
MUST BE lESS THAN 0.3 /.IS 

Fig. 17 - Phase relationship between input and 
output currents showing reference 
points for specification of switching 
times. 
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O.OOlI'F 

47n R2 
NON IND 
2W 

2N6738, 2N6739, 2N6740 

Ie R1 R2 V CLAMP 
5 A 15 n 15 n CLAMPED v RATING 
8A sn: so. VCEO -100V 

RL" 25 n/30W 
NON IND 

QI, Q2 " 2N6354 
Q3 " 2N3762 

Q4,Q5, 
Q6, Q7 " CA3725 QUAD 

TRANSISTOR 
ARRAY 

*THIS CONNECTION 
SHOULD BE MADE AS 
CLOSE AS POSSIBLE TO 
COLLECTOR OF 
TRANSISTOR UNDER TEST 

** KELVIN (SENSING) 
CONNECTIONS 

NOTE. BATTERY SYMBOLS Vee, VBII 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-304!58 

Fig. 18 - Circuit for measuring switching times. 
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2N6751, 2N6752, 2N6753, 2N6754 

5-ASWilt:hMid 
Power Transistors 
High-Voltage N-P-N Types for 240 V Off-Line 
Power Supplies and Other High-Voltage 
Switching Applications 

Features: 

• High-temperature parameters guaranteed 
• Fast switching speed 
• High voltage ratings: Applications: 

VCEX = 450 V - 550 V • Off-line power supplies 
• Low VCE (sat) at Ic = 5 A • High-voltage inverters 
• Steel hermetic TO-204AA package • Switching regulators 

File Number 1244 

TERMINAL DESIGNATIONS 

c 

'0' 
92CS~ 27516 

JEDEC TO-204AA 

(200 mil diameter pin Isolation) 

The RCA-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 100-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 100· C to 
provide information necessary for worst-case design. 

The 2N6751, 2N6752, 2N6753, and 2N6754 series transistors 
are supplied in steel JEDEC TO-204AA hermetic packages. 

"Formerly TA9153, TA9153A, TA9153B, 

MAXIMUM RATINGS, Absolute-Maximum Values: 

" VCEV 
* VBE = -1.5V ............................. . 

V CEX(Clamped) 
* VBE = -1.5V ............................. . 

* ~~~g::::::::::::::::::::::::::::::::::::::: 
* :g(~~~).:::::::::::::::::::::::::::::::::::::: 
* :~~.:::::::::::::::::::::::::::::::::::::::: 
* .,. 

TC< 25'C ................................. . 
* T C ~ 25'C, derate linearly .................... . 

: i~t~':::::::::::::::::::::::::::::::::::::::: 
TL 

At distance ~ 1/16 in. (1.58 mm) from 
seating plane for 10 s max .................. . 

* In accordance with JEDEC registration data. 

2N6751 2N6752 2N6753 2N6754 

BOO 850 900 1000 

450 500 550 550 
400 450 500 500 

8 
5 
10 
10 
5 

150 
1 

-65to 175 
-65to 200 

235 

V 

V 
V 
V 
A 
A 
A 
A 

W 
W/'C 

·C 
·C 

·C 

~-------------------------------------------------------------------



---------------------------_ EIwIII:IIM;vfPower Transistors 

ELECTRICAL CHARACTERISTICS 

TEST CONDITIONS 

CHARACTERISTIC 
VOLTAGE CURRENT 

Vdc Adc 

VCEI VBE IC I IB 

TC = 2S'C 

• ICEV 
800 -1.5 
850 -1.5 

• lEBO -8 0 

• VCEo(sus)D 0.2a 0 

• hFE 3 

• VBE(sat) 

• VcE<sat) 

VC~ 
(Clamped ESlb) -6 

L = 170"H 

ISib 30 

• Ihfel f=5 MHz 10 

for 10 

• Cabo f =0.1 MHz 10d 

• td8 -6 

• tr8 -6 

• ts8 -6 

• t,e -6 

• tc 
VCC = 250V, 
L=170"H, RC = -6 
50 Q, Collector 
clamped to V CEX 

TC = l00'C 

ICEV 
800 -1.5 
850 -1.5 

VCE(sat) 

t r8 -6 

IS8 -6 

tf8 -6 

tc 
VCC = 250 V, 
L = 170"H, RC = -6 
50 Q, Collector 
clamped to VCEX 

·I~JC 
• In accordance with JEDEC registration data. 

a Pulsed duration = 300 ,.s, duty factor" 2%. 

58 
58 1 

58 1 
108 3 

5 1C 

5 

0.2 

0.2 

5 1 

5 1 

5 1C 

5 1C 

5 1C 

58 1 

5 1 

5 1C 

5 1C 

5 1c 

5 

2N6751, 2N6752, 2N6753, 2N6754 

LIMITS 

2N6751 2N6752 UNITS 

Min. I Max. Mln.1 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 
jlS 

- 0.4 - 0.4 

- 1 - -
mA - - - 1 

- 1.5 - 1.5 V 

- 0.6 - 0.6 

- 5 - 5 

- 0.7 - 0.7 
jlS 

- 0.7 - 0.7 

°CIW 

b CAUTION: The sustaining voltage VCEO(sus) and VCEX MUST NOTbe measured on a curve tracer. 

c IB1 = -IB2 d VCB value • VCC = 250 V, tp = 20,.s 
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2N6751, 2N6752, 2N6753, 2N6754 

ELECTRICAL CHARACTERISTICS 

TEST CONDITIONS 

CHARACTERISTIC 
VOLTAGE CURRENT 

Vdc Adc 

VCE I VBE IC I IB 

TC = 25·C 

ICEV 
900 -1.5 
1000 -1.5 

lEBO -8 0 

VeEd.sUS'" 0.28 

hFE 3 sa 
VBBsat) sa 

VCBsat) 
sa 

108 

Vcexb 
(Clamped ESlb) -6 5 
L = 170,..H 

ISib 30 5 

Ihfel f = 5 MHz 10 0.2 

IT 10 0.2 

Cobo f=0.1 MHz 1Qd 

tcie -6 5 

• tr• 
-6 5 

• ts· -6 5 

• t.e -6 5 

• tc 
Vee = 25OV, 
L=170,..H, RC = -6 5 
50 g, Collector 
clamped to VCEX 

TC = 100·C 

ICEV 
900 -1.5 
1000 -1.5 

VCBsat) sa 
tre -6 5 

ts· -6 5 

t,e -6 5 

tc 
VCC = 250 V, 
L = 170,..H, RC = -6 5 
50 g, Collector 
clamped to VCEX 

*, ReJC 10 I 5 

• In accordance with JEDEC registration data. 

a Pulsed duration = 300 lAS, duty factor .. 2%. 

0 

1 

1 
3 

1C 

1 

1 
1C 

1C 

1c 

1 

1 
1C 

1C 

1c 

LIMITS 

2N6753 2N6754 UNITS 

Mln.1 Max. Mln.1 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 ,..s 

- 0.4 - 0.4 

- 1 - - mA - - - 1 

- 1.5 - 1.5 V 

- 0.6 - 0.6 

- 5 - 5 

- 0.7 - 0.7 ,..s 

- 0.7 - 0.7 

0C/W 

b CAUTION: The sustaining voltage VCEO(sus) and VCEX MUST NOTbe measured on a curve tracer. 

c IB1 = -IB2 d VCB value e Vce = 250 V, tp = 20,,8 
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125 

100 

" c 

75 

50 

25 

2N6751, 2N6752, 2N6753, 2N6754 

9ZCS- 3204tRt 

Fig. 1 - Maximum operating areas for all type (TeG). 

0.1 

25 50 75 100 125 I~ lni 200 
CASE TEMPERATURE tTc)--C 92C$-32042 

Fig. 2 - Dissipation derating curves 
for all types. 

"168, 468'0 100 

COLLECTOR CURRENT (Xc )-A '2CS-32044 

Fig. 4 - Typical dc beta characteristics 
for all types. 

, '01 
tl • 
z • I z 

-' I 
~ • 15 • 
~ • 
IE • V 
~ 
~QI 
e: • 
~ · 4 

I z 
II 

0.001 
, 4 .0 2 .. 

0.01 '1).1 
, . • 0 , . .. 

PULSE wrOTH (Tp )-S 
92CS-32043 

Fig. 3 - Typical thermal-response 
characteristic for all types. 

w 2 I B=Ic'5 

-M~ ~ g 
15 I &' 'j-
~ I 

1//J(:'1t als 
~" ~v 
~~ .. 

~~~~ t:: !j 
~> 
~w 

~ g , 
~ v~ 

~ ~~ 1 0 
u 0.1 

0.1 2 4 . • 

10 

10 
COLLECTOR CURRENT(Ic)-A 92CS-32[HS 

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 

~ 
Xa-Ie/S 

~ '---:40"<: 
i! • -~ 2S-C~~I'l.'S·C 

)M'ER,.,1URE l"c l~ 
F> • :;;;;=-CASE lE 
:l.b. e !4 
~1 

; 2 

QI 
2 • • • 10 

COLLECTOR CLlRRENTfI.c)-A ,Ics-no," 

c 

Fig. 6 - Typical base-to-emitter saturation 
voltage as a function of collector 
current for all types. 

8 AS[ TEMPERATURE nt)-Z'­

~""QoO .. -
I • U 

!:! 
~ 

o 
o 

,00 

10 
COLLECTOR-lO-EMITTER VOLTAGE (VCEl- V 92CS-32048RI 

Fig. B - Typical output characteristics 
for all types. 

CASE TEMPERATURE (Te)' loo·e 
~BI·I.82·'A 
Vee· 250 V 
t ""20,.. 

'f 

" 

f, 

~ 
L 

-
w 

~ 
3 ~ 

i!i 
2 In 

2 •• 92CS-32050RI 
COLLECTOR CURRENT (1:c )-A 

Fig. 10 - Typical saturated switching time 
characteristics for all types. 

't 

! 
~ 
~ .. 
~ 
~ 

* i:! c .. 

COLLECTOR- TO-EMITTER 
VOLTAGE (VCEI-3V 

I I I 
-40·C 

1Ir-- ~s'25-C 
• po- CAsE ,.Etl.PERA"tURE C 

• 

2 

QI 

• • 
COLLECTOR CURRENT (1C)-A 

• • 10 
.acl-II047 

Fig. 7 - Typical base-to-emitter voltage as a 
function of collector current for all 
types. 

CASE TEMPERATURE {Tcl-Z5-C 

I.e''":!Bz'''A 
Vcc· 2SOV 
Ip ·20,.-

'f 

" .. 

'. 

COLLECTOR CURRENT (Ie )-A 
92CS- 32049Rl 

Fig. 9 - Typical saturated switching time 
characteristics for all types. 

CASE TEMPERATURE fTC )_Z5 D C 
1.B,"1 A,3:82'" 2 A 

Vcc"'Z50V 
tp "20,... 

'f 

" 

" 
'f 

2 3 4 5 6 
COLLECTOR CURRENT (Ie I-A 92CS-3205IRI 

Fig. 11 - Typical saturated switching time 
characteristics for all types. 
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CASE TEMPERATURE {TC)=IOODC 
IS," lA, I.B2.~ 2A 
Vee "250 v 
t "20"s 

ff 

f, 

f, 

92CS-32052RI 
COLLECTOR CURRENT (IC)-A 

Fig. 12 - Typical saturated switching time 
characteristics for aI/ types. 

!~ LL. IO~ CASE TEMPERATURE (TC)-25-

10 4 6 8[0 2 4 6 8102 2 

COLLECTOFI-TO-BASE VOLTAGE (Vcel-V 
OR EMITTER-lO-BASE VOLTAGE(VEBI-V 

4 IS Sl03 

92CS-HOS4 

Fig. 14 - Typical common-base input or output 
capacitance characteristics as a 
function of col/ector-to-base 

f4 

voltage or emitter-to-base voltage 
for aI/ types. 

eE 
Ie 

~------f,------~ 

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.e· SA 
Xs-.IB2 aIA 

Vee"' 250V 
tp· 20,.. 

f, 

f; 

2.0 40 60 eo 100 [20 140 
CASE TEMPERATURE (TC)-·C 92CS-320153RI 

Fig. 13 - Typical saturated switching time 
characteristics as a function of 
case temperature for aI/ types. 

10..-----.... 

9 

& 

.. 7 
VCEORATING 

?IOOV I 
"7..6 
!j 

!Z5-----
"' ~4 I 

I ::J 

" a: 3 
~ TC:S 125°C 

I CLAMPED .... 
I VCEX RATING ...... 

~ 2 I ..J 
..J 
01 I 
" 1 
oL-------~--------~-­

COLLECTOR-TO-EMITTER VOLTAGE 92CS-32800 

Fig. 15 - Maximum operating conditions for 
switching between saturation 
and cutoff. 

Ial -r-----::1X 90 % 

o 
A 10% 

lei-A II 
lr"I=C 
'I~X=V 
t'iiV_Z 
ITRANSITION .. )C. W 
NOTl: TRANSITION TIM. 
PROM 10% II, TO 10'11111, 
MUIT III! LI" THAN Q,' /oil, 

'208-50458 

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 

** 

Ie Rl R2 VCEX CLAMP 
Is A 115!! !15 ~2IcLAMPED VCEX RATING I 

RL" 50n 
NON INO 

QI. Q2 "2N6354 
Q3 " 2N3762 

Q4,Q5, 
06,07 : CA3725 QUAD 

TRANSISTOR 
ARRAY 

*THIS CONNECTION 
SHOULD BE MADE: AS 
CLOSE AS POSSIBLE TO 
COLLECTOR OF 
TRANSISTOR UNDER TEST 

** KELVIN (SENSING) 
CONNECT IONS 

NOrE BATTERY SYMBOLS Vee I VBI' v e2 -
VS(CLAMP) INDiCATE RIGOROUSLY FILTERED 
VOLTAGE SOURCES AT THE CIRCUIT TERMINAI_S 

TO ACCOMQDATE THE FAST 1r AND tf TIMES 

AND HIGH CURRENTS PRESENT IN THE CIRCUIT 

NOTE SWI CLOSED FOR tr, ts. tf SW\ OPEN FOR tc 

92CM-32103 

Fig. 18 - Circuit for measuring switching times. 
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File Number 1292 

1-A Swlb:IIMiIf 
VERSAWATT Transistors 
High-Voltage N-P-N Types for Off-Line 
Power Supplies and Other High-Voltage 
Switching Applications 

Features: 

• High-temperature parameters guaranteed 
• Fast switching speed 
• High voltage ratings: Applications: 

2N6771, 2N6772, 2N6773 

TERMINAL DESIGNATIONS 

'R';'"lO II J.~ r 
TOP VIEW 

VCEX = 350 V to 450 V • Off-line power supplies 9ZCS-39H9 

• Low VCE (sat) at Ic = 1 A • High-voltage inverters JEDEC TO-22OAB • VERSAWATT package • Switching regulators 

The RCA-2N6771, 2N6772, and 2N6773· SwitchMax series 
of silicon n-p-n power transistors feature high-voltage 
capability, fast switching speeds, and low saturation 
voltages, together with high safe-operating-area (SOA) 
ratings. They are specially designed for off-line power 
supplies and are also well suited for use in a wide range 
of inverter or converter circuits and pulse-width­
modulated regulators. These high-voltage, high-speed 
transistors are 100-per-cent tested for parameters that are 
essential to the design of high-power switching circuits. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

.,. VCEV 

Switching times, including inductive turn-off time, and 
saturation voltages are guaranteed at 125° C to provide 
information necessary for worst-case design. 

The RCA-2N6771, 2N6772, and 2N6773 series transistors 
are supplied in the JEDEC TO-220AB VERSAWATT plas­
tic packages. 

-Formerly RCA8863A. RCA8863B. and RCA8863C, respectively. 

2N6771 2N6772 2N6773 

VBE = -1.5 V ......................................... 450 550 650 V 
• V CEX (Clamped) 

VBE = -1.5 V ......................................... 350 400 450 V 
• VCEO ••••••••••••••••••••••••••••••••••••••••••••••••• 300 350 400 V 
1r VEBO ••••••••••••••••••••••••••••••••••••••••••••••••• 8 V 

Io(sat) ............................................... . 1 A 
• Ic ................................................... . 1 A 

ICM ••••••••••••••••••••••••••••••••••••••••••••••••••• 2 A 
• IB •••.••.....•.••••...•..••••••••.••••..•.••••••••..•• 0.6 A 
• PT 

Tcupto 25°C ...................................... . 40 W 
T C above 25° C, derate linearly ...............•........ 0.32 W/oC 

• Tst!/' TJ •••••••••••••••.••.•••••••••••••••••••••••••••• -65 to 150 °C 
• TL 

At distance 2': 118 in. (3.17 mm) from 
seating plane for 10 s max ........................... . 235 °C 

*In accordance with JEDEC registration data. 

--------------___________________________________________________ 51 



."..-.r Pow~r Translstors ____________________________ _ 

2N6771, 2N6772, 2N6773 
ELECTRICAL CHARACTERISTICS 

TEST CONDITIONS 
CHARAC· VOLTAGE CURRENT 
TERISTIC Vdc Adc 

vCElvBE IC I IB 
TC=25°C 

450 1.5 

• ICEV 550 -1.5 
650 -1.5 

• lEBO -8 0 
• VCEO(sus)D 0.2a 0 
• VCE(sat) 1a 0.2 
• VBE(sat) 1a 0.2 

• hFE 
3 0.3a 

3 1a 

• VCEXb 
(Clamped ES/b) -5 1 0.1e 
L=450pH. 
RBB=50 n 

• ISlb 100 0.4 
• Ihtel t-1 MHz 10 0.2 

.tT 10 0.2 
• Cobo f=0.1 MHz 10c 

• tdd 1 0.2 

• t rd 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 
TC=125°C 

450 -1.5 

• ICEV 550 -1.5 
650 -1.5 

• VCE(sat) 18 0.2 

• trd 1 0.2 
• tsd 1 0.2e 

• ttd 1 0.2e 

• tc 
VCC=200 V. 
L=450pH. 

1 0.2e 
RC=200n 
Collector clamped. 

to VCEX 

• R9JC 20 1 

R9JA 1 
'In accordance with JEDEC registration data. 
·Pulsed: pulse duration = 300 IJS, duty factor :5 2%. 
bCAUTlON: The sustaining voltage VCEO(SUS) 

LIMITS 

2N6771 2N6772 2N6773 UNITS 

Mln·IMax. Mln.1 Max. Mln.1 Max. 

0.1 - -
- - - 0.1 - - mA - - - - - 0.1 
- 2 - 2 - 2 

300 - 350 - 400 -
- 1.0 - 1.0 - 1.0 V 
- 1.2 - 1.2 - 1.2 
20 100 20 100 20 100 
10 50 10 50 10 50 

350 - 400 - 450 - V 

0.5 - 0.5 - 0.5 - s 
10 50 10 50 10 50 
10 50 10 50 10 50 MHz 
20 60 20 60 20 60 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 

IJS 

- 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 

IJS 

- 1.5 - 1.5 - 1.5 

- 3.12 - 3.12 - 3.12 °C/W 
1- 1 70 1- 70 I - I 70 °C/W I 

eVCB value. 81B1 = -IB2' 
dvCC = 200 V. tp = 20 Jls. 

and VCEX MUST NOT be measured on a curve tracer. 
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2N6771,2N6772,2N6773 

6 2 2 

COLLECTOR-TO- EMITTER VOLTAGE (VCE)-V 
92CM- 33681 

Fig. 1 - Maximum operating areas for all types. 

1 !DO 
CASE TEMPERATURE (TCI-"C 

Fig. 2 - Derating curve for all types. 

1000 COLLECTOR - TO-EMITTER VOLTAGE (VCE1~ 3 V 
o • 

~ 4 Ii I 

* 
2 

:1100 CASE TEMPERATURE ITe 1=125-C 

'" . :: . 
25-C 

~~ 4_ 

II --"""r--"'~ 2 ~-u -4O'C 

~ , 
010 '" . ~ . 
e 4'--

g 
2 1 

1 1 
001 2 4 • 2 4 . . So, 8, 2: 8 10 

COLLECTOR CURRENT (Ie I-A 
92CS-33683 

Fig. 4 - Typical de beta characteristics for all 
types. 

1.U ,008 

001 4 6 801 4 6 B J 

PULSE WIDTH Ctpl-S 
92CS-33682 

Fig. 3 - Typical thermal-response character­
istics for all types. 

1 10 
COLLECTOR CURRENT (Icl-A HCS-33884 

Fig. 5 - Typical collector-to-emitter saturation 
voltage as a function of collector 
current for all types. 
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2"6771, 2N6772, 2N6773 

0.1 
CIC)-A 82cs-uses 

Fig. 6 - Typical base-to-emitter saturation 
voltage as a function of col/ector 
current for al/ types. 

Fig. 8 - Typical output characteristics for al/ 
types. 

COLLECTOR CURRENT (:I.c)-A 
tics-as ... 

Fig. 10 - Typical saturated-switching-time 
characteristics as a function of collector 
current for all types. 

I 
COLLECTOR CURRENT CIC'-A 

Fig. 7 - Typical base-to-emitter voltage as a 
function of col/ector current for al/ 
types. 

Fig. 9 - Typical saturated-switching-time charac­
teristics for all types. 

CASE TEMPERATURE CTC I-·c WlCS-HQO 

Fig. 11 - Typical saturated-switching-time 
characteristics as a function of case 
temperature for all types. 
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4 6 810 4 6 8 100 2 4 6 81000 

COLLECTOR-TO-BASE VOLTAGE 1Vce)-V OR 
EM1TIER-TO-BASE VOLTAGE (VEBI-V 

92CS-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. 

Vax 
RATING 

10% VCEX ~------I,------~ J 10% Ie (PEA"K) 

Fig. 14 - Oscilloscope display for measurement 
of clamped induction switching time 
(tc!. 

O.ODIJl-F 

0005fLF 

2411 

-r 50 I'F 

2g~~ 
U-20.S .an = 

MIN 
FREQ= 500 Hz 

VB2 
ADJ. FOR 182 

.. 
I 
:u 
!:! 
I­
ffio.8 
II: 

~O.6 

2N6771, 2N6772, 2N6773 

CLAMPED 
u TC:s12~·C VCEX RATlNG-
~O.4 
I-
u 
~O.2 8 OL-______________________ L-_ 

COLLECTOR-TO-EMITTER VOLTAGE 

92CS-33692 

Fig. 13 - Maximum operating conditions for 
switching between saturation and 
cutoff. 

lSI -r'------::x'1 g0 % 

A 10% 
I(t=A-8 
tr"s-c 
1s=X-Y 
1f=Y-Z 

tTRANSITION = X-W 

NOTE- TRANSITION TIME 
FROM 90% ISl TO 90% IS2 

MUST BE LESS THAN 0 3 10" 

92CS-30458 

Fig. 15 - Phase relationship between input and 
output currents showing reference paints 
for specification of switching 
times. 

IIA II~II:' I CLAMPED VCEXRATING\ 

RL'" 200nIlOW 
NON INO 

QI. Q2 = 2N63~4 
Q3 • 2N3762 

Q4.Q~, 

06, 01 = 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(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 tr. tS' ff. SWI OPEN FOR te. 

92CM-33693 

Fig. 16 - Circuit for measuring switching times. 
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BUW41, BUW41A, BUW41B 

5-A SWitcllMd 
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 

'~'~'1011 J .. ~ f 
TOP VIEW 

• High voltage ratings: Applications: tZCS-39'S' 

VCEX = 350 V to 450 V • Off-line power supplies 
• Low VCE (sat) at Ic = 5 A • High-voltage inverters JEDEC To-22OAB 

• VERSAWATTpackage • Switching regulators 

The RCA-BUW4l, BUW41A and BUW41B SwitchMax 
series of silicon n-p-n power transistors feature high­
voltage capability, fast switching speeds, and low satura­
tion 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 10o-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 
1250 C to provide information necessary for worst-case 
design. 

The BUW41 , BUW41A and BUW41B series transistors are 
supplied in JEDEC TO-204AB (RCA VERSAWATT) plastic 
packages. 

MAXIMUM RATINGS, Absolute-Maximum Values: 
BUW41 

VCER, RBE = loon................................... 350 
VCEV 

VBE = -1.5 V .................. ............ ........ 450 
VCEX (clamped) 

VBE = -1.5 II ..................................... 350 
VCEo ................................................ 300 
VEBO .............................................. .. 
IC(sat) .••.•......•.••..••.•••.•.•••.•.••...••.•.••... 

IC .... ······ ...... ·· ...... ···· .. ··•· ........ ·· ........ 

ICM •••·•••••····••·•··•·••·•••••·••·•·••···•·•·•·•••· 
IB ........ ···· .... ···· .. ···· .... ······ .. ·· .. ·· ........ 
PT 
T C up to 25°C ..................................... .. 
T C above 25° C, derate linearly ..................... .. 

Tstg ' TJ ............... : ............................ .. 
TL 
At distance 2: 1/8 in. (3.17 mm) from 

BUW41A 
400 

550 

4(>0 
350 

8 
5 
8 
10 
4 

100 
0.8 

-65 to 150 

seating plane for 10 s max ......................... .. 
____ 235 

BUW41B 
450 V 

650 V 

450 V 
400 V 

V 
A 
A 
A 
A 

W 
wrc 

°c 

°C 
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ELECTRICAL CHARACTERISTICS 
Test Conditions 

Charecterlstlc Voltage 
V dc 

VCEIVBE 
TC = 25°C 

450 -1.5 

ICEV 550 -1.5 
S50 -.5 

IIESO -8 

VCEO(sus)b 

hFE 3 

VSE(sat) 

VCE(satl 

VCEXb 

(Clamped ES/bl -5 
L = 170 pH 

RSS = 5 n -5 

ISlb 25 

IhfJ 1=5 MHz 10 

fT 10 

Cobo 1=0.1 MHz 10c 

tdd 

t rd 

tsd 

t,d 

tc 

VCC=125 V, 
L=170 pH, 
RC = 25 n 
Coilector clamped 

to VCEX 

•• 
CASE TEMPERATURE (TCI-·C UCI-'2218 

Fig. 1 - Dissipation and ISlb derating curves 
for all types. 

Current 
Adc 

IC liB 

0 

0.2a 0 

Sa 

5- 1 

Sa 1 
8a 4 

5 1e 

8 3e 

4 

0.2 

0.2 

5 1 

5 1 

5 1e 

5 1e 

5 1e 

BUW41, BUW41A, BUW41B 

Limits 

BUW41 BUW41A BUW41B Units 

Min. I Max. Min. I Max. Min. I Max. 

-
-
-
-

300 

10 

-
-
-

350 

200 
0.5 

3 

15 

50 

-

-
-

-

0.1 - - - -
- - 0.1 - - mA 
- - - - 0.1 

2 - 2 - 2 

- 350 - 400 - V 

40 10 40 10 40 

1.S - 1.S - 1.S 

1 - 1 - 1 
2 - 2 - 2 V 

- 400 - 450 -

- 250 - 300 -
- 0.5 - 0.5 s 

12 3 12 3 12 

60 15 SO 15 SO MHz 

300 50 300 50 300 pF 

0.1 - 0.1 - 0.1 

0.5 - 0.5 - 0.5 

2.5 - 2.5 - 2.5 

0.4 - 0.4 - 0.4 

ps 

0.4 - 0.4 - 0.4 

• 
~ I .. '" !I! . 
l- V 5; . ,/ 
It; .. 
~~ 

V r 'v 
0.1 . . . . . . . • 8' a, z .... 

0.001 0.01 0.1 I 10 
PULSE WIDTH (tpl-' 12eS-29911 

Fig. 2 - Typical thermal-response character­
istics for all types. 
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BUW41, BUW41A, BUW41B 
ELECTRICAL CHARACTERISTICS Continued 

Test Conditions Limits 
Characteristic Voltage Current BUW41 BUW41A BUW41B 

V dc Adc 

VCEIVBE IC liB Mln.1 Max. Mln.1 Max. Mln.1 Max. 

450 -1.5 

ICEV 550 . -1.5 

650 -1.5 

VCE(sat) 5a 1 

t rd 5 1 

tsd 5 1e 

tid 5 1e 

tc 

VCC= 125 V. 
L=170 pH. 
RC = 25 Cl 

5 1e 

Collector clamped 

to VCEX 

I ROJC 
ROJA 

• Pulsed: pulse duration = 300 /is. duty factor :=::2%. 

bCAUTION: The sustaining voltage VCEO(sus) and 
VCEX MUST NOT be measured on a curve tracer. 

- 1 
- -
- -
- 2 

- 0.8 

- 4 

- 0.8 

- 0.8 

- - -
- 1 -
- - -
- 2 -
- 0.8 -

- 4 -
- 0.8 -

- 0.8 -

CVC9value . 

dVCC=125 V. tp=20 /lS. 

e191= -192' 

COLLECTOR- TO- EMITTER VOLTAGE (VCE I-V 92C",,32219 

Fig. 3 - Maximum operating areas for al/ types [T c = 25° C]. 

-
-
1 

2 

0.8 

4 

0.8 

0.8 

Units 

mA 

V 

ps 
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200 COLL.ECTOR-TO-EMITTER 
S! VOLTAGE IVCE)o! v 
~ 
:100 

i • · -.. 
'" ~c I-
~w .. 
Z .. 

~ ~= ~ a· 
I , 

:i1 CASE ,TEMPERAjURErC,) i--:;;;:c... ~ ~ ~ 
~ 10 
g · I I J I 

· , I I I . . . . , . 
0.1 I 10 

COLLECTOR CURRENT IICI-A 

Fig. 4 - Typical de beta characteristics for all 
types. 

4~ 

Z 
0 

" ii' 2 

5~ ",,,, 
~ll _40·C 
~ .. •• "C _-::: 

"" 6~a -;&oc 
'Ig -----cAS£ _E,,~"URE lTC1° 

::: . 
:I 

· 
COLLECTOR CURRENT IIc)-A 

Fig. 6 - Typical base-to-emitter saturation 
voltage as a function of collector 
current for all types. 

00 

COLlECTOR-TO-EMITTER VOLTAGE (Vc:EI-V ttCS-29M& 

Fig. 8 - Typical output characteristics for all 
types. 

BUW41, BUW41A, BUW418 

00 
COLLECTOR CURRENT (ICI-A 92C5-29 .. :SIl. 

.. 
" .. 
~ 
g 

Fig. 5 - Typical collector-to-emitter saturation 
voltage as a function of collector 
current for all types. 

4 COLLECTOR -TO-EMITTER I VOLTAGE (VeE'- 3V 

. 
"'> 
~I 
t:-

~:I ... 4-0·C -~ ... -a ~ .. 
~ .. .. a {'tc 1,,12&OC 

~""R'rRE . 
, . . . 

COLLECTOR CURRENT IIel-A 92C9-2998510 

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. 
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BUW41, BUW41A, BUW41B 

COLLECTOR CURRENT (IC)-A 

Fig. 10 - Typical saturated-switching-time 
characteristics as a function of collector 
current for all types. 

III 111111111111111111 
I 2 S 4 

COLLECTOR CURRENT (IC)-A 9ZCS-29990Rj 

Fig. 12 - Typical saturated-switching-time 
characteristics for all types. 

2i~ ,0' 
• 6 

~l 4 

-d 
:5!~ 2 
g~ 

~~IO~ 
;! ~ 6 

~<'l 4 

<'l~ 
~~ 2 

~5102 
II!~ , 
rA! 6 

" 4 Ii 2 

8~ 
10 

CASE TEMPERATURE (TC)~ 25°C 
FREQUENCY (t). I MHz 

~~i~ 

:::---
..... 

~t--
Cobo 

r- f-. 

I 
I 

2 4 6 , 2 4 6 10 8 102 2 4 6 8 103 
COLLECTOR-lO-BASE VOLTAGE {Vcel-V OR 

EMITTER-lO-BASE VOLTAGE (VEB)-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. 

COLLECTOR CURRENT {Icl-A 

Fig. 11 - Typical saturated-switching-time 
characteristics for all types. 

CASE TEMPERATURE ITc )_OC 

Fig. 13 - Typical saturated-switching-time 
characteristics as a function of case 
temperature for all types. 

81------. 
VCEORATING 

i 7 MI~ IOOV 

~6 /' 
t! 
!z 5-- ----

~4 I a I 
" 3 I CLAMPED .-
~ TC~ 125·C I VCEX RATING/" 

~2 I 
-' 
01 
u 

OL-______ ~ ________ _L __ 

COLLECTOR-TO-EMITTER VOLTAGE 

92CS-304S~ 

Fig. 15 - Maximum operating conditions for 
switching between saturation and 
cutoff. 
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14 

Vc 

10% VCEX ~------tc------~ 

VCEX 
RATING 

10% Ie (PEAK) 

92CS-30389RI 

Fig. 16 - Oscilloscope display for measurement 
of clamped induction switching 
time (tcJ. 

BUW41, BUW41A, BUW41B 

IBI-r-----.,X,., 90 % 

A 10% 

92CS-30458 

Itt = A-B 
Ir=B-C 
Is=X-V 
If"V-Z 
ITRANSITION = X-W 

NOTE: TRANSITION TIME 
FROM 90% 181 TO 90% 182 

MUST BE LESS THAN 0,3 #oIS. 

Fig. 17 - Phase relationship between input and 
output currents showing reference 
pOints for specification of switching 
times. 

IC Rl R2 V CLAMP 
6 A 15 n 15 n CLAMPED v RATING 
SA 511 SII VCEO-l00V 

RL" 2511/30W 
NON IND 

QI, Q2 • 2N6354 
Q3 • 2N3762 

Q4,Q5, 
Q6,Q7 • CA3725 QUAD 

TRANSISTOR 
ARRAY. 

* THIS CONNECTION 
SHOULD BE MADE AS 
CLOSE AS POSSIBLE TO 
COLLECTOR OF 
TRANSISTOR UNDER TEST 

** KELVIN (SENSING) 
CONNECT IONS 

BATTERY SYMBOLS VCC ,VBI ,VB2' 
VBICLAMP) INDICATE RIGOROUSLY FILTERED 
VOLTAGE SOURCES AT THE CIRCUIT TERMINALS 
TO ACCOMODATE THE FAST f, AND ff TfMES 
AND HIGH CURRENTS PRESENT IN THE CIRCUIT. 

NOTE, SWI CLOSED FOR f" f., ff. SWI OPEN FOR f e . 

92CM~30458 

Fig. 18 - Circuit for measuring switching times. 
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BUX32, .BUX32A, BUX32B 

8-A 
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 

File Number 1285 

TERMINAL DESIGNATIONS 

c 

'0' 
92CS- 2751& 

JEDEC TO-204AA 

(200 mil dlameler pin Isolalion) 

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 Dulse-width-modulated reQulators. These 
high-voltage, . high speed transistors are 100-per-cent 

tested for parameters that are essential to the design of 
industrial high-power switching circuits. Switching times, 
including inductive turn-off time, and saturation voltages 
are guaranteed at 100° C to provide information necessary 
for worst-case design. 

The BUX32-series transistors are supplied in steel JEDEC 
TO-204AA hermetic packages. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

BUX32 

VCEV 
VBE=-1.5 V ... . ... ...... . ...... ....... .... .. .... .... 800 

VCER RBE0510 n................................... 800 
VCEX (Clamped) 

VBE=-1.5 V ... .... ..... .. ..... ....... ..... .... .... .. 450 
VCEO........ .... ............ ........ .... ............ 400 
VEBO ............................................... . 
IC(sat) '" ........................................... . 

IC···················································· 
ICM ................................................. . 

lB···················································· 
PT 

TC up to 25°C ..................................... . 
T C 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/oC 
-65 to 175 °c 
-65 to 200 °c 

235 °c 
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BUX32, BUX32A, BUX32B 
ELECTRICAL CHARACTERISTICS 

TEST CONDITIONS LIMITS 
CHARAC- VOLTAGE CURRENT 

BUX32 BUX32A BUX32B UNITS 
TERISTIC Vdc Adc 

vCElvBE IC I IB Min. I Max. Mln.l Max. Min.1Max. 
TC=25°C 

800 -1.5 - 0.1 - - - -
ICEV 900 -1.5 - - - 0.1 - -

1000 -1.5 - - - - - 0.1 
mA 

ICER 
800 - 0.2 - - - -

RBE:::: 10 n 
900 - - - 0.2 - -
1000 - - - - - 0.2 

lEBO -8 0 - 2 - 2 - 2 

VCEO(suS)D 0.2a 0 400 - 450 - 500 - V 

hFE 3 6 8 40 8 40 8 40 

VBE(sat) 6 1.2 .- 1.3 - 1.3 - 1.3 

VCE(sat) 
6 1.2 - 1 - 1 - 1 

8 2 - 2 - 2 - 2 

VCEXb 
V 

(Clamped ES/b) -5 6 1.2e 450 - 500 - 550 -
L=170 I'H 

ISlb 30 5 1 - 1 - 1 - s 

Ihte I t-5 MHz 10 0.2 3 12 3 12 3 12 

tT 10 0.2 15 60 15 60 15 60 MHz 

Cobo t-O.l MHz 10c 50 250 50 250 50 250 pF 

tda 6 1.2 - 0.1 - 0.1 - 0.1 

t rd 6 1.2 - 0.45 - 0.45 - 0.45 

tsd 6 1.2e - 3.0 - 3.0 - 3.0 

ttd 6 1.2e - 0.4 - 0.4 - 0.4 

tc 
I'S 

VCC=250 V, 

L=170 I'H, 
6 1.2e - 0.4 - 0.4 - 0.4 

RC=50 n 
Collector clamped 

to VCEX 
TC=100°C 

800 -1.5 - 1 - - - -
ICEV 900 -1.5 - - - 1 - -

1000 -1.5 - - - - - 1 
mA 

ICER 
800 - 3 - - - -

RBE::::l0n 
900 - - - 3 - -
1000 - - - - - 3 

VCE(sat) 6 1.2 - 1.5 - 1.5 - 1.5 V 

tjd 6 1.2 - 0.6 - 0.6 - 0.6 

tsd 6 1.2e - 4 - 4 - 4 

ttd 6 1.2e - 0.7 - 0.7 - 0.7 

tc 
I's 

VCC=250 V, 

L=170 I'H, 
6 1.2e - 0.8 - 0.8 - 0.8 

RC=50 n 
Collector clamped 

to VCEX 
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BUX32, BUX32A, BUX32B 

ELECTRICAL CHARACTERISTICS 

TEST CONDITIONS LIMITS 

CHARAC- VOLTAGE CURRENT 
BUX32 BUX32A BUX32B UNITS 

TERISTIC Vdc Adc 

vCElvBE IC I IB Mln.T Max. Mln.1 Max. Min. I Max. 

I ROJC 10 5 

apulsed; pulse duration=300 I'S, duty factor S 2%. 
bCAUTION': The sustaining voltage VCEO(SUS) 

and VCEX MUST NOT be measured on a curve tracer. 

1.0 1.0 1.0 I °C/W I 
eVC6 value. 
dVCC=250 V, tp=20 I's. 

8161=-162' 

Fig. 1 - Maximum operating areas for all types (T cJ. 

215!lDlSIOOI25~I"'2DO 
CASE TEMPERATURE (Tcl--C 92CS-32042 

I ." ~ r 

Fig. 2 - Dissipation derating curve for all types. 

1&1 10, 

o.OOt 2 46SO.0,2 4 6 ~.I 2 4 68, 2 468'0 
PULSE WIDTH ITpl-S 

92CS-32043 

Fig. 3 - Typical thermal-response characteristic 
for all types. 
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0.1 
4 •• 

I 
COLLECTOR 

4 •• 
10 100 

CURRENT CIC )-A stCS-!2044 

Fig. 4 - Typical dc beta characteristics for all 
types. 

QI 
2 "6' 10 

COLLECTOR CURRENT (I C)-A SfCS-ltD," 

Fig. 6 - Typical base-to-emitter saturation 
voltage as a function of collector current 
for all types. 

.. 
8 CASE TEMPERATURE 'Te)-25-e 

1.6· 'f!i''''' 

1 • u .. 
~ 
Ii 4 

100 

o 
o 2 4 8 

COLlECTOR-TO-EMITTER VOlTAGEIVcE'- V 

,2CS-3204IRI 

Fig. 8 - Typical output characteristics for all 
types. 

10 

BUX32, BUX32A, BUX32B 

0.1 2 4 10 
COLLECTOR CURRENT (Ie )-A .ttS-lt04!! 

Fig. 5 - Typical collector-to-emitter saturation 
voltage as a function of collector current 
for all types. 

COLLECTOR- TO-EMITTER 
VOLTAGE IVCE)-3Y 

I ) I I 
_40·C 

i 8r--- ~.\'l$-c 

~ 
8 p-'" cr.,sE "E.MPE'RA,.U~E c 

~ . 
;;; 

~ 
~ 

2 

:l 

QI 
2 • 

COLL.ECTOR CURRENT (lc)-A 
. • 10 

92CS-32047 

Fig. 7 - Typical base-to-emitter voltage as a 
function of collector current for all types. 

CASE TEMPERATURE (TC)-2.5-C 

I.e,- :IB2· 1·2A 
VCC·250V 'fI- 20,.. 

" 

" 

't 

" 
t, 

2. 3 4 11 6 
COLLECTOR CURRENT (Ie )-A 

92CS-33405 

Fig. 9 - Typical saturated switching time 
characteristics for all types. 
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BUX32, BUX32A, BUX32B 

CASE TEMPERATURE (Te'· fOO·C 
I.er =':I82"'·2A 
Yee" 250 V 
t -20,... 

If 

.. 
z .. 

3 ! 
I, 

2 ~ 

't 
2 4 

COLLECTOR CURRENT (Le )-A 
92CS-33406 

Fig. 10 - Typical saturated switching time 
characteristics for all types. 

CASE TEMPERATURE ITel:01OO''C 
Isr-'·2A,IB2"2.4A 
Yee "zeoY 
t "20,.. 

I 

.. 
4 ! ... 

I. .. 
I 

2 In 

It 

COLLECTOR CURRENT {I.C)-A 
92CS-SHoe 

Fig. 12 - Typical saturated switching time 
characteristics for all types. 

8t-------, 

iT 
~6 
!:! 
!z 5 
OJ 

:l!4 a 
~3-
:.l 2 
..J 
..J 
01 
u 

, 
I 
I 
I CLAMPED A 

I VCEX RATING/· 

I 

OL-_· __ ~ ____ ~ __ 

COLLECTOR-TO-EMITTER VOLTAGE 

HCS-3a409 

Fig. 14 - Maximum operating conditions for 
switching between saturation and cutoff. 

CASE TEMPERATURE CTC )-2e"e 
Ls,- '.2A,:182"2.4A 
Ycc- 2SOY 
tp -20,.. 

I. 

't I, 

't 
'i 

.. 
'" ... 

I 
2 3 4 5 6 

COLLECTOR CURRENT {Ie I-A 
92CS-33407 

Fig. 11 - Typical saturated switching time 
characteristics for all types. 

'0 2 4 6 8 10 2 4 6 8102 2 4 6 8,0' 

COLLECTm-TO-BASE VOLTAGE IVCBI-Y 
OR EMITTER-TO--BASE WLTAGEIVES)-Y 92CS-32054 

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. 

IS,-r-----'X::l90 % 

A 10% 
o , , 

, W 90% 
IB2-+---------1 

IC--'- , 
: C 90% I 
I 
I 

tct- A- B 
t,-B-C 
ts"X-Y 
If""'Y-Z 
tTRANSITION .. x-w 
NOTE' TRANSITION TIME 
FROM go" IS1 TO 90% I~ 

MUST BE LESS THAN 0.3 1'1. 

92CS-30458 

Fig. 15 - Phase relationship between input and 
output current showing reference paints for 
specification of switching times. 
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1.4 

V E 

10% VCEX 1---- t,------1 

VCEX 
RATING 

BUX32, BUX32A, BUX32B 

10% Ie (PEAK) 

92CS-30389RI 

Fig. 16 - Oscilloscope display for measurement 
of clamped induction switching time (t,,). 

Ie Rl R2 VCEX CLAMP 
15 A [15 n 115 n (CLAMPED VCEX RATING I 

RL" 50n 
NON INO 

QI, 02 = 2N6354 
03 • 2N3762 

04,05, 
06,07 = CA372S 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, VB I • VB2' 
VB(CLAMP) INDICATE RIGOROUSLY FILTERED 
VOLTAGE SOURCES AT THE CIRCUIT TERMINALS 
TO ACCOMODATE THE FAST 'r AND tf TIMES 
AND HIGH CURRENTS PRESENT IN THE CIRCUIT 

NOTE: SWI CLOSED FOR t,. I,. If. SWI OPEN FOR te. 

92CM-32103 

Fig. 17 - Circuit for measuring switching times. 
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BUX33, BUX33A, BUX33B 

8-A IiiwitchMd 
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: 

File Number 1354 

TERMINAL DESIGNATIONS 

c 

'0' 
92CS- 27516 

VeEx = 450 V - 550 V • Off-line power {;upplies JEDEC TO-204M 
• 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-voltagA; high-speed transistors are 100-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 packagp.s. 

BUX33 BUX33A BUX33B 

VBE=1.5V ...•.....................................•. 800 900 1000 V 

VeER RBE :5 10 n......................................... 800 900 

VeEx (Clamped) 
VBE = -1.5 V ...••.......................•.......•..•.. 450 500 

VeEo.................................................... 400 450 

VEBO ..••••••..•....••.................•••..••.• ····•···· -------­ 8 

'e(sat) •••.•....••..•...............•..•....••........... 
Ie .••...•.......•.....................•...•............. 
leM •..•••.•••....•••••••••••.••...••••••..•.•.•..•.••.•. 
IB •••..•••...•••..•.•...•••••.•••...•....••••.•••...•.•. 
PT 

Te up to 25·C .....•..•..••...•••.•.•......•••••••.... 
T e above 25· C, derate linearly ........................ . 

TJ ..................................................... . 
Til •..................................................... 
TL 

At distance ~ 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 
WfOC 
·C 
·C 

·C 
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I 

ELECTRICAL CHARACTERISTICS 
TEST CONDITIONS 

CHARAC- VOLTAGE CURRENT 
TERISTIC V de Ade 

VeE I VBE Ie I 
Te = 25°C 

800 -1.5 

leEY gOO -1.5 

1000 -1.5 

leER 
800 

I gOO 
RBE:5 10 n 

1000 

lEBO -8 0 
VeEO(SUS)b 0.28 

hFE 3 8 
VBE(sat) 8 

VeE (sat) 
8 
12 

VeEx b I 
I 

(Clamped Es/b) : --5 8 
L = 170 pH 

IS/b 30 5 

Ihlel 1-5 MHz 10 0.2 

IT 10 0.2 
CObO I ='0.1 MHz 10e 

toa 8 
t,O 8 
t.o 8 
t,O I 8 
te 

Vee: = 240 V, 
L = 170pH, 8 
Re=30n 

Collector clamped 

to VeEx 
Te 100·C -

800 -1.5 

leEY gOO -1.5 
I 1000 -1.5 

800 
leER 

RBE:510n 
gOO 
1000 

VeE(Sat) I 8 

to" 8 

taa 8 
t,a 8 

to 
Vee = 240 V. 
L = 170 pH, 

Re=30n 8 
Collector clamped 

to VCEX 

R9Je 10 I 5 I I 
·Pulsed; pulse duration = 300 /JS, duty factor ~ 2%. 
·CAUTION; The sustaining voltage VeEo(SUS) and VeE. 
MUST NOT be measured on a curve tracer. 

IB 

0 

2 
2 
3 

2 

2 
2 
2" 
2" 

2" 

2 
2 
2" 
2" 

2" 

I 

BUX33, BUX33A, BUX33B 
LIMITS 

BUX33 BUX33A 
Min. I Max. Min. I Max. 

- 0.1 - -
- - - 0.1 

- - - -
- 0.2 - -
- - - 0.2 
- - - -
- 2 - 2 

400 - 450 -
6 40 6 40 

- 1.3 - 1.3 

- 1 - 1 
- 4 - 4 

450 - 500 -

1 , 
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 

'Vea value. 
"vee = 240 V, t. = 20/Js. 
°la, = -I ... 

BUX33B UNITS 
Min. I Max. 

- -
- -
- 0.1 mA - -
- -
- 0.2 

- 2 

500 - V 
6 40 
- 1.3 

- 1 

- 4 
V 

550 -
, s 

3 12 
15 -so. ·l\IIHz 

50 250 pF 

- 0.1 

- 0.45 

- 3.0 

- 0.4 
ps 

- 0.4 

- -
- -
- 1 

mA - -
- -
- 3 

- 1.5 V 

- 0.6 

- 4 

- 0.7 
ps 

- 0.8 

I - I 1.0 l·c/W I 
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BUX33, BUX33A, BUX33B 

Fig. 1 - Maximum operating areas for all types (T c). 

II 111111111111111111111111111111111111111111111111111 
B 125 
o 

iloo 

.. 
25 eo 7& 100 125 1150 175 

CASE TEMPEFIATURE 1Tcl-·C tlCS-Sl042 

Fig. 2 - Dissipation derating curve for all types. 

j • COLLECTOR-TO- !MITTIER • VOLTAGE (VCEI-:S v 
Ii • 
i 
E .. ~ 
I : 25C 

..... 

L' ~ 
"'CAi£""TI!MPf.':J~ ~l" 

, . ..=;.. \1c \'-

Ii! • 
! • 
e , 
K 

0.1 • • " r 4 1"0 ' 4 1"00 
COLLICTO~ Cut!RINT (IC \-A 

HOI-'4110 

Fig. 4 - Typical dc beta characteristics for all types. 

Igo 
~ 0 
z • 
i • ... , r: 
j: • 
i • V 
~ 
10.', 
~ : 
I • 

0.001 
, •• , • • "0.01 ~.I • . .. , ... 10 

PULSE WIDTH (Tpl-I 
IICI"1I041 

Fig. 3 - Typical thermal-response characteristic for all types. 

~ lv, Ie- I e /4 

~ • g 
4 z 

0 

~ 2 

~::- '%tL .et "" ffi it ~ ,. 
~w8 L/;:0v 
~g& /..<." .. ", * 4 

.... 

I 2 

~<."'+·~I 

~ v" 
6 
u OJ 

2; 488 2 468 
COLLECTOR CURRENT l:I.c)-A 12CS-34807 

Fig. 5 - Typical collector-to-emitter saturation voltage for 
all types. 
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IBoIC /4 

~ I ---=40.C 

~ . ...--
~. 8 

2~C ~~lsl~.t 
~> ~~SE lENf'E"""UItE l'TC 
::I' '" ~.~ 4 

~.f 

~ • 
:l 

01 
2 4 8. 10 

COLLECTOR CURRENT (I C )-A 92CS-54.12 

Fig. 6 - Typical base-to-emitter saturation voltage as a function of 
collector current for all types. 

CASE TEMPERATURE ITe I = 25° 

'I 
~ 10 \'!)OQ 

!;; 
: 8 18. \000 "'''' 

G 

~ 
:.: 4 

~ 
100 

COllECTOR- to· EMITTER 6VOLTA$E (V~El-V 
92CS-348OS 

Fig. 8 - Typical output characteristics for all types. 

I, 

I, 

I, 

CASE TEMPERATURE (TC).'OO-C 
ZS,· IBe·2A 
Yee· 240Y 
I p =20,.. 

ttl: 
I, 

I, 

I, 

3 4 ~ 6 1 
COLLECTOR CURRENT(IC)-A 

. 
• .!. 

-. '" 2 
~ 

3 ~ 
2 ~ 

'ICS-54808 

Fig. 10 - Typical saturated switching time characterics for 
all types. 

BUX33, BUX33A, BUX33B 

COLLECTOR - TO - EMITTER 

i I 

VOLTAGE (VeEr'V 

I 
_40·C . 

'" ~1.\2!l-c 
~ 6~ .. sE lEt.'PEftA1U 

~ 

~ 4 

~ 
~ 

! 
2 

'" , 4 
COLLECTOR CURRENT (Ic )-A 

. • 10 

92CS-34814 

Fig. 7 - Typical base-to-emitter voltage as a function of collector 
current for all types. 

'" .. CASE TEMPERATURE ITe I" 2s·e 
I.BI'"Lazs 2A 

~ 

'" ~ I 
Q 
Z 
4 100 
::::i~ 
~1800 
~-: .,. 
z .600 

~:!' 

~ 
400 

" ~ 200 

Vee ·240V 
Ip .20,.s 

'I 

I, 

2 3 4 IS 6 7 

I, 
I, 

. 
I 

5~ 

4 '" .. 

COLLECTOR CURRENT lIe )-A 
92CS-34808 

Fig. 9 - Typical saturated switching time characteristics for 
all types. 

~,,; CASE TEMPERATURE (TC)· 25-

~j 8 FREQUENCY It)'" IMHz 

t\:] • r--t-- C'bo 
~~ 2 

~~I03 
~5 : 
§~ 4 

---.... !; 2 
.......... c • ., ~§I02 

W&!. 8 
.~ !flO> • t--.,:1 • ~; 

11" • u8 ,0 I. 4 • '10 2 4' 8101 2 
COL.L!CTOA~TO-IASE VOLTAGE IVCII)-Y 
OR !MITTE""TO-IAS! VOL.TAG!IVESI-V 

4 • '101 

tICS-UOI4 

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 

c 
1 121------, 
u 

H 
-10 
!i 

i • a. 
~4 
~ 2 

-----!-I---..., 
I 
I 
I CLAMPED 

TCS IOOOC I VCEl( .. ATING 
I 

U ° L.::CO"'L""L ... EC"'T"'OII=-=TO ... -'=E"'M""IT=T=E .. =VO"'L ... TAG=Ef-­
I.el-HII' 10,," Ie (PEAKI 

ItCI"JOUI"1 

Fig. 12 - Maximum operating conditions for switching 
between saturation and cutoff. 

Fig. 13 - Oscilloscope display for measurement of clamped 
induction switching time (t c). 

181-,------,X""90% 

A 10% 

° I 
: W 90% 

lsz--t---------
Ic I I i 190 % I 

-'-yIn 
9ZCS·30458 

teteA-. 
t,-B-C 
ls"X-v 
tf·V-Z 
'TRANSITION" X-W 
NOTE: TflANSJTION TIME 
FROM IR 1'1 TO 10'lIo tlz 
MUST IE LlSS THAN G.3 /II. 

Fig. 14 - Phase relationship between input and output 
current showing reference points for specification 
of switching times. 
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-~SOI"F 
zg::.n... 

U-ZOI'S 5011 
MIN 

FREQ. 500 Hz 

VIZ 
AD~ FOR 112 

BUX33, BUX33A. BUX33B 

Ie R1 R2 VCEX CLAMP 
leA I 5 !! 15 U ICLAMPED VCEX RATING I 

01, 02 ·2N6354 
Q3 • 2N3762 

Q4,Q5, 
06,Q7 = CA3725 QUAD 

TRANSISTOR 
ARRAY 

* THI S CONNECTION 
SHOULD BE MADE AS 
CLOSE AS POSSIBLE TO 
COLLECTOR OF 
TRANSISTOR UNDER TEST 

** KELVIN (SENSING) 
CONNECT IONS 

NOTE, BATTERY SYMIOLS Vec, VII' VB2' 
VB(CLAMP) INDICATE RIGOROUSLY FILTERED 
VOLTAGE SOURCES AT THE CIRCUIT TERMINALS 
TO ACCOMODATE THE FAST I, AND I, TIMES 
AND HIGH CURRENTS PRESENT IN THE CIRCUIT. 

NOTE, SWI CLOSED FOR I" I" I,. SWI OPEN FOR te. 

I2CM-S4111 

Fig. 15 - Circuit for measuring switching times. 
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MJ16010, MJ16012 
MJH16010,MJH16012 

5-A !!f!iwIlt:IIMd II Power Transistors 

File Number 1839 

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 Vcdsat) at Ie = 10A 

The RCA 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 
FLANGE 

92CS- 27511 

JEDEC TO-204AA 

(200 mil diameter pin isolation) 

B 

JEDEC TO-21BAC 

92CS-40257 

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 = -1.5 V .................................... . ________________ 850 ______________ __ V 
V 
V 
A 
A 
A 
A 
A 

VCEO •••••••••••••••••••••••••••••••••••••••••••••• 

VEBO •••••••••••••••••••••••••••••••••••••••••••••• 

Ic(sat) ........................................... . 
Ic ............................................... . 
ICM ••••••••••••••••••••••••••••••••••••••••••••••• 

IB ............................................... . 
IBM·····.· ....................................... . 
PT 

@Tc=25°C ................................... . 
@Tc=100°C .................................. . 
Tc above 25°C, derate linearly ................... . 

Tstg• TJ •••••••••••••••••••••••••••••••••••••••••••• 

TL 
At distance ~ 1/8" in. (3.17 mm) from 
seating plane for 10 s max ....................... . 

TL 
At distance ~ 1/16" in. (1.58 mm) from 
seating plane for 10 s max ....................... . 

R8JC •••••••••••••••••••••••••••••••••••••••••••••• 

__________________ 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 

W/oC 
°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 - - Vde 
(lC= 100 mA,lB = 0) 

Collectpr Cutoll Current ICEV mAde 
(VCEV = B50 Vdc, VBE(oll) = 1.5 Vdc) - - 0.25 
(VCEV = B50 Vdc, VBE(oll) = 1.5 Vdc, TC = 100°C) - - 1.5 

Collector Cutoff Current ICER - - 2.5 mAde 
(VCE = 850 IIdc, RBE = 50 n, TC = 100°C) 

Emitter Cutoff Current lEBO - - 1.0 mAde 
(VEB = 6.0 Vdc, IC = 0) 

SECOND BREAKDOWN 

Second Breakdown Collector Current with Base Forward Biased See Figure 1 

Clamped Inductive SOA with Base Reverse Biased See Figure 2 

ON CHARACTERISTICS (1) 

Collector-Emitter Saturation Voltage VCE(sat) Vdc 
(IC = 5.0 Adc, IS = 0.7 Adc) - 0.5 2.5 
(lC = 10 Adc, IS = 1.3 Adc) - 1.0 3.0 
(IC = 10 Adc, IB = 1.3 Adc, T C = 100°C) - - 3.0 

Sase-Emitter Saturation Voltage VBE(sat) Vdc 
(IC = 10 Adc, IS = 1.3 Adc) - 1.0 1.5 
(IC = 10 Adc, IS = 1.3 Ade, T C = 100°C) - - 1.5 

DC Current Gain hFE 5.0 - - -
(lC = 15 Adc, VCE = 5.0 Vdc) 

DYNAMIC CHARACTERISTICS 

Output Capacitance 
(VCB = 10 Vdc, IE = 0, I test = 1.0 kHz) 

SWITCHING CHARACTERISTICS 

Resistive Load 

Delay Time 
(IC = 10 Adc, 

td - 40 - ns 
Rise Time (lS2 = 2.6 Adc. tr - 100 -
Storage Time 

VCC = 250 Vdc. 
RB = 1.6 !l) ts - 1400 -

Fall Time 
lSI = 1.3 Adc, 

tf - 140 -
Storage Time 

PW= 30 ).IS, 
ts - 600 -

Duty Cycle ";;2.0%) (VBE(off) = 5.0 Vdc) 
Fall Time tf - 100 -

Inductive Load 

Storage Time tsv - 800 lSoo ns 
Fall Time (IC = 10 Adc, (TC = 100°C) tf! 50 200 
Crossover Time lSI = 1.3 Adc, tc - 100 250 
Storage Time VBE(off) = 5.0 Vdc, tsv - 860 -
Fall Time VCE(pk) = 400 Vdc) (TC=150°C) tfi - 40 -
Crossover Time tc - 80 -
(1) Pulse Test Pulse Width = 300 /-IS, Duty Cvcle ~ 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= l00mA,IB=O) 

Collector Cutoff Current ICEV mAdc 
(VCEV = 850 Vdc, VBE(off) = 1.5 Vdc) - - 0.25 
(VCEV= 850 Vdc, VBE(off)= 1.5Vdc, TC= 100°C) - - 1.5 

Collector Cutoff Current ICER - - 2.5 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 Base Forward Biased See Figure 1 

Clamped Inductive SOA with Base Reverse Biased See Figure 2 

ON CHARACTERISTICS (1) 

Collector-Emitter Saturation Voltage VCE(sat) Vdc 
(lC = 5.0 Adc, IB = 0.5 Adc) - - 2.5 
(lC = 10 Adc, IB = 1.0 Adc) - - 3.0 
(lc = 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 
(lC= 10Adc,IB= 1.0 Adc, TC= 100°C) - - 1.5 

DC Current Gain hFE 7.0 - - -
(IC = 15 Adc, VCE = 5.0 Vdc) 

DYNAMIC CHARACTERISTICS 

LO_u_t~p~ut~C_a_p_a_c_ita_n_c~e __ ~~~ ________________________ _L ________ _L ______ _L ________ L-______ J-___ PF I (VCB = 10 Vdc, IE = 0, ftest = 1.0 kHz) ~ 

SWITCHING CHARACTERISTICS 

Resistive Load 

Delay Time td - 40 - ns 
Rise Time 

(IC = 10 Adc, 
(lB2 = 2.0 Adc, tr - 100 -

Storage Time 
VCC = 250 Vdc, 

RB = 1.6 n) ts - 1400 -
Fall Time 

IBI = 1.0 Adc, 
tf - 140 -

Storage Time 
PW= 3Ol'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) 'fi - 50 150 
Crossover Time IBI 0. 1.0 Adc, tc - 100 200 

Storage Time VBE(off) = 5.0 Vdc, tsv 860 
Fall Time VCE(pk) = 400 Vdc) (TC = 150°C) tli 40 
Crossover Time 'c 80 -

(11 Pulse Test Pulse Width = 300 I'S, Duty Cycle'; 2.0% 
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MJ16010, MJ16012, MJH16010, MJH16012 

20 

10 

~ 5.0 
:;; 
~ 

2.0 I-

~ 
10 a: 

a: 
::> 

0.50 u 
a: 
0 

t;j 
:::l 
0 
u 0.10 
~ 

0.05 

002 

, , 101" 
MJ16010/12 

MJH16010/12 1.0 m. 
de '\ 

'\ 

TC - 25°C 

1"-

-- BONDING WIRE LIMIT ...... 
- - -THERMAL LIMIT 

SECOND BREAKDOWN LIMIT 

20 ;;; 
"- 18 :;; 
~ 
I-
::; 
a: 14 a: 
13 
a: 
0 
I-

10 ~ 
:::l 
0 
u 

"" :5 6.0 
0-

~ 
g 

2.0 

0 

l 
\\ 
r 
Ii 

r- 13(;;>4.0 
\ 

r- TC';; 100°C \ 
1\ i\. VBE(off) = 0 V 

\ 
1.0 to 5.0 V 

_\ ...." 
\ I 

5.0 10 20 30 50 70 100 200 300 450 100 150 200 250 350 450 600 700 850 
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MJE13004, MJE13005 

4-A 1llwib: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 = 600 V to 700 V • Switching regulators 
• Low VeE(satj at I, = 4A 

File Number 1840 

TERMINAL DESIGNATIONS 

'~';'"lO II ~ ¥= 
TOP VIEW B 

92CS-39969 

JEDEC TO-220AB 

The RCA 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-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 .................................................... . 

VeEo •••••••.•••••••••.••••.••.•••.•••••..••..•••..•••..••.•••..•.• 
VEBO •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

le(sat) ........................................................... . 
Ie ............................................................... . 
leM •....•••............•.......................................... 
IB ............................................................... . 
IBM······························································ . 
PT 

@Te=25°C ................................................... . 
@Te= 100°C .................................................. . 
T e above 25° C, derate linearly ................................... . 

T"g. TJ •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

TL 
At distance 2: 1/8" in. (3.17 mm) from 
seating plane for 10 s max ....................................... . 

RI!JC •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

MJE13004 MJE1300S 

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 
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MJE13004, MJE13005 

ELECTRICAL CHARACTERISTICS (TC =2SoC unless otherwise noted'! 

Characteristic Symbol Min Typ MIX Unit 

'OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage VCEO(sus) Vdc 
(lC = 10 mA, IS = 0) MJEI3004 300 - -

MJE1300S 400 - -
Collector Cutoff Current ICEV mAdc 

(VCEV = Rated Value, VSE(off) = I.S Vdc) - - 1 
(VCEV = Rated Value, VSE(off) = 1.5 Vdc, TC = 100°C) - - 5 

Emitter Cutoff Current IESO - - 1 mAdc 
(VES = 9 Vdc, Ie = 0) 

SECOND BREAKDOWN 

Second Sreakdown Collector Current with base forward biased See Figure 1 

Clamped Inductive SOA with Base Reverse Biased See Figure 2 

'ON CHARACTERISTICS 

DC Cu rrent Gai n hFE -
(lC = 1 Adc, VCE = S Vdc) 10 - 60 
(lc = 2 Adc, VCE = 5 Vde) 8 - 40 

Collector-Emitter Saturation Voltage VCE(sat) Vdc 
(lC = 1 Adc, IS = 0.2 Adc) - 0.2 0.5 
(lC = 2 Adc, (S = O.S Adc) - 0.3 0.6 
(lC = 4 Adc, IS = 1 Adc) - 0.7 1 
(lC = 2 Ade, 18 = 0.5 Adc, TC = 100°C) - - 1 

Sase-Emitter Saturation Voltage VSE(sa!) Vdc 
(lC = 1 Adc, IS = 0.2 Add - 0.90 1.2 
(lC = 2 Adc, IS = O.S Add - 0.95 1.6 
(lC = 2 Adc, IS = 0.5 Adc, TC = 100°C) - - 1.5 

DYNAMIC CHARACTERISTICS 

Current-Gain - Sandwidth Product fT 4 - - MHz 
(lC = SOO mAde, VCE = 10 Vdc, f = 1 MHz) 

Output Capacitance Cob - 200 - pF 
(VCS' 10 Vdc, IE = 0, f = 0.1 MHz) 

SWITCHING CHARACTERISTICS 

Resistive Load 

Delay Time (VCC = 125 Vdc, IC = 2 A, td - 0.02 0.1 /loS 

Rise Time lSI = IS2 = 0.4 A, tp = 2S/Ios, tr - O.OS 0.7 /loS 

Storage Time Duty Cycle .. 1 %) ts - 1.90 4 /loS 

Fall Time tf - 0.16 0.9 /loS 

Inductive Load, Clamped 

Voltage Storage Time (lC = 2 A, Vclamp = 300 Vdc, Isv - 1.60 4 /loS 

Crossover Time lSI = 0.4 A, VSE(off) = S Vde, TC = lOaoC) tc - 0.15 0.9 /loS 

Fall Time tfi - 0.05 - /loS 

'Pulse Test: Pulse Width = 300 /loS, Duty Cycle = 2%. 

_________________________________________________________________ 79 



~PowerTranslstors ___________________________ _ 

MJE13004, MJE1300S 
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File Number 1841 

5-A SWlb: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 = 650 V to 750 V • Switching regulators 
• Low VCE(sat) at Ie = 5A 

MJE13070, MJE13071 

TERMINAL DESIGNATIONS 

'R';'"lO II Jst#' 
TOP VIEW B 

92CS-39969 

JEDEC TO-220AB 

The RCA MJE13070 and MJE13071 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 •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

Ic(sat) ........................................................... . 
Ic ............................................................... . 
ICM ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

IB ............................................................... . 
IBM ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

PT 

@Tc=25°C ................................................... . 
@Tc =100°C ............•...................................... 
Tc above 25°C, derate linearly ................................... . 

T"g. TJ •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

TL 
At distance 2: 1/8" in. (3.17 mm) from 
seating plane for 10 s max ....................................... . 

R..,c ............................................................. . 

MJE13070 MJE13071 

650 750 V 
400 450 V 

6 V 
5 A 
5 A 
8 A 
2 A 
4 A 

80 W 
32 W 

0.64 W/oC 
-65 to +150 °C 

235 °C 
1.56 °CIW 
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MJE13070, MJE13071 

ELECTRICAL CHARACTERISTICS (TC = 25°C unless otherwise noted) 

I Characteristic I Symbol Min Typ Max Unit 

OFF CHARACTERISTICS (1) 

Collector-Emitter Sustaining Voltage VCEO(sus) Vdc 
(lC= 100 mAIB= 0) MJE13070 400 - -

MJE13071 450 - -
Collector Cutoff Current ICEV 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 lEBO - - 1.0 mAdc 
(VEB = 6.0 Vdc, IC = 0) 

SECOND BREAKDOWN 

Second Breakdown Collector Current with Base Forward Biased _+-_--=-=-_-t ____ -::S_ee--=F,:-ig:...u_re---:-' ____ -+ ____ -l 
Clamped Inductive SOA 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 
(lC = 3.0 Adc, IB = 0.6 Adc) - 0.6 1.0 
(lC = 5.0 Adc, IB = 1.0 Adc) - 2.0 3.0 
(lC = 3.0 Adc, IB = 0.6 Adc, T C = 100°C) - - 2.0 

Base-Emitter Saturation Voltage VBE(sat) Vdc 
(IC = 3.0 Adc, IB = 0.6 Adc) - 1.0 1.5 
(IC = 3.0 Adc, IB = 0.6 Adc, T C = 100°C) - - 1.5 

DYNAMIC CHARACTERISTiCS 

Output Capacitance 
(VCB = 10 Vdc, IE = 0, ftest = 1.0 kHz) 

SWITCHING CHARACTERISTICS 

Resistive load 

Delay Time td - 0.03 0.05 p's 
Rise Time 

(VCC = 250 Vdc, IC = 3.0 Adc, 
tr - 0.08 0.40 

Storage Time 
IB 1 = 0.4 Adc, tp = 30 p's, 

ts - 0.33 1.50 
Fall Time 

Duty Cycle ";2%, VBE(oll) = 5.0 Vdc) 
tl 0.'0 0.50 

Inductive load, Clamped 

Storage Time tsv - 0.70 2.0 p's 
Crossover TI me (lC(pk) = 3.0 A, (TJ = 100°C) tc - 0.08 0.50 
Fall Time IBl = 0.4 Adc, tli - 0.05 0.30 
Storage Time VBE(off) = 5 a Vdc, tsv - 0.40 -
Crossover Time VCE(pk) = 250 V) (TJ = 25°C) tc - 0.05 -
Fall Time tIl - 0.03 -

(1) Pulse Test PW - 300 ,us. Duty Cycle ~2% 
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MJE16002, MJE16004 

5-A 1liwib:IlMd 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 Vcdsat) at Ie = 3A 

File Number 1842 

TERMINAL DESIGNATIONS 

'R';'"lO II ]± .• f! 
TOP VIEW B 

92C$-39969 

JEDEC TO-220AB 

The RCA 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: 

VeEV 
VBE =-1.5V .................................................... . 

VeEo ....•••••••.•.•••••••••.••••••...••••••••••.••••••••••••...•.• 
VEBO •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

Idsat) ........................................................... . 
Ie ............................................................... . 
leM .....•..••••.••..•••••••.•••••.••.•••••••••..••.•.••••••......• 
IB •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
IBM ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• ,' ••• 
PT 

@Te=25°C ................................................... . 
@Te=100°C .................................................. . 
T e above 25° C, derate linearly ................................... . 

T"g. TJ •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

TL 
At distance 2: 1/8" in. (3.17 mm) from 
seating plane for 10 s max ....................................... . 

R.Je ••••.••...•....•..•.••....•••.•.•••...•••••••....••..•.••••..• 

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 °CIW 
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MJE16002, MJE16004 

ELECTRICAL CHARACTERISTICS (T C = 25°C unless otherwise noted) 

I Characteristic I Symbol Min Typ Max Unit 

OFF CHARACTERISTICS (1) 

Collector-Emitter Sustaining Voltage VCEO(sus) 450 - - Vdc 
(lC = 100 mAo 18 = 0) 

Collector Cutoff Current ICEV mAdc 
(VCEV = 850 Vdc, V8E(off) = 1.5 Vdc) - - 0.25 
(VCEV = 850 Vdc, V8E(off) = 1.5 Vdc, T C = 100°C) - - 1.5 

Collector Cutoff Current ICER - - 2.5 mAde 
(VCE = 850 Vdc, R8E = 50 n, TC = 100°C) 

Emitter Cutoff Current IE80 - - 1.0 mAdc 
(VE8 = 6.0 Vdc: IC = 0) 

SECOND BREAKDOWN 

Second Breakdown Collector Current with Base Forward Biased See Figure 1 

Clamped Inductive SOA with Base Reverse 8iased See Figure 2 

ON CHARACTERISTICS il) 

Collector-Emitter Saturation Voltage VCE(sat) Vdc 
(lc = 1.5 Adc. 18 = 0.2 Adc) MJE16002 - 0.5 1.0 
(lc = 1.5 Adc, 18 = 0.15 Adc) MJE16004 - 0.5 1.0 
(lC = 3.0 Adc, IB = 0.4 Adc) MJE16002 - 1.2 2.5 
(lC = 3.0 Adc, 18 = 0.3 Adc) MJE16004 - 1.2 2.5 
(lC = 3.0 Adc, 18 = 0.4 Adc, 

TC= 100°C) MJE16002 - - 2.5 
(IC = 3.0 Adc, IB = 0.3 Adc, 

TC= 100°C) MJE16004 - - 2.5 

Base-Emitter Saturation Voltage V8E(sat) Vdc 
(lc = 3.0 Adc, 18 = 0.4 Adc) MJE16002 - 1.0 1.5 
(lC = 3.0 Adc, 18 = 0.3 Adc) MJE16004 - 1.0 1.5 
(lc = 3.0 Adc, 18 = 0.4 Adc, 

TC= 100°C) MJE16002 - - 1.5 
(lc = 3.0 Adc, 18 = 0.3 Adc, 

TC = 100°C) MJE16004 - - 1.5 

DC Current Gain hFE -
(lc = 5.0 Adc, VCE = 5.0 Vdc) MJE16002 5.0 - -

MJE16004 7.0 - -

DYNAMIC CHARACTERISTICS 

Output Capacitance 
(VC8 = 10 Vdc, IE = 0, ftest = 1.0 kHz) 

SWITCHING CHARACTERISTICS 

Resistive Load MJE16002 

Delay Time td - 40 100 ns 
Rise Time 

(Ie = 3.0 Adc, 
(182 = 0.8 Adc, tr - 80 300 

Storage Time 
VCC = 250 Vdc. 

R82 = 8.0n) ts - 900 3000 
Fall Time 

181 = 0.4 Adc. 
tf - 20 300 

Slorage Time 
PW= 30!,s, 

ts -- 330 -
Fall Time 

Duty Cycle ';;;2.0%) (V8E(off) = 5.0 Vdc) 
tf - 100 -

Resistive Load MJE16004 

Delay Time Id - 40 100 ns 
Rise Time 

(lC= 3.0 Adc, 
(182 = 0.6 Adc, tr - 110 300 

Storage Time 
Vec = 250 Vdc, 

R82 = 8.0n) Is - 750 2700 
Fall Time 

181 = 0.3 Adc, 
tf - 150 350 

Storage Ti me 
PW= 30!,s, 

Is - 270 -
Fall Time 

Duty Cycle ';;;2.0%) (V8E(off) = 5.0 Vdc) 
If 90 

(11 Pulse Test: PW - 300 I's. Duty Cycle <;2%. 
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MJE16002, MJE16004 

SWITCHING CHARACTERISTICS (continued) 

Characteristics 

Inductive Loed MJE16002 

Storage Time 
Fall Time (lC= 3.0Ade. 
Crossover Time IBI = 0.4 Ade. 
Storage Time VBE(off) = 5.0 Vde. 
Fall Time VCE(pk) = 400 Vde) 
Crossover Time 

Inductive Load MJE16004 

Storage Time 
Fall Time (lC= 3.0 Ade. 
Crossover Time IBI = 0.3 Ade. 
Storage Time VBE(off) = 5.0 Vde. 
Fall Time VCE(pk) = 400 Vdc) 
Crossover Time 

(1) Pulse Test: pw. 300 ~ •• Duty Cycle ';;2%. 

10 

5.0 

~ ::!! 2.0 
~ 
!iii 1.0 

i 0.5 
:::> 
u 

~ O. 

~ O~~ 
~ 

0.0 

0.0 

2 

1 

5 

2 

1 

~ TC = 25·C 

cit: 

- Bonding Wire limit 
- - - - Thermal limit 

Sacond Breakdown Limit 

(TJ= l00·C) 

(TJ = 150·C) 

(TJ= l00·C) 

(TJ= 150·C) 

10 ,,'" 

"".D ms 

'\. 

'\. 

5.0 7.0 10 20 30 50 70 100 200 300 450 

VCE. COLLECTOR·EMITTER VOLTAGE (VOLTS) 
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Fig. 2 - Maximum reverse-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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2N697 File Number 16 

Silicon N-P-N 
Planar Transistor 

TERMINAL DESIGNATIONS 

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

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

The RCA-2N697 is a silicon n-p-n transistor designed for 
use in high-speed-switching applications in military and 
industrial data processing equipment. 

This transistor is especially designed and processed to 
assu re 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. 

JEDEC TO-205AD 

92eS-IIIS" 

Fig. 1 - Current derating chart. 

MAXIMUM RATINGS, Absolute-Maximum Values 
* Vcao ..................... 0 ••••••• 0 ••••••••••••••••• 0 •••••••• 0 •• 0 •••••••••••••••• 0 •• 0 •• 

• VCER(RBE=10Cl) •.•••••.••••••••••••.•.••.•.••• ., ••.•••••••••••.•.••••••.••.•.•••••••• 
* VEao '0, ••••••••••••••••• 0.0 .0 •••• 0 •• 0 •••••••••••••• 0 •••••••••••••••••••••• 0.0 ••••••• 0. 

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

AtTc:$;25°C ••.••••••.••••••..•••.••••••••••••.••••••••••••••.•.•••••.•••.••.••••••• 
AtTc>25°C •••••••.••••••••.••••••••••.•••••••••••••••.••••••..•••••••••••.•••••.•• 
AtT.:$;25°C ••••••••.••••••••••••.•••••.••••••.••••••••••••••••.••••••.••••.••••••.• 
AtT.>25°C •.•••••••.•••••••••••.•••••.••••••••••••••••.•••.••.••••••••••.•••••.••• 

• T .... T, ............................................................................... . 
• TL 

At distance;:: 1/16 In. (1.58 mm) from seating plane for 10 s max. • •••••.••••.••••••••• 

• In accordance with JEDEC registration data. 

60 
40 
5 

0.5 

2 
See Fig. 1 

0.6 
See Fig. 1 

-65 to +175 

300 

V 
V 
V 
A 

W 

W 

°C 

°C 
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-------------------___________ High-Speed Power Transistors 

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

TEST CONDITIONS 

VOLTAGE CURRENT 
CHARACTERISTIC Vde mAde 

VC8 VCE IC IE 

* leBO 30 0 

TA=150oe 30 0 

* hFE 10 150b 

V(BR)CBO 0.1 0 

V(BR)EBO 0 0.1 

* VCER(sus) 

RBE=10Q 10(JII 

* VCE(sat) 150b 

* VBE(sat) 150b 

* hfe 
f = 20 MHz 10 50 

* Cob 10 0 

fT 

a Pulsed to prevent excessive heating of collector junction 
b Pulsed: Pulse duration 0;;;300 p.s, duty factor 0;;;2%. 

In accordance with JEDEC registration data. 

18 

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 

IlA 

V 

V 

V 

V 

V 

pF 

MHz 
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2N1613, 2N2102 File Number 106 

Medi ... m-Power Silicon 
N-P-N Planar Transistors TERMINAL DESIGNATIONS 

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

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

V'BRICBO = 120 V min. at Ie = 0.1 mA 
• Low saturation voltages: 

VeE (sat) = 0.5 V max. at Ie = 150 mA 
VeE(sat) = 1.1 V max. at Ie = 150 mA 

• Beta (hFE) controlled over 5 decades of Ie JEDEC TO-205AD 

The RCA-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 pulsed beta. 

RCA-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. 

F •• tur •• for Both Type.: 
• For operation at junction temperature up to 200· C 
• Planar construction for low noise and low leakage 
• Low output capacitance 

MAXIMUM RATINGS. Absolute-Maximum Values: 

• VCBO ••••• 0 •••••••••••• 0 ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

• VCER(SUS) 
RBE = 100 ...............•.............•..•••.•...............••..•...••....•..•.... 

• VCEO(SUS) ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
* VEBO •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

Ic ••••.••.•••••••••••••••.•..•••••••••.•••••••.•••••••••••.•••.••••..••••••.••••••...•• 
• PT: 

At Tc:5 25°C ••••.•••••••••••••.••.•••••••••••••••••.•••••.••••••••••.••••••.•.••••.. 
At TA:5 25°C •••••••••••••••••.••••••.••••••••••••••••.••••.•••..•••••••••••.•••.•••• 
At Tc > 25°C ••••.••.••••••••••.•.••••••••••••.•••.•••••••.•••••••••••• Derate linearly 
At TA > 25° C ••••.••••••••••.•••••••••••.•••••.•••••••••••••••••••••••• Derate linearly 

• TJ, T .................................................................................. . 
• TL (During soldering): 

At distance ~ 1/16 in. (1.56 mm) from seating plane for 10 S max. • ••••••••••.••••••.•• 

• In accordance with JEDEC registration data format. 

2N21 02 2N1813 

120 75 

80 50 
65 
7 7 
1· 1 

5 3 
1 0.8 

2.86 17.1 
5.7 4.57 

__ -65 to +200 __ 

300 

V 

V 
V 
V 
A 

W 
W 

mW/oC 
mW/oC 

°c 

°C 
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_____________________________ High-Speed Power Transistors 

2N1613, 2N2102 

ELECTRICAL CHARACTERISTICS At C r. , ase empera ure (T.) 2fiOC 'el = un ess oth erwlse s pecified 

TEST CONDITIONS LIMITS 

CHARACTER ISTIC 
Voltage Current 

2N1613 2N2102 UNITS Vde mAde 

VC8 V CE IC 18 Min. Max. Min. Max. 

* 'CBO 60 - 0.Q1 - 0.002 

At TC-150oC 60 10 2 
/lA - -

* 'EBO 
VEB=5 V 0 - 0.01 - 0.002 /lA 

10 0.Q1 - - 10 -
10 0.1 20 - 20 -

* hFE 10 loa 35 - 35 -
10 150a 40 120 40 120 
10 500a 20 - 25 -

At T~=-550C 10 loa 20 - 20 -

* VRT 
VEB=1.5 V,'E=O - - 120 - V 

· V(BR)CBO 
'E=O 0.1 75 - 120 - V 

* V(BR)EBO 
'E=O.l mA 0 7 - 7 - V 

* VCEO(sus) 100a 0 - - 65 - V 
* VCER (sus) 

RBE=10 51 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 
51 f=l kHz 10 5 4 8 4 B 

• hrb 5 1 - 3xlO-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 
f=l kHz 10 5 0.05 0.5 0.01 1 

/lmho 

* Cob 
'E=O 10 - 25 - 15 pF 

* Cib 
VEB = 0.5 V 0 - 80 - 80 pF 

· NF 
BW=l Hz 
Ref.sig.freq.=l kHz 
RG=510 51(2N1613) 10 0.3 - 12 - 6 dB 
ZG=1000 51(2N2102) 

* td + tr + tfb - 30 - 30 ns 

ROJC - 58.3 - 35 
bCIW 

RIIJA 219 175 

* In accordance with JEDEC registration data format. 

a Pulsed, pulse duration=300 I'S, duty lactor=1.8% (2N2102) .;;; 2% (2N1613). b See Fig. 14. 
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2N1613, 2N2102 

I2CS-ln7!R2 

Fig. 1 - Rating chan for 2N1613. 

-;:, CCLLECTOR-TO-EWTTER VOLT.E (YCE)-IOV 
! 
12 220 II11 ~ Lill ;: ~(; 

,. ..... 

<¥~ ,\ 
.... 
Ii 
II! 
II: 

" " i 
~ 
g 

120 ~~ '" 
KlO ~ 

8Or-te\~ ~ ~ 
60 .. '" 

-55 
~ 1--""-4K i-
r-r 

0.1 I 10 
COLLECTOR CURRENT (Ic)-mA 

92CS-11I8IR3 

Fig. 3 - Typical dc beta characteristics for 
both typas. 

COLLECTOR-TO-EMITTER VOLTAGE CVCEJ-V 

92CS-t2667RI 

Fig. 5 - Typical output characteristics 
for both types. 

Fig. 2 - Rating chan for 2N2102. 

4 6 8 2 4 6 I 2 
10 KlO 

COLLECTOR CURRENT (Ic)-mA 

92CS-IIIT2R2 

... 
1000 

HCS-III7IRI 

Fig. 4 - Typical small·signal beta character· 
istics for both typas. 

COLLECTOR-TO-EMITTER VOLTAGE (VCE)-V 
92CS- [USSRI 

Fig. 6 - Typical output characteristics for 
both typas at TA = 1000C. 
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> 
I 

R'OO ... 
~ 
~ 
! B 

I 
~ 70 

~ 60 

~ IS( 

COLLECTOR-To-DITTER VOLTAGE (VCEJ-Y 

HCI-III1M5 

Fig. 7 - Typical high-current output 
charactsristics for both types. 

COLLECTOR CURRENT (IC)-mA 
92CS- J2220R2 

Fig. 9 - Typical noise figure charactsristics 
for both types. 

COMMON-EMITTER CIRCUIT. BASE INPUT 
COLLECTOR CURRENT (Ie)" 100 mA (PULSED) 
AMBIENT TEMPERATURE (T.) _25 D C 

Ie 
'1' 

Vc 0 "-

, 468 , 468 , 468 , 468 , 468 
I 10 102 103 104 105 
EXTERNAL BASE-TO-EMITTER RESISTANCE (RBEl-OHMS 

92CS-11I92R3 

Fig. 17 - Typical sustaining voltalJ8 vs. b_·to­
emitter resistance for 2N1 61 3. 

> 

l 
~130 

~ 120 

!:i 
g 110 

or 
~ 100 

i 90 

80 

~ 70 

e60 

2N1613, 2N2102 

COLLECTOR-lO-EMITTER VOLTAGE (VcEJ-V 

92CS-t2668RI 

Fig. 8 - Typical output characteristics for 
both types at T A = -5SO C. 

BASE-fO-EMITTER VOLTAGE (VBE1-V 
92CS-III8SR2 

Fig. 70 - Typical transfer charactsristics for 
both types. 

COMMON-EMITTER CIRCUIT, BASE INPUT 
COLLECTOR CURRENT (lel-IOO mA(PULSED) 

AMBIENT TEMPERATURE (TA). 25·C 

~ '1' 

V EO "-
I 
I , 468 , 468 2 468 2 468 2 468 

I 10 102 103 104 105 
EXTERNAL BASE-To-EMITTER RESISTANCE (Ree:l-OtNS 

92CS-IU93R3 

Fig. 72 - Typical sustaining voltage vs. base-to­
emitter resistance for 2N2702. 
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2N1113, 2N2102 
10 EMITTER OPEN, 

I ~o-.\ ... z ~,. II! 
10' ~ fi>«-

... " .. :F'....:Z 
~110" ~d 
'I ,~ bo-l ... rJ:, IVL 

== F:::--' "c. ~t! 
~ ~~v 

10· 

-.,p~"'..p 

. 100 . so 0 50 100 
JUNCTION TEMIERATURE (TJI-·C 

'-

150 200 

92CS-tII10R2 

Fig. 13 - Typical leakage characteristics for 
both type •• 

-50 V +20 v 

~~~~E t-----Os:~~;G 
TEST OSCILLOSCOPE 

INPUT 

GE!~k~OR ~ R, 
100 

IK,5W 
t-~I/II'v--O-'o v 

R6 

"1 rIO", 
+~v-=n 
-tvTL 

INPUT-PULSE 
WAVE FORM 

ALL RESISTANCE VALUES 
ARE IN OHMS 

+20V\ r 
+rev-V 

OUTPUT-PULSE 
WAVE FORM 

92CS-II32IR3 

Fig. 14 - Circuit for measuremtmt of .witching 
time, and a .. ociated waveforms. 
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_______________________________ High-Speed Power Transistors 

File Number 34 2N1893, 2N240S 

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-20SAD 

The RCA-2N1893 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). 

RCA-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 dc to 50 MHz 
• High sustaining voltage: 

VeEo(SUS) = 90 V min. 
• Low saturation voltages: 

VeE(sat) = 0.5 V max. at Ie = 150 mA 
VeE(sat) = 1.1 V max. at Ie = 150 mA 

MAXIMUM RATINGS, Absolute-Maximum Values: 

• COLLECTOR-TO-BASE VOLTAGE ................................................ VeBO 
• COLLECTOR-TO-EMITTER SUSTAINING VOLTAGE: 

With external base-to-emitter resistance (RBE) ::; 100 .............................. VeER 
With base open ................................................................ Veee 

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

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

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

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

2: 1/16 in. (1.58 mm) for 2N1893 and 
2: 1/32 in. (0.8 mm) for 2N2405 .................................................. TL 

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

2N1893 2N240S 

120 120 

100 140 
80 90 
7 7 

0.5 

3 5 
0.8 

__ See Figsl &2 __ 

___ -65 to +200 __ ' _ 

255 

V 

V 
V 
V 
A 

W 
W 

°C 

·C 
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2N1893,2N2405 
ELECTRICAL CHARACTERISTICS. Case Temperature (T cJ = 25"C Unless Otherwise Specified 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. .. .. 
* 

.. 
* .. .. 
.. 

* 

.. 

.. 

.. 

.. 

CHARACTERISTIC 

ICBO 

TC= 150°C 

lEBO 

VBE=-5V 

VCEO(sus) 

VCER(sus) 
RBE=10n 

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 
VBE=-0.5V 

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

RIIJ-C 

RIIJ-A 

TEST CONDITIONS 

VOLTAGE CURRENT 
Vde mAde 

Vce VCE IC IE Ie 

90 0 

90 0 

0 

100B 0 
30B 0 

10ea 

100B 

0.1 0 

0 0.1 

150B 15 
50B 5 

150B 15 
50B 5 

10 15ea 
10 loB 
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 Iolsec max.; duty factor :E; 2%. 
• In accordance with JEDEC registration data format (JS·g RDF-2). 

LIMITS 

2N1893 2N2405 UNITS 

Min. Max. Min . Max. 

- 0.01 - 0.Q1 
!J.A 

- 15 - 10 

- 0.01 - 0.Q1 !J.A 

- - 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 60 200 
35 - 35 -

20 - - -
20 - 20 -

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

2.5 - 6 -
20 30 24 34 

n 4 B 4 8 

- 1.25xl0·4 - 3 x 10.4 

- 1.5 x 10-4 - 3 x 10-4 

- 0.5 - 0.5 
- 0_5 - 0.5 

!J.mho 

- 15 - 15 pF 

- 85 - 80 pF 

- - - 6 dB 

- 58.3 - 35 
°CIW 

- 219 - 175 

"-----------------------------------------------------------------
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2N1893, 2N2405 

92CS-15736RI 

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

i 

! 
~ 

is 

-7& -50 -25 0 25 50 7S 100 12' 150 175 200 
TeMPERATURE-·C 92CS-15735 

Fig. 2 - Dissipation derating curves for types 
2N1893, and 2N2405. 

10 EMITTER OPEN. 

1 ~o-4. 
u,. 

10" ~.JV ,,"-
<.'" 

a 1.'0-
~~ 
~ 'I 

~~IO-3 <!I c,~ 

:::it! = I=: ,,-.; 
8 - f-~ V 

10-4 

:----rcP~ .... 4' 
10-

-100 -50 0 50 100 
JUNCTION TEMPERATURE lTJ1-·C 

100 200 

92CS-JJl7OA2 

Fig. 4 - Tvpical cutoff characteristics for 
types 2N1893 and 2N2405. 

1.1 
BASE-To-EMITTER VOLTAGE (VBE)-V 

92.CS-1II85R2 

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

1000 RI!-Ai': TEMPERATURI: (TFAI- 2,. 

o 10 20 40 00 

COLLECTOR-TO-EMITTER VOLTS (VcE:t 

25 

00 

5 
10 
125 

60 70 

92C8II660 

Fig. 5 - Tvpical gain bandwidth product character­
istics for types 2N1893 and 2N2405. 
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2N1893,2N2405 

=U COLLECTOR CURRENT (%c)-O 

EMITTER CURRENT (IE)-O I 
FREE-AIR TEMPERATUAE(TFA)-2? C 

I .. 
I 

I 

• 
'=-b;--EMITTER-TRANSITION CAPACITANCE FOR ,lit 

4-

2 

10 

• 
4 

2 

I 

-0.1 

I--r-. 
-. 

1"---

r- ......~ 

OUTPUT CAPACITANCE FOR Vce 

I I 
I I 

2 . , . 2 . , . 2 
-I -10 

REVERSE-BIAS VOLTS (VBE OR Vee I 
-000 

i2CS-lUfi 

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

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

Fig. 10 - TYgical collector characteristics at 
25 C for type 2N1893. 

COLLECTOR-TO-EMITTER VOLTS (VCE) 92CS-1I176 

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

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

0,' I 10 100 1000 
COLLECTOR MILLIAMPERES (leI 

92CS-tHS48 

Fig. 11 - Typical dc-beta characteristics for types 
2N1893 and 2N2405. 
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it COMMON-EMITTER CIRCUIT. BASE INPUT 
FREQUENCY (Mel- 20 
FREE-AIR TEMPERATURE (TFA1;Z5° C 
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~i e 
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-' • i • 

• . •• , • • • , • • • 10 100 
COLLECTOR MILLIAMPERES (Ie) 

1000 
92CS 11655 

Fig. 12 - Typical small'signal beta characteristics 
for types 2N1893 and 2N2405. 
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Fig. 14 - Typical saturation characteristics for 
types 2N2405 and 2N1893. 

COLLECTOR MILLlAflFERES (Ic) 92CS 1165. 

Fig. 16 - Typical wide-band noise chBrscteristic 
for type 2N2405. 
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Fig. 13 - Typical saturation chBrscteristics for 
types 2N1893 and 2N2405. 

COLLECTOR MILLIAMPERES (~IOO vcg (""II COLLECTOR~TO- TER SUSTAINING VOLTAGE WITH 
TERNAL RESISTANCE BETWEEN BASE AND EMITTER 
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Fig. 15 - Sustaining voltage characteristic for 
type 2N2405. 

~tt~gtg~~5=~~7E?tE~~~~·rVCE)-IO VOLTS 
GENERATOR RESSISTANCE (OHMS)-1500 
E'FECTIVE BANOWITH CW' Mt:ASUftEM!NT CUIICUIT (CPS)-I 
FREE-AIR TEMPERATURE (TFA)- 25- C 

22 
20 

~ I. 
l 16 

14 '\ 
~ I. 
~ 10 \. 

• 
~ 0 

4 

2 

10 10' 10' 104 
REFERENCE-SIGNAL FREQUENCY-CPS 

10' 

HCS 11657 

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

,fj""., 
92CS-27512 

useful in applications from de to 20 MHz 
• Operation at high junction temperatures 
• Planar construction for low-noise and low-leakage characteristics JEDEC TO-20SAD 

• Very low output capacitances 

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

The 211i2270 is supplied in a TO-206AD package. 

MAXIMUM RATINGS, Absolute-Maximum Values: 
• COLLECTOR-TO-BASEVOLTAGE ••••.•.•.•..••••.•.•••••••...••.•.••..•••..••... VCBO 
• COLLECTOR-TO-EMITTER VOLTAGE: 

With external base-to-emitter resistance (Ra.) ~ 10 n .............................. VCER 
With base open •••••••••••••.••••••••••••.•...••..••••••••..••••..••.•.•.•.•.•• VCEO 

• EMITTER-TO-BASE VOLTAGE .••••.•••.•••.••••.•.•••••••••..••.•.•••...•••••.•• VEao 
• COLLECTOR CURRENT .•••••...••..•....•..••••..•••..•••......••••..•.•••••••..•. Ic 
• 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 atg. TJ 

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

• In accordance with JEDEC registration data format (JS-6 RDF-1). 

60 

60 
45 
7 

5 
See Fig. 1 

1 
See Fig. 1 

-65 to +200 
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V 

V 
V 
V 
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W 

W 
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°c 
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ELECTRICAL CHARACTERISTICS. at Case Temperature (T cJ = 25"C unless otherwise 
specified 

TEST CONDITIONS LIMITS 

VOLTAGE CURRENT 
2N2270 UNITS OiARACTERIS'nC Vde mAde 

Vce VCE VeE IC Ie Min. Max. 

'eBO 60 - 0.05 
J.l.A 

TC = 150°C 60 - 50 
( 

* 

'EBO -5 0 - 0.1 J.l.A * 
V(BR)EBO 0 7 - V * 

'E = 0.1 mA 

* 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 

* Ihfel 
f = 20 MHz 10 50 5 -

fT 10 50 100 - MHz * 
NF 

" 

* 
f = 1 kHz 

RG = 1 Kn 10 . 0.3 - 10 dB 

BW = 1 Hz 

* tON + tOFF 
(See Fig. 8) 30 ns 

* Cob 

'E = 0 10 - 15 pF 

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

ROJA - 175 * 
* In accordance with JEDEC registration data. 

• CAUTION: The sustammg voltages VCEO'susl and VCER'sus) MUST NOT be measured on a curve 
tracer. 

b Pulsed; pulse duration < 300 ~s, duty factor < 1.8%. 

2N2270 
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2N2270 

.. • z 
II! • !l_ 
't.c~ 7 

12 6 !;i 
0: • :i; • 

~c 3 
IE ..... 
... . 
I I 

92(:S-11172R2 

Fig. 1 - Rating Chart. 

COLLECTOR-YO-ElIITlER VOLTAGE (VCE)-V 

92CS-11J75R3 

Fig. 3 - Typical collector characteristics. 

COMMON-EMITTER CIRCUIT. BASE INPUT. 
FREQUENCY= 20 MHz 
AMBIENT TEMPERATURE (TA)a2&-C 

I I I 
~Q!J..d~(!Q; dl...... - ~. 
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6.~ ..... 

- r--~,,~ 
c.~ 

" L 

2 4 .. 2 4 •• 2 4 •• 10 100 1000 
COLLECTOR CURRENT IIcl- mA 
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Fig. 5 - Typical small-signal forward-current 
ratio characteristics. 
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~ 4 

::.-r - I 
g • -j I 
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leeS-IUSIR! 

Fig. 2 - Typical de forward-current transfer ratio 
characteristics. 

12eS-III89 

Fig. 4 - Typical collector characteristics. 

92CS-III79RI 

Fig. 6 - Typical af nOise-figure characteristics. 
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=tt COLLECTOR CURRENT IIC)"-O 

1 EMITTER CURRENT (IEI=O 1 
FREE-AIR TEMPERATUREITFA)-25" C 

, 
'= ~EMITTER-TRANSITION CAPACITANCE FOR Ve 

~ 4_ 

-t- -,"--II! 

~ 
, 

'-........ 
I -to! 
~ 10 
z , 
1> . 

OUTPUT CAPACITANCE FOR Vce I 4 

I I , 
1 I 1 

2 4 , , , 4 , , 2 4 . , 
-0.1 -I -10 

REVERSE-BIAS VOLTS I VeE OR Vee I 
-100 

92CS-11I95 

Fig. 7 - Typical emitter-transition-capacitance and output­
capacitance characteristics.. 

-SOY +20V 

4700 

OQI,..F "A" 

INPUT 100 
FROM 100 
PULSE 

GENERATOR­

OUTPUT 
~----o TO 

OSCILLOSCOPE ••• 

ALL RESISTANCE VALUES 

INPUT - PULSE 
WAVE FORM 

AT "A" 

::6~'O--""'--""'---'-'---'. ~u<vTyp8 ::E~:F~I~::II< 1n1SC 
•• AdjU5lfor t1.YohPul ... "A" 

... RI. T_< 04""". Inputlmpecllnce 
IThro .... Pto .. '-2I1OOah ... 

+20V, r 
+18V-U 

QUTPUT- PULSE 
WAVE FORM 

Fig. 8 - Test circuit for measurement of saturated switching time and associated waveforms. 

2N2270 
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2N3053,2N3053A 

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

Features: 
• Maximum safe-area-of-operatlon 

curve 
• High gain-bandwidth product 

fT" 100 MHz 
• Low leakage current 

Applications: 
• Audio amplifiers 
• Controlled amplifiers 
• Power supplies 
• Power oscl/lators 

The RCA-2N3053 and 2N3053A are silicon n-p-n planar 
transistors useful up to 20 MHz in smail-signal. medium­
power applications. These types are supplied in theJEDEC 
TO-205AD package. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

File Number 960 

TERMINAL DESIGNATIONS 

,fj"~,,, 
92C5-27512 

JEDEC TO-205AD 

2N3053 2N3053A 

·Vceo..................................................................................... v 80 80 
VCE.(aua) 
R.E" 10n.............................................................................. v 50 70 

• VCEO(sua) ... ..... .. . .... .. . ..... ... .... . .... ... .. .. . . ...... .. ......... .. .... ..... ... .. .. . v 40 60 
VCE.(aus) 
V.E=-1.5V............................................................................. V 60 80 

·VEeo..................................................................................... V 5 5 
'Ic ....................................................................................... A 0.7 0.7 
• p. 

TcS25·C.............................................................................. 5 5 W 
TA S25·C.............................................................................. 1 1 W 
T C > 25· C . . . . . . . . . . . • . . • • • • . • • • . • • . • • . . • . • . • . . . • • . . . • • • • • • . . . . . . . . . . . . • . • . . . • • . • . • . . . .. _ Derate linearly 0.0286 _ WI· C 

• T .... TJ .................................................................................. ___ -65to+200 ___ ·C 
• TL 

At distance 1/16 ± 1/32 in. (1.58 mm ± 0.8 mm) 
from seating plane for 10 s max. ... . ... . • ...... .... ..... .. . . ........ . ..... . .... ..... ... . 235 • C 

• In accordance with JEDEC registration data. 
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2N3053,2N3053A 
ELECTRICAL CHARACTERISTICS, I' C ... Temperature (Tc) = 25'C 

TEST CONDITIONS LIMIT. 

VOLTAGE CURRENT 
CHARACTERISTICS VcIc mAde 2N3053 2N3053A UNITS 

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

30 - -1.5 - - - 0.25 - -
IcEY pA 

60 - -1.5 - - - - - 0.25 

I BEY - 60 -1.5 - - - - - 0.25 pA 

lEBO - - -4 0 - - 0.25 - 0.25 pA 

- 2.5 - 150 - 25 - 25 -
h.E - 10 - 150· - 50 250 50 250 

V,aRIC80 - - - 0.1 - 60 - 80 - V 

V,aRIEBO - - - 0 - 5 - 5 - V 
IE = 0.1 mA 

VCEO(SUS) - - - 0.11 0 40 - 60 - V 

VCER(SUS) 
1001 50 70 V - - - - - -

RaE = 100 

VaE(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 

hfe - 10 - 50 - 5 - 5 -
f = 20 MHz 

Cobo 
10 - - - - - 15 - 15 pF 

f = 140 kHz 

C,. 
- - -0.5 0 - - 80 - 80 pF 

f = 140 kHz 

RBJC - - - - - - 35 - 35 'C/W 

RBJA - - - - - - 175 - 175 'C/w 

• In accordance with JEDEC registration data. 

I Pulsed; pulse duration = 300 PS. duty factory < 2%. 
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2N3053, 2N3053A 

106 

,'(~, iv 

0.01 
4 6810 2 100 

COLLECTOR-TO-EMITTER VOLTAGE (VCE)-V 

92CS-279S9 

Fig. 1 - Maximum operating areas for 2N3053, 2N3053A. 
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Fig. 2 - Dissipation derating curves for aN types. 
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92CS-l233!!1R2 

Fig. 4 - Typical dc beta characteristics for all types. 

0.' 0 .• 1.0 1.2 
BASE-TO-EMITTER VOLTAGE IVBEI-V 

92CS-12328f12 

Fig. 3 - Typical transfer characteristics for all types. 
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01 ,0' ' 
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Fig. 5 - Typical variation of gain-bandwidth product 
with Ic and VCE for all types. 
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BASE-TO-EMITTER VOLTAGE (VSE)-V 

HCS-I ...... 

Fig. 6 - Typical input charactaristics for a/l types. 

2N3053,2N3053A 

COlLECTOR-lO-EMITTER VOLTAGE (VeEI-V 

HCS-12327R2 

Fig. 7 - Typical output characteristics for a/l typas. 
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2N3878,2N3879,2N5202,2N6500 File Number 766 

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

Features: 
!II Maxlmum-area-of-operatlon curves for dc and pulse operation 
" High substaining voltage 
" Total saturated transition time less than 1 IJS for 2N3879, 2N5202, and 

2N6500 

RCA-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 RATINGS, Absolute-Maximum Values: 

TERMINAL DESIGNATIONS 

92CS-27516 

JEDEC TO-213AA 

2N3878 2N3879 2N5202 

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

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

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

"CONTINUOUS COLLECTOR CURRENT IC 4 7 4 
PEAK COLLECTOR CURRENT . ICM 10 10 5 

'CONTINUOUS BASE CURRENT. IB 4 5 2 

"TRANSISTOR DISSlPATION. PT 
At case temperature (T C) = 250 C 35 35 35 
At case temperatures above 25°C Derate linearly at 0.2 WloC 
For other conditions . See Figs. 1,3 and 4 

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

'PIN TEMPERATURE: 

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

" In accordance with JEDEC registration data format J~ RDF-2 (2N3878); JS-6 RDF-l (2N3879. 2N5202. 2N6500i. 
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2N6500 

120 V 

110' V 

90' V 

7 V 

4 A 

5 A 

3 A 

35 W 

°c 

235 DC 
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2N3878, 2N3879,2N5202, 2N6500 
ELECTRICAL CHARACTERISTICS, At Case Temperature (TC) = 2fiOC unless otherwise specified: 

TEST CONDITIONS 

CHARACTERISTIC SYMBOL 
VOLTAGE CURRENT 

Vd. Ad. 

VCE VBE Ie 18 

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

With base-emitter junction 
ICE V 

100 -1.5 
reverse-biased and T C = 150°C 110 0 

With base open ICEO 
40 0 
70 0 

Emitter Cutoff Current lEBO 
-6 
-7 

Collector-ta-Emitter Sustaining 
Voltage VCEO(SUS) 0.2 0 
With base open 

With external base-to-emitter 
resistance (RBE) = 50 n VCCRlsus) 0.2 0 

1.2 4b 

2 0.5b 

DC Forward-Current Transfer 
hFE 

2 3b 

Ratio 2 4b 

5 4b 

5 O.5b 

Collector-to-Emitter VCE(sat) 3b 0.3 
Saturation Voltage 4b 0.4 

Base-ta-Emitter Voltage VeE 2 4b -

Base-ta-Emitter Saturation 
VSElsat) 

3b 0.3 
Voltage 4b 0.4 

Collector-to-Base Output 
Capacitance Cob 

If = 1 MHz. VCB = 10 V) 

Second Breakdown Collector Current. 

With base forward-blased and IS/b 40 
1-5 nonrepetltlve pulse 

Magnitude of Common Emitter, 
Small·Signal, Short-Circuit, 

hel 10 0.5 
Forward-Current Transfer 
Ratio If = 10 MHz) 

Common-Emitter, Small-Signal, 
Short-Circuit, Forward-Current hIe 30 0.1 
Transfer RatiO (f -= 1 kHz) 

Thermal Resistance 
Junction-to-case RO JC 

* In accordance with JEDEC registration data format JS-6 RDF·2 
12N3878); JS-6 RDF·1 12N3879, 2N5202, 2N6500). 

a CAUTION: Sustaining voltages VCEDlsus) and VCER(SUS) MUST 
NOT be measured on a curve tracer. 

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

2N3B7B 

Min. Max. 

- -
- -
- 25 

- 4 
- -
- 5' 
- -

- -
- 10 

5~ -

65a -

- -
40' 200' 

- -
8' -
20' -
50' 200' 

- -
- 2 

- 2.5 

- -
- -

- 175' 

750 -

4 -

40 -

- 5 

LIMITS 

2N3B79 2N5202 2N6500 UNITS 

Min. Max, Min. Max. Min. Max. 

- - - 10 - -
- - - - - 5 
- 25 - - - -

rnA 
- 4 - 10 - -
- - - - - 10 

- 5 - - - -
rnA - - - - - 5 

- - - 10 - -
rnA - 10 - - - 25 

* 90~ 75a - 50B - -

V 

90a - 75a - 110a 

- - 10' 100' -- -
- - - - - -
- - - - 15' 60' 

12' 100' - - - -
20 80 - - - -
40 - - - - -

- - - - - 1.5 V 
- 1.2 - 1.2 - -

- - - - - - V 

- - - - - 2.5 
V - 2 - 2 - -

175 - 175 - 175 pF 

500 - 400 - 400 - rnA 

4 - 6 - 6 -

- - - - - -

- 5 - 5 - 5 °C/W 
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2N3878,2N3879,2N5202,2N6500 
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Fig. 1 - Maximum operating arees for 2N3879. 2N5202. and 2N6500. 
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Fig. 2 - Typical input characteristics for all types. 
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Fig. 3 - Maximum operating areas for 2N3878. 
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Fig. 4 - Dissipation derating for all types. 
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2N3878,2N3879, 2N5202, 2N6500 

COLLECTOR CURRENT (I(:l-A 
92CS-13236 

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

COLLECTOR CURRENT Uc)-A 

Fig. 7 - Typical saturation-voltage characteristics 
for2N5202. 

4 

COLLECTOR CURRENT (IC)-A 

9255-3697 

92CS-237!59 

Fig. 9 - Typical saturation-voltage characteristics 
for2N6500. 
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Fig. 6- Typical turn·on time for 2N3879, 2N5202, 
and2N6500. 
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Fig. 8 - Typical storage time for 2N3879, 2N5202, 
and2N6500. 
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Fig. 10- Typical fall time for 2N3879, 2N5202, 
and2N6500. 
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Fig. 11 - T ypica/ transfer characteristics for all types. 

"I CASE TEMPERATURE! ) ~25 
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14 
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92SS-2197RI 

Fig. 13 - Typical output characteristics for 
2N3878, 2N3879 and 2N5202. 
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Fig. 15 - Typical output characteristics for 2N6500. 

14 

2N3878,2N3879,2N5202,2N6500 
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Fig. 12 - Typical de beta characteristics for 

2N3878 and 2N3879. 
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Fig. 14 - Typical dc beta characteristics for 2N5202. 
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Fig. 16 - Typical de beta characteristics for 2N6500. 
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High Speed Power Transistors _____________________________ _ 

2N3878,2N3879,2N5202,2N6500 
TRANSITION AND STORAGE-TIME CHARACTERISTICS FOR SWITCHING TYPES, A t Case Temperature (T cJ = 2fPC: 

TEST CONDITIONS 

VOLTAGE CURRENT 
CHARACTERISTIC SYMBOL Vdc Adc 

VCC IC IB 

Saturated Switching 
30 3 0.3a 

Time 
td 30 4 O.4a 

Delay time 
30 4 O.S" 

30 3 0.3" 

Rise time tr 30 4 0.4a 

30 4 O.Sa 

30 3 0.3a 

Storage time ts 30 4 O.4a 

30 4 O.Sa 

30 3 0.3a 

Fall time tf 30 4 O.4a 

30 4 O.Sa 

* In accordance with JEDEC registration data format (JS·6, RDF·1) 

IC MONITOR 
TEKTRONIX P6021 
CURRENT r--1~---'------, 

INPUT FROM 
HEWLETT 
PACKARD 
219A PULSE 
GENERATOR-

PROBE*\ 

IB MONITOR 
TEKTRONIX 
P6021 
CURRENT PROBE* 

Jl.. (<*-+'II\JIv--J 

INPUT PULSE 
tr < 20 n8 

tf < 20 n8 

REP RATE '500 Hz 
PULSE DURATION 

~ 20 pos 

*OR EQUIVALENT 

0.22/'oF 
MYLAR 

- + 

100/'oF 

0-7V 

30V 

RL -75n FOR 2N3879, 2N5202 

RL -10 n FOR 2N6500 

92CS- 23754 

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

CLARE 
MERCURY-RELAY 

MODEL No. HGP-I004, 
OR EQUIVALENT 

CHANNEL A 

TO 
TEKTRONIX 

25mH OSCILLOSCOPE 

~~D~IsU~AC~~t 

CHANNEL B 

COMMON 

92CS-I'3239R3 

Fig. 19 - Circuit used to measure sustaining vo/rages, VCEO(SUS) 
and VCER(SUS) for all typos. 

LIMITS 

2N3879 2N5202 2N65oo 
UNITS 

Min. Max. Min. Max. Min. Max. 
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Fig. 18 - Oscilloscope display for measurement of switching times. 
(Circuit shown in Fig. 1 ). 
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92CS-1324QR2 

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 "B" 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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______________________________ High-Speed Power Transistors 

File Number 216 2N4036,2N4037,2N4314 

Medium-Power Silicon 
P-N-P Planar Transistors 
General-Purpose Types for Industrial and 
Commerical Applications 
Features: 
• Gain-bandwidth product (fT) = 60 MHz min. 
• High breakdown voltages 
• Planar construction provides low nOise and low laakage 
• Low saturation voltages 
• High pulsed beta at high col/ector 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-20SAD 
hermetic package. 

These transistors are intended for a wide variety of small­
signal medium-power applications. With a minimum gain­
bandwidth product (h) 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 

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

V8E = +1.5 V ...................................................... -85 
Vc ... (sus) 

R.E ::; 200 n. .. .. . . . . . . . . .. . . .. . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . -85 
·VCEO(sus) ........................................................... -65 
·VEISO ................................................................ -7 
·Ic................................................................... -1.0 
.,.................................................................... -0.5 
·PT: 

Tc::;25·C ....................................................... 7 

TERMINAL DESIGNATIONS 

.fj." .. " 
92CS-27512 

JEDEC TO-205AD 

2N4037 

-60 

-60 

-60 
-40 
-7 

-1.0 
-0.5 

7 

Tc, T.>25·C .................................................... _____ _ See Fig. 2 
Pulsed ........................................................... ______ _ See Fig. 1 

·T .... TJ .............................................................. - _____ _ -65 to 200 
·TL (During soldering): 

At distance =:: 1/16 in. (1.58 mm) 
from seating plane for 10 S max .................................. _______ _ 230 

• In accordance with JEDEC registration data format (J5-6 RDF-l 2N4036; JS-9 RDF-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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High-Speed Power Translstors ___________________________ _ 

2N4036,2N4037,2N4314 
ELECTRICAL CHARACTERISTICS, at Case Temperature (T cJ = 2EtC unless otherwise specified 

TEST CONDITIONS LIMITS 
VOLTAGE CURRENT 

CHARACTERISTIC V de mAde 2N4036 2N4037 2N4314 UNITS 

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

ICBO -90· -0.1' - mA 
IE = 0 -SOW - -0.02 - -0.25' - -0.25" IlA 

ICEO -30 0 0.5' -5' -5' IlA 

ICEX -S5 1.5 - -100' - - - -
TC - 150"C -30 1.5 -0.1' 

mA 
- - - - -

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

V(BRICBO 

IE = 0 -0.1 -90 - -60' - -90' - V 

V(BRIEBO 
IE = -0.1 mA 0 - -7 - -7 - -7 - V 

VCEV(sus) 1.5 -100 -85b - _SOb - . -85b - V 

VCER(sus) 

RBE';: 200n -100 -S5b - c60b - -S5b - V 
, 

VCEO(SUS) -100 0 65b _40b -65b V 

" VCE(sal) -150 -15 - -0.65 - -1.4 - -1.4 V 

VBE -10 -150 - -1.1 -1.5* 1.5' V 

" VSE(sall -150 -15 - -1.4 - - - V 

-2 -150 20 200 - - - -
-10 -0.1 20 - - - - -, 

hFE -10 -1.0 - - 15 - 15 -
-10 -150 40 140 50 250 50 250 
-10 -500' 20 - - - - -

• Ihfe l 
f = 20 MHz -10 -50 3 - 3 10 3 10 

Ccb 
IE = O. f = 1 MHz -10· - 30 - 30" - 30" pF 

Cib 0.5 0 - 90 - 90 - 90 pF 

" 'r -30 -150 -15 - 70 - - - -
" Is -30 -150 -15 - 600 - - - -
, 

If -30 -150 -15 - 100 - - - - ns 

" 'ON -30 -150 -15 - 110 - - - -

" tOFF -30 -150 -15 - 700 - - - -

ROJC - 25' - I 25 - 25 °CIW 

ROJA - 165 - I 165 - 165 "C/W 

, "2N"·lypeS In accordance with JEDEC registration data format (JS-6 RDF-l 2N4036; JS-9 RDF-2 
2N4037,2N43141. 

• VCB 
a Pulsed, pulse duration::: 300 IJ.s, duty factor < 2%. 
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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---------------------________ High Speed Power Transistors 

2N4036,2N4037,2N4314 
CASE TEMPERATURE (Tel = 25°C .!. .,t 
(CURVES MUST BE DE~ATED LINEARLY NORMALIZED] 

WITH INCREASE IN TEMPERATURE I POWER J I MULTIPLIER 

I 1.1 Iso". 
I 

Ie MAX, (CONTINUOUS) PUL.SED OPERATION * ~ 

· "'!'\. "'I..~ t-

~J-~ · °0 00 

I ~ /~ -'. so 
0C'''''' I 

Ii · o~ 't' <"~ I 30 

i~L I , 20 

~ I ~ 
0 

u -0.1 '~-~ VeEO MAX = 40V I ~ · ~ (ZN4037) l 0 
u · VeEO MAX = 65V I · (2N40368 2N4314' I 

I I I I 

l 
* FOR SINGLE I , NONREPETlTJVE 

PULSE I 

11 1 I 
I 

-0.01 

-I 
, . . . -10 , . . . -100 

COLLECTOR-lO-EMITTER VOLTAGE {VCE1-V 92C5-17443 

Fig. 1 - Maximum operating areas lor 2N4036. 2N4037. and 
2N4314. 

25 5D 75 100 125 150 175 200 
CASE TEMPERATURE (Tel - °C 

92LS-1469RI 

Fig. 2 - Dissipation derating curve lor 2N4036. 2N4037. and 
2N4314. 

'" ~ 
COLLECTOR-TO EMITTER VOL TAGE (VCE'" -10 V 

.0'~~~I-f-++Hii-4-+~-+-H 

2 4 ~ 8 2 • 

-0.1 -I -10 -100 -600 
COLLECTOR CURRENT (Ie) - mA 

92L.S-I~6SR2 

Fig. 3 - Typical dc beta characteristics lor all types. 

~ IZOt---t--

" ~ i 10°F--r-+-rtr-+ __ ~~ __ r-1-++r~\ __ ~HH 
: 8o'r--r-+-rrr~~~.~'u~~F£~(~T~A:I:-2~5:.C~**~d\~~~ 
~ .. -t-- ,,~~ I 60~-.~~~~~~.T+~~t-hh~+-~~+_~I~~-+~ 

40 g 
~ 

~ 20 
-g 

0 

-01 
--~ ... 

-1.0 

-~ 
I 
I 
I 

\\ 
\ 

.... t .. I. I 4" 
-fO -100 -1,000 

COLLECTOR CURRENT (Ic)-mA 
92LS-t292 

Fig. 4 - Typical dc beta characteristics lor 2N4037 and 2N4314. 
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2N4038,2N4037,2N4314 

COLLECTOR-TO-EMITTER VOLTAGE [VcEJ-V 
t2t.S-12t1ft' 

Fig. S - Typical large-signal output characteristics for 
2N4037 and 2N4314. 

COLLECTOR-TO-EMITTER VOLTAGE (Veel-V 

92LS-1282FU. 

Fig. 7 - Typical output characteristics at T.=-SSO C 
for 2N4037 and 2N4314. 

1 

BASE-TO-EMITTER VOLTAGE (VBEl-V 

Fig. 9 - Typical transfer characteristics for 2N4037 and 2N4314. 

COLLECTOR-TO-EMITTER VOLTAGE (VeE)-V 

92LS-12E17RI 

Fig. 6 - Typical small-signal output characteristics for 
2N4037 and 2N4314. 

COl.LECTOR-TO-EM1TTER VOLTAGE (VeE) - II 

92UHZ8IR' 

Fig. 8 - Typical output characteristics at T.=1S0° C 
for 2N4037 and 2N4314. 

COLLECTOR-TO-EMITTER VOLTAGE (Vc£I=-IO V 
FREQUENCY (f)-20MH:r f--f--
AMBIENT TEMPERATURE ITA'-25-C 

... z • ~ 

~f 
00 // ......... :i~ 4 

~: ~ ..... 
~~ ./ l\ ,," 
~~ 2V 
~ 
~ . . .. , . , , , . , . 

-I -10 -100 -IPOO 
COLLECTOR CURRENT (]c)- mA 

92lS-IZ57RI 

Fig. 10- Typical small-signal beta characteristic for all types. 
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.. 10' 
COLLECTOR-TO-BASE VOLTAGE (VCB).-~V 

~ -40 V ! 10 

~ g 
~ t---20V 
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g I(;~ § 8 105 

~ 166 
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JUNCTION TEMPERATURE (TJI-OC 

92CS-22211 

Fig. 11 - Typical col/ector cutoff current vs. junction temperature 
for?N4036. 

Ie" JOI s ." 10 IS2 i--f-
AMBIENT TEMPERATURE (TA)-25°C 

I,OO~ 

:' 
, ><C" 
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J . .L i I 
STORAGE • ..1 

~ ~fl) 
i'.... ~ ~ I 
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...... Ii~SE TIME (tfl __ f.-

~TIMErf) 
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1"'''I4£c:-i' 'l 
, . 

-100 
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f-

, . 
-1,000' 

92LS-1267RI 

Fig. 13 - Typical saturated switching timas for type 2N4036. 

INPUT-PULSE 
WAVE FORM 

2N4036,2N4037,2N4314 
-60( 

iCOLLECTOR CURRENT IIc) J 1/ 1,,: 
BASE CURRENT liB) Y I:: :: 

I~ 
_,7 -~, Eo h~ 

,:z E~ ~ ... 1·- k f.'- : :.c 

I~ ~ ::: i_,' I'·" roo: ·1·:'= 

t) ~J" . ...:. l~ l~: ·.F;: 

I~ ~~ V l' 
~~ ,/;: ~~7 r·· ::c l:ili fe:: 

Ir~ ~ ,/ ". .... "" ~ ... ~ ~ IU fj ; ~: ~:~~ :.::.:: 

C -1.0 -2.0 -3.0 -4.0 -s 0 -6.0 

COLLECTOR-TO-EMITTER SATURATION VOLTAGE, VCE (.a1)-V 

92LS-IZ68RI 

Fig. 12 - Typical saturation-voltage characteristics for 2N4036. 

+V8B~ 4V 

ADJUST 18/"182 
OUTPUT TO 
OSCILLOSCOPE 

CHANNEL A 

-30V 

Z:lo6,n 

CIN"20pF 

t r , 15 nI 

I IOOpF :r IOO,AlF 

120n 200n 

~~5~P_F4-__ ~~~ __ ~ __ ~1-f 
300.n.1% 

INPUT FROM PULSE 
GENERATOR 

PULSE WIDTH-20,us 
PULSE REP. FR~IOKHz 
t r , IOns 

CALIBRATE 

120,n 

OUTPUT TO 
OSCILLOSCOPE 

CHANNEL B 
Z"10 6 n 

CIN" 20 pF 

tr '15n. 

OSCILL.OSCOPE 
GROUND 

Fig. 14 - Circuit used to measure switching times for type 2N4036. 

OUTPUT-PULSE 
WAVE FORM 

Fig. 15 - Oscilloscope display for measurement of switching times. 
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High-Speed Power Transistors ___________________________ _ 

2N5038,2N5039,2N6496 File Number 698 

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

TERMINAL DESIGNATIONS 

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

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

'0 
92C5-27516 

JEDEC TO-204AA 

MAXIMUM RATINGS. Absolute-Maximum Values: 

2N5038 2N5039 

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

With - 1_5 volts (VBE) of reverse bias and 
external base-to-emitter resistance (RBE) = 100 n ............... VCEX(sus) 150 120 
With RBE";; 50 n ........................................ VCER(sus) 110 95 
With base open ..... _ ..................................... VCEO(sus) 90 75 

*EMITTER·TO-BASE VOLTAGE .............................. , VEBO 7 7 
*CONTINUOUSCOLLECTOR CURRENT....................... IC 20 20 
*PEAK COLLECTOR CURRENT ............................. . 30 30 
*CONTINUOUS BASE CURRENT.............................. IB 5 5 
*TRANSISTOR DISSIPATION: PT 

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

140 140 
80 80 

4 See Fig. 1. 

2N6496 

150 

130 
110 

7 
15 

5 

140 
80 ... At case temperatures up to 25°C and VCE above 28 V ........... . 

At case temperatures above 25°C and V CE above 28 V ........... . __ See Figs. 1 & 2. __ 

*TEMPERATURE RANGE: 
Storage & Operating (Junction) ............................. . - -65 to 200 _ 

PIN TEMPERATURE (During Soldering) 
At distances;;;' 1/32 in. (0.8 mm) from seating plane for 10 s max. 4 230 ... 

*In accordance with JEDEC registration data format (JS-6. RDF-1I 

V 

V 
V 
V 
V 
A 
A 
A 

W 
W 

°c 

°c 
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High Speed Power Transistors 

2N5038, 2N5039, 2N6496 
ELECTRICAL CHARACTERISTICS, At Case Temperature IT C) = 25°C Unless Otherwise Specified 

TEST CONDITIONS LIMITS 

VOLTAGE CURRENT 

CHARACTERISTIC SYMBOL Vdc Adc 2N503S 2N5039 2N6496 UNITS 

VCB VCE V EB V BE Ie IE IB Min. Max. Min. Max. Min. Max. 

Collector Cutoff Current: ICED 55 20 
With base open 70 0 20 

110 -1.5 50 
With base-emitter 

140 -1.5 50 
junction reverse-biased leEV 

130 0 20 mA 

AtTC~150oC S5 -1.5 10 

100 -1.5 10 

130 25 

· Emitter Cutoff Current IESO 15 mA 

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,Slgnal 

Forward-Current Transfer hel 10 12 12 12 

RatiO (At f '" 5 MHz) 

Collector-ta-Emltter 
Sustaining Voltage: 
With base open VCEO(£us)b 0.2 0 90 75 110 V 

With base-emitter 
junction reverse biased and 

VCEXlsus)b -1.5 
external base-ta-emitter 

0.2 0 150 120 

resistance (Rse) =: 100 n 

With RBE ~ 50 n VCER(sus)b 0.2 110 95 130 

Emitter-ta-Base Voltage VESO 0.05 V 

V SE 
10" 1.8 

Base-ta-Emitter Voltage 12" 1.S 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 O.S 1.0 

· Base-to-Emitter 20" 3.3 3.3 
Saturation Voltage 

VSE(sat) 
8" 

V 
0.8 2.0 

Output Capacitance e ob 10 0 400 400 400 pF 

Second-Breakdown 

Collector Currente ISlb 
d 2S 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/b 
I -4 12 13 13 mJ 

RS" 20 n. L" 180~HI -4 8 5.7 

· Sat. Switching Rise Time Vee" 10 1.0" 0.5 

" 30 V 12 1.2c 0.5 

8 O.Se 0.5 

· Sat. Switching Storage Time Vee 10 1.0" 1.5 

's 30V 12 1.2" 1.5 ~s 

8 0.8" 1.5 

· Sat. Switching Fall Time Vee" 10 1.0" 0.5 

'I 30V 12 1.2" 0.5 

8 0.8" 0.5 

Thermal Resistance 

(Junction-to-Case) R. Je 10 10 1.25 1.25 1.25 °C/W 

a Pulsed; pulse duration ::;350 /-IS, duty factor::: 2%. d ISlb is defined as the current at which second breakdown occurs at a 
b CAUTION: The sustaining voltages VCEO(sus), VCER(sus), and specified collector voltage with the emitter-base junction forward-

VCEX(sUS) MUST NOT be measured on a curve tracer. biased for transistor operation in the active region. 
e Pulsed; 1-s non-repetitive pulse. 
I ES/b is defined as the energy at which second breakdown occurs 

c ISl ::: 182::: value shown. under specified reverse-bias conditions, ES/b ::: 'hLl2 where L is a 
series load or leakage inductance and I is the peak collector current. 

*10 accordance With JEDEC registration data format (JS-6, RDF-1) 
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High-Speed Power Transistors ___________________________ _ 

2N5038, 2N5039, 2N6496 
1008 CASE TEMPERATURE (TC) = 250 C I I 

(FOR Tt ABOVE 25', DERATE LINEARLY) I I 6 

4 I I 
0.05 m~7 

Ic MAX. (PULSED) PULSE OPERATION" 

I 

" ~ 'N~~'\ 0.1 ms 
2 

IC MAX. (CONTINUOUS) 

~ ~ ~I " ~~" ~~ .... 
~ °A I "-10 JJ~.Il~ 

c: 8 ~q., ~ 'f~ "\-. '. 
.L ("~ (~9I- \' " <..> 

6 

~ "~)'l t:! , ... , 
z .... 4 , 
"" \1 "" => ", <..> 

"" 0 \ ... 2 <..> ;,\ .... 

I 

~ 
~ 
0 
<..> 

1 
"'. \ \ 8 
~..\' ,\ 

6 

l~ ,\ 
4- "FOR SINGLE 

NONREPETITIVE PULSE J 
VCEO MAX. = 75 V - -

2 (2N5039) 

VCEO MAX.= 90 V _ - VCEO MAX.=IIOV 
.,-. (2N6496) 

0.1 
2 4 

(2N5038) 

6 8 10 2 4 6 8 

COLLECTOR-TO-EMITIER VOLTAGE (VCE)-V 

Fig. 1 - Maximum operating areas for all types_ 

NOTE: CURRENT DERATING AT CONSTANT VOLTAGE 
APPLIES ONLY TO THE DISSIPATION-LIMITED PORTION 
AND IS/b-LlMITED PORTION OF MAXIMUM--OPERATING 
AREirCURVES. DO NOT DERATE THE SPECI· 
FlED VALUE FOR Ie MAX. 

25 50 75 1110 125 150 

CASE TEMPERATURE (TC) _oC 

175 2110 

92SS-3G391U 

Fig. 2 - Dissipation derating curves for all types. 

I 
2 4 6 8 1000 

S2SS-364iRI 
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______________________________ High Speed Power Transistors 

Ie MAX. (CONTtNUOUS)2N5038,2N5039 
20 ~ 
l·iCMAX.iCONTl"""'USI ~ r,. ~ ~ 
to - 2N6496 --"of.,r. ~ C'J.. ot"'A .. 8 t' J: JjJ ~.,.. ~'f!: 

I • r~~~~,,~~ 
~ 4 .,,~4"~~() 

~ 2 

'" \l a 
'" 

I 
g • 1"\"\ 
~ • 'SIb -LiMITED~ 

8 4 

I[ '\ 
2 VeEO MAX- 75V(2N5039) 

~~ VeEO MAX: gov (2N5038)-

0' "CEO MAX-tIOV l2N6496~_ 

I 2 4 • , 10 2 4 • " \'1001,0 2 

COLLECTOR-TO~EMITTER VOLTAGE (VeEI-V 
90 

92CS-22812 

Fig. 3 - Maximum operating areas for all types. 

2 CASE TEMPERATURE (T c) = 25" C 
BASE SERIES RESISTANCE (R B ) = 20.n 

20 

" I 
<!,~~ " ~ 15 %(r a v~.>:q 

0 

'" 
~ 

&~ 

~ 
10 rk-

(98);-

8 'v 

'" 5 -~ 

" ll' 

0 

• • 2 4 
50 10' 

INDUCTANCE (LI - ~H 

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

CASE TEMPERATURE (TC 'a25°C 
BASE SERIES RESISTANCE I RBI .. 20n .. 10 

I ,.. 
z 
"' .. 
'" ::> 

" .. 
0 ,.. 
; 
0 

" 
" .. 
"' .. 

•• 
INDUCTANCE el)-liH 

Fig. 7 - Maximum reverse-bias, second-breakdown charecteristics 
for2N6496. 

2N5038,2N5039,2N6496 
COLLECTOR· To-EMITTER VOLTAGE (VcEI = 15 v 

90 CASE TEMPERATURE (Tcl=25oC 

iii /" ""\ I 801---~---
'" \ "" // t; 
5 70 

1E / f\ ~ 60 

! / \ 
~ 50 

~ 
40 

30 

0.1 81.0 
• 10 

COLLECTOR CURRENT (IC )-A 
92SS-J6J} 

Fig. 4 - Typical gein-bandwidth product for all types. 

CASE TEMPERATURE (Tcl~25"C 
30 BASE SUPPLY VOLTAGE (VSB1=-4V 

'0 

" 
INOUCTANCE (Ll =200,u-H 

~ 10 
...... 

~ 
, 

/ .. 6 500 -a 
4 / 750 .. 
2 II 0 V--~ 1000 

j 
0 '/ // V " '" " I ll' oe 

00 
f 04 

20 40 60 80 100 120 
BASE SERIES RESISTANCE (Rel-a 

92CS-15464RI 

Fig. 6 -Maximum reverse·bias, second-breakdown characteristics 
for 2N5038 and 2N5039. 

CASE TEMPERATURE (TC)= 2S"C 

10 

BASE SUPPLY VOLTAGE 1\#88;=-4\# 

.. 
I 8 I NDUCTANCE I U "200 ,...H -,.. 

/ z • i:! I 500,...H! ~ 4 .. 1/ 750,u-H 0 
t; 

~ .-::....---- f---j , 

'/ 
--

IOOO,...H 

8 / ./" -" .. , 
/ ~ 8 . / 

4 / V 
20 40 60 eo 100 120 

BASE SERIES RESISTANCE I R8}- n. 
92C5-22799 

Fig. 8 - Maximum reverse-bias, second-breakdown characteristics 
for2N6496. 
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2N5038,2N5039,2N6496 

1 

=: =,. 

.s 
BASE-TO-EMITTER VOLTAGE (VBE)-V 

92C5-22191 

Fig. 9 - Typical transfar charactaristics for 2N5038. 

:. 

."U., GE'· 

:::. 

::;'0;' 

I:::'~: 

#1': 
:: .::: ::,: :: rJ!,'. 

Ar,:·(:::I::.: . 
If /.: 

i':: :. 

: lAo· 

0.5 1.0 1.5 2 
BASE-TO-EMITTER VOLTAGE (VeE) - v 

92L.S-1466RI 

Fig. 11 - Typical transfer charactaristics for 2N5039. 

0.5 I 1.5 2 2·5 
BASE-TO-£MITTER VOLTAGE (VBE)-V 

92C5-22800 

Fig. 13 - Typical trans far characteristics for 2N6496. 

"' 
COLLECTOR - TO-EMITTER VOLTAGE (VCE)=5V 

5 150 
125 

r- - --11 '. ~ 125 

\ .. 
~ 
~ 100 

v~sE TEMPERATURE CTc J= 25 0 C \ J!' 
!z 
'" .. .. 
:J 

" ~ 
~ 
g 

~ 
0 

75 

50 

. 
25 -
a 

ClOI 

...... 1"-

-- jiS _ - i\ 
,~ 

468 468 468 
0.1 I 10 

COLLECTOR CURRENT (!c)-A 

4 •• 
100 

92LS-1458 

Fig. 10- Typical de beta charactaristics for 2N5038. 

COLLECTOR-fO-EMITTER VOLTAGE (VCE):C 5 V 

II 
~ 100 I I 
; - '25 

, IT ~ ...... 
;l! 75 ~.- ,1,1 ' ..... .... 
!z ....... !\~1\l!\E (TC)'25'C 

\ Il1 :::fff] ~ 
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....... :----., 
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I: a t-t-tjtt-t-tttl--I-jJ±E~ I 
2468246£1 24682 

0.01 0.1 I 10 40 
COLLECTOR CURRENT (IC}-A 

92C5-22792 

Fig. 12 -Typical de beta characteristics for 2N5039. 
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92CS-22798 

Fig. 14 - Typical de beta charactaristics for 2N6496. 
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CASE TEMPERAT'..IRE fTc)" 25° C 

<[ 25 
I 
-u 

t:! 20 .2A 
I- 8 

! 600 

15 
300 

'" 200 

~ 
10 160 

120 
00 

8 60 
I mA 

20 

0 10 15 20 25 30 35 40 45 

COLLECTOR-lO-EMITTER VOLTAGE (Vcc:)-V 
92:LS-1460 

Fig. 15 - Typical output characteristics for 2N5038. 
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<[ 
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! 
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:0: I'~ .::: .::' 
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'" 
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.: I:. :: .' ::; :~ l 'f, 

[:::- .. :: . . '-" 
::, :: 1<: I::. 
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:.:, I:':: ~QXf" [:0::[:= 
.::. ::~) tf{" ."1': .::: f:'~:d:::j: 

C:::::.: 

..:':jJ? 
I-'t :.:' 

0.5 1.0 1.5 2.0 2.5 
BASE -TO-EMITTER VOLTAGE (VsEI - v 

I:::. ' 

L~:;g 
3.0 

92LS-1465R2 

Fig. 17 - Typical output characteristics for 2N5039. 
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1 
~ 

15 

~ 10 

Ii 
15 
I-

lil 5 
.J 

8 

o 

CASE TEMPERATURE (Te): 25°C 

IOOmA 

SOmA 

BASE CURRENT UB)- 20 mA 

10 15 20 25 30 35 40 
COLLECTOR-TO-EMITTER VOLTAGE IVCE)-V 

92CS-22802 

Fig. 19 - Typical output characteristics for 2N6496. 

2N5038, 2N5039, 2N6496 

" CASE TEMPERATURE (Tel" 25° C z 
Z 

'" i! 13 
"'> i'-.. ~"lJ ", "'-0::. ~ 12 rt "'. 1 ,..-!::s VeER (sII.1 --- VeEO (sus) 
a~1I 
g!!i 

veERl.usl 
f'... ~s~J I ~! 100 

II' I I I. u" 

---"'w r-.... VeEoIsus) j>u gO 
o· 

~ I 
u~ .... 
:':)~ 80 
;0;0 

II ........... VCEolsus) z> 
i 7 1 

2 4 •• 4 •• 
10 

4 •• 
100 IK 10K 

EXTERNAL BASE-TO-EMITTER RESISTANCE (RBEl-.fl 

92C5-22804 

Fig. 16 - Collactor-to-emitter sustaining voltage characteristic 
for all types. 
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CASE TEMPERATURE (Te) ,. 25"C 

1.6A 
f.lA 
900 
650 

500 

350 

25 
180 

120 
8 

RR (I "4 mA 

20 

~ ~ W ~ W ~ ~ ~ 

COLLECTOR-TO-EMITTER VOLTAGE (VCE)-V 

92LS-I464 

Fig. 18 - Typical input characteristics for 2N5038 and 2N5039. 
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COLLECTOR-TO-EMITTER VOLTAGE (VCE)-Z V 
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BASE-TO-EMITTER VOLTAGE (VSE)- V 

92CS-22801 

Fig. 20 - Typical input characteristics for 2N6496. 
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2N5038,2N5039,2N6496 
CLARE 

MERCURY-RELAY 
MODEL No. HGP-1004, 

OR EaUIVALENT 

VCEO(sus) 

CHANNEL A 

TO 
HEWLETI-PACKARD 

OSCILLOSCOPE 
MODEL No. 130B, 
OR EQUIVALENT 

CHANNELB 

COMMON 
~~~. VCE~;:~ 

·11;:.---_=:...--' .. ----11--0 
110.<1. 6V 
IW 

L = 15mH for V CEO (sus) and -
VCER(sus) measurements 

L = 2mH for VCEX(sus) measurements 

OT050V 
500mA 

92LS-1468R3 

Fig. 21 - Circuit u.ed to measure .u.taining voltages V CEO(.u.l. 
V CER(.u.l. and V CEX(.u.l. 

o 
2 COl~ECTO~ CU~RENI:\Ici:A I· 

Fig. 23 - Typical ri.e-time and fall·time characteri.tic. for all types. 

PULSE GENERATOR 
HEWLETT -PACKARD 
NO. 214A, 
OR EQUIVALENT 

PULSE DURA­
TION ~ 20 ~s 

Jl 
~

25':.F 

REP. RATE < 5111 

I kHz 

RL (NON-INDUCTIVE)" 

2.5Q,12W FOR Ie =12A 
3.n,12W FOR Ie :IOA 

3.7511, SW FOR IC' SA 

0- ... 25 V 

-4TO 
-6V 

- + 
500 
I'F 

DEVICE 
UNDER 
TEST 

92CS-22377R! 

Fig. 25 - Circuit u.ed to mea.ure .witching time. for all types. 

COLI,.ECTOR~TO-EMITTER VOLTAGE (VeE I-V 

The sustaining voltages (V~(SUS). VCER(sus), and 

~~~IUr!i~~.~:a~:a 2N~~,t;':t f.~~.~~~~e 
type 2N5038 and point "e" for type 2N6496. 
(NOTE: 2N6496 is not tested for VCEX(susl.1 

92SS.3636RI 

Fig. 22 - Oscilloscope di.play for measurement of sustaining voltaf1t16 
(Test circuit shown in Fig. 221. 

Fig, 24 - Typical .torage time charactari'tic for all types. 
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"'''' .JO: 
.JO: 
813"---"1'+ 

92CS-22378 

Fig. 26 - Phase relationship between input and output cumlntl 
.howing reference pointl for lpel:ification of switching 
times. (Test circuit shown in Fig. 261. 
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----------------____________ High-Speed Power Transistors 

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 f 2N5320 

2N5323 Complements of: l 2N5321 
• Maximum 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 RCA-2N5320, 2N5321, 2N5322 and 2N5323 are 
doubled-diffused epitaxial-planar silicon 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=100Cl............................................. 65 
'VeEo....................................................... 50 
·VEBO....................................................... 5 
'Ie. ......... ..... ... ......... ........... ...... ... .......... 2 
'I. ......................................................... 1 

Te:525°C .............................................. 10 
Te>25°C ............................................. . 

*T.tg, TJ ••••••••••••••••••••••••••••••••••••••••••••••••••••• 

'TL 
At distance> 1/16 in. (1.58 mm) from seating plane 
for 10 s max ............................................ . 

, In accordance with JEDEC registration data format (JS-B-RDF-1). 

TERMINAL DESIGNATIONS 

,6",,~ 
92CS-27512 

JEDEC TO-205AD 

2N5323 2N5320 2N5322 

-75 100 -100 V 

-75 100 -100 V 

-65 90 -90 V 
-50 75 -75 V 
-5 7 -7 V 
-2 2 -2 A 
-1 1 -1 A 

10 10 10 W 
Derate linearly at 0.057 W/o C 

-65 to +200 °C 

230 °C 
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High-Speed Power Transistors ____________________________ _ 

2N5320,2N5321,2N5322,2N5323 

ELECTRICAL CHARACTERISTICS, Case Tamperature (Tci = 25oC, unless otherwise specified 

TEST CONDITIONS LIMITS 

CHARACTERISTIC 
VOLTAGE CURRENT 

2N5320 Vde mAde 2N5321 2N5322 2N5323 UNITS 

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

80A - 0.5 - - - - - -
ICBO 

60" - - - 5 - - - -
IlA -80" - - - - - -0.5 - -

-60" - - - - - - - -5 

100 -1.5 - 0.1 - - - - - -
*ICEX 

75 -1.5 - - - 0.1 - - - - rnA -100 1.5 - - - - - -0.1 - -
-75 1.5 - - - - - - - -0.1 

70 -1.5 - 5 - - - - - -

TC = 1500 C 45 -1.5 - - - 5 - - - - rnA -70 1.5 - - - - - -5 - -
-45 1.5 - - - - - - - -5 

-7 0 - 0.1 - - - - - -
-5 0 - - - 0.1 - - - - rnA 
7 0 - - - - - -0.1 - -

• lEBO 
5 0 - - - - - - - -0.1 

-5 0 0.1 - - - -
-4 0 - - - 0.5 - - - -

IlA 5 0 - - - - - -0.1 - -
4 0 - - - - - - - -0.5 

V(BR)CEV 
-1.5 0.1 100 - 75 - - - - -

V 1.5 -0.1 - - - .- -100 - -75 -
VCER(sus)a 100b 90 - 65 - - - - -

V 
RBE = 10012 -100b - - - - -90 - -65 -

• VCEO(sus)a 
100b 0 75 - 50 - - - - -

-100b 0 - - - - -75 - -50 - V 

* VCE(sat) 
50ab 50 - 0.5 - 0.8 - - - -

V -500b -50 - - - - - -0.7 - -1.2 

• VBE 
4 500b - 1.1 - 1.4 - - - -

V 
-4 -500b - - - - - -1.1 - -1.4 

4 500b 30 130 40 250 - - - -
* hFE 

-4 -500b - - - - 30 13P 40 250 
2 looob 10 - - - - - \ - -

-2 -1000b - - - - 10 - - -

• Ihfel 4 50 5 - 5 - - - - -
f = 10 MHz -4 -50 - - - - 5 - 5 -

IS/bd 
50 200 - 200 - - - - -

-35 - - - - -285 - -285 - rnA 

• 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 °CIW 

ROJA - 150 - 150 - 150 - 150 oCIW 

.... VCB 

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

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

b Pulsed; pulse duration < 300 /.IS. duty factor < 0.02. 

d Pulsed; 0.4 s non-repetitive pulse. 
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2N5320,2N5321,2N5322,2N5323 

I' 
I 

" 

S 10 z 100 
COLLECTOR-TO-EMITTER VOLTAGE (VCEI- V 

92CS-17548 

Fig. 1 - Maximum operating areas for types 2N5320 and 2N5321. 

BASE·lO·EMITTER VOLTAGE (VBE)- V 
92CS-I5003RI 

Fig.2 - Typical static beta characteristics for types 
2N5320 and 2N5321. 

1 "1111 ~ J 
! 
~ 

BASE-YO-EMITTER VOLTAGE (VBE)- V 

92CS-I!500IRI 

Fig.4 - Typical output characteristics for types 
2N5320 and 2N5321. 

BASE· TO.EMITTER VOLTAGE (VBe) _ v 
92CS-I!5002Ft. 

Fig.:J - Typical static beta characteristics for types 
2N5322 and 2N5323. 

BASE.TQ..ElllnER VOLTAGE (VBE)-V 
92CS-I!5000RI 

Fig.5 - Typical output characterisitcs for types 
2N5322 and 2N5323. 
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High Speed Power Transistors _____________________________ _ 

2N5320,2N5321, 2N5322, 2N5323 

COLLECTOR-lO-EMITTER VOLTAGE (VCEI-V 

92CS-17547 

Fig.6 - Maximum operating areas for types 2N5322 and 2N5323. 

COL.LECTOR·lO·EMITTER VOLTAGE (Vee) = 4 V 

"W 1 ~160 

i ~ 140 

:f1 , 
~ 120 .- I \ 

g 100 .- ').')oc. 1--1- \ r 
('i~" 

~ 80 

"'\t*,ft.~l>oiU~ a 6Op--~ 
iil I>o~ 11 ~ 40 

f--" II ~ 101--" g 
II 0 , ., , , . "" , . " , . "" , . " 0.1 10 102 

COLLECTOR CURRENT (lc}-mA 92CS-15005RI 

Fig. 7 - Typical transfer characteristics for types 
2N5320 and 2N5321. 

COLLECTOR-TO-EMITTER VOLTAGE (VCE1-V 

92CS-t5006RI 

Fig.9 - Typical input characteristics for types 
2N5320and 2N5321. 

10' 

COLLECTOR·lO·EMITTER VOLTAGE (Vee) = -4V 

'20 150a c 

~ 
_r- TtMr-- " " S IOU f-/ 

AMBIENT TEMPERA TL"J ll,J . \ r r-l- I-- i' 
~ 60 ,.... 

II ~ 40 

1'\ 
0 

: 
~ 20 

\ u 

- 0.1 -1 -10 _100 _1,000 

COLLECTOR CURRENT (Ie) - rnA 
92CS 

Fig.8 - Typical transfer characteristics for types 
2N5322 and 2N5323. 

-0.7 CASE TEMPERATURE (Te)= 2SDC 
10 

0.6 

I 
3>-0.5 
r z 
~ -0.4 

a 
~ -03 

g 
8 -0.2 

-0.1 

-8 

-4 

BASE CURRENT (Ie)- 2mA 

~ -2 ~ -4 ~ ~ ~ -8 -9 
COLLECTOR-lO-EMITTER VOLTAGE IVCEJ-V 

92CS-15007RI 

Fig. 10 - Typical input characteristics for types 
2N5322 and 2N5323. 
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OUTPUT TO 
OSCILLOSCOPE 

"CHANNEL AU 
Z_1Q6n 

CIN·20pF 

2N5320,2N5321,2N5322,2N5323 

YBBIiII-IOV Vcc· 30V 
{ADJUST TO SET IB21 

tr $I5nl 1'0 n 

5.' 
~~~>9~Q~~--~~--JV,oVnV-~~ 

INPUT FROM PULSE 
GENERATOR loon 

P~JC:E D~::T;~~ ~~b:Hz 
t,S IOns 

OSCILLOSCOPE 
GROUND 

• * For 2N6322 or 2N5323, reverse 
direction of le1 and le2 and re~ 
verse polarity of Vee and Vee. 

92CS-11020 

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



High Speed Power Translstors ___________________________ _ 

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 
Features: 
• Maximum Safe-Area-of-Operation Curves -

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

tON = 0.5 JIiS max. at Ie = 15 A 

RCA Types 2N5671 and 2N5672" are epitaxial silicon n-p-n 
transistors having high current and high power handling 
capability and fast switching speed. The 2N5672 is similar 
to the 2N5671 except that it has higher voltage ratings and 
lower leakage currents. These devices are especially suitable 
for switchlng-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 

2N5871 2N5872 
* COLLECTOR-TO-BASE VOLTAGE, Veao ............................................. . 

COLLECTOR-TO-EMITTER SUSTAINING VOLTAGE: 
With base open, Veeo(SUS) ........................................................ .. 
With external base-to-emitter resistance (RBE) :5 50 n, VeER(SuS) . , ••••••....•••••..•••• 
With external base-to-emitter resistance (RBE) :5 50 n & VBE=-1.5, VeEX(SUS) ..••••.••••• 

* EMITTER-TO-BASEVOLTAGE, VEao •..•.••••••••.•••••.••••••.••••••••..•.••••••.•••• 
* COLLECTOR CURRENT, Ie •••••••••.•••.•••.••••.••••••••••.•••••••.••.•..••••..••••• 
* BASE CURRENT, IB ...................................................... , ......... .. 
* 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 and Operating (Junction) .................................................. . 

* PIN TEMPERATURE (During Soldering): 
At distances 2: 1/32 in. from seating plane for 10 S max. .. ......................... .. 

*In accordance with JEDEC registration data format (JS-6, RFD-l). 

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 Specified 

TEST CONDITIONS LIMITS 

OC 
DC 

DC 
CHARACTERISTIC SYMBOL Collector 

Emiller 
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 
- 100 - -1.5 - - - - 15 - 10 mA 

(Tcs 1S00 C) 

Emitter-Cutoff Current lEBO - - 7 - 0 - - - 10 - 10 rnA 

Collector-ta-Emitter 
Sustaining Voltage: VCEo(sUS) - - - - 0.2 - 0 9(}" - 120" - V 

With base open 
With external ba3tl-ta-emiller VCER(sUS) - - - - 0.2 - 0 110· - 140" - V 

resistance (RBE) ~50 fl 
With base-emitter 

junctim reverse biased VCEX<sUS) - - - -1.5 0.2 - - 120· - ISO" - V 
& RBE ~50fl 

Base-to·Emitter Saturation Voltage VBE(sat) - - - - 15 - 1.2 ~ 1.5 - 1.5 V 

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

Collector-la-Em iller 
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 5.8< 5.8< 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 =20n, L = 18C/LH 

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

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

Saturated SWitching Turn-On Time VCC= 
IB1= 

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

Saturated SWitching Is VCC= 15 
IB1= 

1.5 1-.5 30 V - - - -
IB2= 

- - iJS 
Storage Time 

1.2 

Saturated SWitching tf VCC= 15 
IB1= 

0.5 0.5 30V - - - -
I~= 

- - iJS 
Fall Time 

1.2 
Thermal Resistance 

eJ-C 40 0.5 (Junctim-ta-Case) - - - - - - 1.25 - 1.25 oCIW 

·CAUTION: The suslainlr,. voltages VCEO<sus), VCE~su.), end VCEX(IUS) MUST NOT be measured on a curve tracer. 

blS/b is defined as the current at which second breakdown occurs at a specified collector voltage with the emltter-base junction forward 

biased for Iransistor operation in the active region. 

cpuls'Jd; l-s, non-repetitive pulse. 

dES/b is defined as the enerlY at which second breakdown occurs under specified rever.e bias conditions. ES/b s ~L12, where 

L I. a series load or leakage Inductance ond I II the peak collector current. 

* In accor.dance with JEDEC registration data format (JS-6, RFOol) 
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2N5671, 2N5672 
1008 CASE TEMPERATURE (TC)'25°C 

(FOR Tc ABOVE 25°, DERATE LINEARLY) 
6r--~--~--T~-~--~--+_--~1_1_----~----_r--~_+_i 

I III I 0.'1 I I III 
I 2 4 6 8 10 

vclo MAX.: 9;0 ~ 
i (2N5671l ~ 
2 4 6 8 100 2 4 6 8 1000 

COLLECTOR-TO-EMITTER VOLTS (VCE) 
92C$-J5650 

Fig. 1 - Maximum operating areas for types 2N6671 & 2N6672. 

CONSTANT VOLTAGE 
TION-UNITED PORTION 

OF MAXIMUM-OPERATING 
OERATE THE SPECIFIED 

25 50 75 100 125 150 115 200 
CASE TEMP[RATURE ITe I--C 

92CS-2012' 

COLLECTOR-lO-EMITTER VOL.TAGE tVCE'- 2V 

240 

~200 
iw' 
~ 

f'~ 
\"l.~OC 

1:ufl,E.. 
r--- ---:;E.",.E."~ 
c~ .~.c .. 

40 - _5~·J .\ 
~ A '\ 
u co -t--t 

2 4 .8 2 4 .8 2 4 .8 2 
0.01 0.1 I 10 

COLLECTOR CURRENT CI.C)-A 

4 

Fig. 2 - Dissipation derating curves for types 2N6671 & 2N6672. Fig. 3 - Typical dc beta characteristics for types 2N6671 & 2N6672. 
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-------------________________ High Speed Power Transistors 

BASE-TO-EMITTER VOLTAGE (YBE)-V 
1.4 

92CS-12438Rt 

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

U 
!:! 

92CS-12442 

Fig. 6 - Typlcaltransfercharacteristicsfortypes2N5671 &2N5672. 

2N5671, 2N5672 

20 
U 
t! 
on ... 
0: ... .. 
~ 
<t 
0: 
0 
t; ... 
~ 
~ 
0 ... 

COILU,CTIOR-·TO·- ElIIT·rEA VOLTS CS-I5652 

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

COLLECTOR SUPPLY VOLTS (Vccl·30 
IC .,2.5IB,·-12.5IB2 

1.4 

1.2 '""" r---. 
on 1 t"--., 
co ......... z 
co 

......... u 
UJ o.e II) ...... co 
0: ,.... U 
~ 0.6 
I t--... -.......!" ~ 0.4F==-::::,. ;::: 

,~~ -r--.. t--
0.2 1, 

2 45678910 

COLLECTOR AMPERES (IC) 
92CS-t2429R2 

Fig. 7 - Typical saturated switching characteristics for types 
2N5671 & 2N5672. 
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2N6032, 2N6033 File Number 462 

High-Current, High-Speed 
High-Power Transistors 
Silicon N-P-N Types for High-Speed Switching and 
Ljnear-Amplifier Applications in Military. Industrial and 
Commercial Equipment 
F.atures: 
• Low Vce(sat)=1 v max. at 40 A. 1.3 V max. at 50 A 
• Maximum safe-area-of-operatlon curves 

ISib limit line beginning at 24 V 
• Fast storage time: 

t.=1.5pIJ max. at Ic=40 A (2N6033). ~O A (2N6032) 

The RCA-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 
to the 2N6032; they differ in maximum values for continuous 
collector current and sustaining voltage. 

They are supplied in the JEDEC TO-204AE hermetic steel 
package with O.06o-inch diameter pins. 

'Formerly RCA Dev. Types TA7337 and TA7337A, respectively. 

TERMINAL DESIGNATIONS 

c 

'0 
92C5--27S16 

JEDEC TO-204AE 

25 50 75 100 125 150 175 2110 

EFFECTIVE CASE TEMP. OR CASE TEMP. (TEFF OR Te)-OC 92S5-1G..'9Ri 

Fig. 1 - Derating curves for both types. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

, COLLECTOR-TO-BASE VOLTAGE, VCIlO ••••••••••••••.•••••••.••••••••••••••••• 
COLLECTOR-TO-EMITTER SUSTAINING VOLTAGE: 

With base open, VCEO(SUS) •••••.•••.••..•••••.•••.••••.••••••••••••••.•••..... 
With external base-to-emltter resistance (Rle)S50 0, VCEA(SUS) ••••.••••••.•••••• 
With external baae-to-emitter resistance (RI E>S50 0 & 

VI.=-1.S V, Vcex(sus) ••••••••.••••••••••••••••••••••••••••••••••••••.••••••• 
, EMITTER-TO-BASE VOLTAGE, V.IO ••••••••••••.••••••••••••••••••••••••••••.•• 
, CONTINUOUS COLLECTOR CURRENT. Ic ••••••••••••••••••.••••••••••••••••••• 
, BASE CURRENT, II •••••••••••••••••••••••.•••••••••••••••••••••••••••••••••••• 
, EMITTER CURRENT. I ••••••••••••••••••••.••••••••••.••••••••••••••••••••••••• 
, TRANSISTOR DISSIPATION, p.: 

At case temperatures up to 25° C and Veo 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: 
Storege & Operating (Junction) •••••••••••••••••••.•••••.••••••••••••••••••••• 

, PIN TEMPERATURE (During Soldering): 
At distance 2: 1/32 In. (0.8 mm) from seating plane for 10 8 max •••••••••••••••••• 

'In accordance with JEDEC registration data format (J8-e RDF-1). 

2NIon 2NI033 
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 ITCI = 250(: Unless Otherwise Specified 

TEST CONDITIONS LIMITS 

DC 
DC Emitter DC Type Type 

CHARACTER ISTIC SYMBOL Collector or Base Current 2N6032 2N6033 UNITS 
Voltage (V) Voltage (V) (A) 

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

Coliector·Cutoff Current: 
ICEO - 80 - - - - 0 - 10 - 10 mA 

With base open 

With base·emitter - 110 - -1.5 - - - - 12 - -
junction reverse biased 135 -1.5 10 

mA 
ICEV - - - - - - - -

(TC = 150°C) - 100 - -1.5 - - - - 15 - 10 mA 

Emitter·Cutoff Current lEBO - - 7 - 0 - - - 10 - 10 mA 

Collector·to·Emitter 
Sustaining Voltage: 
(See Figs. 12 & 13) VCEO(sus) - - - - 0.2 - 0 90a - 120a -

With base open 
With external base to emitter 

VCER(sus} - - - - 0.2 - 0 110a - 140a - V 
resistance (RBE) :;'50 n 

With base-emitter junction reverse VCEX(sus) - - - -1.5 0.2 - 0 120· - 1508 -
biased & RBE < 50 n 

Base·to-Emitter Saturation Voltage C 
- - - - 50 - 5 - 2 - -

VBE(sat} 40 4 2 
V - - - - - - - -

Base·to-Emitter Voltage VBE 
- 2 - - 50 - - - 2 - -

V 
- 2 - - 40 - - - - - 2 

Coliector·to·Emitter 
VCE(sat) 

50 5 1.3 V 
Saturation Voltage C - - - - 40 - 4 - - - 1 

DC Forward-Current Transfer Ratio C hFE 
- 2.6 - - 50 - - 10 50 - -
- 2 - - 40 - - - - 10 50 

Second·Breakdown Collector Current 
ISlbb - 24 - - - - - 5.8c - 5.8c - A 

With base forward biased - 40 - - - - - 0.9c - O.gc -

Magnitude of common~emitter 
small-signal, short-circuit, 

Ihfel 10 2 10 10 
forward-current transfer ratio - -
(at 5 MHz) 

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

Output Capacitance (at 1 MHz) Cobo 10 - - - - 0 - - 800 - 800 pF 

Saturated Switching Time: 
VCC- - - - 50 5e - 1 - -

Turn·On ton I.IS 
(Delay Time + Rise Time) 

30V - - - 40 - 4e - - - 1 

Rise tr ~8- 50 5e 1 - - 40 - 4e - - - 1 1-1' 

Storage ts VCC- - - - 50 - 58 - 1.5 - -
/.IS 

30V - - - 40 - 4e - - - 1.5 

Fall tf VCC= - - - 50 - 5e - 0.5 - - /.IS 
30V - - - 40 - 48 - - - 0.5 

Thermal Resistance 
°CIW (Junction-to-Case) 8J-C - 20 - - 2.5 - - - 1.25 - 1.25 

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

b 'l?/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. 

C Pulsed; l-s, non-repetitive pulse. 

a IBI = IB2 *In_ accordence with JEDEC registration format JS-6 RDF-t. 
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2N6032,2N6033 

<t 

l. 
u 
t-I 

~ 
Z 
LLI 
0: 
0: 
::::> 
u 
0: 
0 
~ 
U 
LLI 
...J 
...J 
0 
U 

CASE TEMPERATURE (TC) -2SoC 
(FOR TC ABOVE 2SoC. DERATE LINEARLY) 

6 
50 

2 

0 
8 

6 

4 

2 

8 

6 

4 

IC MAX. (CONTINUOUS)-2N6032 

MAX. (CONTINUOUS)-2N6033 

VCEO MAX .• 120 V 
(2N6033l 

4 e 8 10 2 4 6 8 100 

COLLECTOR-TO-EMITTER VOLTAGE (VCE)-V 

Fig. 2 - Maximum operating area for both types. 

2 

92CS-16020 R I 
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2N6032, 2N6033 

IC MAX. (CONTINUOUS)-2N6032 

IC MAX. (CONTINUOUS) IN60n 

acE, 
" ()' 

10 ~~\, 
• c . ITt' II 

I 4 --0 ... : - I~~ I-
Z 
1&1 \ 

0::: ' , 

" ~ 
0::: 
:;) ! 0 I I 

0::: " 

0 li'I'" 
I-
0 6 
1&1 
..J ;, 
..J 
0 H+ '1>1;: IJf. : 
0 

:: r' : ::: ,I' ;: f' : Ii i;i:H I': : 

12=[;:1:;:: :::n ': :1' : 
Ie+, 

" 

:f I~' Ii ;: I,,: 
2 ~;;fk'::f': If R= 

" : ' litt; ,:e: 

~f~f·;" I:i I; H-
VCEO MAX.· 90V :tr 

I,: I :, ~ (2N6032) 
0.1 

VCEO MAX. • 120V "" ~ 
I" (2N6033) 

6t,: ' I'" I~b 

2 4 6 8 10 2 4 6 8 100 2 

COLLECTOR-TO-EMITTER VOLTAGE (VCE)-V 
92CS-17404!1 

Fig. 3 - Maximum operating areas for both types at case temperature (Tel = l00·C. 
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2N6032,2N6033 
140 COLLECTOR·TO-EMITTER VOLTAGE (VW=2 5V IC=5 0' 

Hi~'~~~~ -- II ......... I MAX 
120 

(2N6 032) 
~~~<1~ 0: Ic·4OA 

MAX, II ~ '\~+\.,.,; 
z 100 I--:-.. ~ ,~ 12N60~3 .. 

~"l/ 2~ 1\ .. 
l- I-- rT ffi~BO 1/ o:~ V II 1\ t\ "'-::>0 

~fi V -5S-C 

N ~o: / V .. 
'" .. 

....... f..' t"\ ~ 
g 20V-

0 
2 • •• 2 4 •• 2 4 •• 2 4 6. 

0.01 0.1 10 100 

COLLECTOR CURRENT (I c)- A 

Fig. 4 - Typical dc-beta characteristics for both types. 

COLLECTOR-TO-EMITTER VOLTAGE (Vctl-2V 

§ 
... 
: 2 

o 

60 

i 
~ 50 

5 40 

fi 
'" 30 

~ 
~ 20 

10 

+25 ·C 
0.2 0.4 0.. 0.. I 1.2 1-4 1.6 1.8 

BAU-TO-[MITTER VOLTAGE IYaEI-Y 
IZCS'114S0 

Fig. 6 - Typical input characteristics 
for both types. 

COLLECTOR-TO-EMITTER VOLTAGE (VeE'. 2 v 

0.2 0·4 0.6 0·8 I '·2 1.4 '·6 I B 
BASf!-TO-[MITT[R VOLTAGE IYBE'- V 

lIeS-IT4!1 

Fig. 8 - Typical transfer characteristics 
for both types. 

COLLECTOR SUPPLY VOLTAGE (VCC)"30V 
1.6 IC"IOIB1=-IOIS2 

l"-

I •• "" ';, " I 

~ '" ,. 
j: 0.8 

" N 
0.4 

...... t>< -
~ 'I 

0 
10 20 30 40 50 60 10 

COLLECTOR CURRENT (I.C)-A 

Fig. 5 - Typical saturated switching charac­
teristics for both types. 

CASE TEMPERATURE ITc'-ZS·C 

1-30 

i 
ilzo 
'" 
~ 10 

8 
o 

o • 

BASE CURRENTtts) -0 25A 

I • 3 
COLLECTOR-To-EUITTER VOLTAGE'VCE1-V 

92CS-16018 

Fig. 7 - Typical col/ector characteristics 
for both types. 

INPUT: 

MODEL ~f~im- m ~ ___ .......... __ .QVCC 

No.214A OR 
EQUIVALENT -= IO"F 

51 !l 
51 !l 

PULSE 
DURATION-5 ", 
REP. RATE- 400 Hz 

IK 

_L+ 
30.0,?~ *'_ 

2N5038 

VSS 
-6 V DC 0 __ -.l,J\/'J(,.... .... ...::...:::::....f-j 

* ADJUST FOR ISI AND IS2 

** RC AT~g::g:~~!l 

** RC 

HOVDC 

OUTPUT TO 
OSCILLOSCOPE 

TEKTRf'NIX 
MODEL No. 454 

OR EQUIVALENT 

• ISI AND IS2 MEASURED WITH TEKTRONIX CURRENT 

PROBE P6019 AND TYPE 134 AMPLIFIER OR EQUIVALENT 
92CS-t7433 

Fig. 9 - Switching-time test set. 

140 ____________________________________________________________ __ 



__________ . __________________ High Speed 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: 
II High VCEO(SUS): 120 V 
• Maximum safe-area-of operation curves 
• Low saturation voltage: VCE(sat) $ 0.5 V 
• Fast switching speeds 
• High dissipation ratings: PT = 80 Wat 100°C 

= 140 W at 25° C 

RCA type 2N6354- is an epitaxial silicon n-p-n planar 
transistor with a multiple-emitter-site structure. The device 
is supplied in the JEDEC TO-204AA package. 

Typical high-speed switching applications for the 2N6354 
include sWitching-control amplifiers operated from a 48-V 
(nominal) power supply, power gates, switching regulators, 
dc-de converters, and power oscillators. 

- Formerly RCA Dev. No. TA7534. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

2N6354 

TERMINAL DESIGNATIONS 

92CS-27516 

JEDEC TO-204AA 

• COLLECTOR-TO-BASEVOLTAGE, VeBO ................................................................................. 1S0V 
COLLECTOR-TO-EMITTER VOLTAGE: 
With base open, sustaining, VCEO(SUS) .................................................................................... 120 V 
• With external base-to-emitter resistance (RBE) = 500 0, VeEX .............................................................. 130 V 

• EMITTER-TO-BASE VOLTAGE, VERO ...................................................................................... 6.5 V 
• COLLECTOR CURRENT (Continuous), Ie ................................................................................. 10 A 

COLLECTOR CURRENT (Peak) ......................................................................................... 12 A 
• BASE CURRENT (Continuous), I •....•..••••.•.. '" .••.•....•••...•••.•••.....••••••.••...•...•..••• , ....•..•.•••....••••.. 5 A 
• TRANSISTOR DISSIPATION, PT 

At case temperatures up to 2S·C and VCE up to 25 V ...••....•.....•.••••.•....••••••..•••.•...••.•.••....••...•......•.•.. 140 W 
At case temperature of 100·C and Ve. of 20 V ............................................................................. 80 W 
At case temperatures up to 2S·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) ................................................................................... ~5 to 200·C 

• PIN TEMPERATURE (During Soldering): 
At distance;;:: 1/32 in. (0.8 mm) from case for 10 s max ..................................................................... 230·C 

• In accordance with JEDEC registration data format JS~ RDF-1. 
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2N6354 

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

TEST CONDITIONS LIMITS 

DC VOLTAGE DC CURRENT 
CHARACTERISTIC SYMBOL 

VCE 

Collector· Cutoff Currentt 
ICBO · With em itter open 

With base open ICEO 100 · With base·emitter junction 
reverse·biased ICEV 140 

· At TC = 1250 C ICEV 140 

· Emitter·Cutoff Current lEBO 

· Emitter·to·Base Voltage VEBO 

Coliector·to·Emitter Voltage: · At breakdown, with V(BRICEO 
base open 

With external base·to 
emitter resistance VCER(susl f 

(RBEI < 100 n 

· Saturation Voltage: 
Collector· to· Emitter 

VCE(satl 

Base·to·Emitter VBE(satl 

· DC Forward Current 2 
Transfer Ratio hFE 2 

Forward·Bias Second· 
25 

Breakdown Collector IS/bc 
Currentd 

45 

Second·Breakdown Energy 
(\A';ith base re\f9(se biased, ES/bl 
RBE=51 n, L = 25 I'HI 

· Magnitude of Common 
Emitter. Small·Signal, 
Short·Circuit Forward Ihfel 10 
Current Transfer 
Ratio If = 10 MHzl 

· Saturated Switching Time: 
(See Figs. 11 & 121 tr 
Rise Time 

Storage Time 
tSl VCC ~ 

Storage Time INa Loadl 
30 

tS2 

Fall Time 
tf 

Output Capacitance 
Cobo (f = 1 MHzl 

Thermal Resistance: 
ROJC Junction·to·Case 20 

"'In accordance with JEDEC registration data format JS-6 RDF-1. 

apulsed: pulse duration s:. 3501'5, duty factor = 2%. 

bCAUTlON: The collector·to·emitter voltages, VIBRICEO and 
VCERlsusl, MUST NOT be measured on a curve tracer. These 

(V) 

VCB 

150 

10 

voltages should be measured by means of,the test circuit shown in Fig.5. 

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

(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 
sa 0.5 

loa 1.0 

50 
loa 

1 5 

1 

5 0.5e 

10 Ie 

5 0.5e 

10 Ie 

0.5 0.5e 

5 0.5e 

10 Ie 

1 

dPulsed; 1-s non-repetitive pulse. 

el B1 = I B2 = value shown. 

fL = 15 mH 

2N6354 UNITS 

MIN. MAX. 

- 5 

- 20 
mA 

- 10 

- 20 

- 5 mA 

6.5 - V 

120b -

V 

130b -

- 0.5 
- 1 

1.3 
V -

- 2 

20 150 
10 100 

5.5 -
A 

0.5 -

U • ., - mj 

8 -

- 0.3 

- 1 

- 1 
- 0.6 /.Is 
- 2 

- 0.2 
- 0.2 

- 300 pF 

- 1.25 °C/W 

9ES/b is defined as the energy at which second breakdown 
occurs under specified reverse bias conditions. ES/b = '!t.tL12 where L is 
a series load or leakage inductance and I is the peak collector current. 

142 __________________________________________________________ __ 



______________________________ High-Speed Power Transistors 

6 8 
10 100 

COLLECTOR - TO- EMITTER VOLTAGE (VCEl-V 

Fig. 1 - Maximum operating areas. 

6 8 
10 

COLLECTOR-TO-EMITTER VOLTAGE 

Fig. 2 - Maximum operating areas. 

2N6354 

92CS-20133RI 

92CS-2013ZRI 
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2N6354 

NOTE :CURRENT DERATING AT CONSTANT VOLTAGE 
APPLIES ONLY TO THE DISSIPATION-LIMITED PORTION 
AND 'SIb-LIMITED PORTION Of MAXIMUM-OP£RAnNG 
AREA CURVES· DO NOT DERATE THE SPECIFIED 
VALUE FOR Ie MAX. 

25 50 75 100 125 IS) 175 200 
CASE TEMPERATURE (TC I-·C 

92eS-lOI2' 

Fig. 3 - Derating curves. 

i1 tn' RICED tEVcERI ... I 
~u'OO --t- 2 -+-_. 
~t! Al AI 

~o 1200130 

COLLECTOR-TO-EMt"ER VOLTAGE eYCE)-V 

gZCS-ZOI28 

NOTE: The voltage., VIBRlCEO and VCERI.u.l 
are acceptable when the traea falls to the 
right of and above point "A", 

Fig. 5 - OScilloscope display for V(.R)CEO and VeER(SUS) 
measuremant (test circuit shown in Fig. 5). 

92CS-ZOI24 

Fig. 7 - Typical output characteristics. 

CHANNEL A 

TO 
TEKTRONIX 

L ::H ~~~tL~.c,~i. 
OR EQUIVALENT 

CHANNEL.S 

COMMON 

92CS-20U9 

Fig. 4 - Circuit used to measure voltages V(.R)CEO and 
VeER (sus). 

COLLECTOR-lO-EMITTER 
VOLTAGE IVeE)· 2 V 

0.5 I 1.5 
BASE-YO-EMITTER VOLTAGE IV~-Y 

92CS-20123 

Fig. 6 - Typical transfer characteristics. 

0,1 I 
. .. 

COLLECTOR CURRENT Ilel-A 

Fig. 8 - Typical normalized dc beta characterist/cs. 
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COLLECTOR-TO-EMITTER 'SATURATION VOl.TAGE [VCE"Clt~-V 

PULSE GENERATOR 
H-P No.214A,OR EQUIV. 

-1 1-.. 0 ,. • 

.Jl 
REP. RATE :!; I kHz 

High-Speed Power Transistors 

+2SV 

'0"", 
-4 TO-IV 

2N6354 

.:lOY 

DEVICE 
UNDER 
TEST 

92CS-20131 

Fig. 9 - Typical saturation voltage characteristics. Fig. 10 - Circuit used to measure switching times. 

Fig. 11 - Phasa relationship between input and output currents 
showing reference pOints for specification of switching 
times (test circuit shown in Fig. 11). 

PULSE DURATION = 20 IJ8 
REPETITION RATE = 1 kHz 
COLLECTOR SUPPLY VOLTAGE (Yee) = 30 V 
CASE TEMPERATURE (Tc) = 2&OC 

o 

COLLECTOR CURRENT (IC1-A 

Fig. 12 - Typical rise-and fal/-time characteristics. 

Fig. 13 - Typical storage-time characteristics. 
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2N6702,2N6703,2N6704 

High-Current, Silicon N-P-N 
VERSAWATT Transistors 
Switching Applications 
F •• tures: 
• Fast switching speed at temperatures up to 1250 C 
• Low VCE(sat) 
• VERSAWATT plastic package 

RCA-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. 

"Formeriy RCA Dev. Type Nos. TA9164A. TA9164B. TA9164C. 
respectively. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

* VeE\! 
V.e=-1.5V .................................................. .. 

* VCEO ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

* Vuo ............................................................ . 
le(sat) ••.•••.••••••••.•••••••••••••••.•••••••••••••••••••••..•• 

* Ie .............................................................. . 
ICM ............................................................ .. 

* I ............................................................... . 
* PT 

Tc up to 25·C ................................................. . 
T e above 25· C .................................. Derate Linearly 

* T.tg, TJ .....•....• o ••••••••••••••••••••••••••••••• 0 ••••••• 0 ••••••• 

* TL 
At distance 2: 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'~"1011 J± t t 
TOP VIEW B 

2N8702 

140 
90 

5 

92C5-39969 

JEDEC TO-220AB 

2N8703 2N8704 

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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* 

* 
* 

* 

* 

* 

* 

* 

* 

* 

* 

* 
* 

2N6702, 2N6703, 2N6704 
ELECTRICAL CHARACTERISTICS, at Case Temperature T C = 25°C Unless Otherwise 
Specified 

TEST CONDITIONS 

CHARAC· VOLTAGE CURRENT 
TERISTIC Vdc Adc 2N6702 

VCE V8E IC 18 Min. 

140 -1.5 -
ICEV 160 -1.5 -

180 -1.5 -
140 -1.5 -

TC = 125°C 160 -1.5 -
180 -1.5 -

lEBO -7 0 -

VCEO(sus)b p.Ol a 0 90 

2 0.2a 30 

hFE 2 4a -
2 5a 20 

VBE(sat) 
4a 0.4 -
5a 0.5 -
4a 0.4 -

VCE(sat) 5a 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=O.lMHz 

tdd -4 
4 0.4 -
5 0.5 -

t rd -4 
4 0.4 -
5 0.5 -

tsd -4 
4 O.4e -
5 0.5e -

tfd -4 
4 0.4e -
5 0.5e -

ROJC 4 5 -

• In accordance with JEDEC registration data. 
a Pulsed: pulse duration = 300 IlS, duty factor';;; 2%. 

b CAUTION: The sustaining voltage V CEOlsus) MUST NOT 
be measured on-a curve tracer. 

Max. 

100 
-
-

1 
-
-
100 

-

-
-
-
-
1.5 

-
0.8 
1.5 

-

40 

200 

150 

-
0.1 

-
0.25 

-
1 

-
0.5 

2.5 

LIMITS 

2N6703 2N6704 UNITS 

Min. Max. Min. Max. 

- - - -
- 100 - - /J.A 
- - - 100 

- - - -
- 1 - -
- - - 1 mA 

- 100 - 100 /J.A 

110 - 130 - V 

30 - 30 -
- - 20 -
20 - - -
- - - 1.4 
- 1.5 - -
- - - 0.7 V 

- 0.8 - -
- 1.5 - 1.5 

1 - 1 - 5 

10 40 10 40 

50 200 50 200 MHz 

50 150 50 150 pF 

- - - 0.1 

- 0.1 - -
- - - 0.25 
- 0.25 - - /J.s 
- - - 1 
- 1 - -
- - - 0.5 
- 0.5 - -
- 2.5 - 2.5 °CIW 

C VCB value. 
d VCC = 70 V, tp = 20 IlS 

e IB1 = -IB2. 
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2N6702,2N6703,2N6704 

COLLECTOR-TO-EMITTER VOLTAGEIVCEI-vI92CS_31848 

Fig. 1 - Maximum operating areas for all types 
fTC = 2SoC). 

10 100 
COLLECTOR-TO-EMITTER VOLTAGE IVCE'-V 

92CS-31849 

Fig. 2 - Maximum operating areas for all types 
fTC = 100°C). 
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,f,: 

I· ',- ", 
1.111'1 :1.'\!i'H' \ 

.: "I, .',' 

" 

types. 

I' 
I 

I' 
" 

f7g. 7 i"yplC:ii b-;;:h.'~ii,; (;t(JJtt;Jr .\.:JUU3UOO 

"DltBfj8 ch3rur.JfJ'ihi:'':: fl~j all t;,!pes. 

I 
I 
i 
10 

I 

1 
2 

--___ High-Speed Power Transistors 

2N6702, 2N6703, 2N6704 
- '0. 
~ . 
~ 4 

§ 2 ... 
u z I 

~ • • 13 4 

'" -' .. v 
~ 
~o.~ 
I- 6 z ... 

4 ;;; 
Z 

: , 
I-

0.01 

0.001 
2 4 6 0 .01 Z 4 6 80 .1 2 4 6 4 68 10 

PULSE WIDTH (tp)-s 92CS-31838 

Fig. 4 - Typical thermal-response chafBcteristic 
for all tVpes. 

IB'"I.C /IO 

1" 12 

" H 10 
I-
Z ... 
~ 8 

-' 

o 02 04 0.6 08 1 1.2 1.4 16 

COLLECTOR-TO-EMITIER SATURATION VOLTAGE [VCE(satl]-v 
92CS-31840 

Fig. 6 - Tvpica/ calleetar-ta-emitter satumtian 
voltage characteristics for all types. 

CASE TEMPER,tI.rUPE (Te)" 25°C 
COLLECTOR-TO-~M1TTER VOLTAGE (VCE):IOV 
FREQUENCY (f)=5 MHz 

~ 0 
0,' 04 0.6 0.8 I 

COLLECTOR CURRENT (IC)-A 
I,' 

92CS-31842 

Fig. 8 - Tvpica/ small-signal farward-current transfer ratio 
characteristic farall tvpes (f = 5 MHz). 
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2N6702, 2N6703, 2N6704 

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

92CS-3184:S 

Fig. 9 - Typical output characteristics for all types. 

92CS-31&45 

Fig. 11 - Typical saturated-switching-time charac­
teristics as a function of collector current 

for all types (T C - 1250 CJ. 

0.005 fLF 

2411 

1"50 fLF 

2g.TL~ 
I I 5011 = 
1..I-20,.S 

MIN 

FREQ= 500Hz 

4711 ISI1,2W 
NON IND 

VB2 
ADJ. FOR 1B2 

CASE TEMPERATURE (TC)=2S-C 

Ie = IC/IO.:tBI=IB2 
-70V, 20 ... 8 

o 3 4 5 6 7 
COLLECTOR CURRENT (IC)-A 

Fig. 10 - Typical saturated-switching-tlmecharac­
teristics as a function of collector current 

for all types (T C = 250 CJ. 

~ 108 
'1s.~ 6 

I I • 1"l 
~!::.o 2 

;:::::, ~~I~ 
~~ : 
t:jj 
!ii! 4 
"8 
8" 2 ..... 
~!:i 102 
_0 • 

~~ 6 

~~ 4 
ZZ 
00 
,.", 2 

~~ '0' 

~bo 

r---.. 
Cobo 

2 4 •• 2 4 •• 2 4 •• 
COLlECTOR-TO-BASE VOLTAGE (VCB)-V OR 
EMITTER-TO-BASE VOLTAGE (VEB)-V 92CS-31846 

Fig. 12 - Typical common-base input (Cibol or 
output (CoboJ capacitance characteristic 
for all types. 

RC' 15-2011, lOW 

NONIND 

DEVICE 
UNDER 
TEST 

VCC' =+ 
70V 

QI, Q2 = 2N6354 
Q3 = 2N3762 

Q4,Q5, 
Q6, Q7 = CA3725 QUAD 

TRANSISTOR 
ARRAY 

* THIS CONNECTION 
SHOULD BE MADE AS 
CLOSE AS POSSIBLE TC 
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:1. 90 % 

A 10% 
o I 

I 
I W 90% 

1B2--t---------1 
IC--I- I i C 90% I 

I 
I 

.... A-B ... x-v 

.,. B-C 'to v-z 
'trllllilion • x-w 
NOTE: TRANSITION TIME 
FROM 110% IB, TO 110% lliz MUST 

BE LESS THAN 0.5 jlL 

92CS- 30381RI 

Fig. 14 - PhJJse relationship between input and 
output currents showing reference 

points for specification of switching 
times. 

2N6702,2N6703,2N6704 
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TIP562, TIP563 File Number 1212 

Silicon N-P-N 
Switching Transistors 
For Switching Applications in Industrial and Commercial 
Equipment 

Features: 

- VeEO - 300 V and 400 V 
-/e-10A 
• PT-1oo W 

TERMINAL DESIGNATIONS 

The RCA-TIP562 and TIP563 silicon n-p-n power transis­
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 RCA-TIP562 and TlP563 transistors are supplied in 
steel JEDEC TO-204AA hermetic packages. 

JEDEC TO-204AA 

MAXIMUM RATINGS, Absolute-Maximum Values: 

Vceo ..................••.....••••.••...•••.•.•..• 

VCEOISUS) •••••••••••••••••••••••••••••••••••••••••• 

TIP562 
300 
300 

VESO ••••••••••••••••••••••••••••••••••••••••••••• ____________ _ 8 
Ic ..••.•..••...••.•..•••..•••..•••••.••••.••••.... ___________ _ 10 
IcM .•••••.••....••.•.•••..•••..••.•...•••..•••.... ___________ _ 15 
I •................................................ ____________ _ 2 
Pr: 

At Tc up to 100'o C ........................... ___________ _ 100 
TJ,T" •.....•...................................... ----------- -85 to +200 
Te: 

At distances;;:' 1116 in. (1.58 mm) 
from case for 10 s max ....•..•••.•.••.••••••.• ___________ _ 200 

IU, 

I : 
~ 2 

I I , · · I 2 
........ f-" 

e: 01 

~ 
, · · ! 2 

0.01 
50 100 150 200 250 2 .. , 2 '88 

CASE TEMPERATURE(Tc )_·C 0001 001 0.1 
2 

TIP563 
400 
400 

.. , 
92CS-322'O PULSE WIDTH Up) - • 

2 .. , 
9tCS-lOS81 

FIg. 1 . Dissipation daratlng curve. Fig. 2 • Typical therma/-response 
characteristic. 

V 
V 
V 
A 
A 
A 

W 

°C 

°C 

10 
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TIP562, TIP563 
ELECTRICAL CHARACTERISTICS, At Case Temperature (TC)=25"C 
unless otherwise specified 

TEST CONDITIONS LIMITS 
CHARAC- VOLTAGE CURRENT 

TIPS82 TIPS83 TERISTIC Vdc Adc 

VCE VSE IC IS Min. Typ. Max. Min. Typ. Max. 

ICEO 
270 - - 0 - - 1 - - -
360 0 1 - - - - - - -

ICBO, 30Qb 100 
IE=O 400b - - - - - - - - 100 

lEBO - 8 0 - - - 5 - - 5 
VCEO(sus)8 - - 0.1 - 300 - - 400 - -
VBE(sat)a - - 10 1.66 - - 1.4 - - 1.4 

10 1.66 1.2 1.2 VCE(sat)2 -
- - 15 5 - - 2.0 - - 2.0 

hFEa 4 - 1.0 - 20 - - 20 - -
4 - 10 - 8 - - 8 - -

ISIb, tp 
= 1 s, non· 40 - - - 2.S - - 2.5 - -
repetitive 

td ~CC= 
-5.2 10 2 - .05 - - .05 -160 V 

tr ~CC= -S.2 10 2 
160 V - O.S - - 0.5 -

ts !VCC= 
(IBl =IB2) 160 V 

-S.2 10 2 - 1.2 - - 1.2 -
tf !'ICC = -5.2 10 2 - 0.3 - - 0.3 -(lBl = IB2) 160 V 

Ite 
VCC=13SV - -6 10 2 - - 700 - - 700 L=50JAH 
RC=13.5Q 

ReJC - - - - - - 1.0 - - 1.0 

aPulsed, pulse duration = 3OO,.s, duty factor <2%. bVeB value. 

UNITS 

mA 

JAA 

mA 

V 

A 

JAs 

ns 

°c/w 

COLLECTOR-TO-EMITTER VOLTAGE 
400( VCE)-2V 

1.2IB=IC/6 

0 

Ii 
0: 

ffi 
~ 
~ 
0: 
I-

~~ 
l= 
::> 

" I 

IE 
~ 
~ 
g 

I 2 

lJE TEMP ATURE Jc)=,dsoc 
'00 -.... • 

6 
20' 

"'" 4 l'. 

-Lc ~ 2 

" r- r-----
'0 • 
• 

6 8 6 8 
U ~ W 

COLLECTOR CURRENT (Ie) - A 

92CS-31452 

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

~ , 5 
V' > 

z 40·C 
Q> ~10~El1Cy~ 
~.b 08 I----c 1E"PE~ - '" / 

~~ 
sE ....--' 'fi'.,C 

0: '" 
I- V /'r-' 

~~O.6 f..-~ .,/' 

........... ,. 
'l' 
0 
l-
I 

~ 
V -0.41--

0.2 

o 2 • • • 2 4 6 • 2 • I 10 60 
COLLECTOR CURRENT (IC)-A 

92CS-32252 

Fig. 4 - Typical base-to-emitter saturation 
voltage characteristics for 
both types. 
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TIP562, TIP563 

II: 
g 
U 
III 
oJ 

8 8 

COl..LECTOR-TO-EMITTER VOl..TAGE(VCEI- v 

Fig. 5· Maximum operating areas (T C= 100·C). 

I 
COLLECTOR CURRENT (Ie' - A 

92CM-32261 

92CS-322!H 

Fig. 6 • Typical col/ector·to-emitter saturation 
voltage characteristics for 
both types. 
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High-Voltage Power Transistors 

2N3439,2N3440,2N4063,2N4064 

High-Voltage Silicon N-P-N 
Planar Transistors 
For High-Speed Switching and 
Linear-Amplifier Applications 
F •• turel: 
II 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) 

II MaxImum safe-area-of-operation curves 
II Low saturation voltages 

RCA-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. 

These transistors are intended for industrial, commercial, 
and military equipment. Typical applications Include high­
voltage differential and operationai 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 the JEDEC 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: 

1Ir Vcao ••••• 0 •••••••• 0 ••••••••••••••••••••••••• 0 •••• 0 ••• 0. , •••••••••• _ •• , ••• , ••• 

" Veeo(SUS) ••••.•••••••••••••••••..•••••••••••.•.•••.•••..••••..••.•..........• 
ill VEao ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••.. , •. 

" Ie •••••.•••••••••••.•••.•..••.••••••••••••••.••••.••••.•• ·.•••·•••·······••··· 
* la •••••••••••••••••••••••••.•••••••••.•.•••..••••.•••..••.• •·•••••· .••.•....• 

Pr: 
Te:525·C .............................................................. . 

T.:550·C .............................................................. . 

T e > 50· C .............................................. Derate Ilro"'a,ly M 
.. Tltgl TJ ••.•••..•.•.•..••......•........•..•..............•.................. 0. 

" T L (During soldering) 
At distance 1/32 In. (0.8 mm) from case for 10 s max .••.•••...••.•.....•..•• 

"2N-types in accordance with JEDEC registration data. 
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High-Voltage Power Transistors 

2N3439,2N3440,2N4063,2N4064 
ELECTRICAL CHARACTERISTICS, At Case Temperature (T CJ = 25'C 

TEST CONDITIONS 

CHARACTERISTIC VOLTAGE CURRENT 
Vdc 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 20a 
hFE 10 ~ 

VCEO(sus) 50a 0 

VBE(sat) soa 4 

VCE(sat) 50a 4 

Re(hie) 
f= 1 MHz 10 5 

hfe 
f = 1 kHz 10 5 

Ihfel 
f = 5 MHz 10 10 

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

Cib 
f = 1 MHz -5 0 

IS/b 
t = 1 5, 200 
nanrep. 

ROJC 

ROJA 2N3439,2N3440 

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

B Pulsed, pulse duration = 300/.15, 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 - - -

3501» - 2501l -

- 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 CAUTION: Sustaining voltage VCEO(susl MUST NOT be measured on a curve tracer. 

UNITS 

I.lA 

I.lA 

mA 

I.lA 

V 

V 

V 

n 

pF 

pF 

mA 

°C/W 
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High-Voltage Power Transistors ____________________________ _ 

2N3439, 2N3440, 2N4063, 2N4064 

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

Fig. 7 - Maximum operating areas for 2N3439, 2N3440, 2N4063, and 2N4064. 

o 25 so 75 100 125 150 115 200 
EFFECTIVE CASE TEMP. OR CAn TEMP. {TEFF OR TC1--C 

92C$-21992 

Fig. 2 - Cu"ent derating curve for 
all types. 

-\00 -50 0 50 100 150 200 
AMBIENT TEMPERATURE (TAJ-oC 

Fig. 3 - Dissipation derating curve for 2N3439 
and2N3440. 

158 ________________________________________________________________ _ 



COU£CTOR-TO-EMITTER VOLTAGE tyeE) • lOY 

~ 12 I II 1111l.r~ 
J.I.~.,/ " Q 

~ 
0: 

I 
i 
i 
g 

I ""~~ 100 .. ,~ 
£~t.~ 80'-- 0 ."..0 ...::-r 

60 \ 
\ 

40 J ••• C - "':" 
20 , \ 

\ 

0.1 I 10 ° 00 2 . 0, 
IJOO 

Co..LECTOR CURRENT IICl-mA 
92LS-I599 

Fig. 4 - Typical de beta characteristics for all types. 

COLLECTOR-TO-EMITTER VOLTAGE IVCEI-V 
921..S-1600 

Fig. 6 - Typical output characteristics for all types. 

6V 

-Vee 

+Vcc (0 TO sov 100 mAl 

In 
O.5W 

COMMON 

TO 
HEWLETT-PACKARD 

OSCILLOSCOPE 
MODEL 130B 

OR EQUIVALENT 

92CS-12613RI 

Fig. 8 - Circuit used to measure sustaining voltage 
V CEO(sus} for all types. 

High-Voltage Power Transistors 

2N3439,2N3440,2N4063,2N4064 
COLLECTOR-TO-EMITTER VOLTAGE IVCE} ~ I OV 
CASE TEMPERATURE (T c). 25° C 

~30r--+-+-rrHtH---t~~dtHt--~~++tH~ 
I 

t25r--+-+-rrH+'~"~-'-t-t,,++Nt--~~++tH~ 
120~~~-t7f~r--t-t-HHi~'-~~++++~ 

\ ~I' 1/ 

~IO~~~-+++~~-+-+-HH4~-\-H-H++++~ ; / 

~ , ~~~---ttt-~r--t---t-HHittt--+~++++~ 
4&8 4&8 

10 100 
COLLECTOR CURRENT (ICI- mA 

... 1.000 
921.9-1598 

Fig. 5 - Typical gain bandwidth product for all types 

BASE-TO-EMITTER VOLTAGE (VaEI-V 

Fig. 7 - Tvpical transfer characteristics for all types. 

o 
COLLECTOR-TO-EMITTER VOLTAGE ('t~-v 

92CS-12611RI 

The sustaining voltage VCEO(sus) is acceptable when the 
trace falls 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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Hlgh-Vo.ltage Power Transistors 

2N3583-2N3585, 2N4240 

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 coliector current 

RCA-2N3583-, 2N3584-, 2N3585-, and 2N4240-, are silicon 
n-p-n transistors with high breakdown voltages and fast 
switching speeds. 

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

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

All types utilize the JEDEC TO-213AA package. 

-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, VEBO .............................. .. 
• CONTINUOUS COLLECTOR CURRENT, Ie .•.............. '" ....•.. 
• PEAK COLLECTOR CURRENT ...................... , .............. . 
• CONTINUOUS BASE CURRENT, I •.................................. 
• TRANSISTOR DISSIPATION, PT 

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

2N3583 

250 
175 
6 
1 
5 
1 

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

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

• PIN TEMPERATURE: 
At distance 1/16 in. (1.58 mm) from seating plane 
for 1 0 s. max. .. ................................................. . 235 

File Number 138 

TERMINAL DESIGNATIONS 

92CS-27516 

JEDEC TO-213AA 

2N3585 
2N3584 2N4240 

375 500 
250 300 
6 6 
2 2 
5 5 
1 

35 35 
Derate Linearly at 0.2 
Derate Linearly to 200 

-65 to +200 

235 235 

V 
V 
V 
A 
A 
A 

W 
W/OC 

• In accordance with JEDEC registration data format J5-6 RDF-2 (2N3583), JS-6 RDF-1 (2N3584, 2N3585, 2N4240). 
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High-Voltage Power Transistors 

2N3583-2N3585, 2N4240 
ELECTRICAL CHARACTERISTICS at Case Temperature (TCI = 250 C Unle .. Otherwise Specified 

TEST CONDITIONS LIMITS 

CHARACTERISTIC SYMBOL VOLTAGE CURRENT UNITS 
Vdc mAde 2N3583 2N3584 2N3585 2N4240 

Vca VCE VEa VaE Ic Ie Ie MIN. MAX. MIN. MAX. MIN. MAX. MIN. MAX. 
Collector-Cutoff Current ICED 150 0 10 5 5 5 rnA 

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

450 -1.5 1.0 2.0 

At TC = 1500C ICEX 
225 1.5 

rnA 
300 -1.5 5.0 

Emitter-Cutoff Current lEBO -6 5.0 0.5 0.5 0.5 rnA 

750- 10 100 
1 A- 80 80 

DC Forward-Current 
hFE 

10 100- 40 40 40 40 
Transfer Ratio 10 500- 40 200 

10 750· 30 150 

10 1 A- 10 25 100 25 100 

Collector-to-Emitter 

Sustaining Voltage: 
V 

With base open VCEO(sus) 200 175- - 250· - 300· - 300· -
With external base-to- 250 1.0 

emitter resistance leER 300 1.0 rnA 
(RaE) ~5On 400 1.0 ..,- 1.0 

Base-to-Emitter 
VBE(satl 

7508 75 1.8 
V 

Saturation Voltage 1 A' 100 1.4 1.4 1.4 

Collector-to-Emitter 
Vce(satl 7508 75 1.0 

V 
Saturation Voltage lA' 125 0.75 0.75 

SmaU-Signal Forward 

Current Transfer Ratio 
hie 

f"'5MHz 10 200 3 

f = 1 kHz 30 100 25 350 

Magnitude of Common-

Emltter,Small-Signal, 
Short-Circuit. Forward Ihl.1 10 200 

Current Transfer Ratio 

f=5MHz 
Output Capacitance. 

Cobo 10 0 120 120 120 120 pF 
VeB = to V,f = 1 MHz 

Second-Breakdown 

Collector Current 
with base forward- ISlb 100 350 350 350 350 rnA 

biased--
(See Figs. 1 & 2) 

Saturated Switch'mg 

Time (VCC = 200 VI: VCc) lA 100 

Rise Time " 200 750 75 0.5 

~, 

Storage Time 
VCC) 1 A 100 

" 200 750 75 

Fall Time 
vcc) 750 75 

'1 200 lA 100 

Thermal Resistance: 
RSJC 

Junction-to.case 

70 70 70 70 °C/W 
Junctlon-to-Amblent RSJA 

-In accordance with JEDEC registration data format JS-6 RDF·2 (2N3583). JS-6 RDf·1 (2N3584. 2N3585, 2N42401 

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

- - Specified value of ISlb for given value of VeE as base voltage is increased from zero in e positive direction. 

• Pulsed, pulse duration = 300 /-ls; duty factor ~ 2%. 
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High-Voltage Power Transistors 

2N3583-2N3585, 2N4240 

"" I 
u 
!:! 
I-
Z 
11/ 
II: 
II: 
:::> 
0 

II: 
0 
I-
0 
11/ 
...J 
...J 
0 
0 

6 8 
10 100 

COLLECTOR-TO-EMITTER VOLTAGE (VCE)-V 

6 8 
1000 

9255-2790 

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

0.1 

6 

4 

4 6 8 6 8 
10 100 

COLLECTOR-TO-EMITTER VOLTAGE (VCEJ-V 

6 8 
1000 

9255-2791 

Fig. 2 - Maximum operating areas for types 2N3583. 2N3584. 
2N3585. and 2N4240 (pulse conditions). 
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1.0 1.2 1.4 1.6 

COLLECTOR CURRENT (IC)-A 
9255-3129 

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

CASE TEMPERATURE (Tel. 2S-t 

BASE-TO-EMITTER VOLTAGE (YBEI --4V 

INDUCTANCE IL). 100 .... 

.. 

I 

o 10 20 30 40 
EXTERNAL BASE-TO-[MITT[R RESISTANCE (RSEI-A 

92:55-3117 

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

SIb LIMITE 

25 50 75 100 125 150 175 200 
CASE TEMPERATURE (Tel-OC 

9255-2796 

Fig. 7 - Dissipation derating curves for all types. 

8 
" .. 
~ 

High-Voltage Power Transistors 

2N3583-2N3585, 2N4240 

CASE TEMPERATURE 1Tc)-25-C 
BASE-TO-EMITTER VOLTAGE (YSE,--4V 
EXTERNAL BASE-TO-EMITTER RESISTANCE tReE'-20.n 

100 200 300 
INDUCTANCE IL)-~H 

92CS-20001 

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

CASE TEMPERATURE (Tel· 25-C 
EXTERNAL BASE-lO-EMITTER 

RESISTANCE (ReE) • 20 Q 
INDUCTANCE tLI· IOO,..H 

-8 -6 -4 -2 
BASE-TO-[MITTER VOLTAGE (VBEI-V 

o 

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

AMBIENT TEMPERATURE (TAI-OC 
92SS-2566RI 

Fig. 8 - Dissipation derating curve for types 2N3583. 2N3584. 
2N3585. and 2N4240. 
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High-Voltage Power Transistors ____________ :...-______________ _ 

2N3583-2N3585, 2N4240 

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

'2CS-2000l 

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

I 2.0 
COLLECTOR CURRENT (Ic)-A 

92SS-3126RI 

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

92SS-3125RI 

Fig. 13 - Typlca/fall time vs. collectorcurrentfor types 2N3584 and 
2N3585. 

COLLECTOR-TO-EMITTER VOLTAGE (¥cE).1O v 

P WGf-OfF il 
c 40 ~ II II E 
I Jl ;t .. il / is 
§ 

20 J. / 7 
" / ~ "'J 

II II / 
10 

V / 
0 V --- --- ..... 
Q.4 o.e 0.8 LO 1.2 

8ASE-TO-EMITTER VOLTAGE eVaE)-Y 
92$S-3I'1 

Fig. 10 - Typical Input characteristics for all types. 

~~~~~I~I~:A~~~~: ~g6~ PULSES/s 
COLLECTOR SUPPLY VOlTAGE (VCC)·200V 
CASE TEMPERATURE (T c) " 25'"C 
I.SI "'IB2 

I I. 14 
COLLECTOR CURRENT I:IC)-A 

92SS-3IZ8F11 

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

'l. 
1. 

'" " 
" a8 

" if 

'" 0 .• 
0 

:. 0.4 .. .. 
.. a2 

PULSE DURATION = 20 ,,8 
REPETITION RATE -1000 PULSES!s 
Ie :;IA; I.& "O.IA 
CASE TEMPERATURE (TC_'·2S-C 

I. 

If 

I, 

. 
28 t 
2.6 .:. .. .. .. 
2.4 IIJ 

lil 
2.2 ~ 

50 100 150 200 250 300 350 
COLLECTOR SUPPLY VOLTAGE (Vee I-V 

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-TO EMITTER VOLTAGE (VCE):IOV 

200 

I" 

COLLECTOR CURRENT (IC)- mA 
92$5-3120 

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

~ oi:~S 
a." 

60 W 

Hz YCEo'IUS)OS 

• I=---+----' 
392~HM IV 

NOTE. L I = 20 mH 10' VCEO(sus) 
= 5 mH for VCER(sus) 

CHANNEL A 

LI (NOTE) TO 

HEWLETT-PACKARD 
OSCILLOSCOPE 

~16'::A~lS" 

CHANNEL a 

COMMON 

o TO MV 
(500 mAl 

9ZCS-12586R2 

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

INPUT FROM 
HP-214A 

PULSE 
GENERATOR 

(ZG = 50 OHMS) 

-Vss 
lei = IB2 

'A OHMS 

Vee 

INPUT PULSE DURATION = 20 pI 

OUTPUT TO 
OSCILLOSCOPE 

92CS-12585RI 

Fig. 19 - Circuit used to measure switching times for types 2N3584 
and 2N3585. 

High-Voltage Power Transistors 

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

~ 
200 I 

~ 12~'C 
'" - """1 ..... ~ 150 

~ I 
" ~ 

~.z~ , 
'00 .;¢<;\-<.t. 

~ 1-- ~""""/ I 
£~ -5J·C 

~ 50r-~" - I ~ A" I - - , 
l\ 

g a I I 'II'~ 
2 4 6 a 2 4 • a 

10 102 
2 488 2 4 .a 

COLLECTOR CURRENT (Ic)-mA 
9255-3130 

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

VCEO(SUS) VCER(susJ 

I""--+-, +, -"!-, 
" , 

200 -~~-tc-
" , 
" , 
:: I 

I : 
--.hI 

t I Ie 
I 11 

, " , " 
175 250 300 a 250 300 400 

COLLECTOR-TO-EMITTER VOLTAGE (Vce-V 

92CS-I2875RI 

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

Fig. 18 - Oscilloscope display for measurement of sustaining 
voltages. 

... 
~~I-__ ~_.-____ ....I.+_~7j-_ ..... TIME 

",'!j 

" 

TIME 1"'0-. __ 

1--_--4---'-TU'VtM~FF 

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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High-Voltage Power Transistors 

2N5239, 2N5240 File Number 321 

High-Voltage, Silicon N-P-N Transistors 
For High-~\)eed Switching and Linear-Amplifier Applications in 
Industrial Cind Commerical Service 
Features: 
• High voltage ratings: VCER[SUSj 

=350 V, RaE :5 50 0 (2N5240) 
=250 V, RaE :5 50 0 (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 VCE = 125 V 
• Maximum area-ot-operation curves for dc and pulse operation 

The RCA-2N5239 and 2N5240. are multi epitaxial silicon 
n-p-n power transistors. 

TERMINAL DESIGNATIONS 

C 
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. 

E",,- (FLANGE) 

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

B~ 
92CS-27516 

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

MAXIMUM RATINGS, Absolute-Maximum Values: 

*Vcao ....................................................................... . 

VeER(SuS) 
R.E:S500 ....................••............................•.........•..... 

·Vceo(sus) .•.............•................ '" ........•.............•.......... 

2N5239 
300 

250 
225 

*VEBO .•...••.••••••....••..•..••••••...••••...••...•....••..••...•....•.••.•. ______ _ 6 
'Ie •...............................................••...•..................... ______ _ 5 
·1 •........................................................................... ______ _ 2 
'PT: 

Te:S 25°C and VeE:S 125 V •..............................•.....•.........•. ______ _ 100 
Te:S 25°C and VeE:S 125V .................•....•.............••........... _____ _ See Fig. 1 
Te>25°CandVeE >125V ...••...•..•............................•........ _----- See Fig. 1 

·T ... ,TJ ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• ------ -65 to 200 
TL 

At distance 2:1/32 in. (0.8 mm) 
from seating plane for 10 s max ....................••...........••.......... ______ _ 230 

• In accordance with JEDEC registration data 

2N5240 
375 V 

350 V 
300 V 

V 
A 
A 

W 

°C 

°C 
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High-Voltage Power Transistors 

2N5239, 2N5240 
ELECTRICAL CHARACTERISTICS, At Case Temperature {Tc} = 2S·C unless otherwise specified 

TEST CONDITIONS LIMITS 

CHARACTERISTIC 
VOLTAGE CURRENT 

2N5239 2N5240 
Vdc Adc 

VCE VaE Ic I_ Min. Max. Min. Max. 

ICEO 200 0 - 5 - 2 

300 -1.5 - 4 - -
ICEV 

375 -1.5 - 2 - -
ITc = lS0·C) 300 -1.5 - 5 - 3 

lEBO {VEB = 5 V} 0 - 5 - 1 

(VEB= 6 V) 0 - 20 - 20 

VEBO 0.02 6 - 6 -
VCEO{SUS)a 0.2b 225 - 300 -
VCER{SUS)a {RBE < 50 m 0.2b 250 - 350 -

10 0.4b 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 hr.l!f = 1 MHz) 10 0.2 2 - 2 -
hr. (f = 1 kHz) 10 4 20 - 20 -
IT 10 0.2 2 - 2 -

Cobo (f = 1 MHz) 10c 0 - 250 - 250 

R9JC - 1.75 - 1.75 

• In accordance with JEDEC registration data. 

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

b Pulsed; pulse duration::; 350 JJS, duty factory::; 2%. 
c VCBvalue. 

U NOTE:CUARENT DERATING AT CONSTANT VOLTAGE APPLIES 
ONLY TO THE DtsSIPATION-LiMITED PORTION AND l:Slb 
LIMITED PORTION Of' MAXIMUM-OPERATING-AREA CURVES. 

~I DO NOT DERATE THE SPECfFIED VALUE FOR Ie MAX. 

Ii· 
ii-

o 25 50 75 100 12e 150 

CASE TEMPERATURE (T c) _·c 
175 200 

COI..LECTOR-TO-EMITTER VOLTME (VCEI-IOV 

140 

S! III 
= ,iCI.'2S"C 

I~ e:-d-
~~/-~ ~ 5 20 - -lI,< ;'" \t'\. .. 

~ 1\ i fO 

i 
g 

o.of QI LO 
COLLECTOR CURRENTllc)-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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Higl1-Voltage Power Transistors 

2N5239, 2N5240 

II 8 1000 
COLLECTOR-TO-EMITTER VOLTAGEIVCEI- V 

92CM-3eo79 

Fig. 3 - Maximum operating areas for both typas. 

BASE-T<H:MtTTER VOLTAGE ('118£)-'11 

Fig. 4 - Typical transfar characteristics for both 
types. 

~TQooEIIITTEIt YOLTACIII'tE,)-1Q V 
CAa TDIPIItATURE ,1t)-25· C 

! 'r--+~++HtK-~-+-H~~--~~~+H 

T 7r-~HK~r-+-HH~~1-HH#m 

i :r-+~~~~-+I'~~~~-rH+~ 
~ '/ 
! 'r-~++~~~-++H~~+-rr~~ 
, .r-~~~+4~~~~+H#m 
I !~~~~~~~4+~ 

o.ot • • • OJ • •• 1.0 10 

COL.L£CTOR CURRENT Uc)-A 
,1Ll-1t7l1l 

Fig. 6 - Typical gain-bandwidth product as a 
function of col/ector current for both 
types. 

COLL£CTOII-ro-EIIIIMU __ '''cr-Y __ 

Fig. 5 - Typical output characteristics for both 
types. 

! •.• 

I 
~2 

~ 
;:. 1.5 

0.0 

PULSE WDTH It 20 PI 
REPETITION RATE • 500 PULSES" 
COLLECTOR SUPPLY VOLTAGE <Vccl-3Q v 
CASE TEMPERATURE (T C 1- 2S·C 

0.5 US 22.533.5 

COLLECTOR CURRENT ac)-A 
9ZLS-1t101t1 

Fig. 7 - Typical saturated-switching time 
(storage) as a function of col/ector 
current for both types. 
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92LS-1969R 1 

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

zao 150 
COLLECTOR-TO-IEMITTER VOlJ'AGE: (veE) - V 

."'-Ie?T'" 

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

'" 

PULSE GENERATOR 
INIWLETT-PACKARD 
IlIA. OR EQUIYAUN'I') 

twITCM,"G TIME 
tIIAIUR'D AT 
Ie· to 11,- to 'I. 

High-Voltage Power Transistors 

2N5239,2N5240 

CHANNIL A 

V ••• -I Y OSCIL.L.OSCOP£ (TEKTRONIX '41" 
0fI I!QUJVALI!NT.» 

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

CHANNEL A 

TO 

15 H~:,II~-=RO 
mH MODEL No.130B. 

OR EQUIVALENT 

CHANNEL 8 

COMMON 

_ OTOSOY =- (SOOmA) 

t2l.1-1181"2 

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

=:WI-___ ol_-. _____ *-II-_71_......;TIME 
:I!i 

u ,INPUT ...... FORIII 

I , , 
I 
I , 

c.====l==::Li-·o .... 

~!z 
I 
I 

I_~"I JO .... ~i'-__ -+-1' TIME 

t. TURN-OFF 
TIME 

OUrPUT IIMVE FORII 

92CS-I2874 

Fig. 12 - Phase relationship between input and 
output currents showing reference 
points for specification of switching 
times. 
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High-Voltage Power Transistors ____________________________ _ 

2N5415, 2N5416 

Silicon P-N-P High-Voltage 
Planar Transistors 
For High-Speed Switching and Linear-Amplifier 
Applications in Military, Industrial and 
Commercial Equipment 

Feature.: 
_ 2N5415: p-n-p complement of 2N344(J" 

2N5416: p-n-p complement of 2N343fJ" 
_ Maximum safe-area-of-operation curves 
_ High voltage ratings: 

VCBO = -350 V max (2N5416) 
VCEO = -300 V max. (2N5416) 

-200 V max. (2N5415) 

The RCA-2N5415 and 2N541 B- 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 TA2819 and TA2819A. 
"Data on types 2N3439 and 2N3440 are given in 

RCA data bulletin File No. 64. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

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

VeER 
RBE =50n .............................................................. . 

.. VCEO •••••••••••••••••••••••••.••••••••••••••••••••••••••••••••••••••••••••••• 

.. Veao ... ................... , ....... '" ..................................... '" 
• Ie •.•....••.••.•...•..••••••.••••..••.••...••.••...•..•.••.•.••••••••...•••... 
• lB ••••••••.••••••••••••••••••••••••••••••••••••••••••••••.•••••••••••••••••••• 

TcS 25·C ••••..•....•••.••••.••••.•.•.•••.•••••••.•••••....••••••.•••••• 
Tc >25·C •••...•.•.•••.•.•••.••..••..•••..•••••..•••••.•...••••••..••••. 
TeS50·C ••..•.•••••••.•••...••.•.•..••••••.••.•.••.•..•••••••••••.••... 
Te > 50· C .•....•••.... : •••.•.••.••..•.•.••..••.••••..•• Derate linearly at 

* T.tg, TJ ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

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

'In accordance with JEDEC registration data format (JS-9 RDF-8). 

File Number 336 

TERMINAL DESIGNATIONS 

,~"~,, 
92CS-27512 

JEDEC TO-20SAD 

2NS415 2N5416 
-200 -350 V 

-350 V 
-200 -300 V 
-4 -6 V 
-1 -1 A 

-0.5 -0.5 A 

10 10 W 
See Figs. 1 & 2 

1 1 W 
6.7 6.7 mW/·C 

-65 to +200 ·C 

255 ·C 
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High-Voltage Power Transistors 

2N5415,2N5416 
ELECTRICAL CHARACTERISTICS, Case Temperature (TC) = 25°C 

TEST CONDITIONS LIMITS 

CHARACTERISTIC VOLTAGE CURRENl UNITS 
Vde mAde 2N5415 2N5416 

VCS VCE VSE IC IS MIN. MAX. MIN. MAX. 

-250 0 - - - -50 

ICEO -150 0 - -50 - - I1A 

ICBO -280 - - - -50 
IE = 0 -175 - -50 - - I1A * 

-300 1.5 - - - -50 

ICEV -200 1.5 - -50 - - I1A 

lEBO 
6 0 - - - -20 
4 0 - -20 - - I1A * 

-10 -50b - - 30 120 

* hFE -10 -50b 30 150 - -
VCEO(sus) -50 0 -20oa - -30oa - V 

VCER(sUS) -50 - - -35oa - V 
RBE = 50 n 

VBE -10 -50b - -1.5 - -1.5 V 

VCE(sat) -5ob -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 n 

f = 1 MHz 
* 

Cib 5 0 - 75 - 75 pF 
f = 1 MHz 

* 

Cob -10 - 15 - 15 pF * 
f = 1 MHz 

ISlb -100 HOO - -100 -
rnA 

tp = 0.4 S nonrep. 

ROJC - 17.5 - 17.5 °CIW 

• In accordance wIth JEDEC registratIon data format (JS·g RDF-81. 

a CAUTION: The sustaining voltages VCEO(sus) and VCER(sus) MUST NOT be measured on a curve tracer. 
b Pulsed: Pulse = 300 IlS; duty factor ";;2%. 
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High-Voltage Power Transistors 

2N5415, 2N5416 

0-
Z 

"' '" '" => 
U 

II: g 
U 

"' ..J 

8 

-I 

-I -10 -100 

COLLECTOR -TO -EMITTER VOLTAGE (VCE1- V 
92CS-1766BRI 

Fig. 1 - Maximum safe operating areas. 

25 50 75 100 125 150 17!S 200 
CASE TEMPERATURE (T c) - ·C 

Fig. 2 - Dissipation derating curv .. 

i m~-+--~~H,--~~-+~r--r--t-rti , 
~ "f----+--I--I-+hf-/t--t--\-tt--+----+-tti 

I "r--r-+-hf+----+---t----t-++--t---t--Hi 
~ 
~ mr-+~~44--+-_+-t~--I--+~H 

! 
~ lO~~~~~~t-~t--+--+-t+ir-+--+-Tii 

-, , " -lO .. , _'00 
COlLECTOR CURRENT (Ie) _ mA 

Fig. 4 - Typical gain-bandwidth product for 
both types. 

'" ~ 18of--+-++++--+-++++--+-++++-+-+-H-l 
:i '6°r-+-~Hi~ _~~ •• ;:C'-H-t=+....J:+H---+--++H 
~ 140~+--r~¥'-~--rti+~--T~~+--r-+~i 

-0.1 2 <4 6! I 2 4 6 !IO 2 4 6 !lIOO 2 4 6 ~IOOO 
COLLECTOR CURRENT(Ic:I-mA 

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

I DC OETA 'IC"O"'0 

r 
_0.2._ 

-20 -40 •• ' o 
COLLECTOR CURRENT IIcl-rnA Il<:S-ITOI2 

Fig. 5 - Typical collector-ta-emitter saturation 
voltage for both types. 
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~ 

i 
~ 
~ 
~ 

BASE-lD-EMITTER VOLTAGE {VaEl-V 92CS-221546 

Fig. 6 - Typical input characteristics for 
both types. 

_80 

-60 

COLLECTOR·lO·EMITTER VOLTA.GE (VCE) _ v 
92SHI2!RI 

Fig. 8 - Typical output characteristics for 
both types. 

BASE_lD_EMITTER VOLTAGE (Vse) _ v 
92SSo3722RI 

Fig. 10 - Typical transfer characteristics for 
both types. 

High-Voltage Power Transistors 

2N5415, 2N5416 

COLLECTOR CURRENT tlel-mA 92CS-17151!5RI 

Fig. 1 - Typical turn·on time characteristic 
for bo th types. 

PULSE DURATION =30 1£. 
REPETITION RATE= 100 HI. 
COLLECTOR SUPPLY VOLTAGE (vcc,.-roo y 
CASE TEMPERATURE (TC'-25°C 

,11111cl'11180'0 18,-I
B2 

20 40 60 80 100 

COLLECTOR CURRENT tlcl-mA 

110 
92.C5-11514 

Fig. 9 - Typical storage·time characteristic for 
both types. 

100 
COLLECTOR CURRENT tIel-rnA 12«;:'-17515 

Fig. 11 - Typical fall·time characteristic for both 
types. 
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High-Voltage Power Transistors 

2N5838,2N5839,2N5840 File Number 410 

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

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

• High dissipation rating 
PT = 100 W 

RCA-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-satura­
tion voltage values, the 2N5838, 2N5839 and 2N5840 are 
especially suitable for use in inverters, deflection circuits, 
switching regulators, high-voltage bridged amplifiers, igni­
tion circuits, and other high-voltage switching applications. 

*. Formerly RCA Dev. types TA7513, TA7530, and TA7420 
respectively. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

"COLLECTOR-TO-BASE VOLTAGE, Vcao •..••••••••• 
COLLECTOR-TO-EMITTER SUSTAINING VOLTAGE: 

2N5838 
275 

With base open Vcec(sus) .....•..•••••.•.....• , ..• 
" With reverse bias (V.e) of -1.5 V, (V""v) (sus)· .••.. 

With external base-to-emiller 
resistance (Rae) :s; 50 n, Vee.(sus) 

"EMITTER-TO-BASE VOLTAGE, Veeo ..•............. 
"COLLECTOR CURRENT, Ie 

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

"CONTINUOUS BASE CURRENT, I •...•....•....•... 
"TRANSISTOR DISSIPATION, 
PT: 

At case temperature up to 25DC 
and Vee up to 40 V .••••••..••••.•.••.•••.••.•... 

At case temperatures up to 25DC 

250 
275 

275 

6 

3 
5 

1.5 

100 

TERMINAL DESIGNATIONS 

c 

'0 
92CS-27S16 

JEDEC TO-2D4AA 

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 25DC 
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 __________ DC 

'PIN TEMPERATURE (During soldering): 
At distances;:: 1/32 in. (0.8 mm) from 
case for 10 s max ••.•••..••••.••••..•••......•... ___________ 230 ___________ DC 

" In accordance with JEDEC registration data format (JS-6, RDF-1). 
• Shown as Veex(sus) in JEDEC Registration Data. 
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High-Voltage Power Transistors 

2N5838,2N5839,2N5840 
Test ConditIOns Limits 

DC 
DC 

DC 
Characteristic Symbol Colleelor Emitter Current Type Type Type 

Units 
Vollage IV I or Base IAI 1N5838 1N5839 1N5840 

Voltage IV I 

VCE VEB VBE IC IB IE Mrn Max. Typ Mrn Max. Typ Mrn Max, Typ. 

Collector-Culoff Current- 100 1 rnA 
WIth base open ICED 150 1 1 . With base-em Iller Junction 165 -1.5 5 

ICEV 190 -15 1 rnA 
reverse biased 360 -15 1 
With base-emllter Junction ICEV 165 15 8 

190 15 5 rnA 
revelse biased T C 100°C 360 15 5 . Emitter-Cutoff Current lEBO -6 1 1 1 rnA 

.. Collector-la-Emitter 
Sustaining Voltage 

(!'iI'!' FI1:.~ ./ .. ,), & 1)/ 
VCEOlsUSP 01 150b 175b 350b 

With base open 

With base-emitter Junction 
175b 300b 

V 

reversed biased VCEXlsusP -15 01 375b 

With external base·la-emltter 
VCERlsusP 01 175b 300b mb 

resistance (RBEl - 50 d 

Emltter'lc-Base Voltage VEBD 0.01 6 6 6 V 

.. DC Forward·Current 
5 0_5b 10 10 10 

hFE 3 1b 10 50 10 50 Transfer RallO 2 3b 8 40 
.. Base-la-Emitter 

VBElsa11 2 02 2 1 V Saturallon Voltage 3 0375 2 
.. Collector-Io-Emltter 2 01 15 15 

Saturation Voltage vCElsan 3 0375 1 V 

Duipul Capacitance IAt 1 MHzl eobo 10d 0 150 150 150 pF 

.. Magnitude of Common-
Emrtler. Smail-Signal. Short-
CircuIt. Forward-Current ihlei 10 01 5 5 5 
Transfer Ratio (I 1 MHZI 

Second Breakdown Collector 
Current IWlth base forward 

IS/bC 40 25 15 15 A biased) Pulse duration 
(non-repetitiVe) - I s 

SWltchmg Times: 
Delay td Vee' 1 0_1" 0.07 0.07 

200 3 0.375" 0.06 
Rise Vee' 1 0.2" 1.5 0.6 1.75 0.6 

Ir 
100 3 0_375e 15 0.8 - -

Storage Vee - 1 0_1" 3_75 1.75 3_0 1.75 "S 
Is 

100 3 0_375' 30 1 0 
Fall Vce - 2 o 2e 1.5 0.35 1.5 0.35 

tl 200 3 0_375e 1.5 0.4 
Thermal ReSistance 

tiJ-C 10 5 1 75 175 1.75 °c 'W (Junctron-to-Case ) 

a Pulsed; pulse duration:;; 350 ILs, Duty factor = 2%. d Vee 

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

c ISIb is defined as the current at which second breakdown occurs at 
a specified collector voltage with the emitter-base junction forward * In accordance with JEDEC registration data format (JS-6 RDF-l). 
biased for transistor operation in the active region. 
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High-Voltage Power Transislors ___________________________ _ 

2N5838,2N5839,2N5840 

c( 

I 

I­
Z 
ILl 
a:: 
a:: 
~ 
(.) 

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

Fig. 1 - Maximum operating areas for all types. 
92C5-15905 

NOTE: CURRENT DERATING AT CONSTANT 
VOLTAGE APPL..I[S ONLY TO THE DISSIPATION­
L.IMITED PORTION AND THE IS/b·LIMITED 

PORTION OF MAXIMUM OPERATING AREA 
CURVEStFIG 2831 DO NOT DERATE THE 
SPECIFIED VALUE FOR Ie MAX. 

25 50 75 100 125 1&0 175 200 
CASE TEMPERATURE (Tcl--C 

Fig. 2 - Derating curves for all types. 

35 COLLECTOR-TO·EMITTER VOL.TAGE IVeEI'!5 v 

3 0- .- " ,~J I 2 

'" ~-~'" ~ 101.2 5 oro 
u~ 

" ~2 f.-r-. <0- 2 .< 
~~ 

~~ "- CASE TEMPERATURE V \ 
00 

(Tc I' 2S oC \ 0 2 ",< 

~~ , 
\~ ~ o. !il "r> 

, , 2 . . , 0.01 4 6 8 0 .1 10 

COLLECTOR CURRENT tIc I-A 92SS-4016R1 

Fig. 3 - Typical normalized dc beta characterlstics;for all types. 
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High-Voltage Power Transistors 

2N5838,2N5839,2N5840 

< 8 
I 
u 6 
!:! 
~ 4 Z 
ILl 
0::: 
0::: 
:l 
U 

0::: 
0 
~ 
U 
ILl 
...J 
...JO.I 
0 
u 8 

6 

4 

0.01 
2 4 6 8 10 2 4 6 8 100 

COLLECTOR-TO-EMITTER VOLTAGE (VCEI-V 

92CS-15906 
Fig. 4 - Maximum operating areas for all types. 
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High-Voltage Power Transistors 

2N5838,2N5839,2N5840 

COLLECTOR-lO·EMITTER VOLTAGE IIIC£)- II 925S-40711'11 

Fig. 5 - Typical output characteristics for all types. 

,...... , ••• , == 

I COL~ECTORCURRE.' ,!. 
Fig. 7 - Typical saturation voltage characteristics for 

for all types. 

':. 
I 

... 
'" ~ 
I:: 
ir: 0.5 

PULSE DURATION S 20,.. 
REPETITION RATE" 100 Hz 
COLLECTOR SUPPLY VOLTS IVeel = 200 
CASE TEMPERATURE ITel. 25·C 
DC BETA (h FE '· 8 12H58381 

= 10 (2N!5839 a 2N58401 
8, ~ -t82 

COLLECTOR CURRENT lIe I-A 

92SS-408IRI 

Fig. 9 - Typical rise-time characteristics for al/ types. 

COLLECTOR-lO-EMITTER VOLTAGE (Vcfl' 5 v 

05 I 15 
BASE-lO-EMITTER VOLTAGE IIIBEI-V 

Fig. 6 - Typical transfer characteristics for all types. 

0.12 

011 

1 0.1 

1 
~009 

... 
2 
j: 0.08 

006 

0.05 
o 

PULSE DURATION < 20~. 
REPETITION RATE· IOOHI 
COLLECTOR SUPPLY VOLTS IVcel· zoo 
CASE TEMPERATURE (Tc I ~ 2SoC 

DC BETA I h FE I : I~ :22~83~8~ 2N58401 

IS, • -1 82 

COLLECTOR CURRENT IIcI-A 

92SS-4080RI 

Fig. 8 - Typical delay-time characteristics for all types. 

~ . 
! 

:~~~~I~~RNAT~~~i'.2~·HZ 
COLLECTOR SUPPLY VOLTS lVeel '" 20 
CASE TEMPERATURE He) • 25·C 

DC BETA thFE': 1~li:~53B93~llN!5B401 
BI = -18l 

2 3 
COLLECTOR CURRENT IICI-A 

Fig. 10 - Typical storage-time characteristics for al/ types. 
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High-Voltage Power Transistors 

2N5838, 2N5839, 2N5840 
PULSE DURATION.s 20,.,. 
REPETITION RATE. 100Hz 
COLLECTOR SUPPLY VOLTS IVCCI ~ 20 

CASE TEMPERATURE (TC I • 2S·C 

DC BETA ttl FE): I~ ((:~::;:Ia 2N58401 
";, 0 'lIS, • -t82 

I 
:;- 0.4 

... 
:E 

oj 

03 

: 0.2 

0.1 

I 

COLLECTOR CURRENT IICI-A 

925$-401331'11 

Ie 
MONITOR 

£'s, AHD 182 MEASURED WITH TEKTRONIX CURRENT PROSE P6019 OR EQUIVAL.ENT 

Fig. 11 - Typical fal/-time characteristics for al/ types. Fig. 12 - Circuit used to measure switching times for al/ types. 

I­
"'z 
:~I---~ 
.. '5 

U 

~~ 
U'" ",0: 
...10: 
...I:J 

8 u'----+-1-

9255-4085 

________ ----'---+ ____ • _______ TlME 

INPUT WAVE FORM 

OUTPUT WAVE FORM 

HORIZONTAL. 
INPUT 

TEKTRONIX OSCIL.LOSCOPE 
MODEL RM- 503,OR [QUIV B 

VERTICAL. 
INPUT 

"CEO 

VCER~ 

VCEX~r.--? 
1.5 v 

PUSH 
TO 

r-_____________ T~E~ST~-'-~ 

CLARE 

Vee POWER 
SUPPLY 

MODEL No HGP-20a4, 
OR EQUIVALENT 

OFF 

"0;;""""0 
,,5VAC 
60 Hz 

92CS-1590!l Fig. 13 - Phase relationship between input and output currents 
showing reference paints for specification of switching 
times. 

Fig. 14 - Circuit used to measure sustaining voltages 
VCEa(SUS). VCER(SUS). and VCEX (sus) for al/ types. 

COLLECTOA-TO-[MITT£FI VOLTAGE (VC[l-V 

:r~e a:~:~~~:~g ::::a~:: t~~c~~(~~~i' t: Ct~~{;~~t' a:~d a~~~X~:~:: 
"A" (or type 2NS838. point "S" (or type 2N5839, and point "C" 
(or type 2N5840. 

Fig. 15 - Oscilloscope display for measurement of sustaining 
voltages. 
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High-Voltage Power Transistors 

2N6077,2N6078,2N6079 

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: PT = 45 W 

RCA-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 all 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 .................. . 
COLLECTOR-TO-EMITTER SUSTAINING VOLTAGE: 

With base open .................................. .. 
, With reverse bias (VBE) of -1.5 V .................. .. 

With external base-to-emitter resistance (RB.) ,,; 500 .. . 
'EMITTER-TO-BASE VOLTAGE ...................... . 
'COLLECTOR CURRENT: 

Continuous ....................................... . 
Peak ............................................. . 

VCBO 

VeEO(SUS) 
VeEx(SUS) 
VeER(SUS) 
VESO 

Ie 

'CONTINUOUS BASE CURRENT.. .. .. .. . .. .. .. .. . .. .. I. 
'TRANSISTOR DISSIPATION: PT 

At case temperatures up to 25°C and Vee up to 40 V .... . 
At case temperatures up to 25°C and Vee above 40 V ... . 
At case temperatures above 25°C and Vee above 40 V .. 

'TEMPERATURE RANGE: 
Storage & Operating (Junction) .................... . 

'PIN TEMPERATURE (During Soldering): 
At distances 201/32 in. (0.8 mm) 
from case for 10 s max ............................. . 

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

File Number 492 

TERMINAL DESIGNATIONS 

C 
E (FLANGE) 

~ 
92CS-27516 

JEDEC TO-213AA 

The 2N6079 is characterized for use in inverters operating 
directly from a rectified 11 O-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 
factoi iii the fi6quency stability of ail 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 2N6079 
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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High-Voltage Power Transistors 

2N6077, 2N6078, 2N6079 
ELECTRICAL CHARACTERISTICS, Case Temperature (TC) = 2f50C 

Test Conditions Limits 

DC DC DC 
Tvpe TVpe Type 

Characteristic Symbol Collector Emitter Current 
2N6077 2N6078 2N6079 Umts 

Voltage (VI Voltage{VI IA) 

V Vca 'BE 
, 

'B 'E Min. Typ. Max. Mm, Typ. Max. Min, Typ. Max. 

Collector..cutoff Current-
With base open 'CEO 250 mA · With base-emitter JlInction 250 -1.5 0.05 
reverse biased ICEV 450' -1.5 0.5 

mA 

· With base-emltter Junction 'CEV 250 1.5 0.2 
reverse biased TC = 1250C 450 -1.5 mA 

· m,tter-Cutoff Current lEBO 
6 

mA -9 

• Fal/ector.to-Emltter 
ustainln9 Voltage 
(see FIgs. 15 &16) 

VCEO(sus)b' With base open 0.2 27Sb 250b 350b V 
With external base-to-emrtter 

VCEAfsuslb 
resistance fABEI = 50 n 0.2 300b 27Sb 37Sb 

Emitter-ta-Base Voltage VEBO 0,001 g V 

'" pC Forward-Current 
Transfer Ratio hFE 1.2 12 2. 70 12 28 70 12 28 50 

1.2 0.2 1.0 1.6 1.0 1.6 1.0 1.6 
Base-te-Emltter 3 0.6 1.2 I.g V 

Saturation Voltage VSEfsatl8 4 0.8 1.3 
1.~ 

... Collector-to-Emmer 
1.2 0.2 0.15 0.5 0.15 0.5 0.15 0.5 

VCE(satl8 3 0.6 0.25 1 V 
Saturation Voltage 4 0.8 ; 0.5 

R 0.8 
C?utput Capacitance (At 1 MHz) Cobo 10 150 150 150 pF 

... Magnitude of Common 
Emitter, Small-5lgnal, Short-

Ihf. I 10 0.2 
CircUit, Forward-Current 
Transfer Ratio If = 1 MHz} 

Second Breakdown Collector 
Current (With base forward 

IS/bc 50 Og O.g O.g A 
biased) Pulse dlJfatlon 
(non-repetltlve) - 1 s 

econd Breakdownc Energy 
(With base reverse biased) ES/bd -4 0.45 0.45 0.45 mJ 
AS = 50n, L '" 100j.tH 

Witching Tllnes. 
Delay td VCC=250 V 1.2 0.2" 0.02 0.02 0.02 
(See Figs. 70, 77,& 78) · Rise' 
(See Figs. 13, 77, & t8) t, VCC=250V 1.2 0.2" 0.3 0.75 0.3 0.75 0.3 0.75 · Storage "' 
(See Figs. 1 t, 12, 17£:& 78) t, VCC"'250V 1.2 0.28 2.8 2.8 2.8 

(See Figs. 74, 17, & 18) tf VCC=250V 1.2 0.28 0.3 0.75 0.3 0.75 0.3 0.75 

hermal Resistance 
'J-C 20 2.5 3.9 3.9 3.9 °CJW 

(Junctlon-to-Case) 

a Pulsed; pulse duration $.350 p.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 reverse bias conditions. ES/b = 1/2 LI2 where L is a 
series load or leakage inductance, and I is the peak collector current. 

MUST NOT be measured on a curve tracer. Thes. sustaining 
e IBI = IB2 = value shown. voltages should be measured by means of the test circuit shown in 

Fig. 15. * In accordance with JEDEC registration data format (JS-6 RDF-1). 

c ISlb 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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2N6077,2N6078,2N6079 

10 • 8100 
COLLECTOR-TO-EMITTER VOLTAGE (VCE1-V 

92CS-19022 

Fig.1-Maximum operating areas for all types. 

COLLECTOR-TO-EMITTER VOLTAGE (VCE1-V 
92CS-190n 

Fig.2-Maximum operating areas for all types. 
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NOTE: CURRENT DERATING AT CONSTANT 
VOLTAGE APPLIES ONLY TO THE QISSIPATION­
LIMITED PORTION AND THE IS/b-LIMITED 
PORTION OF MAXIMUM OPERATING AREA 
CURVESIFIG I a21 DO NOT DERATE THE 
SPECIFIED VALUE FOR Ie MAX. 

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

92SS-40nRI 

Fig.3-Derating curve for all types. 

3.5 COLLECTOR-TO-EMITTER VOLTAGE t VCEI= 1.0 V .. 
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14 

0 , . eo , 4 6 0 , 4 00 
0.1 I 10 

COLLECTOR CURRENT (IC 1- A 
92CS-19024 

Fig.5-Typical normalized de beta characteristics for all 
types. 

High-Voltage Power Transistors 

2N6077,2N6078,2N6079 

COLLECTOR-TO-EMITTER VOLTAGE IVc~.5 V 

i 
~ 5 

; 

0.5 I 1.5 
BASE-TO-EMITTER VOLTAGE IVBEI-V 

Fig.4- Typical transfer characteristics for all types. 

4 6 e 4 6 8 4 .0 
0.01 0.1 I 10 

COLLECTOR CURRENT (I c I-A 
92CS-19025 

Fig.6- Typical normalized de beta characteristics for all 
types. 

Note (Figs. 5 & 6t: To estimate min., max. hFE at any current and 
temperature, read normalized dc for ..... rd-current transfer ratio and 
multiply by min., max. specifications given in Electrical Character­
istics Chart (p. 21. 

" ! 
~ 
Ii 

I 
4 

~ 
~ 2 

8 

CASE TEMPERATURE I TC 1= 25·C 

0·' 

0.2 

BASE CURRENT l1el sO.IA 

I 3 4 5 6 7 
COllECTOR-TO-EMITTER VOLTAGE IVCEI-V 92CS-19026 

Fig. 7-Typical output characteristics for all types. 

CASE TEMPERATUREITc)= 125·C 

,. 
" I 
~ • 

soo 

i 4 

200 

e OJRRENT {Iel-IOOmA eASE 
til 2 

~ 

1234567 
COLLECTOR-TO-EMITTER VOLTAGE (VCEI-V 92CS-19027 

Fig.8- Typical output characteristics for all types. 
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High-Voltage Power Transistors 

2N6077, 2N6078, 2N6079 

2 3 4 IS 
COLLECTOR CURRENT I:tCI-A 

92tS-lt028 

Fig.9-Typical saturation voltage characteristics for all 
tYpes. 

-:. 
I 4 
:;. 

COLLECTOR CURRENT 1TCI-A 
nCI-leoso 

Fig. "-Typical storage.time characteristic for all types (with 
constant forced gain I. 

~ .. ... 
" 

P RATION S ", 
REP[TITION RATE-IOO Hz 
COLLECTOR SUPPLY VOLTAGE (VCc'-250V 

1.5 CASE TEMPERATURE (Tel:l' 2S·C 
18,"-ISZ 

." 

« 0.5 

2 3 4 5 
COLLECTOR CURRENTII.cl-A 

Fig. 13-Typical rise-time characteristic for all types. 

0.12 

0.11 

';. 0.1 

1 
;0.09 

... 
:I 
j::: 0.08 

1; 
~O,07 

0.06 

0.05 
o 

~~~~I~O~AT~~~~.2fYo·Hr 
COLLECTOR SUPPLY VOLTAGE IVccI-250V 
CASE TEMPERATURE tTc I· 25'"C 
DC BETA IhFE'-S THROUGH 10 

B, .. -182 

I • 

COLLECTOR CURRENT I:ICI-A 

92.C5-19029 

Fig. 10-Typical delay·time characteristic for all tYpes. 

PULSE DURATION S 20,.,.. 
REPETITION RATE-IOO Hz 
COLLECTOR SUPPLY VOLTAGE 1Yccl= 250 Y 
CASE TEMPERATURE (TC 1= 25·C 

't 18,=0.54 

_~ 4'ill~~['O l:i .~ 
!II 0.,. 1\'", 
i= ~ 
~ 

I! :1111111111 .. 11111111111111111 
2 3 4 IS 

COLLECTOR CURRENT (I.c I-A 
9aCS-ltOtn 

Fig. 12-Typical storage.time characteristic for all types (with 
constant.iJase drives/. 

-:. 
I 
E I 

... 
" 

PULSE DURATION S 20 II. 
REPETITION RATE = 100 HI: 
COLLECTOR SUPPLY VOLTAGE CVcc'a2S0V 
CASE TEMPERATURE ITCI a 2S·C 
181~-IB2 

2 3 4 5 
COLLECTOR CURRENT tICI-A 

laC$-lt055 

Fig. 14-Typical fall·time characteristic for all tYpes. 
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HORIZONTAL 
INPUT 

TEKTRONIX OSCILLOSCOPE 
MODEL RM-003,OR EQUI". B 

VERTICAL 
INPUT 

"CEO 

VCER~ 

VCEX~r.--S' 
1.5 v 

PUSH 
TO 

TEST 

r----------------O~~ 

Vcc POWER 
SUPPLY 

CLARE 
MODEL No.HGP-2034, 
Oft EQUIVALENT 

~ 
115VAC 
60 Hz 

92CS-I"03 

Fig. 15-Circuit used to measuresUltaining voll1Jges VCEO(susJ, 
VCER(susJ for all types. 

SYNC OUT 

1 

• Vee 

... I( 
MONITOR 

Tm 

"'''''' ""'" DR -.. 

91CS-190'4 

"81 AND 182 MEASURED WITH TeKTRONIX CURRENT PROBE P6019 OR EQUIVALEIfT 

. Fig. 17-Circuit used to measure switching times for all types. 

High-Voltage Power Transistors 

2N6077,2N6078,2N6079 

"eEO('US) 

I 

2SO 27!5 3!!0 

COLLECTOR-TO-EMITTER VOLTAGE (VCE)-V 

92eS-I'OIlI 

Thesustainingvoltages VCEO(susl and VCER(susl are acceptable when 
the traces fall to the rightand above point" A" for type 2N6078 point 
"8" for type 2N6077 and point "e" for type 2N6079. 

Fig.16-0sci/loscope display for measurement of susl1Jining 
voll1Jges (test circuit shown in Fig. 15). 

I-____ +-,--____ ~+-_-y_---+TIME 
INPUT WAVE" FORM 

OUTPUT WAVE FORM 

9255-4015 

Fig.1S-Phase relationship between input and output 
currents showing reference points for specification of 
switching times. (Test circuit shown in Fig. 17J. 
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High-Voltage Power Transistors 

2N6211, 2N6212,2N6213, 2N6214 File Number 507 

High-Voltage Medium-Power 
Silicon P-N-P Transistors 
For Switching and Amplifier Applications in Military, 
Industrial, ard Commerical Equipment 

Featur .. : 
• High voltage ratings; 

VCEO(SUS} = -400 V max. (2N6214) 
= -350 V max. (2N6213) 
= -300 V max. (2N6212) 
= -225 V max. (2N6211) 

Applications: 
• Power-Switching circuits 
• Switching regulators 
• Converters 
• Inverters 
• High-Fidelity amplifiers 

TERMINAL DESIGNATIONS 

RCA types 2N6211, 2N6212, 2N6213, and 2N6214. are 
epitaxial silicon p-n-p transistors with high breakdown­
voltage ratings and fast switching speeds. They are supplied 
in the popular JEDEC TO-213AA package; they differ in 
breakdown-voltage ratings and leakage current values. 

• Formerly RCA Dev. Nos. TA7719, TA7410, TA8330, and 
TA8331, respectively. 

MAXIMUM RATINGS, Absolute-Maximum Values; 

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

With base open. VCEO(SUS) •.••.•••.•••••••.••• '" .•• 
With external base-to-emitter resistance 

(RaE) = 50 0, VceR(SUS) ••••••••••••..•••.•.••••••. 
With base-emitter junction reverse-biased 

(Ve = 1.5 V). VCEX(SUS) •..••••••.•••.••• " ...••••• 
• EMITTER-TO-BASE VOLTAGE, VESO ••••••••..••••••• 
• COLLECTOR CURRENT (Continuous). Ic •• , .•.••••••• 
• BASE CURRENT (Continuous), la .•.•••.•••••.••••••• 

TRANSISTOR DISSIPATION, P.: 
At case temperatures up to 100· C and 

VCE up to 50 V ••••.•.••••••••..••.••••••••••••••• 
At case temperatures up to 25·C and 

VCE upt040V ••••.•••••••••••••••••••••••••.•••• 
At case temperatures up to 25·C and 

2N8211 

-275 

-225 

-250 

-275 
-6 
-2 
-1 

20 

35 

2N8212 

-350 

-300 

-325 

-350 
-6 
-2 
-1 

20 

35 

VCE above 40 V •••••••••.•..••••.••••••••••••••.• _______ _ 
At case temperatures above 25· C and 

92CS-27516 

JEDEC TO-213AA 

2N8213 2N8214 

-400 -450 

-350 -400 

-375 -425 

-400 -450 
-6 -6 
-2 -2 
-1 -1 

20 20 

35 35 

See Fig. 1 

VCE above 40 V ••••••..•....••••.•••..•.••••••••• ______ _ See Figs. 1 & 3. 
• TEMPERATURE RANGE: 

Storage & Operating (Junction) ••.•••••••••••••••.• _______ _ -65 to +200 
• LEAD TEMPERATURE (During Soldering): 

At distance 2: 1/32 in. (0.8 mm) from 
case for 10 S max .•••••••••••••••••••••••••••••.• 230 

V 

V 

V 

V 
V 
A 
A 

W 

W 

·C 

·C 
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High-Voltage Power Transistors 

2N6211, 2N6212, 2N6213, 2N6214 
ELECTRICAL CHARACTERISTICS, At Case Temperature (TCI = 25°C Unless Otherwise Specified 

TEST CONDITIONS LIMITS 

CHARACTERISTIC SYMBOL 
Voltage Currant 

UNITS 
Vdc Aile 2N6211 2N6212 2N6213 2N6214 

VCE VSE IC IE IS Min. Max. Min. Max. Min. Max. Min. Max. 

l,;()lIector-Wto t t.:urrent: ICEO -5 With base open -150 -5 -5 -5 

With base-emitter june- 250 1.5 ~5 
-315 1.5 -0.5 

tion reverse-biased -360 1·.~ 
·-0.5 

ICEV -410 -1 mA 
With base-emitter june- -250 1.5 
tion reverse biased and -315 1.5 -5 -5-
TC = 1000C 

-360 1.5 -10 -410 1.5 
Emitter-Cutoff Current lEBO 6 0 -1 -0.5 -0.5 -0.5 mA 

-2.B -l_ ID 100 
DC Forward·Current 

hFE 
-3.2 -l- ID 100 

Transfer Ratio -4 _l- ID 100 
-5 _l- ID 100 

Collector-ta-Emitter 

Sustaining Voltage: VeEOI.u.1 0.2- -225 -300 -350 -400 
With base open 
With external base-to-
emitter resistance VCERI.u. -0.2 -250 -325 -375 -425 

IRBEI = 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 (R BE) "" 50 n 
Emitter-ta-Base Voltage VEBO 

0.5mA -0 V 
1 mA -6 

Emitter-ta-Base Satura-
VBElsa'l _1- -0.125 1 4 -14 -1.4 -1.4 V 

tion Voltage 

Collector-ta-Emitter VCEI •• ,I _l a -0.125 ·14 -16 -2 -2.5 V 
Saturation Voltage 

Output Capacitance Cobo 
-10 0 220 220 220 220 pF 

If= 1 MHzl IVCBI 
Second-Breakdown 

Collector Current ISlb -40 -0.875 -0.875 -0.875 -0.87E A 
(Base forward-biased) 

Magnitude of Common-
Emitter. Small-Signal, 
Short-Circuit, Forward- Ihfel -10 -0.2 4 4 
Current Transfer Ratio 
If = 5 MHzl 

Saturated Switching Times: 

" VCC= IB1&IB2 
0.6 0.6 0.6 0.6 -1 

Rise time -200 V -0.125 

Storage time 's 
VCC -

-1 
1Bl&IB2 

2.5 2.5 2.5 2.5 ~. 
200 V 0.125 

Fall time 'f 
VCC -

-1 
1Bl&IB2 

0.6 0.6 0.6 0.6 
-200 V -0.125 

Thermal Resistance 
ROJC -10 -1 °C/W 

(Junction-to-case) 

*In accordanca with JEDEC registratIon data format JS-6 RDF-1. 

aPulsed: Pulse duration = 300 "..; duty factor ""2%. 
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2N8211,2N8212,2N8213,2N8214 

C( 

I 
U 
!:! 
t­
Z 

'" a: a 

6 8_ 10 

COLLECTOR-TO-EMITTER VOLTAGE (VCE)-V 
92CS-19220R2 

Fig. 1 - Maximum operating areas for a/l types. 
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~·I 
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2468 2468 
~ 4 ~oo 4 " -1000 

COLLECTOR-lO-EMITTER VOLTAGE (VCEI-V 

92CS-19218RI 

Fig. 2 - Maximum operating areas for a/l types. 

100 

70 

_a 

.-

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 7S 100 t2S 150 115 200 

CASE TEMPERATURE (TC)-"c 
92CS-I!5988 

Fig. 3 - Derating curves for a/l types. 
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COLLECTOR-TO-EMtTTER VOLTAGE (VeE); IOV 

,!! 4 
CASE TEMPERATURE (Tel =-25"C 

'" I 3 
t I-g 30 

./ 
,/ 

~ 20 

S 20 1\ 
~ I. 

/V \ ; 
10/ \ z 

~ , 
• 

2 4 6 , 2 4 . , 
-0.01 -01 -I 

COLLECTOR CURRENT I Ie 1- A 

2 4 • 8 
-10 

92CS-t:!972 

Fig. 4 - Typical gain-bandwidth product for al/ types. 

: eOTTORn iT'ETLTlveEI' 
5V 

j 

~ CASE TEMPERATURE (T. '1I150"C 

'" I r-. 
i 100 

TC· 25 "C , 
I-

6 

I- 4 

i 11\ 
" , 

I 10 -'1 
8 g 
6 

- 2 4 . '- 4 6' - 2 4 • , -ODI OJ I 10 
COLLECTOR CURRENT CIc1-A 'ICS-19119 

Fig. 6 - Typical dc beta characteristic for al/ types. 

92CS-15'74 

Fig. 8 - Typical transfer characteristics for al/ types. 

High-Voltage Power Translslors 

2N6211, 2N6212, 2N6213,2N6214 
-460 

-440 

-420 I'. 
t--

2N6214 
-400 VCEX (lIIsl i'""'-- CASE TEMPERATURE 

(Tcl~25DC 

~ -
"b- -L62,J -~; -

~> 
VCEQ(sus) ~l-

~~ i'- 1 ,,-
UJ 0-3 

~~ ~N621d 
i~ -3 

~j-280 
'/:j r-...... i5? 

~ -240 i' 
I"- 2N621t 

-22< 
2 4 6 , 2 4 . , 2 4 6 8 10 100 II( /011 

EXTERNAL BASE-TO-EMITTER RESISTANCE (RBEI-Q 

92CS-19217RI 

Fig. 5 - COl/ector-ta-emitter sustaining-voltage characteristics for 
aI/types. 

'ITe '25'e 

-I -I. 

COLLECTOR CURRENT (Ie) - A 
9ICS- IIn6 

Fig. 7 - Typical saturation-voltage characteristics for al/ types. 

• 2 
~ 

I 

!; I.S .. 
'" 

~~I~TJ~~V:.~S~ PULSES I, 
COLLECTOR SUPPLY VOLTAGE {Vee'. -200 v 
18,-182-ICI8-0.125 Ie 
CASE TEMPERATURE ITCI "25· C 

-0.5 -I -15 
COLLECTOR CURRENT IIc}-A 

UCS-IIU7RI 

Fig. 9 - Typical storage-time characteristics for a/l types. 
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High-Voltage Power Transistors 

2N6211,2N6212,2N6213,2N6214 

COLLECTOR ClJM:NT IIC)-A 
92CS-I5980R2 

CLARE 
MERCURY RELAY 

MODEL No.HGP-I004, 
OR EQUIVALENT 

~ 5111 
0.5W 

60 
Hz 

VCEO(susl 

-II-
3911 6V 
2W 

CHANNEL A 

TO 

~~ H~~~~~~O:;~ARD 
MODEL No 503 

OR EQUIVALENT 

CHANNEL B 

;..OT050V 
+ (500 mAl 

COMMON 

92CS'19254RI 

Fig. 10 - Typical turn-on time and fal/-time characteristics for aI/ 
types. 

Fig. 11 - Circuit used to measure sustaining voltages VCEO(SUS), 

VCER(SUS) and VCEX(SUS) for aI/ types. 

INPUT: 
HEWLETT-PACKARD 
MODEL No.214A,OR 

EQuiVALENT 

INPuT FROM 
PULSE GENERATOR 

(PULSE DURATION-
20pl. REP. RATE= 

200HzI 

VBB=+6V 

Ii 
~ -400 
0: .. 

~-h -200 
OH 
1:;-

VCEO(susl VeER (sus) VCEX (ausl 

~ o -2251-3501 
u -.300 -400 

NOTE: COLLECTOR-TO-EMITTER VOLTAGE (VCE)-V 

SUSTAINING VOLTAGES VCEOI .... ).VCERIsU8).AND VcEX11U.) ARE 
ACCEPTABLE WHEN TRACES FALL TO THE RIGHT AND ABOVE 
POINTS "A" FOR TYPE 2N6211.POINTS"B" FOR TYPE 2N6212. 
POINTS 'tN FOR TYPE 2N6213.AND POINTS·ON FOR 
TYPE 2N6214 92CS-19U5RI 

Fig. 12 - Oscilloscope display for measurement of sustaining 
voltages. 

vcc-·200V 

OUTPUT TO 
OSCILLOSCOPE 

(TEKTRONIX MODEL 
No.543A,OR 
EQUIVALENT) 

TYPE 
2N6211 
2N6212 
2N6213 

OR 
ZN62t4 

*ADJUST RB FOR IB2 AND Re FOR Ie 
• IBI AND IBZ MEASURED WITH TEKTRONIX CURRENT PROBE 

P6019 AND TYPE 134 AMPLIFIER,OR EQUIVALENT 

Fig. 13 - Circuit used to measure saturated switching times for a/l 
types. 

Fig. 14 - Phase relationship between Input current and output 
voltage showing reference points for speCification of 
switching times. 
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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 =175W 

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

RCA-2N6249, 2N6250 and 2N6251 are multiple epitaxial 
silicon n-p-n power transistors. Multiple-epitaxial 
construction maximizes the volt-ampere characteristic of 
the device and provides fast switching speeds. 

These devices use the popularJEDEC 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/" energy-handling capability of 
the 2N6249 make it an excellent choice for motor-control 
applications in which large winding inductances are 
encountered and high surge currents are required to start 
the motor. 

The high breakdown voltages, low saturation voltages, and 
fast-switching capability of the 2N6250 and 2N6251 make 
them especially suitable for inverter circuits operating 
directly off the rectified 115-V power line or a bridge 
configuration operating from the rectified 220-V line. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

* vcao . , ......................... 0 ••••••••••••••••••••••••••••••••••• 

VeEO(SUS) .......................................................... . 
• VeEX(sus) (VaE = 0 V) ............................................... . 

VeER(SUS) (RaE) :s 50 Cl ............................................. . 
* VEBO ••••••••••••• _._ ••••••••••••••••••••••••••••••••••••••• 0 ••••••• 

* Ie .......••.•••.....••..••.••...•....•....••......••....•.....•..••• 
leM ...••.••.••..•... _ ••••••....••..•••....•••....• _ •....•... _ ••.•••• 

• la ................................................................. . 
• PT 

At Te up to 25°C and VeE up to 30 V .............................. . 

2N6249 

300 
200 
225 
225 
6 
10 
30 
10 

175 
At Te up to 25°C and VeE above 30 V ............................... ___ _ 

* TJ • T.tg ........... _ ................................................ . 
• TL 

At distances;::' 1/32 in. (0.8 mm) from case for 10 s max ............ . 

• 2N-5eries types in accordance with JEDEC registration data format (JS-6, RDF-1). 

High-Voltage Power Transistors 

2N6249,2N6250,2N6251 

TERMINAL DESIGNATIONS 

92CS-27516 

JEDEC TO-213AA 

2N8250 2N8251 

375 450 
275 350 
300 375 
300 375 
6 6 
10 10 
30 30 
10 10 

175 175 
Derate Linearly at 1 

-65 to +200 

230 

v 
v 
v 
v 
V 
A 
A 
A 

w 
·CIW 

·C 

·C 
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High-Voltage Power Transistors __________________________ _ 

2N6249,2N6250,2N6251 

• 
• 

... 

... 

• 

• 

* 

* 
... 

* 
... 

... 

... 

• 

ELECTRICAL CHARACTERISTICS. At Case Temperature (T C) = 25" C Unless Otherwise Specified 

11:1>1 
LIMITS 

CONDITIONS 

DC DC 
CHARAC· ~T CUR· 
TERISTIC AGE RENT 

(V) (A) 2N6249 2N6250 

VCE IC 18 MIN. TYP. MAX. MIN. TYP. MAX. 

" 150 0 - - 5 - - -
ICED 225 0 - - - - - 5 

300 0 - - - - - -
225 - - 5 - - -

ICEV 300 - - - - - 5 
VSE"' -1.5 375 - - - - - -

ICEV 225 - - 10 - - -
VBE=-1.5 300 - - - - - 10 
TC= 125°C 375 - - - - - -

lEBO - -
VBE=-6 

1 - - 1 

VCEO(sus) 0.2 200b - - 275b - -

VCER(sus) 0.2 225b - - 300b - -
RBE=50n 

VEBO 6 -
IE=l mA 

- 6 - -

3 loa 10 - 50 - - -
3 loa - - - 8 - 50 

hFE 3 loa - - - - - -
~ - -

lOB 1 - - 2.25 - - -
lOB 1.25 - - - - - 2.25 

VSE(sat) lOB 1.67 - - - - - -

lOB 1 - - 1.5 - - -

VCE(sat) 
loa 1.25 - - - - - 1.5 
loa 1.67 - - - - - -

Ihfe l 10 1 2.5 8 - 2.5 8 -f= 1 MHz 

ISlb 30 5.8 - - 5.8 - -
tp = 15 nonrep . 

Es/b VSE--4 
RS=50n, lOC 2.5 - - 2.5 - -
L= 50IlH 

tr 10 1 - 0.8 2 - - -
VCC=200V, 10 1.25 - - - - 0.8 2 
IS1=-IS2 10 I.S7 - - - - - -
ts 10 1 - 1.8 3.5 - - -
VCC=200V, 10 1.25 - - - - 1.8 3.5 
lSI =-IB2 10 I.S7 - - - - - -

tf 10 1 - 0.5 1 - - -
VCC=200V, 10 1.25 - - - - 0.5 1 
lSI =-IB2 10 1.67 - - - - - -

R6JC 10 5 - - 1 - - 1 

• 2N-Serles types on accordance with JEDEC registration data format (JS-6 RDF-l). 
8 Pulsed; pulse duration ";;300 "s, duty factor = 2%. 

U 
N 
I 
T 

2N6251 S 

MIN. TYP MAX. 

- - -
- - -
- - 5 

- - -
- - - mA 
- - 5 

- - -
- - -
- - 10 

- - 1 mA 

350b - - V 

375b - - V 

6 - - V 

- - -
- - -
6 - 50 

- - -
- - -

V - - 2.25 

- - -
- - -

V - - 1.5 

2.5 8 -

5.8 - - A 

2.5 - - mJ 

- - -
- - -
- 0.8 2 

- - -
- - - Ils 
- 1.8 3.5 

- - -
- - -
- 0.5 1 

- - 1 °CIW 

b CAUTION: The sustaining voltages VCEO(sus) and VCER(sus) MUST NOT be measured on a curve tracer. 
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High-Voltage Power Transistors 

2N6249,2N6250,2N6251 

100 CASE TEMPERATURE (TC )'25°C 

'" I 
~ 
.... 
~ 
0: 
0: 
::> 
u 
0: 
0 .... 
frl 
:j 
0 
u 

8-- , 

.=~, rf+tHt 
--+- I __ I 

-----:-~t-
4 --': IC'MAX.(PULSEDL 

PULSE OPERATION * I ! 

"-.J-+Ji!!l -"-[3 - -, t~ ] 2 ----- --' ,--i-'ll 
r\~ " !b-~ I' ' ! 1 I I I --

IC MAX. (CONTINUOUS) i \'\.1 
10 -- - l-+:*ri~tt=:---"~-'--' '\ 8j----- - ~, ntl , 

---T- r--t- -1"1-• - ·_· ... T...-..:..''''"" ~. " _\.L --- '~'l--r~T-rr~----- '6 \ 
4 --- - j --t- --t-"-ti-tr-- -- -- 1\:' ;\ 

--- - ~._l -~-H+ Li- - ---t)~'b ~ ..J.; , 1 ' i I I ; I I~\\i.~ 
2r--'- "---1-1 '--' I , LI __ -1"'--- :- -, ~ *FOR SINGLE ! 1 ,I I /- ~ 1 NONREPETITIVE I : : : I I ~ 

PULSE :1,1 .., 
I t=--- ::] -:::::::r:.-S =~.:-.w.:r.---=~c" 
8 ~=---=-..J=:-+:-T ;-.:.tr.:1 E~ - -
6 --- 1--j-l-Ti t-W --- - LJ.: r---- --r- -1--1 -tTTt --- - - I I \ \ 
4 t- -- -----: -I v CEO MAX' 200 V t 2N6249 ) .,. 

1-- - --+- -t--f . i VCEO MAX.' 275 V t2N6250 I I ~ 21-
--: --~- jVC:EiMiAil'1350 v r2j-' In 

i i :'\ ~ 0.1 I 

6810 68100 

COLLECTOR-TO-EMITTER VOLTAGE (VCE I - v 

Fig. f • Maximum operating areas for all types at Tc = 25· C. 

4 6 8 10 2 6 8 100 
COLLECTOR-TO-EMITTER VOLTAGE (VCE'-V 

Fig. 2· Maximum operating areas for all types at Tc = fOO·C. 

-

-20p.i 

I ! 

_:::j:~t-t-

-
-

1 
1 I , 
I 

j.-

1--

I t I 
6 81000 

92C5-19468 

6 8'000 
92CS-19469 

___________________________________________________________________ 193 



High-Voltage Power Transistors ____________________________ _ 

2N6249,2N6250,2N6251 

COLLECTOR - TO - EMITTER YOLTAGE .. (VeE' • IV 
z 

12 
.. .. ~ 0: 

!L 0: 
0:_ 

U .. " .. , .. 15Oull. 
.. !: I 1= 12 "0 125·C 

2O=~ -== 8 

CAJ TEMPERATUR 
f: E~ 

:0: 
00: 

g~ • go .... 

.. lI! {TC'-20-c " ~I .. e ~- to.... ... C 
NO: lOCO: :::; .. 4 

~ 
u" .. i'-. 0: ,. 
>-0: 30" 0 z 

""- 0 0 

• • •• I • • • I 
0.1 I 10 

COLLECTOR CURRENTCIC.-A 
92CI-IM78 

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

o 

Ie/le =10 (2N6249).S(2N6250 
6 (2N62St) 

10 15 20 
COLLECTOR CURRENT (Ie)-A 

92CS-19481RI 

Fig. 5 - Typical collector-to-emltter saturation voltage 
characteristics for all types. 

i 
u 
!:! 

I 
! 

COLLECTOR-lO-EMITTER YOLTAGE (VCE)-V 
92CS-t9479R1 

Fig. 7 - Typical output characteristics for all types. 

o 

Ie/la-IO (2N6249J,8 (2N6250) 
6t2N62~U) 

5 10 15 20 
COLLECTOR CURRENT (IC)-A 

92CS-19480RI 

Fig. 4 - Typical base-to-emltter saturation voltage characteristics 
for all types. 

C 

1 

I 1.5 
BASE-Ta-EMITTER VOLTAGE (VBE)-V 

92C$-I9477 

Fig. 6 - Typical transfer characteristics for all types. 

.. TRANSISTOR SHOULD BE OPERATED WITHIN THE 

" UMITS OF THE CURVE SHOWN IN FIG I z 
C 

in 

~ I 

... 
~ C 

~ ./ .. 01 
V ~ V " z 

~ 
./ ~ 001 .....-':j 

~ 1I 
~O_OOI 

0001 001 0.1 10 100 
TIME OR PULSE DURATION-ms 

92C5-194815 

Fig. 8 - Typical thermal response characteristics for all types. 
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COLLECTOR CURRENT CIC)-A 9~CS-19484RI 

Fig. 9 - Typical rise-time characteristics for all types. 

., 
REPETITION RATE~!500 Hz 
COLLECTOR SUPPI.,Y VOLTAGE (Vecl-200 v 
CASE TEMPERATURE (TC)=2~·C 

lSI: ~.:7( ~N8249),1.25AI2N62$O) 

~ 

I 

COLLECTOR CURRENT (I c) - A 
92CS-19483QI 

Fig. 11 - Typical storage-time characteristics for all types (with 
constant base drive). 

I " REPETITION RATEsSOO Hz 
COLLECTOR SUPPLY VOLTAGE (Vecl-200 v 
CASE TEMPERATURE ITc)·2!5·C 
IC/IB=IO( S(ZN62!501. 

I 
COLLECTOR CURRENT (Ie I-A 

92eS-19489RI 

Fig. 13 - Typical inductive- and resistive-load fail-time 
characteristics for all types. 

High-Voltage Power Transistors 

2N6249,2N6250,2N6251 

COLLECTOR CURRENT I Ie)-6 
92CS-1941ZIitI 

Fig. 10 - Typical storage-time characteristics for all types (with 
constant forced gain). 

PULSE DURATION" 20 lis 

REPETITION RATE=!500 Hz 
COLLECTOR SUPPLY VOLTAGE (Vecl"200 v 
CASE TEMPERATURE (Te 1= 2~·C 
Ie I I B = I~ 2N62491, 8 (2N62501, 

g=o • 

COLLECTOR CURRENT (Ie I-A 92CS-19486RI 

Fig. 12 - Typical fall-time characteristic for all typas. 

CLARE MERCURY RELAY 
MODEL No. HGP-I004, 
OR EQUIVALENT 

t! .an 
1/2W 

60Hz 

:co~I"'" \ '1::0"'''· 
39 n 6V 
2W 

.----_-o()CHANNEL 
A 

42 mH 

.... --+----<:lCHANNEL • 

.... --+--~COM** 

92CS-19487 

Fig. 14 - Circuit used to measure sustaining voltage VCEO(SUS) and 
VCER(SUS) for all types. 
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High-Voltage Power Transistors 

2N6249,2N6250,2N6251 

to 
ill 
!!i .. 0." 

ul 
"'-ou 
1-104 0,2 

r 0 

, I I I I I 
VcEO(aut) O. VeER''''') 

I I I I i IA IS Ie 
----+'f -+' 0.2 

' I I 

200 2m 350 

COLLECTOR-TO-EMITTER VOLTAGE(VCE)-V 

92CS-19467RI 

The sustaining voltages VCEO(sus) and VCER(sus) 
are acceptable when the traces fall to the right of 
point "A" for type 2N6249, point "B" for type 
2N6250, and point "C" for type 2N6251 (lC = 

0.2 A). 

Fig. 15 - Oscilloscope display for measurement of sustaining 
voltages. 

i2CS-I»Hr., OIJTPlJT WAI<£ FORM 

Fig. 17 - Phasa relationship betwflfln input and output currents 
showing reference points for specifications of switching 
times. 

+15 V 

O.02J1.F 

PULSE GENERATOR 
HEWLETT PACKARD MODEL 
No. 214A, OR EQUIVALENT 

PULSE: DURATION it 20 IA' 
PULSE REPETITION RATE -500 Hz 

-IV 

92CS -194I8RI 

Fig. 16 - Circuit used to measure switching times for a/l types. 

'1Bl AND 182 MEASURED WITH TEKTRONIX CURRENT PROBE P6019 OR eQUIVALENT 

Fig. 18 - Circuit used to measure inductive-load switching times 
for a/l types. 
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---------------------_______ High-Voltage Power Transistors 

File Number 1100 2N6420,2N6421,2N6422,2N6423 

High-Voltage Medium-Power Silicon 
P-N-P Transistors 
For High-Speed Switching and Linear-Amplifier Applications 

Features: 
• High voltage ratings: 

VCEO(SUS) = -175 V max. (2N6420) 
= -250 V max. (2N6421) 
= -300 V max. (2N6422) 
= -300 V max. (2N6423) 

• Large safe-operating area 

TERMINAL DESIGNATIONS 

The RCA 2N6420, 2N6421, 2N6422, and 2N6423 are epitax­
ial 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 hermet­
ic packages. 92CS-27516 

JEDEC TO-213AA 

MAXIMUM RATINGS, Absolute-Maximum Values: 

2N6420 2N6421 2N6422 
'Vcso •••••....•........••..........•.............. -250 -375 -550 
'Vceo(sus) ........................................ -175 -250 -300 
'VESO •••.•...•••.••..•.••...••.••••••••.•••••••.•. ___________ _ -6 
·,c................................................ -1 _________ _ -2 

IcM ......................•...........•..•......••. ___________ _ -5 ., •................................................ ------------ -1 
PT 

T6100°C, Vc650V ........................... ___________ _ 20 
T6 25°C. VCE-<40V .•••..•••.•••..••..•••••••. ___________ _ 35 
T6 25°C, Vci>40V ........................... __________ _ See Fig. 1 
TC< 25°C, Vci>40V ........................... _________ _ See Figs. 1 & 3 

-65 to +200 

At distances;::' 1/32 in. (0.8 mm) 
from case for 10 s max •••••.••••..•••.•••••••• ___________ _ 235 

'In accordance with JEDEC registration date 

2N6423 
-550 V 
-300 V 

V 
A 
A 
A 

W 
W 

°C 

°C 
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High-Voltage Power Transistors 

2N6420, 2N6421, 2N6422, 2N6423 

ELECTRICAL CHARACTERISTICS, At Case Temperature (TC' = 25°C 
Unless Otherwise Specified 

TEST CONDITIONS 

CHARAC· VOLTAGE CURRENT 
TERISTIC V de A de 

'" ICEO -150 

'" ICEX -225 
2N6421 -340 
2N6422 -450 

-450 

1.5 
1.5 
1.5 
1.5 

'" ICEX -225 1.5 
Tc=l50°C -300 1.5 

'" lEBO 

hFE 

'" 
'" 
'" 

* VCEO(susib 
2N6421 
2N6422 

-10 
-10 
-2 

-10 
-2 

-10 

-10 

ISlb -100 

'" Ihfe l 
f=5MHz -10 

'" f = 1 kHz -30 

Cobo 
VCB=10V 
f= 1 MHz 

1-10 I 

6 o 
-O.la 
-0.5a 

-0.75a 
-0.75a 

-la 
-l a 

-l a 

-0.75a -0.075 
-l a -0.1 

-0.75a -0.075 
-la -0.125 

-0.053 

-0.05a 
-0.05a 

-0.2 
-0.1 

o 

-0.75 
-1 

-0.75 
-1 

-0.75 
-1 

-1 I 

o 
o 
o 

-0.075d 
-O.ld 

-0.Q75d 
-O.ld 

-0.075d 
-O.ld 

'" In accordance with JEDEC registration data. 
8 Pulsed: pulse duration ~ 300 I.IS, duty factor';;; 2%. 

bCAUTION: The sustaining voltage V CEO (sus) 
MUST NOT be measured on a curve tracer. 

2N6420 

LIMITS 

2N6421 
2N6422 

2N6423 Units 

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

40 
40 

10 

-i75 

-0.15 

2 
25 

1 -

-10 

-1 

-3 

-5 

200 

-1.4 

-1.4 

-5 

40 

8 
25 

-250 
-300 

- 1-0.15 

2 
350 

180 

-5 

-1 
-1 

-3 

-0.5 

80 
100 

-1.4 

-1.4 

-0.75 

180 

3 

4 

3 

-5 

-2 

-5 

-0.5 

40 

10 100 
30 150 

-1.4 

-1.8 

-1 

-300 

-0.15 

3 

mA 

v 

A 

180 pF 

0.5 

6 

3 

5 I - I 5 [C/W I 
CVCC = -200 V. tp = 20 I.IS 

d_ls , = IS2 
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High-Voltage Power Transistors 

2N6420,2N6421, 2N6422, 2N6423 

2 4 6 8 I 
-10 -100 

6 8 I 
-1000 

COLLECTOR - TO - EMI TTER VOLTAGE (VCEI- V 

92CM-30343 

Fig. 1 - Maximum oparating araa. for all type •• 

CASE TEMPERATURE (TC)-IOO·C 
(CURVE MUST BE DERATED LINEARLY 

WITi INCjEAjE IN ~MiERA'"IREI 

Ic MAX . .,!) ~~ 
(CONTINUOUSI- "I,>. 

I~ 

~ 
&.' <~~ 

-

~"" I I 

I-VCEO MAX '-17~ V (2N6420) I 11 I::::::: VCEO MA)(.·-250V (2N6421) 

~ VCEOMAX --300V(2N"22,2N6423) 

2 • • • 2 • • • 2 

o 

• • • 

NOTE: CURRENT DERATING AT CONSTANT VOLTAGE 
APPLIES ONLY TO THE DISSIPATION-LIMITED PORTION 
AND IS/b-lIMITED PORTION Of MA)(!MUM-OPERATING­
AREA CURVES 00 NOT DERATE THE SPECIFIED 
VALUE FOR Ie MAX. 

25 50 75 toO 125 150 175 200 

-I -10 -100 -1000 
CASE TEMPERATURE (TC)--C 

92C5-115968 
COLLECTOR-TO-EMITTER YOLTAGE (YCE)-V 

92CS- 30342 

Fig. 2 - Maximum oparating area. for all type .. Fig. 3 - Derating curves for all types. 
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High-Voltage Power Translslors __________________________ _ 

2N6420,2N6421,2N6422,2N6423 

} : cOTTIIiTIOLT'VCEI.-.v 
i CASE TEMPERATURE (li )-I50-C .. 1 "" i 

100 
TC- 2&OC • · ~ 4 

1\\ S 2 
Q 

\ I 10 

• l! · - • 4 . - 2 " 6 ,_ 0.01 ;..0,1 I 10 
COLLECTOR CURRENT ('1CI-A 

Fig. 4 - Typical dc beta characteristics for all types. 

-I -1.5 -2 
COLLECTOR CURRENT (Iel-A 

Fig. 6 - Typical saturation-voltage characteristics 
for all types. 

:. 
I 

COLLECTOR CURRENT (1C)-A 

Fig. 8 - Typical storage time characteristic for 
all types. 

COLLECTOR-TO-EMITTER VOLTAGE (YCE)--'OV j ;! 4 
CASE TEMPERATURE (Tel c2SoC 

" I I 
I 3' 
~ 
g 3 V 

W J 
/' I 

~ 2. , 

~ 20 1\ ! i 
~ LV i\ : ! 
z 

" ; 
/' \ ! z 10 

ii , J 5 

1 
2 4 •• 2 4 . . 2 4 .. 

-0,01 -01 -I 
COLLECTOR CURRENT I Ie 1- A 

-10 

92CS-15972 

Fig. 5 - Typical gain-bandwidth product for all types. 

-2.5 
BASE-TO-EMITTER VOLTAGE (YaEl-V 9ICS-IS97" 

Fig. 7 - Typical transfer characteristics for all types. 

I 
COLLECTOR CURRENT tIc)-A 

92CS-I!l980R 2 

Fig. 9 - Typical turn-on time and fail-time 
characteristics for all types. 
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CLARE 
MERCURY RELAY 

MODEL No. HGP-1004, 
OR EQUIVALENT CHANNEL A 

TO 
HEWLETT- PACKARD 

~ 
~~ OSCILLOSCOPE 

MODEL No 503 
~ OR EQUIVALENT 

6: 6 _ 11t'''-____ -<~N\,+--CH_AoNNEL B 
~ OTO SOV 
+ (500 mAl 

COMMON 

~9: 6V OISnW 
92.CS-30340 

Fig. 10 - Circuit used to measure sustaining 
voltage V CEO (sus) for all types. 

INPUT: 
HEWLE n'- PAC)(ARD 
MODEL ND.214A,OR 

EQUIVALENT 

INPUT FROM 
PULSE GENERATOR 

(PULSE DURATION-
20"s. REP. RATE ~ 

200Hz) 

VSB"·6V VCC=-200V 

OUTPUT TO 
OSCILLOSCOPE 

(TEKTRONIX MODEL 
No.543A,OR 
[OUIVALENT I 

DEVICE 
UNDER 
TEST 

-ADJUST ReFOR ISZ AND AC FOR Ie 
.. lSI AND 182 MEASURED WITli TEKTRONIX CURRENT PROSE 

P6019 AND TYPE 134 AMPLIFIER,OR EQUIVALENT 

92CS-15977R3 

Fig. 12 - Circuit used to measure saturated switching 
times for all types. 

High-Voltage Power Transistors 

2N6420,2N6421,2N6422,2N6423 

NOTE' 

~ z 
II! 
BT 

-100 

lEu -'0 
g!:! 
" .. 
:l 0 
0 

" COLLECTOR- TO-EMITTER 
VOLTAGE (VCEI- V 

SUSTAINING VOLTAGES VCEO(_IARE ACCEPTABLE 
WHEN TRACES FALL TO THE RIGHT AND ABOVE POINTS 
'A' FOR TYPE 2N6420 POINTS 'B' FOR TYPE 2N6421 
AND POINTS ·C· FOR 'TYPES 2"6422 AND 2N6423. 

92CS- 30341 

Fig. 1"1 - Oscilloscope display for measurement 
of sustaining voltages. 

92CS-15978 

Fig. 13 - Phase relationship between input current 
and output voltage showing reference 
points for specification of switching 
times. 
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High-Voltage Power Transistors 

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 VCE[sat) at IC = 3-, 5-, and 10-A 

Applications: 

• Off-Line Power Supplies 
• High Voltage Inverters 
• Switching Regulators 

TERMINAL DESIGNATIONS 
The RCA-2N6542, 2N6544, 2N6545, and 2N6546 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, conver­
ter circuits and pulse-width-modulated regulators. These 
high-voltage, high-speed transistors are 1 DO-percent tested 
for parameters that are essential to the design of high-pow­
er switchinll circuits. Switchinll times. includinll inductive 
turn-off time, and saturation voltages are chara-cterized at 
100°C; as well as at 25°C, to provide information necessary 
for worst-case design. 

The 2N6542, 2N6544, 2N6545, and 2N6546 transistors are 
supplied in steel JEDEC TO-204AA hermetic packages. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

2N6542 
*Vcev 

V •• =-1.5V.................................. 650 
'Vco>< (Clamped) 

V •• =-1.5V.................................. 350 
·Vc.o............................................ 300 

2N6544 

650 

350 
300 

c 

'~ 
\illeS-2i516 

JEDEC TO-204AA 

2N6545 

850 

450 
400 

·V.BO •••••••••••••••••••••••••••••••••••••••••••• ------------ 8 
Ic(sat). ....... .......... ...... .... ....... ..... 3 5 5 

'Ic .... ............... .... .......... ............. 5 8 8 
'ICM ..• .•••..•..•.••.. •••• •••.. ••.. •••••. •••••.•• 10 16 16 
'1. .............................................. 5 8 8 
'PT 

Tc up to 25°C................................. 100 125 125 
Tc above 25°C, derate linearly. . .. .. . ...... . . .. 0.57 0.714 0.714 

·T .... 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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High-Voltage Power Transistors 

2N6542, 2N6544,2N6545, 2N6546 
ELECTRICAL CHARACTERISTICS Tc = 25° C 

TEST CONDITIONS LIMITS 

CHARACTERISTIC VOLTAGE CURRENT UNITS 
Vdc Adc 2N6542 2N8544 2N8545 2N6548 

VCE VBE IC 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(suslb - - 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 - 108 - - - - - - - 6 30 

2 - 5a - - - - - - - 12 60 

VBE(sat) - - 3- 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 
fT f = 1 MHz 10 - 0.2 - 6 28 - - - - - -

I 10 - 0.3 - - - 6 28 6 28 - - MHz 
i 

10 - 0.5 - - - - - - - 6 28 

Cobof= 1 MHz 10d - - - 50 200 75 300 75 300 125 500 pF 

td8,g I - - 3 0.6 - 0.05 - - - - - -
- - 5 1 - - - 0.05 - 0.05 - -

i - - 10 2 - - - - - - - 0.05 
t,8,g 

i - - 3 0.6 - 0.7 - - - - - -
- - 5 1 - - - 1 - 1 - -

, - - 10 2 - - - - - - - 1 
pS 

t88,g - - 3 0.6 - 4 - - - - - -
i - - 5 1 - - - 4 - 4 - -

- - 10 2 - - - - - - - 4 
tfB,g - - 3 0.6 - 0.8 - - - - - -

- - 5 1 - - - 1 - 1 - -
- - 10 2 - - - - - - - -

• In accordance with JEDEC registration data. 
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High-Voltage Power Transistors ____________________________ _ 

2N6542,2N6544,2N6545,2N6546 
ELECTRICAL CHARACTERISTICS Tc = 100·C 

TEST CONDITIONS 

CHARACTERISTIC VOLTAGE CURRENT 

LIMITS 

Vdc Adc 2N6542 2N6544 2N6545 2N6546 

VCE VaE IC la 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 - - 5a - 200 - - - - - -

- - 8a - - - 200 - 300 - -
- - 15a - - - - - - - 200 

VeE(sat) - - 3a 0.6 - 1.4 - - - - -

- - 5a 1 - - - 1.6 - 1.6 -
- - 10B 2 - - - - - - -

VCE(sat) - - 38 0.6 - 2 - - - - -
- - 5a 1 - - - 2.5 - 2.5 -
- - 10B 2 - - - - - - -

taf,g - -5 3 0.6 - 4 - - - - -
- -5 5 1 - - - 4 - 4 -

- -5 10 2 - - - - - - -
«f,g - -5 3 0.6 - 0.8 - - - - -

- -5 5 1 - - - 0.9 - 0.9 -

- -5 10 2 - - - - - - -
R9JC - - - - - 1.75 - 1.4 - 1.4 -

• In accordance with JEDEC registration data. 
a Pulsed: pulse duration = 300 IJS. duty factory:5 2%. 
bCAUTION: The sustaining voltage VCEO(SUS) and VCEX(SUS) MUST NOT be measured on a curve tracer. 
C Vcc = 20 V. L = 180 pH. Rc = 0.05 n 
d Vce value 
• Resistive load. VCC = 250 V. tp = 100 IJS. Ie, = -le2 
f Inductive load. Vclamp = Rated VCEX(SUS). Ie, = -IC/5. L = 180 pH. RC = 0.05 n. VCC = 20 V 
g For switching speed test methods. see Application Note AN-6820. 

Max. 
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-

5 

-

-

-

-

-

-
-
-

-
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-

-
2.5 

-
-

5 

-
-

1.5 

1 

UNITS 
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V 

V 

pS 

·C/W 
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High-Voltage Power Transistors 

2N6542,2N6544,2N6545,2N6546 

COI.LECTOR-TO-EMITTER VOLTAGEIVc[l- v 
92CM-50532 

Fig. 1 - Maximum oparating araas for type 
2N6542 (Te = 25°). 

COLLECTOR-TO-EMITTER VOLTAGEIVCEI-V 

92CM-36202 

Fig. 2 - Maximum operating areas for type 
2N6544 ancl2N6545 (Te = 25° C). 
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High-Voltage Power Transistors ___________________________ _ 

2N6542, 2N6544,2N6545, 2N6546 

COLLECTOR-TO-EMITTER VOLTAGEIVCE'- V 
,2CM-30533 

Fig. 3 - Max/mum operating areas for type 
2N6546 (TC = 25") 
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F/g. 4 - Dlss/pallon and ISlb derallng curves for 
al/ typas. 

Fig. 5 - Typica/therma/-response characteristics 
for types 2N6542, 2N6544 and 2N6545. 
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Fig. 6 - Typical thermal-response characteristics 
for type 2N6546. 
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Fig. 8 - Typical de beta characteristics for type 
2N6544. 
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Fig. 10 - Typical de beta characteristics for type 
2N6546. 

High-Voltage Power Transistors 

2N6542,2N6544,2N6545,2N6546 
j .... COLLECTOR-la-EMITTER VOLTAGE (VCE). tV 
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;; . 1 I I 
~ l"- I ..,... .. • 
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Fig. 7 - Typical de beta characteristics for type 
2N6542. 

0.1 " 6 8 I 

COLLECTOR 
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CURRENT tIc I-A HCS-:!2044 

Fig. 9 - Typical de beta characteristics for type 
2N6545. 
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Fig. 11 - Typical collector-to-emitter saturation 
voltage as a function of collector current 
for types 2N6542 and 2N654t1. 
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High-Voltage Power Transistors 

2N6542,2N6544,2N6545,2N6546 

'" ",·Xc" 
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~ V ~ ~I 0 ~ u 0.1 

0.1 4 . 2 ~ 
COLLECTOR CURRENTCIC I-A 92CS~310415 

Fig. 12 - Typical cOllector-to-emitter saturation 
voltage as a function of collector current 
for type 2N6545. 

COLLECTOR CURRENT (Icl-A S2eS-U9a4 

Fig. 14 - Typical base-to-emitter saturation voltage 
as a function of collector current for types 
2N6542 and 2N6544. 
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COLLECTOR CURRENT IIC)-A tlCS-320 •• 

Fig. 16 - Typical base-to-emitter saturation voltage 
as a function of collector current for type 
2N6545. 

COLLECTOR CURRENTCIc) -A HCS-3CJ5'. 

Fig. 13 - Typical collector-to-emitter saturation 
voltage characteristics for type 2N6546. 

4 COLLECTOR -TO-EMITTER I 
VOLTAGE (VeE)-! v 

COLLECTOR CURRENT (Ie' - A 

Fig. 15 - Typical base-to-emitter voltage as a 
function of collector current for types 
2N6542 and 2N6544. 
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Fig. 17 - Typical base-to-emitter voltage as a 
function of collector current for type 
2N6545. 
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Fig. 18 - Typical base-to-emitter saturation voltage 
characteristics for type 2N6546. 

o 
o 

ASE TEMPERATURE ITe). 25-C 

<f:P"" 1.e~\ 

,00 

10 
COLLECTOR-lO-EMITTER VOLTAGEIVCEI-V 92CS-32048RI 

Fig. 20 - Typical output characteristics for type 
2N6545. 

~AB~:;:~:~ATURE (T~J;'25.Ctm ,_ + 
Vcc,.2!50 V 

tp· 20,.. .. -1--+ ... +-............. .1. :1..: 

I, 

"5 
COLLECTOR CURRENT (Ie I-A 

92CS-32049RI 

Fig. 22 - Typical saturated switching time 
characterIstics for type 2N6545. 

High-Voltage Power Transistors 

2N6542,2N6544,2N6545,2N6546 

COLLECTOR-TO-EMITTER VOLTAGE tVcE)-V 

Fig. 19 - Typical output characteristics for types 
2N6542 and 2N6544. 

COLLECTOR-TO-EMITTER VOLTAGE (VCE1- v 
92CS-30374 

Fig. 21 - Typical output characteristics for type 
2N6546. 

~ 
CASE TEMPERATURE (Te'· 100·C 
ZBI "I.S2" IA 

§ 
Vee" 250 V 
I ~ 20,., 

~ 
~ If 
~DOO 
0 

~800 

~ 
~&X) 'I 
~400 2 

0 

~ I, 
0 

COLLECTOR CURRENT (I.e I-A 

Fig. 23 - Typical saturated switching time 
characteristics for type 2N6545. 
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High-Voltage Power Transistors 

2N6542,2N6544,2N6545,2N6546 
CASE TEMPERATURE ITC 1"25-C 
.18,"IA, I82"2A 
VCC"250V 
Ip "zaps 

ff 

f, 

Ir ~ 

£ 
w 

" ;: 
w ; 

2 ;, 4 5 6 
COLLECTOR CURRENT (Ie I-A 92CS-;$205IRI 

Fig. 24 - Typical saturated switching time 
characteristics for type 2N6545. 

Xc· SA 
Xs"XB2"IA 
vee· 2SOV 
Ip .20,.. 

f, 

20 40 60 ao 100 120 '40 
CASE TEMPERATURE 1Tcl-·C 92CS-320.53RI 

Fig. 26 - Typical saturated switching time 
characteristics as a function of case 
temperature for type 2N6545. 

w : 

3 4 92CS-32052RI 
COLLECTOR CURRENT 11.CI-A 

Fig. 25 - Typical saturatad switching time 
characteristics for type 2N6545. 

I. ~., CASE TEMPERATURE (TC'.25" 

~i • 
FREQUENCY cu-.,.. 

l~ . ;;:;::f::: C,Oo 

~I 
~~Io' 
c:! • 
5~ • §a 4 r-.... !:; 2 

~§I02 ......... ~ .. 
~~ : i- ~~-

" 4 

§§ 
~~ 2 
wOlD 

10 4 6 8 10 2 ... 1102 2 

COLLECTm-TO-BASE VOLTAGE IVcsl-V 
OR EMITTER-TO-SASE VOL.TAGE(VESI-V 

Fig. 27 - Typical common-base input or output 
capacitance characteristics as a function 
of collector-to-base voltage or emltter­
to-base voltage for type 2N6545. 
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File Number 211 

Medium-Power Silicon 
N-P-N Planar Transistors 
For High-Voltage Switching and Linear-Amplifier Applications 

Feature.: 
• For operation at junction temperature up to 200· C 
• Planar construction for low noise and low leakage 

High-Voltage Power Transistors 

40346, 40412 

TERMINAL DESIGNATIONS 
RCA-40346, and 40412, are silicon n-p-n transistors having 
high breakdown voltages, high frequency-response 
capability, and fast switching speeds. 

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 ac/dc audio­
amplifier service. 

Types 40346 and 40412 are supplied in a JEDEC TO-205AD 
hermetic package. 

MAXIMUM RATINGS. Absolute-Maximum Values: 

VeEA(SUS) 

RaE = 1000 Cl .•••........•••••...•••.••.•..•••.•.•....••.....•.•..•.......••....•.. 
RaE = 10,000 Cl •.•.....•.•••••....••.......••........•.•••••••.......•..••..•••...• 

Ie •.••.••.•••.•••...•••••.......•••...•...•••........................•.••.•....••..•. 
la .•••••.•.•...•.....••.•••..•..•••...•.......•.•...•.....••........•..•......•.•..•• 
PT 

Te:S 25·C ....................................................................... . 
T.:S50· ......................................................................... . 
T.:S25·C ....................................................................... . 
At other temperatures ............................................................ . 

Tstal TJ ............................................................................. . 
TL 

At distance 1/16 ± 1/32 Inch (1.59 ± 0.79 mm) from case for 10 S max ................ . 

JEDEC TO-205AD 

40348 40412 

175 V 
250 V 

1 1 A 
0.5 0.5 A 

10 10 W 
1 1 W 

W 
___ See Fig. 1 ___ 
___ -65 to +200 ___ ·C 

+265 ·C 
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High-Voltage Power Transistors 

40346, 40412 

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

TEST CONDITIONS LIMITS 

CHARACTERISTIC 
VOLTAGE CURRENT 

40346 40412 
Vde mAde 

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

ICED 100 0 - 5 - -

ICER 

RBE=10H2 100 - - - 1 

ICEV 200 -1.5 - 10 - -

TC = 1500C 
150 -1.5 - - - 2 
200 -1.5 - 1 - -

-4 0 - 5 - -
lEBO -3 0 - - - 100 

10 10 25 - - -
hFE 20 30 - - 40 -
VCER(SUS) 

RBE = 1 kU 50 175a - - -
RBE = 10 kU 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 - -
R8JC 40412 - - I - 15 

a CAUTION: Sustaining voltage VCER(SUS), MUST NOT be measured on a curve tracer. 

COLLECTOR-TO-EMITTER VOl.TS {VcF.:l-loj 

i 140 (0 
.s 

9 ~ i 120 

UNITS 

p.A 

rnA 

p.A 

rnA 

/lA 

V 

V 

V 

pF 

rnA 

°C/W 

,(0 
1'00 .~ 

80 ~jJ 
~ I 60 

.~ 40 

20 
rjp 

g 
0 

0.01 ., ", 6", 

COLLECTOR QR8IT (Icl-IMU.IAMPERES 
o &) 100 

TEMPERATURE _DC 

'00 iIo 

fiCS--l2&1S 

Fig. 1 - Dissipation daratlng curves. Fig. 2 - Typical dc beta characteristics for a/l types. 
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I I 
COLLECTOR-lO-EMITTER VOLTS (VCE1-V 

Fig. 3 - Typical output characteristics for all types. 

COLLECTOR-lO-EMITTER VOLTS IVCEI-IO 

wiD!: fJ O 

02 0' 04 05 06 

BASE-lO-EMITTER VOLTS (VBEI 

High-Voltage Power Transistors 

40346, 40412 

COLLECTOR-TO-EMITTER VOLTS I~ 1-10 
I · 

~ · ~o/ ~ 2 

~"'. .f!' / 
g • (:! 
~ 4 " 1-/'/ I 2 ~~ I-- ~ 
tT 102: '/;'" 
~ · ~ 

~ 
2 ~ / 

10, 

! · · 2 

10 
O. 0.' 0.4 0.' 0." 0.7 0.8 

BASE-la-EMITTER VOLTS (VBE) 
92CS-12618 

Fig. 4 - Typical Input characteristics for all types. 

0.7 0.8 

Fig. 5 - Typical transfer characteristics for all types. 
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High-Voltage Power Transistors 

RCA6340, RCA6341 

25-A Silicon N-P-N Power Transistors 
N-P-N Types for Power Supplies and Other High Voltage 
Switching Applications 

F •• ture.: 
• Fast switching speed 
• Low VeElsat) 
• Steel hermetic TO-204AA package 

File Number 1205 

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, pusie-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 package$. 

These types are similar to the 2N6340 and 2N6341 except 
for the Cobo, hFE measured at Ie of O.5A, and 1." 1.2 

conditions for switching times. 

MAXIMUM RATINGS, Abso/ute Maximum Values: 

VCSO .......................................................................... .. 

VCEO ........................................................................... , 

VESO .......................................................................... .. 

Ic .............................................................................. . 
ICM ............................................................................. . 

Is ............................................................................. .. 
PT 

Tc up to 25·C •••.••••••••••••.••••••••••...••••••••..••••••••.••••..••••..••••• 
Tc aboYB 25·C, derate linearly ................................................. . 

Talg, TJ •••••.•••••••..•••••••••..•••••.•••••.•.•••••••••.••••••••.••••.••••..•••. 
TL 

At distance ~ 1/16 In. (1.56 mm) from 
seating plane for 108 max ..................................................... .. 

92CS-27S1S 

JEDEC TO-204AA 

RCA8340 RCA8341 

160 160 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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High-VoHage Power Transistors 

RCA6340, RCA6341 
ELECTRICAL CHARACTERISTICS, at ca.e Temperature Tc = 2S·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 
ICBO 

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 2.5 - - -
- - 10a 1 - 1 

VCE(sat) 
25a 2.5 1.8 - - -

Islb 18 - 11.1 - 1 -
hie f = 5 MHz 10 - 1 - 8 -
IT 10 - 1 - 40 -
Cabo f = 0.1 MHz 10C - - - - 600 

t,d - -6 10 0.5 - 0.3 

tad - -6 10 0.58 - 2.0 

tid - -6 10 0.5e - 0.25 

RIIJC 10 - 5 - - 0.875 

a Pulsed; pulse duration = 300 ps, duty factory :S 2%. 

b CAUTION: The sustaining voltage VCEO(SUS) MUST NOT be measured on a curve tracer. 

C VCB value. 

d Vec = 80 V, tp = 10 ps. 

81Bl = -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 

pA 

mA 

pA 

V 

V 

S 

MHz 

pF 

ps 

·C/w 
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High-Voltage Power Transistors 

RCA6340, RCA6341 

6 8 10 

COLLECTOR-TO-EMITTER VOLTAGE (VCE I-V 
92CM-321!50 

Fig. 1 - Maximum operating areas for both typas. 
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Fig. 2 - Dissipation and IS/b derating curves for both typas. 
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Fig. 4 - Typical dc beta charactarlstics for both types. 
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Fig. 3 - Typical thermal-response characteristic for both types. 
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Fig. 5 - Typical col/ector-to-emltter saturation voltage 
characteristics for both types. 
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Fig. 7 - Typical small-signal forward-current transfer ratio 
characteristic for both types (f = 5 MHz). 
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Fig. 11 - Typical common-base Input (C'bO) or output (CObo) 
capacitance characteristic for both types. 
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RCA6340, RCA6341 
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Fig. 12 - Switching-time test circuit. 
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Fig. 13 - Phase relationship between input current and output 
current showing reference points for specification of 
switching times. 
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File Number 978 

High-Voltage Silicon 
N-P-N Transistors 

High-Voltage Power Transistors 

TIP47, TIP48, TIP49, TIP50 

For High-Speed Switching and Linear-Amplifier Applications 

Features: 
• VERSAWA TT package 
• Maximum safe-area-of-operation curves 

The RCA-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 
Ve.o(SUS) . ... . ........... . . . ... . ... ... . . . 250 
V •• o ..................................... 5 
Ie ....................................... 1 
10M ...................................... 2 
I. ....................................... 0.6 

To up to 25°C............... ......... 40 
To above 25°C ......... Derate linearly 
T. up to 25°C ....................... . 

T .... TJ .................................. . 
TL: 

At distance 2: 1/8 in. (3.17 mm) 
from seating plane for 10 s max. . ..... 

TERMINAL DESIGNATIONS 

'M~··loll J~' 
TOP VIEW 8 

92CS-39969 

JEDEC TO-220AB 

TIP4S TIP49 TIPSO 
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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High-Voltage Power Transistors 

TIP47, TIP48, TIP49, TIP50 

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

TESTCOND. LIMITS 

VOLT· CUR· 

CHARACTERISTIC AGE RENT TlP47 TIP48 TIP49 TIPSO 

Vdc Adc 

VCE IC Min. Max. Min. Max. Min. Max. Min. Max. 

ICEO 150 - 1 - - - - - -
IB=O 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 

10 18 10 - 10 - 10 - 10 -
hFE 10 0.3- 30 150 30 150 30 150 30 150 

VCEO(sus) 
0.038 250b - 300b - 350b - 400b -

IB = 0 

VBE 10 l a - 1.5 - 1.5 - 1.5 - 1.5 

VCE(sat) 
18 - 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 ~l1Hz 

hfe 
10 0.2 25 - 25 - 25 - 25 -

f = 1 kHz 

ISlb 100 - 0.4 - 0.4 - 0.4 - 0.4 -
t = 0.5 s 

toN (td + tr)C,d 
0.2 (ItyP.) 0.2ItyP.) 0.2 (typ.) 0.2 (typ.) 1 

VCC = 200 V I I 

tsc,d 
VCC = 200 V 1 2 (typ.) 2 (~YP.) 2 (typ.) 2 (typ.) 

tfC,d I I I I 
VCC = 200 V 1 0.5 (typ.) 0.5 (typ.) 0.5 (typ.) 0.5 (typ.) 

ReJC - 3.12 - 3.12 - 3.12 - 3.12 

ReJA - 70 - 70 - 70 - 70 

a Pulsed, pulse duration = 300 J.lS, duty factor";;; 2% .. 

b CA UTlON: Sustaining voltage, VCEO(SUS), MUST NOT be measured on a curve tracer. 

C See Fig. 8. 
d IBI =IB2=0.1 A. 

UNITS 

rnA 

rnA 

rnA 

V 

V 

V 

MHz 

A 

J.lS 

oCIW 
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High-Voltage Power Transistors 

TIP47, TIP48, TIP49, TIP50 
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Fig. 1 - Maximum operating areas for a/l types. 
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Fig.2 - Derating curve for all types. 
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Fig. 3 - Typical saturation·voltage characteristics 
for all types. 
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High-Voltage Power Transistors 

TIP47, TIP48, TIP49, TIP50 
I COLLECTOR-lO-EMITTER VOLTAGE (VeE) -to v 
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Fig.6 - Tvpical basa·ro-emitter voltage VB. 

collector current. 
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Fig. 7 - Circuit used to measure saturated switching times. 
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Fig. 8 - Phase relationship between input and output currents, showing 
reference paints for specification of switching times. 
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Darlington Power Transistors 

I EPI BASE STRUCTURE VCEO·60~IZOV I 

SOGO 

N+ COLLECTOR SUBSTRATE 

AI-TI-NI 

COlLECTER 
92CS- 359'3' 

Epitaxial Base n-p-n Darlington. 

I EPI BASE STRUCTURE VCEO"'SO-120V I 

P+ COLLECTOR SUBSTRATE 

AI-TI-NI 
\ , 

COlLECTER 
92CS-35935 

Epitaxial Base p-n-p Darlington. 

IDIFFUSED BASE EPI COLLECTOR VCEO·150-500vl 

OUTPUT 
DIODE 

EMIT ER 

AI 

~J-.. ~mu,"~~~--1 I EPITAXIAL N BUFFER 

N+ COLLECTOR SUBSTRATE 
A I-Ti-NI 

COLLECTOR 
92CS-31:1934 

Diffused Base Epitaxial Col/ector n-p-n Darlington. 

Design Features 

The latest state-of-the-art processing technology is 
employed in the manufacture of RCA n-p-n and p-n-p 
power Darlingtons. 

• Epitaxial-base structures are used for low to medium­
voltage n-p-n and p-n-p Darlingtons. The base region 
of an n-p-n device is created by the growth of a p-type 
epitaxial layer on an n-type epitaxial iayer that has 
be!!n grown onto a low-resistivity n+ substrate. The 
emitter is diffused using a phosphorous source. The p+ 
base contacts, resistors, and output diode are formed 
by ion-implanted boron and high-temperature diffusion. 

Similarly, the base region of a p-n-p Darlington is 
created by the growth of an n-type layer on a p-type 
epitaxial layer and a low-resistivity p+ substrate. The 
emitter is formed by ion-implanted boron and high­
temperature diffusion. The n+ base contacts, resistors, 
and output diode are formed by ion-implanted 
phosphorus and high-temperature diffusion. 

A deep isolation diffusion, N+ for n-p-n and P+ for p-n­
p devices, is used to define the planar collector-base 
junction, The planar junctions are passivated by a clean 
thermally grown silicon dioxide layer, supplemented by 
a deposited phosphor-silicate-glass overcoat. 

• High-voltage n-p-n Darlingtons use diffused-base 
epitaxial-collector structures. The collector region is 
created by epitaxial n- and n layers grown on a low­
resistivity n+ substrate. The base is formed by ion­
implanted boron, and the emitter by phosphorous 
deposition, both driven in by high-temperature diffusion. 
The p+ base contacts, resistors, and output diode are 
formed by ion-implanted boron and high-temperature 
diffusion. 

• Aluminum metallization on the emitter and base contacts 
provides for aluminum wire bonding. Trimetal 
(aluminum-titanium-nickel) evaporated onto the 
collector surface provides collector metallization for 
high-temperature solder mounting. 

• Glass passivation is used over the collector-base 
junctions to assure reverse-bias stability, resistance to 
moisture penetration, and to provide mechanical 
protection during assembly. 

• The output diode in all structures is located in the 
em ilter bond-pad area. 

• The RCA9203 Darlington features no output diode and 
no R2, and is used for special circuit applications. 
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Hybrid Circuit Compatibility 

RCA Darlingtons incorporate several construction features 
that are ideal for mounting the Darlington pellets in hybrid 
circuits as follows: , 
• Thetrimetal collector metallization is particularly suited 0-

for high-temperature solder mounting. (A eutectic solder 
bond formed with 95/5 lead-tin solder at a temperature 
of 320°C is recommended). 

• The aluminum emitter and base metallization facilitates 
aluminum wire bonding. 

Darlington Power Transistors 

• The glass-passivated structure assures excellent 
mechanical protection during processing. Conventional Darlington. RCA9203 Darlington. 

• Large bonding surfaces are available on all types. 

SIPOS-Oxide-Glass-Oxide (SOGO) 
Passivation System 

I n any high voltage device, fri nging electric fields at the 
junction boundaries must be properly managed, insulated, 
and terminated. Otherwise mobile ionic contaminants can 
cause erratic device leakage, unstable voltage breakdown, 
and ultimate device failure. 

RCA has developed a multilayer passivation system called 
SOGO to meet the performance requirements of high­
voltage devices. The first layer is of Semi Insulating 
Polycrystalline Oxygen-doped Silicon (SIPOS). The 
resistivity of the SIPOS can be precisely controllecJ..during 
deposition as required by the device design. 

A silicon dioxide (Si02) layer is then deposited on top of 
the SIPOS to serve as buffer layer between the SIPOS and 
the lead alumino-silicate thick glass layer used to seal the 
junction and provide the actual mechanical protection with 
good thermal match to the silicon. A final layer of the Si02 
over the glass protects the glass during subsequent 
processing. 

The result of this passivation technique is typical VCBO 
and VCEV leakages of less than 1 Jl at 25° C, less than 1 mA 
at 150° C and at rated voltages of up to 1000 volts, 
depending on device design. 

EMITTER 
METAL 

BASE 
METAL $, °2 

n + COLLECTOR SUBSTRATE 

92CS-32812RI 

SOGO passivation system. 
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Darlington Power Translstors------------------------------

Selection Matrix 
Type Ic(A) VCEO(V) hFE@ I Ic(A) I V~E(V) PT(W) Pkg. FileNo. 

RCA8766 Family (n-p-n)1 
RCA8766 10 350 100 min. 6 3 150 TO-2D4AA 973 ' 
RCA8766A 10 350 100 min. 4 3 150 TO-2D4AA 973 
RCA8766B 10 400 100 min. 6 3 150 TO-2D4AA 973 
RCA8766C 10 400 100 min. 4 3 150 TO-204AA 973 
RCA8766D 10 450 100 min. 6 3 150 TO-204AA 973 
RCA8766E 10 450 100 min. 4 3 150 TO-204AA 973 

RCA 9421 (n-p-n) Complementary To RCA .9422 Family 
TIPll0 2 60 1000 min. 1 4 50 TO-220AB 1336 

TIPlll 2 80 1000 min. 1 4 50 TO-220AB 1336 

TIPl12 2 100 1000 min. 1 4 50 TO-220AB 1336 

RCA 9422 (p-n-p) Complementary To RCA 9421 Family 
TIPl15 2 -60 1000 min. -1 -4 50 TO-220AB 1387 

TIPl16 2 -80 1000 min. -1 -4 50 TO-220AB 1387 

TIPl17 2 -100 1000 min. -1 -4 50 TO-220AB 1387 

RCA9202, RCA9203 (n-p-n) 
I 

... 

RCA9202A 4 300 750 min. 2 3 65 TO-220AB 1414 
RCA9202B 4 350 750 min. 2 3 65 TO-220AB 1414 
RCA9202C 4 400 750 min. 2 3 65 TO-220AB 1414 

RCA9203A 4 250 500 min. 2 3 50 TO-220AB 1413 

RCA9203B 4 300 500 min. 2 3 50 TO-220AB 1413 

RCA9228 (n-p-n) Complementary To RCA9229 Family I 
RCA9228A 50 60 2000 min. 25 3 300 TO-204AE ,J437 
RCA9228B 50 80 2000 min. 25 3 300 TO-204AE 1437 

RCA9228C 50 100 2000 min. 25 3 300 TO-204AE 1437 

RCA9229 (p-n-p) Complementary To RCA9228 Family 
RCA9229A 50 -60 2000 min. -25 -3 300 TO-204AE 1438 

RCA9229B 50 -80 2000 min. -25 -3 300 • TO-204AE 1438 

RCA9229C 50 -100 2000 min. -25 -3 300 TO-2D4AE 1438 

2N6284 Family (n-p-n) Complementary To 2N6287 Family 
2N6057 12 60 750 min. 6 3 150 TO-2D4AA 1185 
2N6282 20 60 750 min. 10 4 160 TO-204AA 1001 
2N6058 12 80 750 min. 6 3 150 TO-204AA 1185 
2N6283 20 80 750 min. 10 4 160 TO-2D4AA 1001 
2N6059 12 100 750 min. 6 3 150 TO-2D4AA 1185 
2N6284 20 100 750 min. 10 4 160 TO-2D4AA 1001 

2N6287 Family (p-n-p) Complementary To 2N6284 Family 
2N6050 12 -60 750 min. -6 -3 150 TO-2D4AA 1185 
2N6285 20 -60 750 min. -10 -4 160 TO-204AA 1001 
2N6051 12 -80 750 min. -6 -3 150 TO-204AA 1185 
2N6286 20 -80 750 min. -10 ,-4 160 TO-2D4AA 1001 
2N6052 12 -100 750 min. -6 -3 150 TO-204AA 1185 
2N6287 20 -100 750 min. -10 -4 160 TO-204AA 1001 
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.... _"._. _______ Darllngton Power Transistors 

Selection Matrix 

Type Ic(A) VCEO (V) hFE@ I Ic(A) I VCE(V) PT(W) Pkg. FileNo. 

2N6385 Family (n-p-n) Complementary To 2N6650 Family 

2N6383 10 40 1000 min. 5 3 100 TO-204AA 609 
BDX83 10 45 1000 min. 5 3 125 TO-204AA 955 
2N6055 .8 60 750 min. 4 3 100 TO-204AA 563 
2N6384 10 60 1000 min. 5 3 100 TO-204AA 609 
2N6576 15 60 2000 min. 4 3 120 TO-204AA 1152 
BDX83A 10 60 1000 min. 5 3 125 TO-204AA 955 
RCA1000 5 60 1000 min. 3 3 90 TO-204AA 594 
2N6056 8 80 750 min. 4 3 100 TO-204AA 563 
2N6385 10 80 1000 min. 5 3 100 TO-204AA 609 
BDXll3B 10 80 1000 min. 5 3 125 TO-204AA 563 
RCA1001 5 80 1000 min. 3 3 90 TO-204AA 594 
2N6577 15 90 2000 m,n. 4 3 120 TO-204AA 1152 
BDX83C 10 100 1000 min. 5 3 125 TO-204AA 563 
2N6578 15 120 2000 min. 4 3 120 TO-204AA 1152 

2N6388 Family (n-p-n) Complementary To 2N6668 Family! 
2N6386 8 40 1000 min. 3 3 65 TO-220AB 610 
BDX33 10 45 750 min. 4 3 70 TO-220AB 693 
2N6043 8 60 1000 min. 4 4 75 TO-220AB 1151 
2N6387 10 60 1000 min. 5 3 65 TO-220AB 610 
BDX33A 10 60 750 min. 4 3 70 TO-220AB 693 
TIP100 8 60 1000 min. 3 4 80 TO-220AB 1152 
TIP120 8 60 1000 min. 3 3 65 TO-220AB 998 
2N6044 8 80 1000 min. 4 4 75 TO-220AB 1151 
2N6388 10 80 1000 min. 5 3 65 TO-220AB 610 
BDX33B 10 80 750 min. 3 3 70 TO-220AB 693 
TIP101 8 80 1000 min. 3 4 80 TO-220AB 1153 
TIP121 8 80 1000 min. 3 3 65 TO-220AB 998 
2N6045 8 100 1000 min. 4 4 75 TO-220AB 1151 
BDX33C 10 100 750 min. 3 3 70 TO-220AB 693 
TIP102 8 100 1000 min. 3 4 80 TO-220AB 1153 
BDX33D 10 120 750 min. 3 3 70 TO-220AB 693 
TIP122 8 100 1000 min. 3 3 65 TO-220AB 998 

2N6530 Family (n-p-n) 
2N6530 8 80 1000-10.000 5 3 65 TO-220AB 873 
2N6531 8 100 500-10.000 3 3 65 TO-220AB 873 
2N6532. 8 100 1000-10.000 5 3 65 TO-220AB 873 
2N6533 8 120 1000-10,000 3 3 65 TO-220AB 873 

2N6650 Family (p-n-p) Complementary To 2N6385 Family 
2N6648 10 -40 1000-20,000 -5 -3 70 TO-204AA 1013 

2N6649 10 ·60 1000-20,000 -5 -3 70 TO-204AA 1013 

2N6650 10 -80 1000-20,000 -5 -3 70 TO-204AA 1013 

2N6668 Family (p-n-p) Complementary To 2N6388 F~mily 
2N6666 8 -40 1000 min. -3 -3 65 TO-220AB 1069 
BDX34 10 -45 750 min. -4 -3 70 TO-220AB 694 
BDX34A 10 -60 750 min. -4 -3 70 TO-220AB 694 
2N6667 10 -60 1000 min. -5 -3 65 TO-220AB 1069 
TIP125 8 -60 1000 min. -3 -3 65 TO-220AB 997 
BDX34B 10 -80 750 min. -3 -3 70 TO-220AB 694 

2N6668 10 -80 1000 min. -5 -3 65 TO-~20AB 1069 
TIP126 8 -80 1000 min. -3 -3 65 TO-2fOAB 997 

BDX34C 10 -100 750 min. -3 -3 70 TO-220AB 694 

TIP127 8 -100 1000 min. -3 -3 65 TO-22'OAB 997 
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Darlington Power Transistors:-. ___________________________ _ 

2N6043, 2N6044, 2N6045 

8-Ampere N-P-N Darlington 
Power Transistors 

File Number 1151 

TERMINAL DESIGNATIONS 

60-, 80-, 100-Volts, 75 Watts 
Gain of 1000 at 4 A (2N6043, 2N6044) 
Gain of 1000 at 3 A (2N6045) '~·~'·loll Jr ;: 

TOP VIEW B 
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 Values: 

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

VCEO(sus) .................................................... . 

:Y:~~ . : : : : : : : : : : : : : : : : : : : : : : : : : : :: : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 
ICM ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

*18 ........................................................... . 
oPT 

Tc2::25°C ................................................. . 
Tc>25°C ................................................. . 

*T.'II'T J ••••••••••••••••••••••••••••••••• , •••••••••• '" •••••••• 

*TL 
At distances 2:: 1/8 in. (3.17 mm) from 

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

*In accordance with JEDEC registration data. 

B 

92CS-39969 

JEDEC TO-220AB 

I---------~ 

I I 
I I 
I I 
I I 
I I 

I I L _________ .-J 

UE 
92CS-28597 

Fig. 1 - Schematic diagram for all types. 
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________________________________ Darlington Power Transistors 

2N6043,2N6044,2N6045 

ELECTRICAL CHARACTERISTICS, At Case Temperature (TC) = 2SOC 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 
80 0 - - - 20 - -
60 0 - 20 - - - -

* ICEV 100 -1.5 - - - - - 20 
80 -1.5 - - - 20 - - J.lA 
60 -1.5 - 20 - - - -

100 -1.5 - - - - - 200 
TC=1250 C 80 -1.5 - - - 200 ,- -

60 -1.5 - 200 - - - -
* lEBO 5 0 - 2 - 2 - 2 mA 

* VCEO(SUS) 0.18 0 60 - 80 - 100 - V 

ICBO 100b - - - - - 20 
80b - - - 20 - - J.lA 
60b - 20 - - - -

4 4 000 20,000 1000 20.000 - -

* hFE 4 3 - - - - 1000 20,000 
4 8 100 - 100 - 100 -

VBE 
4 4 - 2.8 - 2.8 - -
4 3 - - - - - 2.8 V 

* 
* VBE(sat) 8 0.08 - 4.5 - 4.5 - 4.5 

4 0.016 - 2 - 2 - -

* VCE(sat) 3 0.012 - - - - - 2 V 
8 0.08 - 4 - 4 - 4 

VF -88 - 4 - 4 - 4 V 

hfe 4 3 300 - 300 - 300 -
f=1 kHz 

* 

Ihfe l 4 3 4 - 4 - 4 -
f=l MHz 

* 

Cobo lOb - 200 - 200 - 200 pF 
f=l MHz 

* 

I SIb 30 2.5 -
t=l s, nonrep. 

2.5 - 2.5 - A 

R8JC - 1.67 - 1.67 - 1.67 oCIW 

• In accordance with JEDEC registration data. 
a Pulsed: Pulse duration = 300 j.lS, duty factor = 1.8%. b Vce value. 
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2N6043,2N6044,2N6045 

COLLECTOR-TO-EMITTER VOL TAGlE IV __ l- V 
~ - ... ~ 92CM-31124 

Fig. 2 - Maximum operating areas for all types (T C = 2ff'C). 

1:' 
COL.LECTOR~TO-EMITTERI VOLTAGE (VCE}=4 V 

= 104 
!l • J.. ~ t-j Ii 
~ 6 

~v J ~ -4 ~ . 
~ 

r--- ,'J0 t---~'l,f:I. V "'\ f0 .L ,<V- I-- . 
~ , '\~~«, 

V 1\ l\ ~ V ~ ~ ~ /0 3 t---.;.i-~-I! .< L 
~ . ~t--,~~L 
~ 6 t- L 
~ . lL 
fi! V g"" 

CASE TEMPERATURE fTC1_oC 0., 
, . , • , 10 

COLLECTOR CURRENT (Ic)-A 92eS-31t,11 

Fig. 3 - Derating curve for all types. Fig. 4 - Typical de beta characteristics for all types. 
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o,pooa 
• 

! • , 
z 

~ ~ 
l- • 
I • I" • 
~ 

, 
-"'.. ~ 100 

o • 
:l • .. • II COLLECTOR CURRENT(rc) .. 3A , g~~~ET~TMO:E~~~-U~~I~~~~= ~~~~AGE (VCEI·4V _ r-

IO , . .. , • •• , • •• 10 100 1000 
FREQUENCYUI- kHz 

92CS-311URI 

Fig. 5 - Typical small-signal gain for all types. 

2N6043, 2N6044, 2N6045 

3 CASE TEMPERATURE ITe )=25-

~~ 
tj2~~--+-t+1---r_-r-rtt--~--tlltl 
uu-

~~ 
E~ 
~~'.q~~~+-t++-~~~~tt~i---r1-t-

r----. i'--
....... 1"- c 

b,!'bo I- U 
~I­
~o 
I-~ 

a~ 
~~ 
~~ 

~~ '" \ 
I'---

~~ 4f--r--+-Ht----t--+-+-IH-- +--+-H--1 
~~ 

'\. 
83 

4 6 8 4 6 B 4 6 S 
o I I 10 100 

REVERSE VOLTAGE (VR I-V 92CS- 31122 

Fig. 6 - Typical common-base input or output 
capacitance characteristics as a function 
of reverse voltage for all types. 
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~N6050, 2N6051, 2N6052, 2N6057, 2N6058, 2N6059 File Number 1185 

12-Arnpere Complementary 
P-N-P and N-P-N Monolithic 
Darlington 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 RCA-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-204M hermetic steel 
package. 

TERMINAL DESIGNATIONS 

JEDEC TO-204AA 

Applications: 

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

MAXI MUM RA TI NGS, Absolute·Maximum Values: 

• VCBO' • 
• VCEO(sus) 

• V EBO 

• IC' 
• ICM • 
• lB' . 

• PT 
TC';;;25°C 
TC >25°C 

• Tstg• TJ . . 
* TL 

Derate linearly 

2N6050-
2N6057 

60 
60 

2N605'-
2N6058 

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 

At distances ;;;'1116 in. (1.58 mm) from case for 10 s max. ___ 235 _____ _ 

• In accordance with JEDEC: registration data. - For p-n-p devices. voltage and current values are negative. 
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* 

* 

* 
* 

* 

* 

* 
* 
* 

* 

2N6050,2N6051,2N6052,2N6057,2N6058,2N6059 

r---------l 
I I 
I I 
: I 
I I 
I ".kn ".on. I 
L _________ ..J 

92CS-2!N29 

Fig. 1 - Schematic diagram for 2N6050, 2N6051, 
and2N6052. 

92CS-29128 

Fig. 2 - Schematic diagram for 2N6057, 2N6058, 
and2N6059. 

ELECTRICAL CHARACTERISTICS. at Case Temperature (TC) = 25°C Unless Otherwise Specified 

TEST CONDITIONS LIMITS 

VOLTAGE CURRENl 2N6050· 2N605'· 2N605~ 
CHARACTERISTIC Vdc Adc 2N6057 2N6058 2N6059 UNITS 

VCE VBE IC IB MIN. MAX. MIN. MAX. MIN. MAX. 

30 0 - 1 - - - -
ICEO 40 0 - - - 1 - -

50 0 - - - - - 1 mA 
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 mA 

VCEO(sus) O.la 0 60 - 80 - 100 - V 

3 1~ 100 -- 100 - 100 -
hFE 3 68 .750 18,000 750 18,000 750 18,000 

VCE(sat) 
1~ 0.1 ~ - 3 - 3 - 3 
S8 0.021 2 2 2 

V 
- - -

VBE 3 S8 - 2.8 - 2.8 - 2.8 V 

VBE(sat) 1~ 0.12 - 4 - 4 - 4 V 

hfe 3 5 300 - 300 - 300 -
f = 1 kHz 

Ihfe l 3 5 4 - 4 - 4 -
f = 1 MHz 

Cob 
VCB=10V,IEO, 

f=O.l MHz 
2NS050-52 - 500 - 500 - 500 

IJF 2NS057-59 - 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 .us, duty factor = 1.8%. • For p-n-p devices, voltage and current values are negative. 

* In accordance with JEDEC registration data. 
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2N6050, 2N6051, 2N6052, 2N6057, 2N6058, 2N6059 

COLLECTOR-TO-EMITTER VOLTAGE (VCEI- V 

-FOR p-n-p DEVICES ,VOLTAGE AND CURRENT 
VALUES ARE NEGATIVE 

92CS-31714 

Fig. 3 - Maximum operating areas for all types . 

• ~IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII!1111 It'~111111111111111111111111111111111111111111111111Ii 

25 50 75 tOO 125 150 175 200 

CASE TEMPERATURE {TCI-OC 
92LS-176"1RI 

Fig. 4 - Current derating curve for all types. 

JI~ COLLECTOR-TO-EMITTER VOLTAGE fVCE'''-3V== 
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~ , 
~ 4 
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10' 

2 4 • 8 2 4 , . 
-I -10 2 4 , 8 

-100 
COLLECTOR CURRENT{IC)-A 

92CS-29133 

Fig. 6 - Typical dc beta characteristics for 
2N6050, 2N6051, and 2N6052. 

.. 
-150 

i!i 
fl25 
III 
oKlO 

I 150 200 
CASE TEMPERATURE ITc I-OC 

92CS-31715 

Fig. 5 - Power derating curve for al/ types. 

to: COLLECTOR-TO-EMITTER VOLTAGE {VCEI-:5 v --
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2 

g ~02 , 4 •• 2 • I 6 8 10 • •• 0.1 
CO LLECTOR CURRENT (:r.c)- A 

Fig. 7 - Typical de beta characteristics for 
2N6057, 2N6058, and 2N6059. 
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2N6050, 2N6051, 2N6052, 2N6057, 2N6058, 2N6059 

35 

'" I. u 
H 
-25 

~ 

0123456789 
COLLECTOR-TO-EMITTER SATURATION VOLTAGE l VCE(.ot~-V 

FOR P-R-P DEVICES, VOLTAGE AND CURRENT VALUES ARE NEGATIVE 

92CS-31712 

Fig. 8 - Typical saturation characteristics for all 
types. 

-'0, .lA.ILLl:.lOTuK::;;U PLYVuLTAbE vee s-'30V 
CASE TEMPERATURE (TC)· 25°C , 
~~~!i;2250 I 

4 -~ NI"I ~ -! 2 

~ i'- " ~ I ! -I ... , 
!il , '\. " ;; ......... I, 
t: 4 

~ I 
2 

~ 
td AT VBE (OFF) =OV 

-0.' I I 
2 4 " 2 4 , 2 4 , . 

-0.1 -, -10 -100 

COLLECTOR CURRENT lIe I-A 

92C$-29137 

Fig. 10 - Typical switching times for 2N6050, 
2N6051, and 2N6052. 

V2 
APPOX-J-l--­
+12V 

0- - - - 51 
VI 

APPOlt""-1 I 
- 8 V t---I-25,.., 
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10", , 
• 2N.b.7. 2b •• '. 2'N~0" 

'1 , -z 2N6050,2N60!51 2N605 -I-
~Io' .. , ... · Z 

'" .. · '" 1\." '" ~ U , 
\ \ ... 

'" zl02 

~ ~ a COLLECTOR-lO-EMITTER VOLTAGE I VCE)-3Y· -, . COLLECTOR CURRENT I I.e}· SA- -
j • CAi TE"iERiiT 'trill 1--
~ .. , 

I I I I 10 , . , , 2 . • • • •• 1000 10 100 
FREQUENY (fJ- koHl 

"OR D-n-p DEVICES, VOLTAGE AND CURRENT VAL.UES ARE NEGATlVE 

92CS-31713 

Fig. 9 - Typical small-signal current gain for all 
types. 

I 8 COLLECTOR SUPPLYVOLTAGEIVcc)=30V 
CASE TEMPERATURE (TC J. 2~·e 

6 lelIa =2~0 l' 1 

4 ISI-IS2 .t:j-l-'1'·'f-+--;j::::JJj:=i-t-tti t ~n:r __ ~ 
~ 2~-t--~~~--~-+-+1-~-r--t-ti~ 

!i! ><r--
i I +-=:~~++t$;,!":.4:;;;;;;ttR';;::::'f==t=t+1 :: a\-
~ ,~~-"~~~~-t--~ti-r--t--+-+~ 

0.1 8 1'0 2 4 8 8'00 

COLLECTOR CURRENT tIc )-A 

92CS-29138 

Fig. 11 - Typical switching times for 2N6057, 
2N6058 , and 2N6059. 

Vee 
-30 V 

DUTY CYCLE' I % FOR td AND t" DI IS 
DISCONNECTED AND V2-0 

RB a Rc VARIED TO OBTAIN DESIRED CURRENT LEVELS 
DI MUST BE FAST RECOVERY TYPE 

FOR n-.-·n TEST CIRCUIT REVERSE DIODE AND VOLTAGE POLARITIES 

92CS-29138 

Fig. 12 - Switching times test circuit. 
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2N6055, 2N6056 

8-Ampere Silicon N-P-N 
Darlington Power Transistors 
60- and 80-Volt, 100-Watt Types 
With Gain of 750 at 4 Amperes 

Features: 
• Operation from Ie without predriver 
• Low leakage at high temperature 

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

The RCA-2N6055 and 2N6056 are monolithic n-p-n sil­
icon Darlington transistors designed for low- and medium­
frequency power applications. The construction of these 
devices provides good forward-bias second-breakdown 
capability. Their high gain makes it possible for them to 
be driven directly from integrated circuits. 

These devices are supplied in the JEDEC TO-204AA 
(VERSAWATTj piastic package. 

MAXIMUM RATINGS,Absolute-Maximum Values: 

* VCBO 
VCER(sus) 

RBE = 1001'2 

* VCEO 
VCEV(sus) 

VBE = -1.5 V 

* VEBO 
*Ie· 

ICM 
*IB. 
*PT 

TC";;250 C 

TC> 25°C 
* Tstg, TJ. 
*TL 

At distances;;;' 1/32 in. (0.8 rnm) 
from seating plane for lOs max. 

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

File Number 563 

TERMINAL DESIGNATIONS 

c 

'0' 
92C8- 27$18 

JEDEC TO-204AA 

,-----------, 
I I 

• I I 
I I 
I I 
I I 
I I 
L _________ -l 

_E 
92CS-19916RI 

Fig. 1 - Schematic diagram of 2N6055 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 rnA 

100 100 W 
- See Figs. 2 and 4-
--65 to +200 -- OC 

--235--- OC 
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________________________________ Darlington Power Transistors 

2N6055, 2N6056 

ELECTRICAL CHARACTERISTICS, At Case Temperature (TC)= 2fiOC Unless Otherwise Specified 

TEST CONDITIONS LIMITS 
DC DC 

CHARACTERISTIC VOLTAGE CURRENT 2N6055 
SYMBOL V A 

VCE VEB VBE IC IE IB MIN. MAX. 

* ICEO 
30 0 - 0.5 
40 0 - -

ICEX 
60 -1.5 - 0.5 
80 -1.5 - -

ICEX 60 -1.5 - 5 
TC = 1500 C 80 -1.5 - -

IESO 5 0 - 2 * 

hFE 
3 8a 100 -
3 4a 750 18.000 * 

VCEO(sus) O.la 60a -
VCER(sus) 

O.la 60a -
RSE = lOOn 

VCEX(sUS) -1.5 O.la 60a -
4a 0.016 - 2 

VCE(sat) 8a 0.08 - 3 * 
VSE 3 4a - 2.8 

VSE(sat) 8a 0.08 - 4 

Ihfel 3 3 4 -
f = 1 MHz 

* 

* Cobo 
f=O.l MHz, 0 - 200 
VCS = 10 V 

* hfe 
f = 1 kHz 3 3 300 -

ISlb 
33.3 3 -

t = 1 s, 40 - -
non rep. 

ROJC - 1.75 

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

a Pulsed: Pulse duration = 300/ls, duty factor = 2%. 

2N6056 

MIN. MAX. 

- -
- 0.5 

- -
- 0.5 
- -
- 5 
- 2 

100 -
750 18,000 

80a -

80a -

80a -

- 2 
- 3 
- 2.8 

- 4 

4 -

- 200 

300 -

3 -
2 -

- 1.75 

UNITS 

mA 

mA 

V 

V 

V 

pF 

A 

oCIW 
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2N6055, 2N6056 

i~ 
~Cw 

,~~ 

!l1~ 100 

IS! ~u 75 

~5~ 
Iu!ii 50 

!ihi 
~~~ .. 
~ 

NOTE: CURRENT DERATING AT CONSTANT YI)l.TAGE 
APPL.IES ONLY 1'0 THE DISSIPATION~LIMITED PORTION 
AND IS/b-LIMITED PORTION OF MAXIMUM-OPERATlNG­
AREA tURVES 00 NOT DERATE THE SPECIFIED 
VALUE FOR Ie MAX. 

Tn 

2S so 75 JOO 125 150 I'" 200 

CASE TEMPERATUItE (TCI--C 

Fig.2 - Derating curve for both types. 

.. 6 COLLECTOR-TO-EMITTER VOLTAGE(VCE)a3V-

~ . .. 
2 I-

1,0' a-~ ~ - -.v 
~ . -

~r~ c-
r\ ;~ 2 P .... (,1 

" fa:: I03 \+:+\.",<; 
g l ~ \. ... -' . 
" " 0: 2 

~ 10' 
• • 2 4 •• 2 

0.1 8 I 10 
COLLECTOR CURRENT IZcl-A 

Fig.3 - Typical dc beta charactaristics 
for both types. 

I COLLECTOR CURRENT ( ~-A 
'ZCI-ZOMI RI 

Fig.4 - Maximum operating areas for types 2N6055 and 2N6056. 
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~ 
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~ 

u 

i 

10 \ 
O.or 4 68 1 

FREQUENCY (f)-MHz 

Fig. 5 - Typical small-signal gain 
for both types. 

7~ 

Z., 

IJi 
J 

+i-1- -rtf+l-" 

BASE-lO-EMITTER VOLTAGE (VBEl-V 

Fig. 7 - Typical input characteristics 
for both types. 

CASE TEMPERATURE (TC' ... ·C 

JRR ,NT 
OmA 

2 6 8 10 

COLLECTOR-lO-EMITTER VOLTAGE {VCE}-V 

92CS-19923RI 

92CS-1992S 

Fig. 9 - Typical output characteristics 
for both types. 

2N6055, 2N6056 

COLLECTOR SUPPLY VOLTAGE (VCC}~20 V 

35 'B • -Ie ~ Ie/SOO, TC· 2S·C 

3 --I-
Z., 

-j--. t-!!... 

f z 
~ 
~ 

~ I.' 

I 
...... v 
t-

0.' 
j--. .!L 

I 

COLLECTOR CURRENT IIc)-A 

Fig. 6 - Typical saturated switching-time 
characteristics for both types. 

BASE -TO- EMITTER VOLTAGE 
92CS-19924RI 

Fig. 8 - Typical transfer characteristics 
for both types. 

BE' 

COLLECTOR CURRENT IIC1-A 
9ZCS-199il6 

Fig. 10 - Typical saturation-voltage charac­
teristics fqr both types. 
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2N6055, 2N6056 

~~~1ET1cs PULSE J:BI* 
GENERATOR MODEL 
No. PG-31. OR 
EQUIVALENT 

PULSE DURATION 
20 "s POSITIVE VOLTAGE 
20 "s NEGATIVE VOLTAGE 

REP. RATE' 200 Hz 

RB'" 200 RC 

... J:B I AND J:B2 ARE MEASURED WITH TEKTRONIX CURRENT 

PROBE P6019 AND TYPE 134 AMPLIFIER, OR EQUIVALENT 

92CS-I9942 

Fig. 11 - Circuit used to measure saturated 
switching times. 

~~HI---.---I;I ~ 
ID~ 1 

- I ='-="-"""'" 
I 
I 
I 
I 
I 
I 
I 
I 

;1 i 
gilL-__ +-I ...., 

Fig. 12 - Phase relationship between input 
current and output current show­
ing reference paints for specifi­
cation of switching times. 
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________________________________ Darlington 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 ""ithout predriver 

• Monolithic construction 

The RCA-2N6282. 2N6283. and 2N6284 and the 2N6285. 
2N6286. and 2N6287 are complementary n-p-n and p-n-p 
monotithic 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 ' .. IC' .. 
ICM .. 
lB' .. PT 

TC ";;25°C 

TC >25°C Derate linearly .. Tstg, TJ .. TL 
At distances ;;;'1/16 in. (1.58 mm) from case for lOs max. 

.. In accordance with JEDEC registration data. 

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

TERMINAL DESIGNATIONS 

JEDEC TO-2D4AA 

• 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 re!jlliators 
• Audio amplifien 

2N6282 2N6283 2N6284 
2N6285· 2N6286· 2N6287· 

60 80 100 V 

60 80 100 V 

5 5 5 V 

20 20 20 A 
40 40 40 A 

0.5 0.5 0.5 A 

160 160 160 W 
0.915 W/oC 

-65 to 200 °c 

235 °c 
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2N6282, 2N6283, 2N6284, 2N6285, 2N6286, 2N6287 

92CS-29128 

Fig. 1 - Schematic diagram for 2N6282, 2N6283, 
and2N6284. 

1---------, 
I I 
I I 
I I 
: I 
I "8kll ,".011 I 
L _________ --l 

92CS-29129 

Fig. 2 - Schematic diagram for 2N6285, 2N6286, 
and2N6287. 

ELECTRICAL CHARACTERISTICS, at Case Temperature (T cJ ~ 25"C Unless Otherwise Specified 

TEST CONDITIONS LIMITS 

VOLTAGE CURRENT 2N6282 2N6283 2N6284 
CHARACTERISTIC Vdc Adc 2N6285· 2N6286· 2N6287· UNITS 

VCE VBE IC IB MIN. MAX. MIN. MAX. MIN. MAX. 

30 0 - 1 - - - -
ICEO 40 0 - - - 1 - -* 

50 0 - - - - - 1 mA 
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 mA * 
VCEO(sus) O.la 0 60 - 80 - 100 - V * 

3 20a 100 - 100 - 100 -
hFE 3 lOa 750 18,000 750 18,000 750 18,000 

VCE(sat) 
20a 0.2 - 3 - 3 - 3 
loa 0.04 2 2 2 

V - - -* 

* VBE 3 loa - 2.8 - 2.8 - 2.8 V 

VBE(sat) 20a 0.2 - 4 - 4 - 4 V * 
hfe 3 10' 300 - 300 - 300 -
f; 1 kHz 

'* 

Ihfel 
3 10 4 - 4 - 4 -f; 1 MHz 

* 

* Cob 
VCB;10V,IEO, 
f;O.l MHz 

2N6282-84 - 400 - 400 - 400 pF 
2N6285·87 - 600 - 600 - 600 

IS/b 30 5.3 - 5.3 - 5.3 - A t = 1 s, non rep. 

RIiJC 1.09 - 1.09 - 1.09 °C/W 

a Pulsed: Pulse duration = 300 .u.s, duty factor = 1.8%. • For p-n-p devices, voltage and current values are negative. 
* In accordance with JEDEC registration data. 
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_________________________________ Darlington Power Transistors 

2N6282,2N6283,2N6284,2N6285,2N6286,2N6287 

COLLECTOR-TO-EMITTER VOLTAGE IVCE)-V 

92CM-29r30 

-FOR p-n-p DEVICES, VOLTAGE AND CURRENT VALUES ARE NEGATIVE 

Fig. 3 - Maximum operating areas for all types. 

2S 50 T& 100 125 150 1715 200 

CASE TEMPERATURE ITc}_·c 

o 
o ~ ~ ~ ~ ~ ~ I ~ 

CASE TEMPERATURE (T C )--C 

Fig. 4 - Current derating curve for all types. Fig. 5 - Power derating curve for all types. 

~IO : ~_OLLECTOR·TO·EMITTER VOLTAGE (VCE)s3V--

i 
4 

I I , 1---
'" _l~ t--.. ~ 104 

!i • .;0 
• .'" 

e: · ./ ~ 
I- ./ v.'-
Z 2 .. 

/" '" ~ 103 

'I • c • 

~I~ COLLECTOR-TO-1EMITTER VOLTAGE IVCE)--3V= 

= • 
0 I I ~ , 

\.~ r-, 
'" .. 10 
l:; • 

~f-. .... '" i 0 I--
l!: 4 - r-~ f". ~ ~ 

,;0 ".... 
2 - ~'. ~ 103 .\ 

, . 
Ii! • 

'" 4 .. J 4 

" '" f 2 

g 102 

~ , 
g 

102 

468 468 4 • 8 -0 I 2 4 00 -I -10 2 4 .. 2 4 .. -100 0.1 I 10 
COLLECTOR CURRENTII.c)- A 

Fig.. 6 - T)f'ical 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 

Ie IIe(FORCEOhFE )-100 I 8 COLLECTOR SUPPLY VOLTAGE (Vcc)-3QY 

•• 

~ 

~ 15 

~ 8 10 

o 
o I 2 

COLLECTOR- TO-EMITTER SATURATION VOLTAGE 
[Vco""']-V 

0.1 8, 2 4 & 8 100 

FOR p-n-p DEVICES,VOLTAGE AND CURRENT VALUES ARE NEGATIVE 
9!?CS-29135 

COLLECTOR CURRENT (Ie )-A 

92C5-29136 

Fig. 9 - Typical switching timas for 2N6282, 
Fig. 8 - Typical saturation characteristics for all types. 

-Iv. COLLECTOR SUPPLY V?~TAGE (Vee = -30V 
CASE TEMPERATURE (TCj:2!5°C , leIla ~250 

II 
4 

IBI-IB2 

t:::: ::::::: t-JI "-~ 2 

'f'!-.. ~ ~ "- i 
~ -I 

~ 
. ..... 

Z 6 

"k't 'E ~ C? 4 

~ U I I)d AT VBE {OFF1-OV 
2 ~ 

I -0.1 I 
-0 I 

! ! 

4 6. 
-I 

I III 
I ! ! I! 
hi II I 
2 4 68 

-10 

! ! !! 
4 6. 

-100 

I III 
COLLECTOR CURRENT (Ie )-A 92C5-29137 

Fill. 10 - Typicalswitchiniitimes for 2N6285, 
2N6286, and 2N6281. 

V2 

APPOX-iP--­tl2V 
0- - - - 51 

VI 

~~p~x- -J..-.+-25,.s 

'r.tf< IOn, 
DUTY CYCLE. I " FOR Id AND Ir • a' IS 

DISCONNECTED ANDV2-0 

Vee 
-30 V 

RS 8 AC VARIED TO OBTAIN DESIRED CURRENT LEVELS 
D, MUST BE FAST RECOVERY TYPE 

2N62B3, and 2N6284. 

FOR n-p-n TEST CIRCUIT REVERSE OIOOE AND VOLTAGE POLARITIES 92CS-29138 

Fig. 11 - Switching times tsst circuit. 
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________________________________ Darlington Power Transistors 

File Number 609 

10-Ampere N-P-N Darlington 
Power Transistors 
40-60-80 Volts, 100 Watts 
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 2N638S- 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 TA8348. 

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 <;;;250 C 

TC> 25°C 

*Tstg, TJ .. 
*TL 

At distances;;:' 1/32 in. (0.8mm) 
from seating plane for lOs max. 

2N6383, 2N6384, 2N6385 

TERMINAL DESIGNATIONS 

c 

'0' 
92CS- 2751. 

JEDEC TO-204AA 

,'-----------, 
I I 
I I 
I I 
I I 
I I 
I I L _________ ....l 

E 
92CS-2QS911U 

Fig. 7 - Schematic diagram for all types. 

2N6385 2N6384 

80 60 

80 60 

80 60 

80 60 

5 5 

10 10 

15 15 

0.25 0.25 

100 100 

See Fig.2 

--- -65 to +200 

235 

2N6383 

40 

40 

40 

40 

5 

10 

15 

0.25 

100 

v 

v 
V 

V 

V 

A 

A 

A 

w 

°c 

°c 
* In accordance with JEDEC registration data format JS-6 RDF·2. 
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Darlington Power Transistors _______________________________ _ 

2N6383, 2N6384, 2N6385 

ELECTRICAL CHARACTERISTICS, At Case Temperature (TC) = 2!JOC Unless Otherwise Specified 

TEST CONDITIONS LIMITS 
CHARAC 

VOLTAGE CURRENT TERISTIC 
Vdc Adc 21116385 2N6384 2N6383 UNITS 

SYMBOL 
VCE VEB VBE IC IB MIN. MAX. MIN. MAX. MIN. MAX. 

80 0 - 1 - - - -
*ICEO 60 0 - - - 1 - -

40 0 - - - - - 1 

80 -1.5 - 0.3 - - - -
60 -1.5 - - - 0.3 - -

*ICEV 40 -1.5 - - - - - 0.3 
rnA 

TC = 80 -1.5 - 3 - - - -
1500 C 60 -1.5 - - - 3 - -

40 -1.5 - - - - - 3 

* lEBO 5 0 - 5 - 5 - 5 rnA 
* 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 sa 1000 20,000 1000 20,000 1000 20,000 
3 lOa 1'00 - 100 - 100 -

• VBE 
3 5a - 2.8 - 2.8 - 2.8 

V 
3 lOa - 4.5 - 4.5 - 4.5 

5a O.01a - 2 - 2 - 2 * VCE(sat) lOa O.la - 3 - 3 - 3 V 

VF -10 - 4 - 4 - 4 

* hie 
1= 1 kHz 5 1 1000 - 1000 - 1000 -

... Ihfel 
1=1 MHz 5 1 20 - 20 - 20 -

* Cobo VCB IE=O - 200 - 200 - 200 pF 
1=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 °C{W 

a Pulsed: Pulse duration = 3001ls, duty lactor = 1.8%. 

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

; 6 COLLECTOR-TO-EhtITTER VOLTAGE (VCE)· 3 "-= 
4 

I!: z 

iii 10' 

~-~ ~ - 1-;,0<' 
~ . -

~R' ~9 2 
~, 

;o!c /' 
to.t. 

~ 0:"'10' ~q~;4j 

~ 2 ~ ~' -,<. 
... 4 .. 
<.> 
0: z 
>-

lei' ... 
z 4 6 • Z • 6 • Z 4 • 2B 50 7!5 100 125 150 175 200 

CASE TEMPERATURE 1Tc1--C I 10 
COLLECTOR CURRENT(IC)-A 

0-1 

Fig_2 - Derating curves for all types_ Fig. 3 - Typical dc-beta characteristics for all types. 
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________________________________ Darlington Power Transistors 

.. 
I 

2N6383, 2N6384, 2N6385 

8'0 8'00 
COLLECTOR-TO-EMITTER VOLTAGE (VCEI-V 92CS-20692R2 

Fig.4 - Maximum operating area for all types • 

100 

COLLECTOR-TO-EMITTER VOLTAGE (VCE1-V 

HCt-IOell1t. 

Fig.5 - Maximum operating area for all types. 
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2N6383, 2N6384, 2N6385 

: :t=_~:-~~rir::l~~AGE IVcEI-S v · i CASE TEMPERATURE 1Tc).25·C , 
~ " 3 10' 

i · · · ~ '\ 
i 

, 

~ 10: 

l · I\, 

, \ 
10 \ , . . . 01 

, . .. , . . . 10 

FREQUENCY In-MHz 
92CS-19919 

Fig. 6 - Typical small-signal gain for all types. 

f 
~ 

COLLECTOR SUPPLY VOLTAIE %cl-2.0 Y 

"~'~.~·_-~'.~·~'C~/=~~.~~~·;2.~·~C_,--~_t_+_i_t1 

2 ........ --"-----1---+--+---+--+ .... -+.l:..."" "-I:-l 

1~t_--------r_--_i---+--~_t--jlo,.l'9-1 

I 3 .. S • T • 910 

COLLECTOR CURRENT 11cl-A 
92CS-19920RI 

Fig. 8 - Typical saturated switching-time 
characteristics for all types. 

COLLECTOA-TO-EMITTER VOLTAGE (Ve!). 3V 

07.& 

~ 
~ . ... 

BASE-lO-EMITTER VOLTAGE IYBEI-V 
92CS-19924RI 

Fig. 10 - Typical transfer characteristics 
for all types. 

COLLECTOA-TO-EMITTER SATURATION VOLTAGE 

Fig. 7 - Typical saturation characteristics 
for all types. 

I VOLTA •• (Ve.'· >V f:I::F 

BASE-To-EMTER VOLTAGE 1VaEI-V 
92C9-19925f11 

Fig. 9 - Typical input characteristics 
for all types. 

COLLECTOR-TO-EMITTER VOLTAGE (VCEl-'I 
tiCS-I"Z' 

Fig. 11 - Typical output characteristics 
for all types. 
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________________________________ Darllngton Power Transistors 

PULSE DURATION 
20", POSITIVE VOLTAGE 
20,.. NEGATIVE VOLTAGE 

REP. RATE. 200 HI 

... Ial AND Ia2 ARE MEASURED WITH TEKTRONIX CURRENT 
PROlE P80l' AND TYPE 154 AMPLIFIER, OR EQUIYALENT 

UCS-ISl9ZIRI 

Fig. 12 - Circuit used to measure saturated­
switching-times. 

2N6383, 2N6384, 2N6385 

TURN-Off 
TlME 

(JUrPlJT lIMlIE' FORII 

Fig. 13 - Phase relationship between input current 
and output current showing reference 
points for specification of switching­
times (test circuit shown in Fig. 14). 
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Darlington Power Translstors _______________________________ _ 

2N6386, 2N6387, 2N6388 File Number 610 

TERMINAL DESIGNAnONS 
10-Ampere N-P-N Darlington 
Power Transistors 
40-60-80 Volts, 65 Watts 
Gain of 1000 at 5 A (2N6387,2N6388) 
Gain of 1000 at 3 A (2N6386) 
Features: '~'~"lOII J-r t 

TOP VIEW B • Operates from Ie without predriver 

Applications: 

• Power switching • Audioamplifiers 

• 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 2N6568. These 
devices are supplied in the JEDEC TO-220AB (VERSA­
WATT) plastic package. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

2N6386 
... VCBO 40 

VCER(sus) 
RBE=100n 40 

VCEO(sus) . 40 
... VCEV(SUS) 

VBE = -1.5 V 40 

... VESO 5 

... IC· 8 

ICM 15 
... IS. 0.25 

*PT 
TC" 25°C 65 

TC> 25°C 
... Tstg, TJ ........... 
... TL At distances;;' 1/8 in. (3.17 mm) 

from case for 10 S max. . 

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

92C$-39969 

JEDEC To-22OAB 

r------------, 
I I 
I I 
I I 
I I 
I I 
i .3'11 .'5011 f I L _________ -' 

92CS-20691R2 E 

Fig. , - Schematic diagram for all typal. 

2N6387 2N6388 
60 80 V 

.60 80 V 

60 80 V 

60 BO V 

5 5 V 

10 10 A 

15 15 A 

0.25 0.25 A 

65 65 W 
See Fig.2 

-65 to +150 DC 

235 DC 
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__________________________________ Darlington Power Transistors 

2N6386, 2N6387, 2N6388 
ELECTRICAL CHARACTERISTICS,At Case Temperature (TC) =2SOC Unless Otherwise Specified 

TEST CONDITIONS LIMITS 

CHARACTERISTIC VOLTAGE CURRENT 2N6386 2N6387 2N6388 UNITS 
SYMBOL Vdc Adc 

VCE VBE IC IB MIN. MAX. MIN. MAX. MIN. MAX. 

80 0 - - - - - 1 .. ICEO 60 0 - - - 1 - -
40 0 - 1 - - - -
80 -loS - - - - - 0.3 .. ICEV 60 -l.S - - - 0.3 - - rnA 
40 -loS - 0.3 - - - -
80 -l.S - - - - - 3 

TC=12SoC 60 -loS - - - 3 - -
40 -l.S - 3 - - - -.. lEBO S 0 - S - S - S rnA .. VCEO(sus) 0.2a 0 40 - 60 - 80 -

VCER(sus) 
0.2a 40 60 80 - V 

RBE = lOOn 
- -

VCEV(sus) -l.S 0.2a 40 - 60 - 80 -
3 Ja 1000 20,000 - - - -

hFE 
3 sa - - 1000 20,000 1000 20,000 
3 sa 100 - - - - -

.. 
3 lOa - - 100 - 100 -
3 3a - 2.8 - - - -

VBE 
3 sa - - - 2.8 - 2.8 

V 3 sa - 4.S - - - -
.. 

3 loa - - - 4.S - 4.S 
3a 0.006a - 2 - - - -

VCE(sat) 
sa O.Ol a - - - 2 - 2 V 
8a 0.08a - 3 - - - -

.. 
loa O.la - - - 3 - 3 

VF 
-8a - 4 - - - - V 
-loa - - - 4 - 4 .. hfe 

f = 1 kHz S 1 1000 - 1000 - 1000 -.. Ihfel 
f = 1 MHz S 1 20 - 20 - 20 -.. Cob 
VCB = 10V, - 200 - 200 - 200 pF 
f = 1 MHz 

ISlb 
t = 1 s, nonrep. 2S 2.6 - 2.6 - 2.6 - A 

R8JC - 1.92 - 1.92 1.92 oC/W 

a Pulsed: Pulse duration = 300 !,S, duty factor = 1.8% . 
.. In accordance with JEDEC registration data format JS·6 RDF·2. 

CASE TEMPERATURE 1Tcl,--C 
92CS-20696RI 

Fig,2 - Derating curve for all types. Fig. 3 - Typical dc-beta characteristics for all types. 
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2N6386,2N6387,2N6388 

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

92CS-26901 

Fig. 4 - Maximum operating areas for all types. 

~E] ICOLLE:(:TQR C:::IJAAENT !ICh 14 

f-+-H-I~~~~E;~MR;::;~~~T(~~I:~;!~E (VCE)·!5 .. 'I--
5 
z 
~ 10' • : ~ a 

FREQUENCY If)-MHz 

Fig. 5 - Typical small-signal gain for all types. 

COLLECTOR-lO-EMITTER VOL.TAGE {VCE)-V 
92CS-19925 

Fig. 7 - Typical output characteristics for all types. 

c 12.5 • ) 

~ 10 

1< ! 7.5 

i 
2.5 

I COLLECTOR-TO-EMITTER VOLTAGE (VCE)-3 vffff±±±±E 

iii 
J 

BASE-lO-EMITTER VOLTAGE (VBEI-Y 

Fig. 6 - Typical input characteristics for all types. 

II 

..... - .. • VOLTA.~ :J::t:t:tttt:tt 

BASE-TO-EMITTER VOLTAGE (VaEI-V 

Fig. 8 - Typical transfer characteristics 
for all types. 
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________________________________ Oarllnglon Power Translslors 

2N6386, 2N6387, 2N6388 

10 
COLLECTOR-TO-EMITTER VOLTAGE (VCE1-V 

92CS-26900 

Fig. 9 - Maximum operating areas for a/l types at T c = 100· C. 

COLLECTOR-TO-EMITTER SATURATION VOLTAGE 

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

PULSE DURATION 
20 ",5 POSITIVE VOLTAGE 
20 ,,& NEGATIVE VOL rAGE 

REP. RATE = 200 Hz 

Vee- 20V 

* 'ISI AND Ie2 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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2N6386, 2N6387, 2N6388 

COLLECTOR SUPPLY VOL.TAGE (vCCJ~20 V 

3.~'~·~I~·~-~'.~·~'c~/~50~O~,T~C·~2~5·~C_,-~_+~-~~ 

e 9 10 

COLLECTOR CURRENT (Ic1-A 
92CS-19920Rl 

Fig. 12 - Typical saturated switching-time charac­
teristics for all types. 

~!Z 
1rl~ 

~aL-__ +-1 

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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_________________________________ Darlington Power Transistors 

File Number 873 

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: Applications: 
- Operate from Ie with- - Power switching 

out predriver - Hammer drivers 
- Low leakage at high - Series and shunt regulators 

temperature - Audio amplifiers 

The RCA-2N6530, 2N6531, 2N6532, and 2N6533- are 
monolithic n-p-n silicon Darlington transistors designed 
for power applications at low and medium frequencies. 
The construction of these devices provides good forward­
bias second-breakdown characteristics. Their high gain 
allows them to be driven directly from integrated circuits. 

These devices are supplied in the JEDEC TO-220AB 
(VERSAWATT) plastic package. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

2N6530 

*VCBO . 80 
VCER(sus) 

RBE = 100 n 80 

VCEO(sus) 80 

*VCEV(sus) 

VBE = -1.5 V 80 

*VEBO 5 

'IC 8 

ICM · 15 

*IB 0.25 

oPT 

Up to 25°C. 65 
Above 25°C. 

*TJ. Tstg 
*TL 

At distances;;;' 1/8 in. (3.17 mm) 
from case for lOs max. 

2N6530,2N6531,2N6532,2N6533 

TERMINAL DESIGNATIONS 

'M~'"lOII J-~' t 
TOP VIEW B 

92CS-39969 

JEDEC TO-22DAB 

,----------, 
I I 

• I I 
I I 
I I 
I I 
I .1.2kO .100g I L _________ .....J 

Fig. 1-Schematic diagram for all types. 

2N6531 2N6532 2N6533 

100 100 120 V 

100 100 120 V 

100 100 120 V 

100 100 120 V 

5 5 5 V 

8 8 8 A 

15 15 15 A 

0.25 0.25 0.25 A 

65 65 65 W 
See Fig. 3 

-65 to +150 °c 

235 °c 

* In accordance with JEDEC registration data format JS·6. RDF-4. 
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2N6530,2N6531,2N6532,2N6533 

* 

* 

* 

* 

* 

* 

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

TEST CONDITIONS LIMITS 

CHARACTERISTIC VOLTAGE CURRENT 
2N6630 2N6631 

SYMBOL Vde .de· 

VCE VBE IC IB Min. 

ICEO 
SO 0 -

100 0 -

ICEV 
SO -1.5 -

100 -1.5 -
TC = 125°C 

SO -1.5 -
100 -1.5 -

lEBO -5 0 -
3 5a 1,000 

hFE 3 3a -
3 Sa 100 

VCEO(sus) 0.2 0 SOb 

VCER(sus) 
0.2 SOb 

RBE = lOOn 

VCEV(sUS) -1.5 0.2 SOb 

3 5a -
VBE 3 38 -

3 Sa -
38 nnna -u.uvu 

VCE(sat) 58 0.01 -
S8 0.08 -

VF 
sa -
sa -

hfe 5 1 1,000 
f = 1 kHz 

Ihfel 5 1 20 f = 1 MHz 

Cobo 

VCB= 10 V -
f = 1 MHz 

I Sib 24 2.7 
t = 0.5 s, 
nonrep. 

ROJC -

* In accordance wi~h ~EDEC registration data format JS·6, RDF4. 

8 Pulsed, pulse duration. 300 /lS, 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.S - -
- - 2.S 

4.5* - 4.5* 

- - 3 
2 - -
3* - 3* 

- - 4 
5 - -

- 1,000 -

- 20 -

200 - 200 

- 2.7 -

1.92 - 1.92 

UNITS 

rnA 

rnA 

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. 

2~ ____________________________________________________________ __ 



________________________________ Darllngton Power Transistors 

* 

2N6530,2N6531,2N6532,2N6533 

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

TEST CONDITIONS LIMITS 

CHARACTERISTIC VOLTAGE CURRENT 
2N6632 2N6633 

SYMBOL Vdc Adc 

VCE VBE IC IB Min. 

ICEO 
120 0 -
100 0 -

ICEV 
120 -1.5 -

100 -1.5 -
TC= 125°C 

120 -1.5 -
100 -1.5 -

lEBO -5 0 -
3 3a -

hFE 3 5a 1,000 
3 Sa 100 

VCEO(sus) 0.2 0 100b 

VCER(sus) 0.2 100b 
RBE = lOOn 

VCEV(sUS) -1.5 0.2 100b 

3 3a -
VBE 3 5a -

3 Sa -

3a 0.006 -
VCE(sat) 5a 0.01 -

Sa O.OS -
sa -

VF sa -
hfe 5 1 1,000 

f = 1 kHz 

Ihfel 5 1 20 
f = 1 MHz 

Cobo 

VCB = 10 V -
f = 1 MHz 

IS/b 
24 2.7 

t = 0.5 5, 

nonrep. 

ROJC -

• In accordance with JEDEC registration data format JS·6, RDF-4. 

a Pulsed, pulse duration = 300 p.s, duty factor .;;; 2%. 

Max. Min. Max. 

- - 1 
1 - -
- - 0.5 

0.5 - -
- - 5 
5 - -
5 - 5 

- 1,000 10,000 
10,000 - -
5,000 100 5,000 

- 120b -
- 120b -

- 120b -
- - 2.S 

2.S - -
4.5" - 4.5" 

- - 2 
2 - -
3" - 3" 

- - 4 
5 - -

- 1,000 -

- 20 -

200 - 200 

- 2.7 -

1.92 - 1.92 

UNITS 

mA 

mA 

V 

V 

V 

V 

pF 

A 

°C/W 

b CAUTION: Sustaining voltages VCEO(sus), VCER(sus), and VCEV(sus) MUST NOT be measured 

on a curve tracer. 
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2N6530,2N6531,2N6532,2N6533 

c( 

I -.... 
!:! 

~ 
~ 
:::l .... 
II: o 

~ 
...J 
...J o .... 

CASE TEMPERATURE (TC )-25"C 
(CURVES MUST BE DERATED LINEARLY 
WITH INCREASE IN TEMPERATURE) 

2 

VCEO (MAX.)- BOV (2N6530) 

VCEO (MAX.)-IOO V (2N6531, 

VCEO (MAX.)-120 V (2N6533) 

4 6 8OIdd20 2 

COLLECTOR-TO-EMITTER VOLTAGE (VCE)-V 

4 6 

92CS-24603RI 

Fig. 2-Maximum operating a,eas fo, al/ types at case tempe,ature of 2fPC. 

COLLECTOR CURRENT (le'- t A 
COLL£CTOR-TO-EMITTER VOLTAGE (VCE'-5 V 
CASE TEMPERATURE (Tcl-ZS·C 

10 
25 50 75 100 125 1!l0 175 200 • GO 2 ... " 

CASE TEMPERATUREITcl--C 01 
fREQUENCY (tl-MHZ 

001 10 

Fig. 3-Dissipetion derating cu,ve fo, al! types. Fig. 4 - Typical small-signal current gain fo, all types. 
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________________________________ Darllngton Power Transistors 

2N6530, 2N6531, 2N6532, 2N6533 

" 

2 '" I 
01 I 10 100 

COLLECTOR CURRENT (Ie) _A BASE-TO-EMITTER VOLTAGE(VBEl-Y 
92CS.Z4S131t1 

Fig. 5 - Typical dc beta characteristics for all types. Fig. 6 - Typical input characteristics for all types. 

<I 
I 
-u 
!:j 

IE 
'" It: 
It: 
::) 
U 

It: o 
to-

Ii! 
..J 
..J o 
U 

4 6 8 I 
10 

4 

COLLECTOR-TO-EMITTER VOLTAGE (VCEI-V 

92CS-24604 R I 

Fig. 7-Maximum operating areas for all types at case temperature of I()(fJC. 
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2N6530,2N6531,2N6532,2N6533 

260 

. ,. 14 
COLLECTOR-TO-EMITTER VOLJAGE (VCEI-V 

Fig. 8 - Typical output characteristics for all types. 

COLUCTOR-TO-EMITTER VOLTAGE (VCE)-3 Y 

'50 

i 12.5 

~ ;t. ~ '0.0 

5 ;; 
75 ~~~ ~< I M" .~-
50 ot' 

8 r;r:. ... 
, . . 

BASE-TO-EMITTER VOLTAGE (YSE}-Y 

Fig. 10 - Typical transfer characteristics for all types. 

i 
~ 

5 COLLECTOR SUPPLY VOLTAGE (Yeel= 20V 
IBI = -1 82 ~IC/500 

4 -- ......... 

./' 
If 

./ 

./ ......... It; 

k' I 
, ............. --!---- f'....1. 

I, 
I" 

0 
Z 345618910 

COLLECTOR CURRENT (lcl-A 

92CS_24611 

Fig. 12 - Typical saturated switching-time 
characterictics for all types. 

IOO,IOO"C 

4 6 8 10 12 14 16 
COLLECTOR CURRENT (Icl-A 

Fig. 9 - Typical saturation characteristics for all types. 

PULSE DURATION 
20,.. POSITiVE VOLTAGE 
20,... NEGATIVE VOLTAGE 

REP. RATE ~ 200 HI' 

VCC=20V 

11' Ia I AND 1Hz ARE MEASURED WITH TEKTRONIX CURRENT 

PROBE P6019 AND TYPE 134 AMPL.IFIER,OR EQUIVALENT 

Fig. 11 - Circuit used to measure saturated 
switching-times. 

t<..:::.:..:.=--=--TIME 

1--_ ...... --'TUR-IlMrF 
O/ITP/IT *"1£ FORM 

,zcs..1H9,RI 

Fig. 13 - Phase relationship between input current and 
output current, showing reference pOints for 
specification of switching-times. 



________________________________ Oarllngton Power Transistors 

File Number 1152 

15-Arnpere 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-204AAI TO-3 her­
metic package. 

MAXIMUM RATI NGS, Absolute-Maximum Values: 

* vCSO· . 
* VCEO(sus) 

• VESO · 
* IC' 

ICM . 

* IS' . 

* PT 
TC ';;;250C 
TC >250C 

* Tstg• TJ . . 

* TL 
At distances;;" 1/32' in.·(0.8 mm) from .eating 
plane for 10 s max.. . . . . . . 

4: In accordance with JEDEC registration data. 

2N6576,2N6577,2N6578 

TERMINAL DESIGNATIONS 

JEDEC TO-204M 

,- ---------, 
I I 

• I I 
I I 
I I 
I I 
I I 
L _________ ...J 

Fig. 1 - Schematic diagram for ali types. 

2N6576 2N6577 2N6578 

60 90 120 V 

60 90 120 V 
7 V 

15 A 
30 A 

0.25 A 

120 W 
See Fig. 2 
-65 to 200 ___ °c 

235 °c 
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Darlington Power Transistors _______________________________ _ 

2N6576, 2N6577, 2N6578 

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

* 

* 

* 

* 
* 
* 

* 

* 

* 

* 
* 
* 
* 

CHARAC· 
TEST CONDITIONS 

TERISTIC VOLTAGE CURRENT 

SYMBOL Vdc Adc 

VCE VEB VBE IC IB 

ICBO 6Q8 
90a 

120a 

'CEO 60 0 
90 0 

120 0 

'CER .60 
RBE = 10K 90 
TC=150oC 120 

'CEX 60 -1.5 

TC=1750 C 90 -1.5 
120 -1.5 

'EBO 7 0 

VCEO(sus) 0.2b 0 

hFE 3 O,4b 
3 4b 
3 lOb 
4 iSb 

VBE(sat) 
10 O.lb 
15 0.15b 

VCE(sat) 
lOb 0.1 
15b 0.15 

VF -15 

hfe 
f=1 MHz 3 3 

tdC 10 0.1 
trC 10 0.1 
tsC 10 O.ld 
ttc 10 O.ld 

. 'SIb 
t=ls, 20 
non rep. 

R/lJC 

• In accordance with JEDEC registration data. 
S VCB value. 
b Pulsed: Pulse duration = 300 "'I, 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 
4.5 4.5 4.5 

V - -
2.8 - 2.8 - 2.8 
4 - 4 - 4 V 

4.5 - 4.5 - 4.5 

40 4 40 4 40 

0.15 - 0.15 - 0.15 
1 - 1 - 1 
2 2 2 

J.lS - -
7 - 7 - 7 

- 6 - 6 - A 

1,46 - 1,46 - 1,46 oCIW 

c V CC • 30 V. tp = 300 "'s, duty cycle = 2%. 

d IBI • -IB2' 
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________________________________ Darllngton Power Transistors 

2N6576,2N6577,2N6578 

; 6 CCL.LECTOR-TO-EMITTER VOLTAGE (VeE) = 3 v-

• .. 
i!: ,-_. 
~ 10' 

~-~ ~ r--." 
~= 4 r--~ ~~ 
"'0 ~, ;5 2 V 4~~;'';'' ~ "''''0> ~ I~ ~" ' c.t-<::tr'''\ 
-' 4 .. 
" 0: 

, ,. 
10' t- . 6 0.1 8 I 4 6 8 10 2 4 6 8 100 

COLLECTOR CURRENT (Ic)-A 
CASE TEMPERATURE (TCI--C 

Fig. 2 - Derating curves for all types. Fig. 3 - Typical dc-beta characteristics for all types. 

COLLECTOR-TO-EMITTER VOLTAGEeVCEI- V 

Fig. 4 - Maximum operating areas for all types. 

92CM-31128 
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Darlington Power Translstors _____________________________ _ 

2N6576, 2N6577, 2N6578 

COLLECTOR SUPPLY VOLTAK lVcc).ZO Y .. 18 • -IB~ -IClSoo, TC·25·C 

• ----I-" 
u -1"--_ ~ 

f • 
~ 

I~ 

! p 
V 

I 

r-
0_" I-~ 

I 

COLLECTOR CURRENT IIC'-A 
t2CS-19920RI 

Fig. 5 - Typical saturated switching time 
characteristics for all types. 

COLLECTOR-lO-EMITTER VOLTAGE (VCEl-Y 12C$.1992~ 

Fig. 7 - Typical output characteristics for all types. 

· COLLECTOR CURRENT IIe)-' A · 4 
COLLECTOR-lO-EMITTER VOLTAGE lVeEI-' .. CASE TEMPERATURE ITCI-2S-C 

; 
I ,~ 

~ N I I T 

10' 
: 

i · I--i- l"" + -::.1.:-:-::= !=== -I--

a -1-- .- -

i\ 
_.l. "-+-- r-

~ 'c- -- j " t--
I I 

~ IO:~ __ : r i : 
- +---.,.-:.= 

j 4 

I\T~ , j 
10 

0.01 
, . . . 0.1 

, . . • I 
, 4 6 e 10 

FREQUENCY ItI-MHr 

Fig. 9 - Typical smal/-signal gain for al/ types. 

8ASE·TO·EMITTER VOLTAGE {VaE'-Y 
t!.2CS-19924.1 

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

I~ 
I~ 

iiil 
I 

COI..L.ECTOR-TQ-EMITTER SATURATION VOLTAGE I ... -v 

Fig. 8 - Typical saturation characteristics for all types. 

BASE-TO-EMITTER VOLTAGE IYSE)-V 
92CS-19925RI 

Fig. 70 - Typical input characteristics forall types. 
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_______________________________ Darllngton Power Transistors 

PULSE DURATION 
20 II' POSITIVE VOLTAGE 
20 II' NEGATIVE VOL rAGE 

REP. RATE ~ 200 Hz 

Vee. lOV 

He-ZOO Re 

... 1:81 AND 182 ARE MEASURED WITH TEKTRONIX CURRENT 
PROlE P6019 AND TYPE 134 AMPLIFIER,OA EQUIVALENT 

92CS-:SIIU 

Fig. 11 - Circuit used to measure saturated·switching 
times. 

2N6576, 2N6577, 2N6578 

TIME !il--------r---~L 
c.> 182 

Ti 

__________________________________________________________ 2U 



Darlington Power Translstors _______________________________ _ 

2N6648. 2N6649, 2N6650 

1 a-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-204M packages. 

• Formerly RCA Dev. Nos. TA8351 , TA8488, and 
TA8350, respectively. 

• Technical data for 2N6383, 2N6384, and 2N6385 
are given in RCA bulletin File No. 609. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

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

VCER(sus) 
RBE = 100 n .................... . 

* VCEO(sus) ....•.•••.••.•....••.•••. 

VCEV(sus) 
VBE=-1.5V ..••.••••..•..•...•.. 

* VEBO .••••••.......•••.•........... 

* Ic ................................ . 
ICM •...•......•........••..••....•. 

* IB •......••.......•.••••.••..••••.. 

* PT 

2N6648 
-40 

-40 

-40 

-40 

-5 
-10 

-15 

-0.25 

File Number 1013 

TERMINAL DESIGNATIONS 

c 

'0' 
9ICI- 275'& 

JEDEC TO-204M 

,----------, 
I I 
I I 
I I 
I I 
I I 
I I 
L _________ -.J 

6E 
92CS-20863RI 

Fig. 1 - Schematic diagram for all tvpes. 

2N6649 
-60 

-60 

-60 

-60 

-5 
-10 

-15 

-0.25 

2N6660 
-80 V 

-80 V 

-80 V 

-80 V 

-5 V 

-10 A 

-15 A 

-0.25 A 

TC';; 25°C .........••............. 
T C > 25°C .......•••. Derate linearly 

70 70 
_____ 0.66 

70 w 
WJOC 

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

• TL 
At distances ;;. 1/32 in. (0.8 mm) from 

°c -65 to +150 ____ _ 

seating plane for 10 S max. 
235 ____ _ 

°c 

* In accordance with JEDEC registration data format (J8-6 RDF-4) 
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.. 

* .. 

.. 

.. 

2N6648, 2N6649, 2N6650 

ELECTRICAL CHARACTERISTICS,At elSe Temperature (TC)" 25fJC Unless Otherwise Specified 

TEST CONDITIONS 
LIMITS 

CHARACTERISTIC VOLTAGE CURRENT 
2N6648 2N6649 2N6660 UNITS 

Vdc Adc 

VCE V8E IC 18 MIN. MAX. MIN. MAX. MIN. MAX. 
ICEO -:40_ 0 - -1 - - - -

-60 0 - - - -1 - - mA 
-80 0 - - - - - -1 
-40 1.5 - -0.3 - - - -

ICEV -60 1.5 - - - -0.3 - -
-80 1.5 - - - - - -0.3 
-40 1.5 - -3 - - - -

TC = 1500 C -60 1.5 - - - -3 - -
-80 1.5 - - - - - -3 

lEBO 5 0 - -10 - -10 - -10 mA 

VCEO(sus) -0.2a 0 -40 - -60 - -80 -
VCER(SUS) 

-0.2a -,40 - -60 -SO V RBE = lOon 
- -

VCEV(sus) 1.5 -0.2a -40 - -60 - -so -
hFE -3 -5a 1000 20.000 1000 20,000 1000 20,000 

-3 -loa 100 - 100 - 100 -
VBE -3 -5a - -2.B - -2.S - -2.S 

-3 -loa - -4.5* - -4.5" - -4.5* V 

VCE(sat) 
-5a -0.01 a - -2 - -2 - -2 
-loa -O.la - -3* - -3* - -3* V 

VF loa - 4 - 4 - 4 V 

hfe 
f = 1 kHz -5 -1 1000 - 1000 - 1000 -

Ihfel 
f = 1 MHz -5 -1 20 - 20 - 20 -

ISlb -35 -1 - -1 - -1 -
t = 1 s, -25 -2.S - -2.S - -2.S - A 
nonrep. 

R8JC - 1.75 - 1.75 - 1.75 °C/W 

* In accordance with JEDEC registration data format (JS-6 RDF·4). 

a Pulsed: Pulse duration = 300lls, duty factor = 1.S%. 

NOTE ClItRENT OERATING AT CONSTANT 
VOLTAGE APPLIES ONLY to THE DISSIPATION­
LIMITED PORTION ANO THE IS/b -LIMITED 
PORTION QFMAIeIMUM OPfRATING AREA 
CURVE, 00 NOT DERATE THE 
SPECIFIED VALUE FOR Ie MAX 

25 50 75 100 125 150 175 200 

CASE TEMPERATURE (TCI--C 

Fig.2 - Derating curve for all types. 

I~ 6 COLLECTOR-TO-EMITTER VOLTAGE (VCE)'3V 

z 4 .. II 0: 
I- 2 l- X 1'Z.'!)oc " z 
~ 10 ~(y;;.;....... 

~j : ... ~~~ 
"'- 4 z~~ Co 

~5 2 0<--; ... ~~ 
0:0: v ... <'~/ \ :r 103 

'" 
8 

C 6 

.J 4 .. 
'" ii: 2 
>-

Iei' I-

0·1 4 6 8 I 4 6 8 10 2 4 6 8'00 

COLLECTOR CURRENT (Ic1-A 
92CS- 20897R2 

Fig. 3 - Typical dc beta characteristics for all types. 
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2N6648, 2N6649, 2N6650 

-O.l:~ ~ ... 
:~OIMAXI.-40V 

-'0 
COLLECTOR-lO-EMITTER VOLTAGE (VeEI-V 

92CS-29323 

Fig. 4 - Maximum operating areas for all types. 

COLLECTOR CURRENT fIe I • -'A 
CQLLICTOR·TO-EMITTEIt VOLTAG! IVCE'-·' v 

·IS 

I 
-2.5 

.. .. 2" 68 2468 2 468 2 468 24882 
0.001 0.01 0.1 I 10 10 .. ·2 

fREQUENCY\f)-MHt 
t2CS-loallAI 

Fig. 5 - Typical small-signal gain for all types. Fig. 6 - Typical input characteristics for all types. 

COI..~ECTO"-TO·E"ITTIER VOLTAGE IVetl-V 
IASE-TO-EilITTER VOLTAGE (YaE'-V 

92CS-20IU tI:CS-20872RI 

Fig. 7 - Typical output characteristics for all types. Fig. 8 - Typical transfer characteristics for all types. 
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----------------__________________ Darlington Power Transistors 

2N6648,2N6649,2N6650 

-, -10 
COLLECTOR-TO-EMITTER VOLTAGE {VCE)-V 

-1000 

92CS-29322 

Fig. 9 - Maximum operating areas for all types at Tc = 1000 C. 

·12 

II., 
l.'i 
I ~ -8 

II.. 

., 
COLLECTOR-TO-EMITTER SATURATION VOLTAGE [VCEhgl~-V 

Fig. 10 - Typical saturation characteristics for all types. 

COLLECTOR SUPPLY VOLTAGE (Vccl--20V 
1.14 .I81-IB2-1C/500,TC-U·C ,-

I.' -.. , r..!.!. ---- -... K r-. 
;. 0.8 
I r-. ..... w ! 0,1 

1"- >< 
O~ . "-....... ,!,.. -~ 0.' 
0.' 

_I 5 6 ., • 9_10 
COLLECTOII CURRENT (Ie I-A 

lacS-Z08S8AI 

Fig. 12 - Typical saturated switching-time charac­
teristics for all types. 

C'-IOV 

12CS- 21321 

Fig. 11 - Circuit used to measure saturated 
switching times. 

Fig. 13 - Phase relationship between input current 
and output current showing reference 
points for specification of switching times. 
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2N6666, 2N6667, 2N6668 

10-Ampere P-N-P Darlington 
Power Transistors 
40-60-80 Volts, 65 Watts 
Gain of 1000 at 3 A (2N6666) 
Gain of 1000 at 5 A (2N6667, 2N6668) 

Features: 
• Operates from Ie without predriver 

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

The 2N6666, 2N6667 and 2N6668- are monolithic silicon 
p-n-p Darlington transistors designed for low- and medium­
frequency power applications. The high gain of these devi­
ces makes it possible for them to be driven directly from 
integrated circuits. They are complementary to the 2N6386, 
2N6387 and 2N6388A 

These devices are supplied in the JEDEC TO-220AB (VER­
SAWATT) plastic package. 

-Formerly RCA Dev. Nos. TA8204. TA8487 and 
T A8203. respectively. 

ATechnical data for 2N6386-2N6388 are given in 
RCA Bulletin File No. 610. 

File Number 1069 

TERMINAL DESIGNATIONS 

'R'~"1011 J#' 
TOP VIEW B 

92CS-39969 

JEDEC TO-22OAB 

B 

,-----------, 
I I 
I I 
I I 
I I 
I AA 1\11./\ I 

L_~·~~~~~J 
9ZC$-20863RI 

Fig. 1 - Schematic diagram for all types. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

2N6666 2N6667 2N666B 
• VCBO ..•....•.••......••.••.....•.... -40 -60 -80 V 

VCER(sus) 
RBE =100n •.••.••.•••.••••..••••. 

VCEO(sus) .•.....•••...•...•.........• 
-40 -60 -80 V 
-40 -60 -80 V 

VCEV(sus) 
V BE =-1.5V ••.••..•..•.•.•...••... -40 -60 -80 V 

• VEBO •.••••••••.•....•.•..•.•..••... -5 -5 -5 V 
• IC ..••.••..•••••....•.....••..•••... -8 -10 -10 A 

ICM •••••...•••.•••.•••.••.•••..••••. -15 -16 -15 A 
• IB •••.•...••.••......•••.•••...•...• -0.25 -0.25 -0.26 A 

• P 
T TC E;;250C .•.•..••••....•..•.•.••. 

TC > 25°C ••.•.••••.. derate linearly 
• Tstg• TJ •...•.••••.•••.••••.••....•.. 

TL 
At distances ;> lIB in. (3.17 mm) 

65 65 65 W 
0.52 WPC 

-65 to +150 --- °c 

from case for lOs max. • ••...•..•.•... 
____ 235 

'In accordance with JEDEC registration data format (J$-6 RDF-4). 
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________________________________ Darllngton Power Transistors 

2N6666,2N6667,2N6668 
ELECTRICAL CHARACTERISTICS,AtCase Temperature (TC) =2!jOCUnlessOtherwiseSpecified 

TEST CONDITIONS 
CHARACTERISTIC VOLTAGE CURRENT 

2N8888 
SYMBOL Vdc Adc 

VCE VBE IC 18 MIN. MAX. 

ICEO -80 0 - -
-liO 0 - -
-40 0 - -1 
-80 Ui - -

* ICEV -60 I.S - -
-40 I.S - 0.3 

TC=1250C -80 1.5 - -
-60 I.S - -
-40 I.S - 3 

lEBO 5 0 - -10 

VCEO(sus) -0.2a 0 -40 -

VCER(sus) 
-0.2a -40 RBE=100Q -

VCEV(sus) I.S -0.2a -40 -
-3 -3a 1000 20,000 

hFE -3 -sa - -

-3 -8a 100 -
-3 -loa - -

-3 -3a - -2.8 

VBE 
-3 -sa - -
-3 -8a - -4.S 
-3 -loa - -

-3" -0.006a - -2 

VCE(sat) 
-6a -O.01a - -
-8a -0.08a - -3 * 
-loa -O.la - -

VF 
sa - 4 
lOa - -

hfe 
f = 1 kHz -S -1 1000 -

* Ihfel 
f = 1 MHz -S -1 20 -

ISlb 
-3.2 t = 1 s, nonrep. -20 -

ROJC - 1.92 

apulsed: Pulse duration = 300 /J.S. duty factor = 2%. 
*In accordance with JEDEC registration data format (JS-6 RDF-4). 

-0.1 
CASE TEMPERATURE (TC)--C 

92CS-20696RI 

Fig. 2 - Derating curve for all types. 

LIMITS 

2N6667 2N6666 UNITS 

MIN. MAX. MIN. MAX. 

- - - -1 
- -1 - -

-- - -
-0.3 

rnA 
- - -
- -0.3 - -
- - - -
- - - -3 
- -3 - -
- - - -

- -10 - -10 rnA 

-60 - -80 -

-60 - -80 - V 

-60 - -80 -
- - - -

1000 20,000 1000 20,000 
- - - -

100 - 100 -
- - - -
- -2.8 - -2.8 

V - - - -
- -4.5 - -4.S 
- - - -
- -2 - -2 

V - - - -
- -3 - -3 
- - - -

V 
.- 4 - 4 

1000 - 1000 -

20 - 20 -

-3.2 - -3.2 - A 

- 1.92 - 1.92 oCIW 

468 468 4 •• 
-I -10 -100 

COLLECTOR CURRENT (:Lc)- A 
92CS-20865R2 

Fig. 3 - Typical dc beta characteristics 
for al/ types. 
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2N6666, 2N6667, 2N6668 

-10 
COLLECTOII-TG-EMITTER IIOLTAIE CVCEI- Y 

tiCI-101I1 

Fig. 4 - Maximum operating areas for all types at T c :;;:; 250 c. 

COLLECTOR CURRENT (tel --IA 

.:~~~H-+-++~4_4_~_+_+++~~~~ 
I 

I .. I. 2 .... I .... I .... '" II t 
~ ~ ~ I ~ ~ 

FREQUENCYltt-MH, 
tlCI-IO"" 

Fig. 5 - Typical small-signal gain 
for all types. 

.... SE·TO-EMITTER VOLTAGE (Y8EI-Y 

Fig. 6 - Typical input characteristics 
for all types. 
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COLL.ECTOR-TO-EMITTER VOLTAGE IVCEI-V 

Fig. 7 - Typical output characteristics 
for all types. 

2N6666, 2N6667, 2N6668 

BASE-TO-EMITTER VOLTAGE (VBEI-V 
Mel ·'4f07111 

Fig. 8 - Typical transfer characteristics for all types. 

Fig. 9 - Maximum operating areas for all types Tc = fOO·C. 
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2N6666, 2N6667, 2N6668 

COLLECTOR·TQ-EMITTER SATURATION VOLTA. [VcE(satl]-Y 

9iCS'20874 

Fig. 10 - Typical saturation characteristics 
for alf types. 

COLLECTOR SUPPLY VOLTAGE (VCC)--20V 
1.4 ~BI·tB2·1c/500.TC·2'5·C -i-

1.2 ........... 
I 

Nt. 

=. 0.8 ---- -K ...... r--, 
I ~ 
~ 0.& 

"" 
.--

D." ............ ~ ~I--" 
0.2 

0.1 

..... 

>< 

-I 2 8 7 8 '-10 
COLLECTOR CURRENT tIc '-A 

'I!.CS~ 20""U 

Fig. 12 - Typical saturated switching-time 
characteristics for alf types. 

Fig. 11 - Phase relationship between input 
current and output current showing 
reference pOints for specification 
of switching times. 

~':re~1ETICS PULSE Ie,* 
GENERATOR MODEL 
No. P6-31, OR 
EQUIVALENT 

Vcc·- 20V 

PULSE OURATION , Rell200 RC 
20,.. POSITIVE VOLTAGE 
201'1 NEGATIVE VOLTAGE 

REP. RATE. 200 Hz 

... lSI AND IB% ARE MEASURED WITH TEKTRONIX CURRENT 

PROBE P6019 AND TYPE 134 AMPLIFIER,OR EQUIVALENT 

92CS- 20944RI 

Fig. 13 - Circuit used to measure saturated 
switching times. 
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________________________________ Darlington Power Transistors 

File Number 1241 

&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';"l° II J±t ~ 
TOP VIEW B 

• Operates from Ie without predrlver 
• Low leakage at high temperature 

• Hammer drivers 
• Series and shunt 

regulators 
• Audio amplifiers 

The RCA-BD643, BD645, BD647, and 
BD649 are monolithic silicon n-p-n 
Darlington transistors designed for low­
and medium-frequency power 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-220AB (VERSAWATT) plastic package. 

MAXIMUM RATINGS, Absolute-Maximum Values: 
BD643 

VCBO......................................... 45 
VCEO(sus) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 45 
VEBO······························ ........... . 
IC············································· 
ICM .......................................... . 
lB············································ . 
PT 

92CS-39969 

JEDEC TO-220AB 

r-----------, 
I I 
I I 
: I 
I I 
I I 
I 10 kn 150 kn I 
L _________ -.! 
RESISTANCE VALUES 
ARE TYPICAL 

92CS - 20691R, 

Fig. I-Schematic diagram for a/l types. 

B0645 B0647 80649 

60 80 100 V 
60 80 100 V 

5 V 
8 A 
12 A 

0.15 A 

TC" 25'C.................................... 62.5 W 
T C > 25'C . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. __ Derate linearly 0.5 __ W/'C 

TSIQ,TJ........................................ -55t0150 '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 = 1000c 
45 - 2 - -
60 - - - 2 

lEBO -5 0 - 2 - 2 

V(BR)CEO 0.11t 45 - 60 -
VCBRICBO 0.005 45 - 60 -
V(BR)EBO 

IE = 2mA 
5 - 5 -

3 0.58 150Qb - 150Qb -
hFE 3 38 750 - 750 -

3 68 750b - 750b -
VBE 3 38 - 2.5 - 2.5 
VCE(sat) 

IB = 12mA 
38 - 2 - 2 

fT f= 1 MHz 
3 3 1 - 1 -
3 3 10b - 10b -

R9JC - 2 - 2 

8 Pulsed; pulse duration = 2OO,..s, duty factor = 1 %. b Typical value. 

NOTE· CURRENT D£RATING AT CONSTANT 
VOLTAGE APPLIES ONI.Y 10 THE DISSIPAT10N­
LIMITED PORTION ANI) THE IS/b -LIMITED 
PORTION OF hIAlClMUM OPERATING AREA 
CURVE. 00 NOT DERATE THE 
SPECIFIED VALUE FOR I.e MAX 

~ so rei 100 IU I~ Ire 200 

CASE TEMP£RATURE ITC1_oC 

Fig. 2-Deratlng curve for al/ types. 

UNITS 

mA 

V 

V 

MHz 

·CIW 
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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 BD647 BD648 

Vdc Adc 

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

ICEO 
40 - 0.5 - -
50 - - - 0.5 

leBO 
80 - 0.2 - -
100 - - - 0.2 

TC = 1000c 
80 - 2 - -
100 - - - 2 

lEBO -5 0 - 2 - 2 

"lBR1CEO 0.1a 80 - 100 -
V(8R)CBO 0.005 80 - 100 -
V(BR)EBO 

5 - 5 -IE = 2 rnA 

3 0.58 1500b - 15()()b -
hFE 3 38 750 - 750 -

3 68 750b - 750b -
VBE 3 38 - 2.5 - 2.5 

VCE(sat) 
18 = 12rnA 

38 - 2 - 2 

fT f=1 MHz 
3 3 1 - 1 -
3 3 1(Jb - 1(Jb -

R9JC - 2 - 2 

a Pulsed; pulse duration '" 2OO,..s, duty factor '" 1 %. b Typical value. 

UNITS 

rnA 

V 

V 

MHz 

0c/w 
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80643, 80645, 80647, 80649 

COLLECTOR-TO-EMITTER VOLTAGE (VCE)- V 

92CM-3269~ 

Fig. 3-Maximum operating area for al/ types. 
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______________________________ Oarllnglon Power Translslors 

File Number 1240 B0895, B0895A, B0897, B0897A, B0899, B0899A, B0901 

8-Arnpere N-P-N Darlington 
Power Transistors 
45-60·8D-100·Volts, 70 Watts 

Gain of 750 at 4 A 
TERMINAL DESIGNAnONS 

(B0895A, B0897A, B0899A) 
Gain of 750 at 3 A 
(B0895, B0897, B0899, B0901) 

Features: Applications: 
'R';'"lOII )J~': 

TOP VIEW B 

_ Operaled from Ie wllhoul predrlver _ Power Swllchlng 
_ Low Leakage al high temperature _ Hammer drivers 

92CS-39969 

_ Series and shunt 
regulators 

_ Audio amplifiers 

The RCA-BD895, BD895A, BD897, 
BD897A, BD899, BD899A, and BD901 are 
monolithic silicon n-p-n Darlington tran­
sistors 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. 

JEDEC TQ.22OAB 

. :---------, 
I I 
I I 
I I 
I I 
I I L _________ ..J 

E 
92CS-2069rRZ 

Fig. 1-Schematlc diagram for al/ types. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

VCBO······························· 
VCEO(sus) .......................... . 

VEBO······························· 
IC·································· 
IB ................................. . 

P-r 
TC" 25'C ......................... . 
TC>25°C ......................... . 

Tstg,TJ ..•......•.....•...••.••..... 

TL 
At distances .. 118 in. (3.17 mm) from 

casefor10smax ................. . 

B0895 B0897 B0899 B0901 
BD895A BD897A BD899A 

45 
45 

60 80 
60 80 

------5 
100 
100 

______ 8 _____ _ 
______ 0.1 _____ _ 

----__ 70 --------
____ Derate linearly 0.56 __ _ 

-6510150 

235 ------

v 
V 
V 
A 
A 

W 
WI'C 

'C 

'C 
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B0895, B0895A, B0897, B0897A, B0899, B0899A, B0901 

ELECTRICAL CHARACTERISTICS, At Case Temperature (T C = 25°C 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 - - jtA 
30 0 - - - 500 

ICBO 
45 - 0.2 - -
60 - - - 0.2 

TC = 1000C 
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,B0897A 3 4- 750 - 750 -

VBE B0895,B0897 3 3a - 2.5 - 2.5 

B0895A,B0897A 3 4a - 2.5 - 2.5 

VCE(sat) B0895 3- 0.012 2.5 2.5 
V - -

B0897 

B0895A,B0897A 4a 0.016 - 2.8 - 2.8 

hfe 3 3 
f = 1 MHz 

1 - 1 -
R9JC - 1.78 - 1.78 ·CIW 

10 100 
COLLECTOR-TO-EMITTER VOLTAGEI"cEl-V 

92CS-32690 

Fig. 2-Maximum operating areas for all types. 
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________________________________ Darllngton 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 BD899 

BD901 UNITS 
Vde ~ de BD899A 

VCB VCE VBE IC IB Min. M8X. Min. M8X. 

ICEO 
40 0 - 500 - -

".A 
50 0 - - - 500 

ICBO 
80 - 0.2 - -

100 - - - 0.2 rnA 

TC = 100·C 
80 - 2 - -

100 - - - 2 

lEBO -5 0 - 2 - 2 

VCEO(SUS) 0.1 8 0 80 - 100 - V 

hFE B0899,B0901 3 38 750 - 750 -
B0899A only 3 48 750 - - -

VeE B0899,B0901 3 3a - 2.5 - 2.5 

B0899A only 3 48 - 2.5 - - V 
VCE(sat) B0899 38 0.012 - 2.5 - 2.5 

B0901 

B0899A only 48 0.016 - 2.8 - -
h'e 3 38 1 - 1 -

f = 1 MHz 

ReJC - 1.78 - 1.78 ·C/W 

• Pulsed: Pulse duration = 300 ".s, duty factor = 1.8%. 

fH' . ill 
50 " 

100 125 150 175 200 

CASE TEMPERATURE (Tel _·C 

Fig. 3-Derating curve for all types. 
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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 RCA-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 integr!lted 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
SAWATT) plastic package. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

BDX33 

VCSO' 45 

VCER(susl 

IRSEI = loon 45 

VCEO(susl 45 

VcExlsusl 
V SE =-1.5V 45 

V ESO ' 5 

IC' 10 

IS' 0.25 

PT 
TcEO;25OC 70 

TC>25°C 

Tstg' TJ 

TL 
At distances ;;;'1/8 in. 13.17 mml from case 
for 10 s max. 

TERMINAL DESIGNATIONS 

'R·~·lO II ] .~ ~' 
TOP VIEW B 

92CS-39969 

JEDEC To-22OAB 

,----------, 
I I 

• I I 
I I 
I I 
I I 
I I 
L - - - - - --b~ -~ 

92CS-2069IR2 

Fig. 1 - Schematic 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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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 IC 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 - - - - rnA 
80 - - - - - 1 

'CBO 60 - - - 1 - -
45 - 1 - - - -, 
80 - - - - - 5 

TC= 100°C 60 - - - 5 - -
45 - 5 - - - -

'EBO -50 - 10 - 10 - 10 rnA 

VCEO(sUS) O.la 45 - 60 - 80 -

VCER(sus) O.la 45 - 60 - 80 - V 
(RBE)=100n 

VCEV(sus) -1.5 O.la 45 - 60 - 80 -

hFE 
3 3a - - .- - 750 -
3 4a 750 - 750 - - -

VBE 
3 3a - - - - - 2.5 

V 3 4a - 2.5 - 2.5 - -
VCE(sat) 

'B = 0.006 3a - - - - - 2.5 V 
'B = 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 -

RIJJC - 1.78 - 1.78 - 1.78 °CIW 

a Pulsed: Pulse duration = 300 IlS, 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 Vdc Adc 

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

ICEO 
60 0 - - - 0.5 
50 0 - 0.5 - -

TC = 100°C 60 0 - - - 10 
50 0 - '10 - '- 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) 

0.1 a 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) 38 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 -

ReJC - 1.78 - 1.78 °CIW 

a Pulsed: Pulse duration = 300 p.s, duty factor = 1.8%. 
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25 50 

Darlington Power Transistors 

BDX33, BDX33A, BDX33B, BDX33C, BDX33D 

10 60 
COLLECTOR-TO-EMITTER VOLTAGE (VCE)-V 

92CS-29309RI 

Fig. 2. - Maximum operating areas for BDX33-series types. 

I!I 

~ 
5 COLLECTOR-TO- EMITTER VOLTAGE (VCE)- 3V 

4 

II 
!i: 

2 J1'1 I~!I°C" 
~ .... IOa 

"\r~' 

~~ 6 '>~\. 
'"'- 4 rz~ .. ~ 00 

1\ 0:-

~!c z ...... ~ 
0:0: (, ... ",y r\ ~ 103 
() 8 
0 6 

-' 4 .. 
() 

;;: 2 
>- let I-

0·1 4 6 8 I 4 6 8, 0 4 6 8'00 
COLLECTOR CURRENT (ICI-A 

CASE TEMPERATURE tTc1_oC 92CS- 20697R2 

Fig. 3 - Derating curve for al/ types. Fig. 4 - Typical dc-beta characteristics for al/ types. 
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BDX33, BDX33A, BDX33B, BDX33C, BDX33D 

· COI..L.ECTOR CURRENT (Ie)·' A · · COLLECTOR-TO-EMITTER VOLTAGE IVCE)-!) .. CASE TEMPERATURE 1Tcl"-2S-C 

i , 
• I" ~ 10' 

~ · · · ii \ 
i 

, 
10 f · i · · \ , 

.J!>. ~ 
0.01 

, . . . OJ 
, . . . . .. 10 

FREQUENCY In-MHz 

Fig. 5 - Typical small-signal gain for all types. 

COLLECTOR-lO-EMITTER VOLTAGE IVeEI-V 
92C5-19925 

Fig. 7 - Typical output characteristics for all types. 

I 3 

BASE-lO-EMITTER VOLTAGE (Y8El-V 

Fig. 9 - Typical saturation characteristics for all 
types. 

COLLECTOR-TO-EMITTER YOLTAGE (YCE)a3 vt:ttt 

1 'U 
I 
~ 10 

~ 
~ 7.5 

B 

2.' 

BAS£-TO-EMITTER VOLTAGE (YBEI-V 

Fig. 6 - Typical Input characteristics for all types. 

COLLECTOR-TO-EMITTER VOLTAGE (VCE)- 3 II 

~ 7.5 '\~ 
e v.,O:Jt. 

rllll;.!IIIIIIII!!!!!!!!!!. 
o I 2 :5 .. 

BASE-lO-EMITTER VOLTAGE (VBEI-V 

Fig. 8 - Typical transfer characteristics for all types. 

PULSE DURATION 
20,.. POSITIVE VOLTAGE 
20 ,.s NEGATIVE VOLTAGE 

REP RATE = 200 Hz 

RB*ZOO AC 

.. ISr AND t82 ARE MEASURED WITH TEI<TAONIX CURRENT 

PROBE P6019 AND TYPE 134 AMPLIFIER, OR EQUIVALENT 

9ZCS-<'Z742 

Fig. 10 - Circuit used to measure saturated 
switching times. 
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________________________________ Darlington Power Transistors 

::. 
I 

! 

COLLECTOR SUPPLY VOLTAeE IVce)-2Q v 

3. 
t. • -Ie? -Ie/SOO, TC·Z5·C 

3 I 
---r- --2.' 

i 2 

1 

I.' 
I ,./ 

I 

I r---o. 
! 
, , , , . 

r!!... 

I> 
14.. 

I 

, 

BDX33, BDX33A, BDX33B, BDX33C, BDX33D 

II 

, . 10 

'b--182 INI'fJr It'AI£ F'ORII 

Ti 
1 
1 
1 
I 

~~±:::1 
- - - - - - -1- - - ·90"" 

1 
1 
I 
1 

r-:_;..'O_"" __ T'ME 
COLLECTOR CURRENT (Icl-A 

92CS-19920RI 

Fig. 11 - Typical saturated switching-time 
characteristics for all types. 

92CS-I3996'U 

1-_--+--OTUR,llMrF 
OIITPt1T 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, BDX34C, 
and BDX34D are monolithic p-n-p silicon 
Darlington transistors designed for low­
and medium-frequency power applica­
tions. The high gain of these devices makes 
it possible for them to be driven directly 
from integrated circuits. They are 
complementary to the BDX33, BDX33A, 
BDX33B, BDX33C, and BDX33D described 
!n RCA Bulletin FHe No. 593. 

These devices are supplied in the JEDEC 
TO-220AB (VERSAWATT) plastiC package. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

File Number 694 

TERMINAL DESIGNATIONS 

'R.~mloll J{ 
TOP VIEW B 

92CS-59969 

JEDEC TO-220A8 

,----------, 
I I 
I I 
I I 
: I 
I I 
I "'2.Skll "'12011 I 
L-------b~-~ 

92CS-22750 

Fig. 1 - Schematic diagram for a/l types. 

BDX34 BDX34A BDX34B BDX34C BDX34D 
VCBO .................................... -45 -60 -80 -100 -120 

VCER(SUS) 
(RBE)=100 {} ...................... ,.... -45 

VCEO(sUS) ...................... .. . . ..... -45 
VCEX(sus) 

VBE=-1.5 v .. .. .. . . .. .. .. . . . . .. . . .. . .. .. -45 
VEBO .................................. .. 

IC········································ 
lB········································ 
PT 

TC ~ 25° C ............................ . 
TC > 25° C ............................ . 

Tstg. TJ ................................ .. 

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

-60 -80 -100 -120 
-60 -80 -100 -120 

-60 -80 -100 -120 
-5 

-10 
-0.25 

70 
Derate linearly 0.56 

-65 to +150 

235 

v 

v 
V 

v 
V 
A 
A 
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______________________________ Oarllngton Power Transistors 

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. Max. Min. Max. Min. Max. 
-40 - - - - - -0.5 

ICEO -30 - - - -0.5 - -
-20 - -0.5 - - - -
-40 - - - - - -10 

TC=100·C -30 - - - -10 - -
-20 - -10 - - - -

-80 - - - - - -1 rnA 

ICBO -60 - - - -1 - -
-45 - -1 - - - -
-80 - - - - - -5 

TC=100·C -60 - - - -5 - -
-45 - -5 - - - -

" 

lEBO 5 0 - -10 -10 - -10 

VCEO(SUS) -0.1a -45 - -60 - -80 -
VCER(SUS) -0.1a -45 - -60 - -80 - V 

(RBE)=100 n 
VCEV(SUS) 1.5 -1.0a -45 - -60 - -80 -
hFE 

-3 -3a - - - - 750 -
-3 -4a 750 - 750 - - -

VBE 
-3 -3a - - - - - -2.5 

-3 -4a - -2.5 - -2.5 - -
VCE(sat) 

V 
IB=-0.006 A -31' - - - - - -2.5 

=-0.008 A -4a - -2.5 - -2.5 - -
VF -8 - -4 - -4 - -4 

hie -5 -1 1000 - 1000 - 1000 -
(1=1.0 kHz) 

Ihle I -5 -1 20 - 20 - 20 -
(1=1.0 MHz) 

ISlb -20 -3.5 - -3.5 - -3.5 -
A 

tp=0.5s non-rep. -33 -1 - -1 - -1 -
R8JC - 1.78 - 1.78 - 1.78 ·C/W 

apulsed: Pulse duration=300 I'S, duty factor~1.B%. 
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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 BDX3~D UNITS 

V de Ade 

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

ICEO 
-60 - - - -0.5 

-50 - -0.5 - -

TC=100·C 
-60 - - - -10 

-50 - -10 - -
rnA 

ICBO 
-120 - - - -1 

-100 - -1 - -
TC=100·C 

-120 - - - -5 
-100 - -5 - -

lEBO 5 0 - -10 - -10 

VCEO(SUS) -0.1a -100 - -120 -
VCER(SUS) 

-0.1a -100 - -120 - V 
(RBE)=100 n 

VCEV(SUS) 1.5 -1.0a -100 - -120 -
hFE -3 -3a 750 - 750 -
VBE -3 -3a - -2.5 - -2.5 

VCE(sat) 
V 

IB=-0.006 A -3a - -2.5 - -2.5 

VF -8 - -4 - -4 
hIe -5 -1 1000 - 1000 -

(f=1.0 kHz) 

Ihfe I -5 -1 20 - 20 -
(1=1.0 MHz) 

ISlb -20 -3.5 - -3.5 - A 
tp=0.5 S non-rep. -33 -1 - -1 -

ROJC - 1.78 - 1.78 ·C/W 

·Pulsed: Pulse duration=300 I's, duty factor=1.8%. 
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, ________________________________ Darllngton Power Transistors 

lBDX34, BDX34A, BDX34B, BDX34C, BDX34D 

92CS-2e1ORt 

Fig. 2 - Maximum operating areas for BDX34-series types. 

NOTE CURRENT DERATING AT CONSTANT 
YOl.TAGE APPUES ONLY 'TO THE DISSIPATION· 
LIMITED PORTION AHD THE ISlb -LIMITED 
PORTION OF MAXIMUM OPERATING AREA 
CURVE. DO NOT DERATE THE 
SPECIFIED YAWl! FOR I.e MAX 

'" CASE TEMPERATURE 1Tc1--C 

Fig. 3 - Current derating curve for all types. 

.... .. 
If 2 

2 
~ 10 

2 4 •• 2 4 6 8 2 4 6 8 
-0.1 -I -10 -100 

COLLECTOR CURRENT (:I.e) ..... A 

Fig. 4 - Typical dc beta characteristics for all types. 
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BDX34, BDX34A, BDX34B, BDX34C, BDX34D 

COLLECTOR CURRENT Ilcl--IA 

2 .. 68 2 .. 68 2 .. 68 2 .. 68 2 .. 68 2 
0.001 0.01 0.1 I 10 10 

FREQUENCY If I-MHz 

Fig. 5 - Typical small-signal gain for all types. 

COLL.ECTOR-lO-EMITTER VOL.TAGE IYCE1-Y 

Fig. 7 - Typical output characteristics tor all types. 

COLlECTOR-~-EMITTER SATURATION YOLTAGE [VCEC"t~-V 

Fig. 9 - Typical saturation characteristics for all 
types. 

BASE-lO-EMITTER VOLTAGE IYSEI-V 

Fig. 6 - Typical input characteristics for all types. 

BASE-lO-EMITTER VOLTAGE 'VeEl-V 
!f2CS-20812RI 

Fig. 8 - Typical transfer characteristics tor all types. 

PULSE DURATION 
201" POSITIVE VOL.TAGE 
201'1 NEGATIVE VOL.TAGE 

REP. RATE 11200 Hz 

VCC"20V 

... la, AND IB2 ARE MEASURED WITH TEKTRONIX CURRENT 
PROBE P6019 AND TYPE 134 AMPLIFIER, OR EQUIVALENT 

92CS-22142 

Fig. 10 - Circuit used to measure saturated 
switching times. 
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________________________________ Oarll"gton Power Transistors 

COLL.ECTOR SUPPLY VOLTAGE IVccl--20V 
1.4 lSI-r82-1c/500,Tc025°C ,- r-
I.' ... -....... 

I '!!.... 
;. 0.8 --- --..!:.,. ....... r-, 
I I'-. I'-. w 
~ 0,6 

r"-.. K 
0.' 

0.' 

0.1 

-I 

"- !l.-f- ..... 

5 6 1 8 9 -10 

COLLECTOR CURRENT 11C1-A 

Fig. 11 - Typical saturated switching-time 
characteristics for all types. 

BDX34, BDX34A, BDX34B, BDX34C, BDX34D 

r-:: ___ TIME 

.... _-+---'T"'VrJF 
OUTPUT WAVE FOIN 

922s-t1996RI 

Fig. 12 - Phase relationship between input 
current and output current showing reference 
points for specifications of switching. 
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Darlington Power Transistors _______________________________ _ 

BDX53, BDX53A, BDX53B, BDX53C 

a-Ampere N-P-N Darlington 
Power Transistors 
45-60-80-100 Volts, 60 Watts 

File Number 1213 

TERMINAL DESIGNATIONS 

Gain of 750 at 3 A 

Features: 

• Operates from Ie without predriver 
• Low leakage 'at high temperature 

Applications: 
'~'~'"lOII J~' ~ 

TOP VIEW B 
• Hammer drivers 

• Power switching .Serles and shunt regulators 

The RCA-BDX53, BDX53A, BDX53B, and 
BDX53C monolithic silicon Darlington 
transistors are 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 ....................................... . 
IC ........................................... . 
lB· .. ·· .. · .. · .... · .. ·· .. ··· .... ···· .. ·· ...... · 
Pr 

TC<25'C .................................. . 

92CS-39969 

JEDEC TO-22DAB 

Fig. 1-Schematic diagram for al/ types. 

BDX53A BDX53B BDX53C 
60 80 100 V 
80 80 100 V 

5 V 

8 A 
0.2 A 

60 W 
TC>25'C .................................. . Derate linearly 0.48 W/'C 

T8tg, TJ ...................................... . 
TL 

-65to +150 'c 

At distances ~1I18 In. (3.17 mm) from case 
for10smax ................................. . 235 'c 

2~ __________________________________________________________________ _ 



_____________________________ Darllngton Power Transistors 

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 IS Min. Max. Min. Max. 

ICEO 
22 0 - SOO - -
30 0 - - - SOO 

4S 200 
ICBO 

- - -
60 - - - 200 

lEBO -S 0 - 2 - 2 
VCEO(SUS) O.la 0 4S - 60 -
hFE 3 3a 750 - 7S0 -
VBE(sat) 3a 0.012 - 2.S - 2.S 
VCE(sat) 3a 0.012 - 2 - 2 

VF 
3b - 1.B - 1.B 
sb 2.SC - 2.SC -

R6JC - 2.0B - 2.08 

UNITS 

/AA 

mA 
V 

V 

'CIW 

a 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 - SOO - -
50 0 - - - SOO 

BO 200 
ICBO 

- - -
100 - - - 200 

~ -S 0 - 2 - 2 
VCEO(SUS) O.la 0 BO - 100 -
hFE 3 3a 7S0 - 7S0 -
VBE(sat) 3a 0.012 - 2.S - 2.S 

VCE(sat) 3a 0.012 - 2 - 2 

VF 
3b - 1.B - 1.B 
Bb 2.SC - 2.5c -

R6JC - 2.0B - 2.0B 

8 Pulsed: Pulse duration = 300 "s, duty factor = 1.5%. b IF value. C Typical value. 

UNITS 

/AA 

mA 
V 

V 

'CIW 
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Darlington Power Transistors _____________________________ _ 

BO)(53, BOX53A, BOX53B, BOX53C 

COLLECTOR-TO- EMITTER VOLTAGE ("cEl- V 
'2CM-12254 

Fig. 2-Maxlmum operating areas for all types. 

~" 
~i~ 
3i~a 
~~~ 

~~~ 
iffi~ 
~~ti 
§~I 
~~u 
t~ 

104: 

• 
• 100> - . ! • 

II • 
I- r z 
i IO~ 
il • ... . 
~ 

~ . 
~ 10, ... . 
= 4 • , 

100 

'" 
.0 

.. 

NOTE· ClltftENT DfRATIHG AT CONSTANT 
VOLTAGE APPLIES ONLY 10 THE DISSIPATION­
LIMITED PORTION AND THE IS/b -LIMITED 
PORTION Of'MAXIIliUM OPERATING MEA 
CURVE, DO NOT DERATE THE 
SPECIFIED VAI..UE FOR Xc MAX 

.. '" ,. 100 12!!! ISO 175 200 

CASE TEMPERATURE (Te,-DC 
92CS-20696RI 

Fig. 3-Deratlng curve for all types. 

"'-
\ 

-," .. -,.,... ~ COLLECTOR-TO-EMITTER VOlTAGE (VCE'~3 II 

CASE TEMPrATU.E (TCli"'C .1 

0.1 2 4" t 2 4' 8'0 2 4 6 ~oo 2 4 6 ~ooo 

FREQUENCY (t )-MHz 

Fig. 5-Typical smail-signal gain for all types. 

,0. • CDLlECTOR-TO-EM ITTER VOLTAGE( VCE). 3 V t= l= ~ . CASE TEMPERATURE (T c). 2S·C 

~ . 
~ 2 

I- 104 
ill • 
&!i-w • .......... 
~! 4 V ~ !~ 2 
i!i~ • V 1\ 
.. K> 

u • " . ... • ~ 
>- • I- .,. 

a., 
COLLECTOR CU~RENTU.C)-A tlCS-RIS' 10 

Fig. 4-Typical dc·beta characteristics for all 
types. 

10 COLLECTOR-TO-EMITTER VOLTAGEeVcE)'3V 
CASE TEMPERATURE CTc )-2S'C 

I 2 3 4 IS 

BASE-TO- EMITTER VOLTAGE (VBE'-V '2CS-32~7 

Fig. 6-Typical transfer characteristics for all 
types. 
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________________________________ Darllngton Power Transistors 

BDX53, BDX53A, BDX53B, BDX53C 

,A 

~OLLECTOR CURRENT IT C)· 0 5~f~ 

CASE TEMPERATURE CTc)· 2SoC 

ci8LLECTOR ~URRENT C±:C1-A 
92CS-3225B 

2 • 4 
BASE CURRENT (IB)-mA 92eS-322!' 

10 

Fig. 7-Typical saturation characteristics for 
all types. 

Fig. 8-Typical saturation characteristics for 
all types. 

10. COLLECTOR SUPPLY VOLTAGEeVCC}o;'OV 
I'BI-ZS2 bFE -250 

• ASE TEMPERATURE I Tc )-25·C 

4 

If 

'l. 
I 
",I 
'.---- r----.!!.. 

" • C-->= ,~ · -4 

2 

0.1 , • COLLECTOR CURRENT IIe)-A • • 
92CS-3ZHO 

Fig. 9-Typical saturated swItching-time 
characteristics for all types. 

10 
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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 RCA-BDX83. BDX83A. BDX83B. and 
BDX83C 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. 

These devices are suoolied in the JEDEC 
TO-204AA steel hermetic package. 

MAXIMUM RATINGS, Absolute-Maximum Values: 
BDX83 

VCBO .............................. 45 

VCEO(sus) ••••••.••.•.••.••••••••..• 45 

VEBO ....•....•.......••••..•.•.••. 5 

IC ...... ............................ 10 

ICM ...................•............ 15 

IB .•••..•.•••••••••••••••••.•.•.••.• 0.25 

PT 
TC .;;; 25°C •••.••••••••••••.••• 125 

File Number 955 

TERMINAL DESIGNAnONS 

JEDEC TO-204AA 

r-----------, 
I I 
I I 
I I 
I I 
I I 
I I 
L _________ ...J 

6E 
92C5-27596 

Fig. I-Schematic diagram for all types. 

BDX83A BDX83B BDX83C 

60 80 100 V 

60 80 100 V 

5 5 5 V 

10 10 10 A 

15 15 15 A 

0.25 0.25 0.25 A 

125 125 125 W 

TC > 25°C • • • • • . • • • • • • • • • • • • • • • . • • • . . • • . • • . • . • • • . • Derate linearly at 0.714 W/oC 

Tstg• TJ ••••••••••••.•••••••.•••••••• ----- -65 to +200 °c 

TL 
At distances;;;' 1/32 in. (0.8 mm) 
from seating plane for lOs max. • ••.••• --------235 ----------
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_________________________________ Darlington Power Transistors 

BDX83, BDX83A, BDX83B, BDX83C 

ELECTRICAL CHARACTERISTICS, At Case Temperature (TC) = 2SOC Unless Otherwise 
Specified 

CHARAC· 
TEST CONDITIONS LIMITS 

TERISTIC 
VOLTAGE CURRENT 

BDX83 BDX83A UNITS 
Vdc Adc 

SYMBOL 
VCE VEB VBE IC IB Min. Max. Min. Max. 

20 0 - 1 - -
ICEO 30 0 - - - 1 

ICEV 
45 -1.5 - 0.5 - -
60 -1.5 - - - 0.5 

rnA 
TC= 150°C 

45 -1.5 - 3 - -
60 -1.5 - - - 3 

lEBO 5 0 - 5 - 5 rnA 

VCEO(sus) 0.1a 0 45 - 60 - V 

3 1a 750 - 750 -

hFE 3 5a 1000 - 1000 -
3 10a 250 - 250 -

3 5a - 2.8 - 2.8 
V VBE 3 10a - 4.5 - 4.5 

VCE(sat) 5a 0.01 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 5, 50 - - 0.9 - A 
non rep. 30 4.16 - 4.16 -

ROJC - 1.4 - 1.4 °CIW 

Bpulsed: Pulse duration ~ 300 '"", duty factor ~ 1.8%. 

~ 6 COLLECTOR~TO-EMITTER VOLTAGE (VCE)=3V-

4 

;~ -
i~~ 

Non: CURRENT DERATING AT CONSTANT VOLTAGE 
APPLIES ONLY TO THE DISSIPATION-LIMITED PORTION 
AND lS/b-LIMITtD PORTION Of MAXIMUM-OPERATING­
AREA CURVES 00 NOT DERAl E THE SPECIFIED 
VALUE FOR Ie: MAX. ~ 

0: 
2 I-

15 10' 
§ .... ~ ~ -I--.c. 
,,~ 4 

-~""'<; 0-
0:0 ,,-I>, ;5 2 /~~;~c. ~ 0:0: , 

~ IO~ ~r'~C. 0 
oJ • 

~ 

~ 
2 

10' 

ll~i '00 
:I~a 

!tJ" d~ 1. 
l!i3~ 

50 
~~~ !iN .. ... ~ 

'5 
~~a 

2& 50 15 100 125 150 I'" lOO 0.1 
2 . 6 8 2 • 6 8 

I 10 
2 

CASE TEMPERATURE (TC)-'= COLLECTOR CURRENT(Ic}-A 

Fig. 2-Derating curves for all types. Fig. 3 - Typical dc-beta characteristics for all types. 
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BDX83, BDX83A, BDX83B, BDX83C 

• · 
J · • • I, 
Ii • • I · ~ 

I 
z 

i • • · , 
10 

ELECTRICAL CHARACTERISTICS, At Case Temperature (TC) = 2SOC Unless Otherwise 
Specified 

CHARAC-
TEST CONDITIONS LIMITS 

TERISTIC 
VOLTAGE CURRENT BDX83B I BDX83C UNITS 

SYMBOL 
Vdc Adc 

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

ICED 
40 0 - 1 - -
50 0 - - - 1 

ICEV 
80 -1.5 - 0.5 - -
100 -1.5 - - - 0.5 
80 -1.5 3 

rnA 
TC = 1500 C 

- - -
100 -1.5 - - - 3 

lEBO 5 0 - 5 - 5 rnA 

VCEO(sus) O.la 0 80 - 100 - V 

3 l a 750 - 750 -

hFE 3 5a 1000 - 1000 -
3 lOa 250 - 250 -

VBE 
3 5a - 2.8 - 2.8 

V 
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 - -

I hfel 5 1 20 - 20 -f = 1 MH7 

ISlb 70 0.37 - - -
t = 1 5, 85 - - 0.25 - A 
non rep. 30 4.16 - 4.16 -

RllJC - 1.4 - 1.4 °C/W 

apulsed: Pulse duration = 300 P.S, duty factor = 1.8%. 

TOIl QMl.tIT Clc1-U, 
c:ou.ECTOIt-TO-EIIIfTTD VOLTME 'VeE)-S 
CAlI Tl:tIPIItA",., eTc)·we 

i"'-

1,\ 

I · 
\ ... 
~ . . . OJ . . . 00 

FREQUENCY m-MM. tICS-IHURl 

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-TO-EMITTER VOLTAGE 'VcE)-V 

92(11-29144 

Fig. 6 - Maximum operating area for all types. 

COLLECTOR-lO-[MtTTER VOLTAGE IYeEI-V 
BASE-TO-EMITTER VOLTAGE IYIE)-Y 

I2C5-19924'1I 
92CS'I992~ 

Fig. 7 - Typical transfer characteristics for all types. 

I 

COLLECTOR-TO-EilITTER SATURATION VOLT"Gf 

92CS'2Qe56 

Fig. 9 - Typical saturation characteristics 
for al/ types. 

~ 

I 

! 

... 
• 

•.. 
• 
I~ 

I 

0.' 

Fig. 8 - Typical output characteristics 
for all types. 

COLLECTOR SUPPl.,( WLT ... 'E lVc:c,020 Y 

I. • -II~ -Ie 1500, TC·2S·C 

I 
I ---,.... -r-- r'!.. 

i 

17 ..... ---~ 
I , , . , . , 

i 
! 

.. 10 

COLLECTOR CURRENT c:r:cl-A 
92CS·19920'U 

Fig. 10 - Typical saturated switching-time 
characteristics for all types. 
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BDX83, BDX83A, BDX83B, BDX83C 

~~~~ETlCS PULSE IS,· 
GENERA fOR MODEL 
No PG~3t, OR 
EQUIVALENT 

PULSE DURATION 
201" POSITiVE VOLTAGE 
20,.5 NEGATIVE VOLTAGE 

REP RATE" 200 Hz 

... lSI AND Ie2 ARE MEASURED WITH TEKTRONIX CURRENT 

PROBE Pt)QI9 AND TYPE 134 AMPLIFIER,OR EQUIVALENT 

92C5-13921;;'2 

Fig. 11 - Circuit used to measure 
saturated-switching times. 

h 
~I go L-__ +,..-r , 

......,'4 ... - 1 

TURN-QH : -,.,j Ir t--­
TIME --l----l TURN-OFF 

TlM£ 

OUTPUT WAVE FORM 

Fig. 12 - Phase relationship between input current 
and output current showing reference 
points for specification of switching 
times. 

302 __________________________________________________________________ _ 



________________________________ Darlington Power Transistors 

File Number 1312 

1 D-Ampere N-P-N Monolithic 
Darlington Power Transistors 
350,400 Volts, 175 Watts 
Gain of 150 at 6 A 

Features: 
• Operates from Ie without predriver 
• High voltage breakdown 
• High reverse second-breakdown capability 

Applications: 
• Power switching • Automotive ignition 
• Solenoid drivers • Series and shunt regulators 

The BU323 and BU323A are monolithic n-p-n silicon 
Darlington transistors designed for automotive electronic 
power applications .. 

These devices provide good forward and reverse second­
breakdown capability; their high gain makes it possible for 
them to be driven directly from integrated circuits. 

The BU323 and BU323A are supplied in the JEDEC TO-
204AA hermetic steel package. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

VCBO •••••••••••••••••••• ~ ••••••••••••••••••••••••••••• 

VCER(sus) 

RBE=100 n ............................................ . 
VCEO(sus) ••••••••••••••••••••••••••••••••••••••••••••••• 

VEBO ••••••••••••••••••••••••••••••••••••••••••••••••• , 

IC ••••••••••••••••••••••••••••••••••••••••••••••••••••• 

ICM •••••••••••••••••••••••••••••••••••••••••••••••••••• 

IB .•••••.•••••••••••••••••••••••••••••••••••••••••••••• 

PT 
TC~ 25·C ••••••••••••••••••••••••••••••••••••••••••••• 

TC> 25·C •..••..•.•.•..•..•.•...•...•.••.•.........•.• 

Tstg • TJ ••••••••••••••••••••••••••••••••••••••••••••••••• 

TL 
At distances 20 1/8 in. (3.17 mm) from case 

for 10 s max. 

BU323, BU323A 

TERMINAL DESIGNATIONS 

c 

'0' 
92CS- 275 •• 

JEDEC TO-204AA 

92CS-28591 

Fig. 1-Schematic diagram for both types. 

BU323 BU323A 

500 600 V 

400 475 V 

350 400 V 

8 8 V 

10 10 A 

16 16 A 

3 3 A 

175 175 W 

See Fig. 2 

-65 to +200 ·C 

235 ·C 
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BU323, BU323A 

ELECTRICAL CHARACTERISTICS. At Case Temperature (T C) 25· C unless otherwise specified 

CHARACTERISTIC 

ICER 
RBE=100 n 

lEBO 

ICBO 

VCER(SUS) 
RBE=100n 
L=500 I'H 

VCEO(SUS) 

hFE 

VCE(sat) 

TC=-40·C 

VBE(s.at) 

TC=-40·C 

VBE(On) 

VF 

Cob 
f=loo kHz 

IC2U2 (See Fig. 9) 

ts IB1-IB2 
tf IB1=IB2 

Ihfe l 
f=l MHz 

ISlb 
t= 1 S, nonrep. 

R6JC 

·Pulsed: Pulse duration=300 I'S, duty factor-l.S'II>. 
bvcs value. 
cVCcvalue. 

TEST CONDITIONS 

VOLTAGE CURRENT 
Vdc Adc 

VCE VBE IC IB 

400 
475 

-6 0 
500" 
600b 

4 

0.2a 0 
6 3-

6 6a 

6 lOa 

3a 0.06a 

6a 0.12a 
lOS 0.30a 

6a 0.12a 

6- 0.12 
lOa 0.30 

6a 0.12 

5 10a 

10" 

lOb 

12" 6 0.3 
12" 6 0.3 

5 1 

50 

LIMITS 

BU323 BU323A 

Min. Max. Min. Max. 

- 1 - -
- - - 1 

40 40 

- 1 - -
- - - 1 

400 - 475 -

350 - 400 -
300 - 300 -
150 2000 150 2000 
50 - 50 -
- 1.5 - 1.5 

- 1.7 - 1.7 
- 2.7 - 2.7 

- 2.0 - 2.0 

- 2.2 - 2.2 

- 3 - 3 

- 2.4 - 2.4 

- 2.5 - 2.5 

- 3.5' - 3.5 

- 350 - 350 

550 ~ 550 -
- 15 15 

15 15 

10 - 10 -

3.5 - 3.5 -
- 1 - 1 

UNITS 

rnA 

V 

V 

V 

pF 

rnJ 

I'S 

A 

·C/W 
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BU323, BU323A 

~ 
~ 

% 

0 

i 

I 
I-

~ 
~ 

I 
g 

25 50 75 100 125 150 175 200 
CASE TEMPERATURE (Tc)_OC 92LS-I469RI 

104 COLLECTOR-TO-EMITTER VOLTAGE (VCE)-SV 
6 

4 

, -10' .::::" . 
:~\1.~O~ /' 

22 i-" 

10' .-
6/ :L:: 

10 

0.1 

-
rr,..,oc. i-" 

i7L ,.o·c 

, 

/' 

4 6 • , 
I 

COLLECTOR CURRENT (IC)-A 

t-r---

~ 
\ 

~I\ 

4 • 8 10 

Fig. 2 - Dissipation derating curve for both types. Fig. 3 - Typical DC beta characteristics for both types. 

10 100 
COLLECTOR-TO-EMITTER VOLTAGE (VCEI-V 

92CM~340!53 

Fig. 4 - Maximum operating areas for both types. 
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Darlington Power Translstors _______________________________ _ 

BU323, BU323A 

0.2 COLLECTOR CURRENT (I.C)-50 :Is 

o.~ I 1.5 2.5 
BASE-TO-EMITTER VOLTAGE (VBEI-V 

Fig. 5 - Typical input characteristics for both types. Fig. 6 - Typical output characteristics for both types. 

Fig. 7 - Typical output characteristics for both types. Fig. 8 - Typical transfer characteristics for both types. 

Vp 350 V (BU323) 
400 V(BU323AI 

AT IZ"20IftA 

lNDUCTIY£ LOAD 

TI TO BE SELECTED SUCH THAT :t(: REACHES 10 Adc 
BEFORE SWITCH-OFF 

NOTE FIGURE 10 SPECIFIES ENERGY HANDLING 
CAPABILrTlES FOR AN AUTOMOTIVE IGNITION 
CIRCUIT 

Fig. 9 - Ignition test circuit. 
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________________________________ Oarllngton Power Transistors 

File Number 1243 

15-Ampere N-P-N Monolithic 
Darlington Power Transistor 

400V,35W 
Gain of 20 at 15A 

Features: 
• High voltage breakdown 

ApplicatIons: 

• Power switching • Automotive Ignition 
• Solenoid drivers • SerIes and shunt regulators 

The RCA-BUX37 is a monolithic n-p-n silicon Darlington 
transistor designed for automotive electronic power appli­
cations. The construction of this device provides good for­
ward and reverse second-breakdown capability. 

The RCA-BUX37 is supplied in the steel JEDEC TO-204AA 
hermetic package. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

BUX37 

TERMINAL DESIGNATIONS 

JEDEC TO-204AA 

r----------, 
I I 

• I I 

I 
I 
I 
I 

I 
I 
I 
I 

L _________ -l 

92CS-l8597 

Fig. 1-Schematic diagram for al/ types. 

VCEO(sus)............................................... 400 V 
VEeO................................................... 7 V 
IC...... .•.. .•....... .•...... ........... .•... .•. .•...... 15 A 
Ie.......... ............... ................... .......... 4 A 
P-r 

TC" 100'C ............................................ 35 W 
TC> l00'C............................................. Derale Linearly 0.7 W/'C 

TstQ,TJ ................................................. -6510150 ·C 
TL 

AI distances .. 1/8 in. (3.17 mm) from case 
for lOs max. ......................................... 235 ·C 
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BUX37 

00 

75 

50 

25 

1 

ELECTRICAL CHARACTERISTICS, at Case Temperature (T cJ = 2SoC 
Unless Otherwise Specified 

TEST CONDITIONS LIMITS 

CHARACTERISTIC 
VOLTAGE CURRENT BUX37 

Vdc Adc 

VCE VBE IC lB. Min. Max. 

ICEO 400 0 - 0.25 

VCEO(sus)D L-1.5mH 5a 0 400 -
v(BR)EBO 

0 7 -
IE = 50mA 

hFE 5 15a 20 -
VBE(sat) 10a 0.15 - 2.7 

TC = -40·C 10a 0.15 - 3.5 

VCE(sat) 7a 0.07 - 1.5 
10a 0.15 - 2 

TC = -40"C 101 0.15 - 2.9 

R6JC - 1.5 

a Pulsed; pulse duration = 300 lAS, duty factor <2%. 

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

COLLECTOR CURRENT (lei-50 Ie 

OJ 

0' 

25 50 15 tOO 125 ISO 115 200 0.5 I 1.5 

UNITS 

rnA 

V 

V 

·CIW 

." 

CASE TEMPERATURE (Tc'-"C 92C$-32798 BASE-TO-EMITTER VOLTAGE (VeE I-v 

Fig. 2 - Derating curve. Fig. 3 - Typical input characteristics. 

I •• SE CURRENT ,), IC/50 

•• 'Il, 

I 
L..-;\'Il±lfl±J!iliiI, , 

COLLECTOR-TO-EMITTER VOLTAGE :VCEJ-V 
9I/:CS-28t\45 

Fig. 4 - Typical output characteristics. 

COLLECTOR-TO-EMITTER VOLTAGE (VCE)-V 

Fig. 5 - Typical output characteristics. 

2. 
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________________________________ Darllngton Power Transistors 

10 
COLLECTOR - TO- EMITTER 

92CM-32199 

Fig. 6 - Maximum operating areas (Tc = 100°C). 

I 
BASE-TO-EMITTER VOLTAGE (VSE)-V 

Fig. 7 - Typicai transfer characteristics. 

BUX37 
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RCA1000, RCA1001 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 hei­
metic steel package. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

TERMINAL DESIGNATIONS 

c 

'0' 
92CS- anle 

JEDEC TO-204AA 

r----------, 
I I 
I I 
I I 
I I 
: I 
I N3kn _30on I 
L-------t-~ 

92CS-19945RI 

Fig. 1 - Schematic diagram for al/ types. 

RCA·l000 RCA-l00l 

COLLECTOR-TO·BASE VOLTAGE: 
With emitter open ........................................................... . 

COLLECTOR·TO-EMITTER VOLTAGE: 
With base open ............................................................. . 

EMITTE R·TO-BASE VOLTAGE: 
With collector open .......................................................... . 

COLLECTOR CURRENT: 
Continuous ..................••.....•....................................... 
Pulsed .................................................•................... 

BASE CURRENT (Continuousl ..........................•......•................. 

TRANSISTOR DISSIPATION: 
At case temperatures up to 25°C .•................................... " .•........ 
At case temperatures above 25°C. derate linearly at ................................. . 

TEMPERATURE RANGE: 
Storage & Operating (Junction) ................................................ . 

LEAD TEMPERATURE (During Soldering): 
At distance .2: 1/8 in. (3.17 mm) from case to 10 s max .............................. . 

VCBO 

VCEO 

VEBO 

IC 

IB 

PT 

60 80 

60 80 

5 5 

8 8 
15 15 

0.1 0.1 

90 90 
0.516 

-65 to +200 

235 

V 

V 

V 

A 
A 

A 

W 
W/C 

°c 

°c 
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________________________________ Oarllnglon Power Translslors 

RCA1000, RCA1001 

ELECTRICAL CHARACTERISTICS. At Csse TemperRture (Tci· 26"C unless otherwiSB .pecified 

CHARACTERISTIC SYMBOL 

Vca 

Collector Cutoff Current: 
ICED With base open 

With externel base-to·emltter 60 
resistance (R8EI = 1 kG 

ICER 
BO 

AtTC = IS00C 60 
BO 

Emitter Cutoff Current lEBO 

COllector·to·Emitter 
V(aRICEO 

Breakdown Voltage 

DC Forward Current 
hFE Transfer Ratio 

Base-to-Emitter Voltage VSE 

Collector-to-Emitter 
VCE(satl Saturation Voltage 

Thermal Resistance 
R8JC (Junction-to-Casel 

"Pulsed: Pulse durotlon ~ 300 1lS. duty foctor ~ 2%. 

, COl.LECf'C)A-TQ-EMITTER VOI..TAGE iVcl!:)oSV I--f-

I . , 
!i 10" 

= 'iii : Ul4 X ~o "p ~ 
;if; 2 

~A ~a::Ia3 
u , 

c~ o , 

~ . 
I 1\' ~ . 

-~, 
, 

0.' 
, . . , . . " 0 

9l!!C$·19918AI 

Fig. 2 - Typical dc beta characteristics for 
both types. 

TEST CONDITIONS 

DC DC LIMITS 
VOLTAGE CURRENT 

(VI 

VCE VaE IC 

30 
40 

5 0 

0.1-

O.la 

3 3 
3 4 

3 J8 

J8 
S" 

(AI RCA 1000 RCA 1001 

la MIN. MAX. MIN. MAX. 

0 - 500 - -
0 - - - 500 

- 1 - -
- - - 1 

- 5 - -
- - - 5 

- 2 - 2 

0 60 - - -
0 - - SO -

1000 - 1000 -
750 - 750 -

- 2.5 - 2.5 

0.012 - 2 - 2 
0.04 - 4 - 4 

- 1.94 - 1.94 

COUECTOR CORRENT lIe'· I A 
COL.LECTOR-TO-EMITTER VOLTAGE (VeE'aS .. ,CASE TEMPERATURE 1Tc)d2S0C 

i 

'~ 
i' 

I 1\ , , 
j 

\ 

'" r'. 
D.OI . G .OJ . , " . . , 10 

FIIlEQUENCY tfl-MHz 

Fig. 3 - Typical small-signal gain for both 
types. 

UNITS 

/lA 

mA 

mA 

V 

V 

V 

°C/W 
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RCA 1000, RCA 1001 

COL.i..lCTOII CUAREHT tIC)-~ 
*S-1992& 

Fig. 4 - Typical saturation characteristics for 
both types. 

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

Fig. 5 - DC safe-area-of-operation for both types. 
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________________________________ Darlington Power Transistors 

File Number 973 

10-Ampere N-P-N Monolithic 
Darlington Power Transistors 
350, 400, 450 Volts, 150 Watts 
Gain of 100 at 4, 6A 

Features: 
• Operates fromlC without predriver 

• Low leakage at high temperature 

Applications: 
• Power switching • Automotive Ignition 

• Solenoid drivers • Series and shunt regulators 

The RCA-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 m 50 n 

Vceo(sus) 

V eBO ' 

IC' 

ICM 
IB . 

PT 
TC<26oC 

TC>25OC 

Tstg• TJ 

TL 
At distances ;;;'1/8 in. (3.17 mm) from case 

for 10 s max. 

RCA8766 Series 

TERMINAL DESIGNATIONS 

c 

'0' 
92CS- 27$18 

JEDEC TO-204AA 

,-----------, 
I I 

• I I 
I I 
I I 
I I 

: I L _________ ...J 

92CS-28!i97 

Fig. 1 - Schematic diagram for all types. 

RCA8768 RCA8766B RCA8766D 
RCA8766A RCA8766C RCA8766E 

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 

See Fig. 2 

-66to+175 °c 

235 °c 
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RCA8766 Series 

ELECTRICAL CHARACTERISTICS, at Case Temperature (T C) 2~C unless otherw;sespecified 

TEST CONDITIONS LIMITS 

CHARACTERISTIC 
VOLTAGE CURRENT RCA8766 RCA87668 RCA8766C 

UNITS 
Vdc Adc RCA8766A RCA8766C RCA8766E 

VCE IC 18 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 sa 100 - - - - -
RCA8766A 3 4a 100 - - - - -
RCA8766B 3 sa - - 100 - - -
RCA8766C 3 4a - - 100 - - -
RCA8766D 3 sa - - - - 100 -
RCA8766E 3 4a - - - - 100 -

VBE 
RCA8766 3 sa - 2.5 - - - -
RCA8766A 3 4a - 2.5 - - - -
RCA8766B 3 sa - - - 2.5 - - V 
RCA8766C 3 4a - - .- 2.5 - -
RCA8766D 3 6a - - - - - 2.5 
RCA8766E 3 4a - - - - - 2.5 

VCE(sat) 
RCA8766 sa 0.28 - 1.5 - - -
RCA8766A 4a 0.133a - 1.5 - - -
RCA8766B 6a 0.2a - - . - 1.5 -
RCA8766C 4a 0.1338 - - - 1.5 - - V 
RCA8766D sa 0.2a - - - - - 1.5 
RCA8766E 48 0.133a - - - - - 1.5 

All Types sa 0.58 - 2.5 - 2.5 - 2.5 

VF 7a - 2 - 2 - 2 V 

Ihfel 
f = 1 MHz 5 1 10 - 10 - 10 ~ 

ISlb 
t = 1 5, nonrep. 30 5 - 5 - 5 - A 

ROJC - 1 - 1 - 1 °CIW 

a Pulsed: Pulse duration = 300 jJ.S. duty factor = 1.8%. 
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RCA8766 Series 

NOTE· CURRENT OERATING AT CONSTANT 
VOL.TAGE APPLIES ONLY TO THE DISSIPATION­
LIMITED PORTION ANO THE IS/b-LIMITED 
PORTION OF MAXIMUM OPERATING AREA 
CURVES (FIG. 4). DO NOT DERATE THE 
SPECIFIED VALUE FOR Ie MAX, 

10: COLLECTOR-lO-EMITTER VOLTAGE (VCEI-SV __ 

l 4 

2e 50 715 100 125 150 175 200 
CASE TEMPERATURE (Tel-aC 

01 2 4 6 8 I 2 

COLLECTOR CURRENT (IC)-A 

Fig. 2 - Derating curves for all types. Fig. 3 - Typical DC beta characteristics for all types. 

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

92C5-28542 

Fig. 4 - Maximum operating areas for all types. 
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RCA8766 Series 

i .. 
!:! 
0-

Q2 COU-ECTOR CURRENT (Ie)-50 .Ie 

Q 

0.5 I 1.5 2S 
BASE-TO-EMITTER VOLTAGE (VBE1-V 

Fig. 5 - Typical input characteristics for all types. 

1 
COLLECTOR-TO-EMITTER VOLTAGE (VCE)-V 

Fig. 7 - Typical output characteristics for all types. 

Fig. 6 - Typical output characteristics for all types. 

I. • 
BASE-TO-EMITTER VOLTAGE (VBEl-V 

Fig. 8 - Typical transfer characteristics 
all types. 
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________________________________ Darllngton Power Transistors 

File Number 1414 RCA9202A, RCA9202B, RCA9202C 

4-Ampere N-P-N Darlington 
Power Transistors 
300, 350 and 400 Volts, 65 Watts, Gain of 750 at 2A 

Features Applications 
• Direct Ie input without predriver • General purpose 
• Low leakage at high temperature • Small engine ignition 
• Hard glass passivation • Voltage regulator 
• Wire bonded construction 

The RCA9202A, RCA9202B, and RCA9202C· are mono­
lithic n-p-n silicon Darlington transistors designed for low­
and medium-frequency power applications. The construc­
tion of these devices provides good forward-bias second­
breakdown capability; their high gain makes it possible for 
them to be driven directly from integrated circuits. 

These devices are supplied in the JEDEC TO-220AB (VER­
SAWATT) plastic package. 

-Formerly RCA Dev. No. TA9202A, TA9202B and TA9202C, 
respectively. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

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

VCEO(SUS) ••••.•••.•••.••••.••••..••.•••..•••.•••.•••.•••••••••..•••• 

VEBO ............................................................... . 

Ic .................................................................. . 
ICM ................................................................. . 

IB .................................................................. . 
PT: ................................................................. . 

Tc up to 25·C ..................................................... . 
To above 25°C ................................•... Derate linearly at 

Tstg, TJ ............................................................. . 
Tl 
At distance 2: 1/8 in. (3.17 mm) from case for 10 s max .•..••..•..•....•• 

TERMINAL DESIGNATIONS 

'~'~"lOII J~' ~' 
TOP VIEW B 

9ZC$-39969 

JEDEC TO-22OAB 

92CS~2859? 

Fig. 1 - Schematic diagram for al/ types. 

RCA9202A 

300 
300 
• 5 

4 
8 

0.25 

65 

RCA9202B 

350 
350 

5 
4 
B 

0.25 

65 
0.52 

RCA9202C 

400 
400 

5 
4 
8 

0.25 

65 

_____ -65 to 150 ____ _ 

235 

UNITS 

v 
V 
V 
A 
A 
A 

W 
WIOC 
'C 

'C 
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RCA9202A, RCA9202B, RCA9202C 

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

TEST CONDITIONS LIMITS 

CHARACTERISTIC Voltage Current 
RCA9202A RCA9202B 

V de Ade 

VeE VaE Ie la Min. Max. Min. Max. 

300a - - -
ICBO 

- 0.2 - -
350a - - - - - - 0.2 

IE = 0 
400a - - - - - - -
250 - - 0 - 0.5 - -

ICEO 300 - - 0 - - - 0.5 

350 - - 0 - - - -
lEBO - -5 0 - - 10 - 10 

VCEO(SUS)e - - .03b 0 300 - 350 -
3.0 - 2b - 750 - 750 -

hFE 3.0 - 3b - - - - -
3.0 - 4b - 500 - 500 -

VBE 3.0 - 4b - - 2.5 - 2.5 

- - 2b .1 - 1.5 - 1.5 

VCE(sat) - - 3b .15 . - 1.5 - 1.5 

- - 4b .2 - 1.5 - 1.5 

Cobo 

VeB = 10 V - - - - 100 Typ. 100 Typ. 

1=1 MHz 

Islb 

t = 0.5 s non- 50 - - - 1.3 - 1.3 -

rep. pulse 

RlIJc - - - - - 1.92 - 1.92 

aVCB value. 

bPulsed, pulse duration = 300 /JS, duty lactor ::; 2%. 

eCaution: 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 AND THE IS/b -L.IMITED 
PORTION OF MAXIMUM OPERATING AREA 
CURVE. DO NOT DERATE THE 
SPECIFIED VAUJE' FOR Ie MAX 

~ so 75 100 125 ISO Ii'! 200 

CASE TEMPERATURE tTCI--C 
92CS-20696RI 

Fig. 2 - Derating curve for al/ 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-35299 

Fig. 3 - Maximum operating areas for all types. 

10 COLLECTOR-TO-EMITTE VrL~AQE 1VCt!-3V -.. 
~ . 
0 4 ii l-~I_ .. 
~ r-.... 2 :-,,,,,'l,: 

N : ~~V-"""lOS -~", .. 
E 8 ~~~~ 
~ 6 

~'t- +~ 
C;~ ,~« <1~ V " \\ " 4 

Y"~ I~ 
c .. 
~ 2 

/' ,~~ 

" /1/; 0 102 

01 • • 1 15 • 10 

COLLECTOR CURRENT (I.C)-A 
nCB-55311 

Fig. 4 - Typical de beta characteristics for all 
types. 

Fig. 5 - Typical saturation characteristics for all 
types. 
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RCA9202A, RCA9202B, RCA9202C 

'lcs-aUIS 

Fig. 6 - Typical saturation characteristics for all 
types. 

COLLECTOR CURRENT (I.C l - A 92.CS-3S320 

Fig. 8 - Typical saturated switching character­
istics for all types. 

COLLECTOR-TO-EMITTER VOLTAGE (VCE)-a v 

o 
o 0.5 I 1.5 2 2.5 

BABE-YO-EMITTER VOLTAGE (YSE)-V 
'ICS-aUI? 

Fig. 7 - Typical transfer characteristics for all 
types. 

I
-I COLLECTOR SUPPLY VOLTAGE I Vee)· 25DV 

I :tS, a.Is2 • IC /2150 

12 

10 

, 
~ 
:Ii .... 

4 

o 
o 

'I 

' .. 
2 :3 4 5 8 

COLLECTOR CURRENT (::tC)-A 
92CS-35321 

Fig. 9 - Typical saturated switching character­
istics for all types. 

68 10 88 100 

COLLECTOR-TO-BASE VOLTAGE (VCSI-V OR 
EMITTER-TO- BASE VOLTAGE IVEB)-V 

92CS-35322 

Fig. 10- Typical common-base input (Cibo) or 
output (Cabo) capacitance character­
istics (all types). 
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________________________________ ,Darllngton Power Transistors 

File Number 1413 

4-Ampere N-P-N Darlington 
Power Transistors 
250 and 300 Volts, 50 Watts 
Gain of 500 at 2 A 

Features Applications 
• Direct Ie Input wlth,out predriver 
• No R2, no anti-parallel diode 

• General purpose 
• Small engine Ignition 

• Hard glass passivation • Voltage regulator 
• Wire bonded construction 

The RCA9203A. and RCA9203Be 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 
(VERSAWATT) plastic package. 

eFormerly RCA Dev. No. TA9203A. and TA9203B. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

RCA9203A, RCA92038 

TERMINAL DESIGNATIONS 

'~'~'1011 ] -~; 
TOP VIEW 

I 
I 
I 
I 

JEDEC TO-22DAB 

9ZCS-39.'. 

I 
I 
I 
I 
I 

I 
I L _____ -.: __ _1 

92CS-35324 

Fig. 1 - Schematic diagram for all types. 

RCA9203A RCA9203B UNITS 

VCBO •.•••••••••••••••••••.•••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 250 300 V 
VCEO(SUS) ••••••••••••••.•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 250 300 V 
V.ao .........................•......................................•..............• 9 9 V 
Ic................................................................................... 4 4 A 
ICM •• ••••••••••• •••• •••• •••• ••••• •••••••• •••• ••••• •••• ••• •••• ••••• •••••• •••••• ••• ••• 6 6 A 
I.. . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . • . • . . . . . . . . . . . • . . • . . • . . . . . . . . . • . . • . . . • . . . • . . . • . . 0.25 0.25 A 
PT: ..••.•••.•.•••..•••.•••••••••••.••..•••..•..••••..••••.•••••••.••••...••.•. '" ••• 

Tcupt025°C ...................................•....••..•...................•.... 50 50 W 
T c above 25° C ...........................•....................... Derate linearly at 0.4 W/o C 

T •••• TJ •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• ___ -65 to 150 ___ °C 
TL 
At distance;:: 118 in. (3.17 mm) from case for 10 s max. ................................ 235 °C 
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Darlington Power Translstors _______________________________ _ 

RCA9203A, RCA9203B 

ELECTRICAL CHARACTERISTI~S. At Case Temperature (Tc) = 25° C 

TEST CONDITIONS 

VOLTAGE CURRENT 
CHARACTERISTIC Vdc Adc 

Va Va. Ie la 

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 

I.", 
t = 0.5s non- 40 - - -
rep. pulse 

ROJC - - - -
aVcBvalue. 
bPulsed, pulse duration = 300 J./S, duty factor"; 2%. 
cCaution: Sustaining voltage, V CEO(SUS), must not be measured on a eurve tracer. 

NOTE· CLRRENT DERATING AT CONSTANT 
VOLTAGE APPLIES ONI.Y '10 THE DISStPATION­
LIMITED PORTION AND THE IS/b -LIMITED 
PORTION OF MAXIMUM OPERATING AREA 
CURVE, DO NOT DERATE THE 
SPECIFIED VAL.UE FOR Ie MAX 

LIMITS 

RCA9203A RCA9203B 

Min. Max. Min. Max. 

- 0.2 - -
- - - 0.2 

- 0.5 - -
- - - 0.5 

- 1 - 1 

250 - 300 -

500 - 500 -
100 - 100 -

- 2.5 - 2.5 

- 1.5 - 1.5 

- 2.0 - 2.0 

100 Typ. 100 Typ. 

1.25 - 1.25 -

- 2.5 - 2.5 

25 50 75 100 125 leo 115 200 

CASE TEMPERATURE ITel _·c 

Fig. 2 - Derating curve for a/l types. 

UNITS 

mA 

mA 

V 

V 

V 

pF 

A 

°C/W 
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RCA9203A, RCA9203B 

COLLECTOR-TO-EMITTER VOLTAGE (VCE)-V 
92CS-40244 

Fig. 3 - Maximum operating areas for all types. 

]10 8 COLLECTOR-TO-EMITTER VOLTAGE (VeE)-;" v.-+-t--t--I 
.;~--+--t---+-+-r-~~--~-~~ 

01 2 4 6 8 I 2 4 6 8 10 
COLLECTOR CURRENT (I.C1-A 

92CS-3!5323 

Fig. 4 - Typical dc beta characteristics for all 
types. 

I 2 3 
COLLECTOR CURRENT (I.e )-A 

92CS-35325 

Fig. 5 - Typicalsaturationcharacteristicsforall 
types. 
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RCA9203A, RCA9203B 

z 
o ... 
~ . 
:> 

~> 
:S,!. ... -

ht.- 250 

I 2 • 
COLLECTOR CURRENT (I.e I-A 

92CS-35326 

" 

COLLECTOR-TO-EMITTER VOLTAGE (VCE)-3V 

05 I 15 2 
BASE- TO-EMITTER VOLTAGE (VaEl-V 

92CS-35327 

2.' 

Fig. 6 - Typical saturation characteristics for al/ 
types. 

Fig. 7 - Typical transfer characteristics for al/ 
types. 

10 

COLLECTOR SUPPLY VOLTAGE (VCC'aI2V 

I.e, ~ Is2 - I.e/2D 

'f 

'on 

12 

10 

COLLECTOR SUPPLY VOLTAGE {vCC):200 II 

I.a,- IBZ" I.e 1250 

" 
" 

'on 
0.5 2 • • 

o 
o It:. 4 

COLLECTOR CURRENT (lCI-A 
IlCS-UUI 

COLLECTER CURRENT (I,e I-A 
B1CS-S5321 

Fig. 8 - Typical saturated switching character­
istics for al/ types. 

Fig. 9 - Typical saturated switching character­
istics for al/ types. 

hi'; f---
~.L. I - f--- .-

JJ 4 - .- -, 

-~ 

B. - C, .. 

!::~ 

~~,~ -
sf • -,... 
~ B I -.... r---:Obo 

ii 4f---- -r-. 
~ ~ I •• !S 10 

I ' I 10 Z 
COLLECTOR-TO-BASE VOLTAGE (Vcal-V OR 
EMITTER-TO-BASE VOL.TAGE IlI£el-v 

'2cs-nno 

• • 100 

Fig. 10- Typical common-base Input (CI~O) or 
output (Co~o) capacitance character­
IstIcs (al/ types). 
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File Number 1448 RCA9228A, RCA9228B, RCA9228C, RCA9228D 
RCA9229A, RCA9229B, RCA9229C, RCA9229D 

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 collector current 
• Hard glass passivation 
• Wire-bonded construction 

Applications: 
• General purpose 
• Low-speed switching 
• DC motor control 

The RCA-9228 Series and the RCA-9229 Series' comple­
mentary n-p-n and p-n-p silicon Darlington transistors are 
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 inte­
grated circuits. 

These devices are supplied in the JEDEC TO-2D4AE her­
metic steel package. 

"The RCA9228 and RCA9229 Series were formerly RCA develop­
mental numbers TA9228 and TA9229. respectively. 

MAXIMUM RATINGS. Absolute-Maximum Values: 

Veao •••..••••.••...•...•.•.•.•....•••.•....••..... 
VeEo(sus) ..••...•...•..•.•....•.....••.•••.....••. 
VEBO .0 •••••••••• 0 ••• 0 ••• 0.0 ••• 0 ••••••••• 0 •• 0 •••• ,. 

Ie •.....•...••...••....•...•.•....••....•.••...... 
I •............................................... 
PT 

Te:525°C ...••..••.......•.........•......••• 
Te > 25°C ....•..••...•••.••••.. Derate linearly 

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

TL 
At distances> 1/8 in. (3.17 mm) from case 
for lOs max. . .............................. . 

RCA9228A 
RCA9229Ao 

60 
80 

TERMINAL OESIGNATIONS 

c 

'0' 
92CS- 27~1' 

JEOEC TO-204AE 

(141 mil diameter pin Isolallon) 

RCA9228B RCA9228C 
RCA9229Bo RCA922SCo 

RCA92280 
RCA922900 

80 100 120 
80 100 120 

________ 5 _______ _ 
_______ 50 ______ _ 

_______ 300 ______ _ 
________ 2.4 ______ _ 

_______ -65 to +150 ______ _ 

_______ 235 ______ _ 

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

v 
V 
V 
A 
A 

W 
W/'C 

'C 

'C 
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RCA9228A, RCA9228B, RCA9228C, RCA9228D 
RCA9229A, RCA9229B, RCA9229C, RCA9229D 

'12L~ I:: '1SL~ f :: 
RI R2 RI R2 

92CS -36203 92CS-36204 

Fig. 1 - Schematic diagram for RCA9228 Series. Fig. 2 - Schematic diagram for RCA9229 Series. 

ELECTRICAL CHARACTERISTICS, Case Temperature (Te) = 25°C Unless Otherwise Specified 

TEST CONDITIONS LIMITS 
CHARAC- VOLTAGE CURRENT RCA9228A RCA9228B 
TERISTIC Vdc Adc RCA9229Ao RCA9229Bo 

VCE VSE Ie Is Min. Max. Min. Max. 
50 - 0.5 - -

ICEO 
70 - - - 0.5 
90 - - - -
110 - ~ - -

IESO -5 - 5 - 5 
VeEo II) 0.1ID) 60 - 80 -
hFE 

3 25 2000 - 2000 -
3 50 400 - 400 -

Vill:(sat) 
25 0.1 - 2.5 - 2.5 
50 0.2 - 3.5 - 3.5 

VeE(Sat) 
25 0.1 - 2 - 2 
50 0.2 - 3 - 3 

Is/lO 30 10 - 10 -t = 0.5 sec. 
RBle - 0.416 - 0.416 
Typical Values 
COb 
Ves= 10V 

RCA9228 Series Typ. 300 Typ. 300 
RCA9229 Series Typ. 600 Typ. 600 
h •• 1 MHz 3 10 Typ. 5 Typ. 5 

(I) CAUTION: Sustaining voltage Vceo(SUS) MUST NOT be measured on a curve tracer. 
(b) Pulsed: Pulse duration = 300 /JS, duty factor < 2%. 
° For p-n-p devices, voltage and current values are negative. 

RCA9228C 
RCA9229Co 
Min. Max. 
- -
- -
- 0.5 

- -
- 5 

100 -
2000 -
400 -
- 2.5 
- 3.5 
- 2 
- 3 

10 -
- 0.416 

Typ. 300 
Typ. 600 
Typ. 5 

RCA9228D 
UNITS 

RCA9229Do 
Min. Max. 
- -
- -

mA - -
- 0.5 
- 5 mA 

120 - V 
2000 -
400 -
- 2.5 

V - 3.5 
- 2 

V - 3 

10 - A 

- 0.416 °C/W 

Typ. 300 
pF 

Typ. 600 
Typ. 5 

326 ____________________________________________________________ __ 



__________________________________ Darlington Power Transistors 

RCA9228A, RCA9228B, RCA9228C, RCA9228D 
RCA9229A, RCA9229B, RCA9229C, RCA9229D 

4 6 8 10 4 6 8100 

COLLECTOR-TO- EMITTER VOLTAGE (VCE)-V 92CM-'620' 

*FOR p-n-p DEVICES, VOLTAGE AND CURRENT VALUES ARE NEGATIVE 

Fig. 3 - Maximum operating areas for all types. 

so 100 I!SO 200 
CASE TEMPERATURE fTc)--C 

Fig. 4 - Current derating curve for all types. 

,. 
I 

fwo 
z 
o 
t-,250 
i!! 
~200 

50 100 150 200 
CASE TEMPERATURE 1Tcl_o C 

Fig. 5 - Power derating curve for all types. 
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RCA922$A, RCA9228B, RCA9228C, RCA9228D 
RCA922$A, RCA9229B, RCA9229C, RCA9229D 

1~1O'· COLLECTOR TO EMITTER VOL.TAGE (VCE)-3V 

i 4 

I--'" '" 2 
~ / " 4 1'0: 
; • 
'" 2 .. ,. 
" ~ ID'. 
II • 
f • 
" " • 

10' 
4 • • • . • • • • • • 0.1 I 10 100 

COLLECTOR CURRENT (I.e. ~:CS-!.20' 

Fig. 6 - Typical dc beta characteristics for RCA9228 Series. 

~ 
~20 

10 

0. I 2 
COLLECTOR TO EMITTER SATURATION VOLTAGE 

[VCE ~.at)] -y 9ICS-36210 

Fig. 8 - Typical saturation characteristics for RCA9228 Series. 

.. 60 
I 

;roo 
Iii 
::140 

I 2 3 4 
BASE-Ta-EMITTER SATURATION VOLTAGE 

[VSEhatl]-V UCB-HZII 

Fig. 10 - Typical saturation characteristics for RCA9228 Series. 

10 IS COLLECTOR TO EMITTER VOLTAGE (VCE)--3V 

••• 2. 4. 8 2. .. 6 8 
-0.1 -I -10 -100 

COLLECTOR CURRENT (I.C)-A 
IICS-3620S 

Fig. 7 - Typical dc beta characteristics for RCA9229 Series . 

.. 60 

.!. 

" "50 

i 
'" .0 
!2 

~ 
" 10 

o -I -2 -3 
COLL.ECTOR TO EMITTER SATURATION VOLTAGE 

[VCE (IOI)]-V 12CS-56tH 

Fig. 9 - Typical saturation characteristics for RCA9229 Series. 

hFE -250 

-I -2 -3 -4 -5 
BASE TO EMITTER VOLTAGE (Ve~-V 

92CS-3fi215 

Fig. 11 - Typical saturation characteristics for RCA9229 Series. 
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File Number 1153 

a-Ampere N-P-N Darlington 
Power Transistors 

60,80, and 100 Volts, 80 Watts 
Gain of 1000 at 3 A 

Features: 

• Operates .from I.e without predriver 
• Low leakage at high temperature 

Applications: 

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

The RCA-TIP100, TIP101 and TIP102 are monolithic n-p-n 
silicon Darlington transistors designed for low- and medium­
frequency power applications. The construction of these 
devices provides good forward-bias second-breakdown 
capability; their high gain makes it possible for them to be 
driven directly from integrated circuits. 

These devices are supplied in the JEDEC TO-220AB (VER­
SAWATT) plastic package. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

Vcso· . 
VCEOlsus) 
VESO' 
IC· 
ICM • 
Ie 
PT, 

Tc up to 25°C 
T C above 26°C . Olratl linlarly at 

T8t9, TJ . . . . . . . . . 

TIP100, TIP101, TIP102 

TERMINAL DESIGNATIONS 

'R'~'"lOII Jt t 
TOP VIEW B 

.2eS-59'.' 

I 
I 

JEOEC TO-22OAB 

L _________ -.J 

Fig. 1 - Schematic diagram for a/l types. 

TIP100 

60 
60 

TIP101 

80 
80 

TIP102 

100 
100 _____ 5 ___ _ 

_____ 8 
____ 16 _____ _ 
_____ 1 

80 ___ _ 
_____ 0.64 ___ _ 

___ -65 to 150 __ _ 

v 
V 
V 
A 
A 
A 

TL 
At diltance;;l!ol/e in. 13.17 mm) from ca.I for 10 8 max. ___ _ 235 ___ _ 
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TIP100, TIP101, TIP102 
ELECTRICAL CHARACTERISTICS, At Case Temperature fTCI = 2fjOC 

TEST CONDITIONS LIMITS 
CHARAC· Voltage Currant 
TERISTIC Vdc Adc TlP100 TIP101 TIP102 UNllS 

VCE V8E IC 18 Min. Max. Min. Max. Min. Max. 

ICBO 
60 - 50 - - - -
SO - - - 50 - -IE = 0 

100 - - - - - 50 
/lA 

30 0 - 50 - - - -
ICEO 40 0 - - - 50 - -

50 0 - - - - - 50 

lEBO -5 0 - S - S - S mA 

VCEO(sus) 0.03b 0 60 - SO - 100 - V 

hFE 
4 3b 1000 20,000 1000 20,000 1000 20,000 
4 sb 200 - 200 - 200 -

VBE 4 Sb - 2.S - 2.S - 2.S 

VCE(sat) 
3b 0.006 - 2 - 2 - 2 V 
Sb O.OS - 2.5 - 2.5 - 2.5 

VF -10 - 2.S - 2.S - 2.S 

tdC S O.OS 0.035typ. 0.035 typo 0.035 typo 
trC S O.OS ~.35typ. 0.35 typo 0.35 typo 
tsC S O.oad 1.S typo 1.S typo 1.S typo /lS 

tf S O.oad 2.45typ. 2.45 typo 2.45 typo 

ISlb 

2 I 2 I 2 I t=0.15 5 non· 40 - - - A 
ron ftlll .... 

1.561 -

a Vee value. b Pulsed: Pulse duretion = 300 ps, duty factor';;; 2%. 

~ 4 COLL.ECTOR-Ttl-EMITTER VOL~AGE(YCE~·4 V 

;; , 
fi 
a:: 104 -~ • 

6 

~.e~ ~ 4 
/ 

'l-", c ... ~"'e !;; , r-- (1"C'J~ 
~I~ ,/ __ .! ·~s·c 

i : 
-.s.., -..,: 

I 4 --
g , 

CASE TEMPERATURE (TCI--C • 10 12 24. 
COLLECTOR CURRENT (IC)-A 92CS-:5I127 

Fig. 2 - Derating curve for all types. Fig. 3 - Typical dc·beta characteristics for all types. 
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TIP100, TIP101, TIP102 

COLLECTOR-TO-EMITTER VOLTAGE (VCEI- v 
92CM-31125RI 

Fig. 4 - Maximum operating areas for all types (T C = 2ff'C). 

PULSE DURATION 
20,.s POSITIVE VOLTAGE 
20 ,., NEGATIVE VOL rAGE 

REP. RATE ~ 200 Hz 

... lSI AND t82 ARE MEASURED WITH TEKTRONI)( CURRENT 

PROBE P60L9 ANO TYPE 134 AMPLIFIER,OR EQUivALENT 

Fig. 5 - Circuit used to measure saturated swirr:hing 
times. 

t-

~i t---~ --,,------'-
IDa 182 

!!it-
t-z 
td~ 
:J§ 
8"~---+-""1 

-lId 1..-1 
TURN-ON i <o! tr 1---­

TIME - -l-- ----I 

Ti 

TIME 

INPUT WAVE FORM 

- -90% 

TIME 
:'-----

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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TIP110, TIP111, TIP112 

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 predrlver 
• 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 RCA-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 ................................................. . 
TC 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 1336 

TERMINAL DESIGNATIONS 

'R.;.alo II ] .. §! 
TOP VIEW B 

92CS-39969 

JEDEC TO-220AB 

· :---------1 
I I 
I I 
I L 
I I L _________ --l 

Fig. 1 - Schematic diagram for all types. 

TIP110 

80 
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 
W/OC 

°C 
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________________________________ Darllnglon Power Translslors 

ELECTRICAL CHARACTERISTICS. At Case Temperature (TC) =250 C 

TEST CONDITIONS 

CHARACTERISTIC Voltage Current 
Vdc Adc TIP110 

VCE VaE IC la MIN. MAX. 

ICBO 60a - - - - 1 

IE= a soa - - - - -
lOa· - - - - -

30 - - a - 2 
ICEO 40 - - a - -

50 - - a - -
lEBO - -5 a - - 2 

VCEO(SUS) - - 0.03b a 60 -

hFE 4 - lb - 1000 -
4 - 2b - 500 -

VBE 4 - 2b - - 2.B 

VCE(sat) - - 2b O.OOB - 2.5 

Cobo loa - - - - 100 

Ihfel 10 - 0.75 - 25 TYP. 
f = 1.0 mHz 

ISlb 
t = O. 5 S non- 40 - - - 1.25 -
rep. pulse 

RSJC - - - - - 2.5 

RSJA - - - - - 62.5 

• VCB value. b Pulsed: Pulsed duration = 300 JlS, duty factor :52%. 

~~ 

~~! 
~l5g 
a ill a 

i~~ 
iffi~ 
~~ 

~!5~ 

~~~ 
z~~ 
~NU 
u' 
~.Y 

100 

'" 
50 

25 

NOTE· ~RENT DERATING AT CONSTANT 
VOlTAGE APPLIES ONL.Y 10 THE DISSlPATlON­
UMITED PORTION AND THE I.SJb -LIMITED 
PORTION OF MAXIMUM OPERATING AREA 
CURVE., DO NOT DERATE THE 
SPECIFIED VALUE FOR .Ie MAX 

25 50 ~ 100 125 150 17S 200 

_,0". 
~ . 
g • 
Ii 2 .. .. 
i '~ 
== • 

i 2 

B loa .. • 
I • • 
~ 2 

to' 

TIP110, TIP111, TIP112 

LIMITS 

UNITS 
TIP111 TIP112 

MIN. MAX. MIN. MAX. 

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

mA 
- - - -
- 2 - -
- - - 2 

- 2 - 2 mA 

SO - 100 - V 

1000 - 1000 - -
500 - 500 -

- 2.B - 2.B 

V 
- 2.5 - 2.5 

- 100 - 100 pf 

25 TYP. 25 TYP. -

1.25 - 1.25 - A 

- 2.5 - 2.5 
°C/W 

- 62.5 - 62.5 

COlLECTOR-TO-EMITTER VOLTAGE IVCEl-3V I-I-

- . _ .... 
~ ... < 

~.~c 
~ ~p.cJ\1.t. ,- oP.~ ~ r--... Vv " .\\ 
~ 

'\ 

• • • • • CASE TEMPERATURE: (TCI-OC 
0' 

2 • • '0 COLLECTOR CURRENT (Ie )-A 

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 
CO~~ECTOR- TO-EMITTER VO~TAGE(VCEI-V 

82CM-54!!' 

Fig. 4 - Maximum operating areas for al/ types (T C = 25° C). 

I~jllllllllllllllllllllllllllllllllllllllllllllllillI 
I-$' 

o 
o I • • 

COLLECTOR CURRENT I:LC}-A 
t2CS~34!52.$ 

Fig. 5 - Typical saturation characteristics for al/ typas. 

15 .. '0", 

Ifs. ~ • 11· 2m 

~I • 
IL. 
il : 
"'I • i .. 
U· 
U ,O 

-r-t-- c ... - r-r --
. • • 10 

COLLECTOR-TO-SAS! VOLTAGE (Yca)-Y OR 
EMITTER-TO-BASE VOLTAGE (VEa)-Y 

• 100 

9IC8-54e&T 

Fig. 7 - Typical common-base input (Cibo) or 
output (Cobo) capaciatanca 
characteristic (al/ types). 

92CS-34!$2.6 

Fig. 6 - Typical transfer characteristics for al/ types. 

4 COLLECTOR SUPPLY VOLTAGE 1Vcc)·;'O v 
%8I·:ra ·J:c /250 

t. 

'. o 
QS I 2 3 4 

COLLECTOR CURRENT I tel-A:. BICS-84528 

Fig. 8- Typical saturated switching 
characteristics (al/ types). 
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2411 

150 l'-F 

2g~~ 
I...L- 20 "S 50 II = 

MIN 

FREQ- 500 Hz 

VCC 
RC"~ 

NON INO 

DEVICE 
UNDER 
TEST 

** 

VCC 

TIP110, TIP111, TIP112 

QI, Q2 " 2N6354 
Q3 " 2N3762 

04,05, 
Q6, Q7 - CA3725 QUAD 

TRANSISTOR 
ARRAY. 

* THIS CONNECTION 
SHOULD BE MADE AS 
CLOSE AS POSSIBLE TO 
COLLECTOR OF 
TRANSISTOR UNDER TEST 

* * KELVIN SENSING 
CON'IECTION 

NOTE, BATTERY SYMBOLS VCC ,VBI ,VB2 , 
. VB (CLAMP) INDICATE RIGOROUSLY FILTERED 
VOLTAGE SOURCES AT THE CIRCUIT TERMINALS 
TO ACCOMODATE THE FAST If AND If TIMES 
AND HIGH CURRENTS PRESENT IN THE CIRCUIT. 

VB2 
ADJ FOR IB2 

Fig. 9 - Circuli for measuring switching times. 

IBI-r-----"..X 90% 

A 10% 
a 

o 
t,j"A-B .. " X-V 
tr-B-C tt- Y- Z 
ttranlition - x-w 
NOTE: TRANSITION TIME 
FROM_'B, TO -'IIzMUST 
BE LESS THAN 0.& Ill-

92CS-30381R2 

Fig. 10- Phase relationship between input and 
output currents showing reference points 
for specification of switching times. 

92CM-34848 
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TIP115, TIP116, TIP117 

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 'rom Ie without predriver 
• Gain of 1000 at 1A 
• Low leakage at high temperatures 

File Number 1387 

TERMINAL DESIGNATIONS 

'~'~"1011 ] .. E= 
TOP VIEW B 

92CS-39969 

• Designed for completementary use with TIP110, TIP111 and TIP112 JEDEC TO-220A8 
• Hard glass passIvation 
• Wire-bonded construction 

The RCA-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: 

VeBO ........................................................... .. 
VeEO(lus) •• , ••••••••••••••••••••••••••••••••••••••••••••••••••••• 
VEIO ........................................................... .. 
Ie ............................................................... . 
leM ••••••..••.•••••••.••••••••••••••..••••..•.•••••.••...••.••.••• 
IB .............................................................. .. 
PT: 

Te up to 25·C ............................. , ................... .. 
Te aboVB 25·C ................................. DB rata linearly at 

Tit;, TJ ........ , .... , .............................. , ...... , •. , .• ,. 
TL 

At distance 1/8 In. (3.17 mm) from calB for 10 8 maK .••••.•••.• ,.,' 

r---------l 
I I 
I I 
I I 
I I 
I I 
L _________ --.J 

E 
92CS-20863Rl 

Fig. 1 • Schematic diagram ;or aI/ 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 
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TIP115, TIP116, TIP117 

ELECTRICAL CHARACTERISTICS, At Case Temperature (Tc) = 2S·C 

TEST CONDITIONS 

CHARACTERISTIC 
Voltage Current 

Vdc Adc 

VCE VaE Ic IB 

-6Q8 - - -
ICBO -SOa - - -

IE = 0 
-100a - - -
-30 - - 0 

ICEO -40 - - 0 

-50 - - 0 

lEBO - 5 0 -
VCEO(SUS) - - -0.03b 0 

hFE 
-4 - -1b -
-4 - -2b -

VBE -4 - -2b -
VCE(sat) - - -2b -O.OOS 

Cabo -10a - - -

hie -10 - -0.75 -
f=1.0mHz 

IS/b 
t !, 0, 5 s non-rep. pulse -40 - - -

R/lJc - - - -
RBJA - - - -

a VCB value. 

b Pulsed: Pulsed duration = 300/lS, duty factor :5 2%. 

NOTE CURRENT DERATING AT CONSTANT 
VOLTAGE APPLIES ONLY 'TO THE OISSIPATION­
LIMITED PORTION ANO THf ZS/b -LIMITED 
PORTION OF MAXIMUM OPERATING AREA 
CURVE. DO NOT DERATE THE 
SPECIFIED VALUE FOR Ie MAX 

50 100 12!! 

CASE TEMPERATURE ITCI_eC 

Fig. 2 - Derating curve for al/ types. 

115 200 

LIMITS 

TIP11S TIP116 TIP117 UNITS 

MIN. MAX. MIN. MAX. MIN. MAX. 

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

mA 
- -2 - - - -
~ - - -2 - -
- - - - - -2 

- -2 - -2 - -2 mA 

-60 - -SO - -100 - V 

1000 - 1000 - 1000 - -
500 - 500 - 500 -
- -2.S - -2.S - -2.S 

V 
- -2.5 - -2.5 - -2.5 

- 100 - 100 - 100 pF 

25 TYP. 25 TYP. 25 TYP. -

-1.25 - -1.25 - -1.25 - A 

- 2.5 - 2.5 - 2.5 
·C/W 

- 62.5 - 62.5 - 62.5 

11O.0,,! COLLECTOR-lO-EMITTER VOLTAGE(VCE'=3 v 

~ -ty i\. 
~ 4 

--;, .,,, 

ZJ ~ .;<V 
; 2 

." 
A 1-- ...... ~ 

i!'.ooo ~ " iii • Ci~"~~~l ~ 6 ",t.~ .. ",,, 

~ 4 ,,'I-~<c. 

~ 
~ • 
u 

c .OC 
4 • • • • • • · . . 

COLLECTOR CURRENT (XC I-A 
92CS-a!i180 

.0 O' 

Fig. 3 - Typical dc-beta characteristics for al/ types. 
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TIP115, TIP116, TIP117 

4 6 8 10 2 4 6 100 2 
COLLECTOR - TO-EMITTER VOLTAGE (VCE I-V 

92Cht-3!U81 

Fig. 4 - Maximum operating areas for all types (TC = 25° C). 

I 2 3 
COLLECTOR CURRENT (I.C}-A 

4 

92CS-34525 

Fig. 5 - Typical saturation characteristics for all types. 

TEMPERATURE (Ie }·25"C 

C,bot-t--Jt--+--t-++-l 

• • 10 

EMITTER-lO-BASE VOLTAGE (VES )-V 
COLLECTOR-lO-BASE VOLTAGE IVce)-V 

6 8 100 

'2CS-'"'' 
Fig. 7 - Typical common-base input (Cibo) or 

output (Cabo) capaciatance characteristic 
(all types). 

COLLECTOR - TO-EMITTER VOLTAGE ('CEI-" 

g .. ;;)I:.- IV-!;. ... ""'"" VOLTAGE BEI-V92CS_3~la2 

Fig. 6 - Typical transfer characteristics for all types. 

4 COLLECTOR SUPPLY VOLTAGE 1VCC'=-30V 

Ie1 ".J:.e 2 -teI2So, TC· 25"C 

I, 
,. 2 

O • 

" 

" 
I, 

COLLECTOR CURRENT { I C I-AMPS 
92CS·3!1184 

Fig. 8- Typical saturated switching 
characteristics (a/l types). 
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2gVLJ~~ 
LL-20~S 50.(l = 

MIN 

FREO' 500Hz 

Vec 
RC'IC 

NON IND 

DEVICE 
UNDER 
TEST 

Vee . 

TIP115, TIP116, TIP117 

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 
CONNECTION 

BATTERY SYMBOLS VCC, VBI, VB2' 
. VB(CLAMPI INDICATE RIGOROUSLY FILTERED 

VOLTAGE SOURCES AT THE CIRCUIT TERMINALS 
TO ACCOMODATE THE FAST I, ANO If TIMES 
AND HIGH CURRENTS PRESENT IN THE CIRCUIT. 

VB2 
ADJ FOR IBI 

Fig. 9 - Circuit for measuring switching times. 

J:B2 ----------
w 

o --------
A 10% 

X 90% 
J:B,-!-I-----; 
o I ~-_____ I ____ _ 

B 10% I Z 10% 
I 
I 

.... A-a ... x-v 
tr - 8-C It- V-Z 

t ... an.ition • X-W' 
NOTE: TRANSITION TIME 
FROM 90% IS, TO 90% 182 MUST 

BE LESS THAN 0.5,a. 

92CS-54846 

Fig. 10- Phase relationship between input and 
output currents showing reference points 
for specification of switching times. 

92CM- 34847 
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TIP120, TIP121, TIP122 

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 RCA-TIP120, TlP121 and TIP122 are monolithic n-p-n 
silicon Darlington transistors designed for low- and medium­
frequency power applications. The construction of these 
devices provides good forward second-breakdown capabil­
ity; their high gain makes it possible for them to be driven 
directly from integrated circuits. 

These devices are supplied in the JEDEC TO-220AB (VER­
SAWATT) plastic package. 

The TIP120. TIP121 and TIP122 are n-p-n complements of 
the TIP125, TIP126 and TIP127 described in RCA data bul­
letin File 997. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

VCOO ••••••••••••••••••••••••••••••••••••••••••••••••••• 

VCER(SUS) 
RRE= 1000 .. , ...................................... . 

VCEo(sus) ............................................•. 
VCEV(sus) 

VoE =-1.5V ......................................... . 
VEOO ••••••••••••••••••••••••••••••••••••••••••••••••••• 

Ic ...................................••................ 
ICM ..................•............................•..•. 
10 ••••.•••..••••.•••.••••••..•.••••.•••..•••••••••••••• 
PT 

T C up to 25° C ...................................•.... 
T C above 25°C ...................................... . 

T"", TJ ••••••••••••••••••••••••••••••••••••••••••••••••• 

TL 
At distances 2: 1/8 in. (3.17 mm) from 

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

File Number 998 

TERMINAL DESIGNATIONS 

'~'~"lOII ] .{ ~' 
TOP VIEW B 

TIP120 
60 

60 
60 

60 
5 
8 

10 
0.25 

65 

B 

92CS-39969 

JEDEC TO-22OAB 

,----------, 
I I 
I I 
I 
I 
I 
I 

I 
I 
I 
I L _________ ...l 

6£ 
92CS-Z069IR2 

Fig. 1 - Schematic diagram for all tvpes. 

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/oC 

°C 

°C 
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________________________________ Oarllngton Power Transistors 

TIP120, TIP121, TIP122 
ELECTRICAL CHARACTERISTICS, At Case Temperature (TCI = 2fiOC 

TEST CONDITIONS 

CHARAC· Voltage Current 
TlP120 

TERISTIC Vdc Adc 

VCE VBE IC IB Min. Max. 

ICBO 
60 - 0.2 
80 - -

IE=O 100 - -
30 0 - 0.5 

ICEO 40 0 - -
50 0 - -

lEBO -5 0 - 2 

VCEO(susl 0.2a 0 60 -

hFE 
3 3a 1000 -
3 0.5a 1000 -

VBE 3 3a - 2.5 

VCE(satl 
3a 0.012 - 2 
5a 0.02 - 3 

hfe 
5 1 1000 

f=l kHz -

Ihfel 
5 1 20 -f=l MHz 

Cobo 

VCB=10 V - 200 
f=l MHz 

ISlb 
t=0.5 s non· 25 2.6 -
rep. pulse 

R8JC - 1.92 

a Pulsed, pulse duration = 300 JJS, duty factor ..; 2%. 

NOT! CI.RR[NT DERATING AT CONSTANT 'IOL'" APfIUES ONLY 10 THE DISSIPATMJN­
LIMITED PORTION ANO THE IS/It -LIMITED 
PORT~ OF MAXIMUM OPERATING AREA 
CURVE. 00 NOT DERATE THE 
SPECIFIED VALUE FOR Ie MAli 

~ 50 ~ 1OO'2~ 150 

CASE TEMPERATURE ITel-aC 

1 

11S 200 

Fig. 2 - Derating curve for all types. 

LIMITS 

TIP121 TIP122 UNITS 

Min. Max. Min. Max. 

- - - -
- 0.2 - -
- - - 0.2 

rnA 
- - - -
- 0.5 - -
- - - 0.5 

- 2 - 2 rnA 

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 

w!lf: COLLECTOR-TO-EMITTER VOLTAGE IVCEI. ,oy 

0.1 2 4" I 2 4" 10 

COLLECTOft CUARENT tlcl - A 

... 
Fig. 3 - Typical de beta characteristics 

for all types. 

100 
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TIP120, TIP121, TIP122 

COLLECTOR-TO-EMITTER IIOLTAGf: IVc£I-V 

Fig. 4 - Maximum operating areas for TIP 120 and TIP121. 

COLLECTOR-1O-EMITTER VOLTAGE (VcE)-V 

.:r:c.~ ... ? 

Fig. 5 - Maximum operating IJreas for TIP122. 
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_________________________________ Darlington Power Translslors 

104 : CCl.LEClORCURRENTllcl-'A. 

10 

001 
• Ie 

0.1 
FREQUENCY (tl-MHZ 

Fig. 6 - Typical small-signal current gain 
for all types. 

10 

BASE-TO-EMITTER VOLTAGE (VIEI-Y 
'2CS-14905RI 

Fig. 8 - Typical input characteristics 
for all types. 

BASE-TO-EMITTER VOLTAGE (VaEI-V 
tttCS-14to1'RI 

Fig. 10 - Typicaltrans'er characteristics 
for all types. 

~ 
~ 

~ I ~ w= 
~! 4 

il 
*~ 3 ~~ 

~~ 2 ,. 

:j 
8 I 

TIP120, TIP121, TIP122 

, 

I 

'FE ·'000, TC· 2."< ~ -hF[ .rooO,Tc· IOO'"C_ 'IT'11!1!1111TTC 
T FE. 100, TC. 100·C • 

IIT]ll!lllllll 

i1 trf ti~'i~l i f~·,C" ' : 

l=lffiUl Itl1ll nl r !!I 
48101214 

COLLECTOR CURRENT (leI - A 

Fig. 7 - Typical saturation characteristics 
for aI/ types. 

'l. 
I 

COLLECTOR-TO-EMITTEA VOLTAGE !Vee}-A 
92C$-2"'05 

Fig. 9 - Typical output characteristics 
for aI/types. 

OOLl_ECTOR SUPPl.Y VOLTAGE (Yee)· 20 Y 
18,--IEl2·Ic/SOO 

• 
4 - ..... 

~ ./ 
V w3 

~ 
~ 
~ 

2 
./ ....... 

k: 

I 
-......-. ~ N. 

.. ~ 
, . • 7 •• 10 

COLLECTOR Cl..lRM:NT (ICI-A 
ftC'-24tOe 

Fig. 11 - Typical saturated switching characteristics 
for aI/types. 
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TIP125, TIP126, TIP127 

a-Ampere P-N-P Darlington 
Power Transistors 
-60, -80, and -100 Volts, 65 Watts 
Gain of 1000 at -3 A 
Gain of 500 at -0.75 A 

Features: 
• Operates from Ie without predriver 
• Low leakage at high temperature 

Applications: 
• Power switching • Audio amplifiers 

• Hammer drivers 
• Series and shunt regulators 

The RCA-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, TlP126 and TlP127 are p-n-p complements of 
the TIP120, TIP121 and TIP122 described in RCA data bul­
letin File 998. 

MAXIMUM RATINGS. Absolute-Maximum Values: 

Vceo .........•...........•........•.............•...... 
VCEO(sus) .............................................. . 
VEeo ••.............•......•...............•.•.•........ 
Ic ..•...........•...........•......•.....•............. 
ICM ........................•.........................•. 
Ie ....•.•...............•........•.•...............•... 
PT 

T c S 25°C .......................................... . 
Tc>25°C .......•........................•....•..... 

TalgoTJ ••••••••••••••••••••••••••••••••••••••••••••••••• 

TL 

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

File Number 997 

TERMINAL DESIGNATIONS 

'M;'"lOII ~:~ : 
TOP VIEW B 

92CS-59969 

JEDEC TO-22OAB 

B 

r---------l 
I I 
I I 
: I 
I I 
I I L _________ -.J 

6E 
92CS-20863RI 

Fig. I - 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 (T C) = 2SOC 

TEST CONDITIONS LIMITS 

CHARAC- Voltage Current 
TlP125 TIP126 TlP127 UNITS 

TERISTIC Vdc Adc 

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

-30 0 - -0.5 - - - -
ICEO -40 0 - - - -0.5 - - rnA 

-50 0 - - - - - -0.5 

lEBO 0 - -10 - -10 - -10 rnA 
VBE=5 V 

VCEO(sus) -0.03a 0 -60 - -80 - -100 - V 

-3 -0.75a 500 - 500 - 500 -
hFE -3 _3a 1000 - 1000 - 1000 --

VBE -3 -3a - -2.5 - -2.5 - -2.5 V 

-3a -0.012 - -2 - -2 - -2 
V VCE(sat) -Sa -0.02 - -4 - -4 - -4 

hfe -5 -1 1000 - 1000 - 1000 -
f=1 kHz 

Ihfel -5 -1 20 - 20 - 20 -
f=1 MHz 

I SIb 
t= 1'5 nonrep. -20 -3.2 - -3.2 - -3.2 - A 
pulse 

ROJC - 1.92 - 1.92 - 1.92 °C/W 

a Pulsed: Pulse duration ~ 300 IlS. duty factor';;;; 2%. 

elCASE TEMPERATURE ITCJ.25-C 
~I (CURVES MUST BE DERATED LlNEARl.Y 

WITH INCREASE IN TEMPERATURE) 
• __ . J: , , 

VCEO '''A'I--IOV 'TlP.,.25;::I.= ";·R=JlIflH-r.--+-+-H-tH! !-tI 
2r- 1'1 1I11111 'J,' I 
• ~.,VCEO( .. AXI--.OVtTlP'~61+++-HdN.1 i ' 

-0., I 1 1 1 1.1.1.1.1 I -. 
78 :VCE?'NAX).-IOOVIT~PI27, 

_I .. • 8- 10 2 '-.ioo 4 6 !IOOO 

COLL£CTOR-TO~EMITTER VOLTAGE t''cE)-V 

tlCS-Ut79 

Fig. 2 - Maximum operating aress for all types. 
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TIP125,TIP126, TIP127 

~a 
~i~ 
~~a 
~~~ 
~~~ 100 

~U 
i~~ 75 

~I§~ 
~~i "" ~~a 
~'" .. 

NOTE· ClltftE,fT DERATING AT CONSToWr 
VOLTAGE APfIUES ONLY 10 THE OISSIPATiON­
LIMITED POflTLON AND THE IS/b -LIMITED 
PORTION OF MAXIMUM OPERATING AREA 
CURVE. 00 NOT OERATE THE 
SPECIFIED VAUlE FOR Ie MAX 

25 50 75 100125 I!SO 175 200 

CASE TEMPERATURE iTcl-·C 

· COlLECTOR-lO-EMITTER VOLTAGE (VeE''"-3 v 

ffi · 
~ · 
~ 2 

~ 10" 
w • 
If"i!l' 

if: I ~o I-t-. 
~<~ e 10' 1::= f- ,,,,fl ft.i, '\. · f= ~ ~ 6 

""../I 
~ " t7.:: .. ~1 I 
~ , 31 I ~ , 

10 , . 6. , . .. , . . . 
-0.1 -'00 -I -10 

COLLECTOR CURRENT IlCI-A 

Fig. 3 - Dissipation derating curve for all types. Fig. 4 - Typical de beta characteristics for a/l types. 

.,. 
c 
1-12.5 

~ 
i -10 

-u 

COl,LECTOR-TO-E"ITTER VOLTAGE (VeE)--3 v 

-I -2 -3 .-4 
BASE-TO-EMITTER VOLTAGE (VeE)-V COLLECTOR-lO-EMITTER ,VOLTAGE IVCE1-V 

92CS-20872Rl 

Fig. 5 - Typical transfer characteristics for all types. Fig. 6 - Typical output characteristics for all types. 

Vee" -20Y 
ISI ..... O-012A.182.0 012A 

104 TC"ii!:S.C' I 

I.'~- - I -...... r.!.!. i ! I 
I ---- - I'i---' 

II. 0.8 K 
! 
~- I 

1'-- I"-
~ 0,6 -. .. 

~ 
0.' , +-1---.!!-
0.' 
n,1 

-, 
COLLECTOR CURfI\:ENT fIe l-A 

12es-zoa68'" 

Fig. 7 - Typical saturated switching-time 
characteristics for all types. 
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"'~I .L: "'z cnl! 1-1,.. 182 TIME 
:Ii'" --13 lSI INPUT 

_ I I' WAVE FORM 

~. I ~ON CONDITION I I 
::I> VCE(IO'I~ --, I H. I 1-----1 

.... ' , cI: G -20V I-+--- - ---,- - 10% TIME 

~~ L, -I, r- -11 1:' ~ OUTPUT 
~ ~ --IT d~ • I ~URN-I- WAVE FORM 

B~ ~M~ ~ .g~[ 

Fig. 8 - Phase relationship between input current 
and output voltage showing reference 
pOints for specification of switching­
times_ 

TIP125, TIP126, TIP127 

INPUT 
CHRONETICS PULSE I B 1* 
GENERATOR MODEL 
No. PG- :51, OR 
EQUIVALENT 

PULSE DuRATION 
201" POSITiVE VOLTAGE 
2016' NEGATIVE VOLTAGE 

REP. RATE 'I 200 Hz 

* lSI AND 182 ARE MEASURED WITH fEKTRONIX CURRENT 

PROBE P6019 AHD TYPE 134 AMPLIFIER,OR EQUIVALENT 

'92CS-20944RI 

Fig. 9 - Circuit used to measure saturated 
switching-times. 
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General-Purpose Power Transistors 

2N1479,2N1480, 2N1481, 2N1482 

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

Featurel: 
• High-temperature characterization 
• High de beta at 200 mA 
• Full switching-time characterization at 200 mA 

RCA-2N 1479 - 2N1482 are si licon n-p-n power transistors. 
These transistors are intended for a wide variety of 
applications in industrial and military equipment. 

They are particularly useful In power-switching circuits 
such as in dc-te-dc converters. Inverters. choppers. solenoid 
and relay control; In oscillator. regulator. and pulse-amplifier 
circuits; and as class A and class 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-20SAD hermetic package. 

Maximum Ratings, Absolute-Maximum Values: 

*COLLECTOR-TO-BASE VOLTAGE ............................... . 

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

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

*EMITIER-TO-BASE VOLTAGE ................................. .. 

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

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

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

*TRANSISTOR DISSIPATION: 
(See Rating Chart Fig. 1): 
At case temperature of 25° C •......•.....•.....................• 
At case temperature of 100° C .............•.......••............ 

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

*In accordance with JEDEC registration data 

File Number 135 

TERMINAL DESIGNATIONS 

,6",,,,, 
92CS-27S12 

JEDEC TO-205AD 

2N1479 2N1480 

2N1481 2N1482 

VCBO 60 100 V 

VCEO(sus) 40 55 V 

VCEX 60 100 V 

VEB 12 12 V 

'C 1.5 1.5 A 

'E -1.75 -1.75 A 

'B A 

PT 

5 5 W 
2.86 2.86 W 

-65 to +200 °c 
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General-Purpose Power Transistors 

2N1479, 2N1480,2N1481, 2N1482 
ELECTRICAL CHARACTE R ISTICS, A t Case Temperature (T cJ = 25" C unless otherwise specified 

* 

* 

TEST CONDITIONS 

CHARACTERISTIC SYMBOL VOLTAGE CURRENT 
Vde mAde 

Vca VCE VEa IC la IE 

Collector Cutoff Current: ICBO 30 0 

TC - 150°C 30 0 

Emitter Cutoff Current lEBO 12 0 

Coliector·To·Emitter 
Voltage: 
With base~mitter junction 

reverse-biased VCEX 1.5 0.25 
With base open, 

sustaining VCEO(sus) 50 0 

Bese-To-Emitter Voltage VBE 4 200 

DC Current Transfer Ratio hFE 4 200 
liman-5Ognal (';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 tl 
Rise Time t· r 
Storage Time t· s 
Fall Time tf· 

Thermal Resistance: 
Junction-to-case R8JC 
Junction-ta-free air R8JFA 

*In accordance with JEDEC registration data 

·I e = 200 rnA, 18 , = 20 mA, 182 = -8.5 mA; see Figs_ 6 and 7. 

CASE TEMPERATURE (Tel 
AMBIENT TEMPERATURE (TAl 

LIMITS 

2N1479 2Nl480 2N1481 

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. 10 Typ. 

1.5 Typ. 1.5 Typ. 1.5 Typ. 

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-I0446R4 

Fig. 1 - Derating chart for all types. 

UNITS 
2N1482 

Min. Max. 

10 "A 
500 

10 "A 

100 V 

55 

3 V 

35 100 

50 Typ. 

!1 

7 

150 Typ. pF 

10 Typ. ms 

1.5 Typ. MHz 

0.2 Typ. 

1 Typ. "S 0.6 Typ. 

1 Typ. 

35 ·C/W 

200 

_________________________________________________________________ ~1 
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General-Purpose Power Transistors 

2N1479, 2N1480,2N1481, 2N1482 

I­
Z 

"' 0: 
0: 
J ... 
I 

~ 
~ 
0: 
o 
U. 

g 

COLLECTOR-TO-EMITTER VOLTAGE (VCEI.4 V 

10 

o 

CASE TEMPERATURE (T Cl= 25°C 

-65°C 

O. I 1.5 
8ASE-TO-EMITTER VOLTAGE (VSEI-V 

92CS-I0438R2 

Fig.2 - Typical input characteristics for al/ types. 

I 

COLLECTOR CURRENT (lcl-A 
92CS-I045OR2 

Fig.4 - Typical dc beta characteristics for all types. 

INPUT 
FROM 
PULSE 

GENERATOR 
RG"5Q 11 

R2 -IB2 

R, 
5011 
IW S.5V 

- + 

'c s2OOmA 
~BI~20mA 

's2 '-B.5mA 

92CS-10427R3 

Fig.6 - Test circuit for measurement of saturated switching times. 
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COLLECTOR-TO' EMITTER VOLTAGE (VCEI-V '2eM-I0053RI 

Fig.3 - Typical output characteristics for all types. 

0 
COLLECTOR-TO-BASE VOLTAGE (Vcsol- 30V / 2 

/ 
100 • • 

4 

/ 2 

10 • • ,/ 4 

· /' 
I 

./ 
• • 
41--

• 
0.1 

o 25 50 75 100 125 I!O 17~ 200 
JUNCTION TEMPERATURE- °c 

92CS-I088IRI 

Fig.5 - Typical leakage characteristics for all types. 

+~ BA,c:.E I CURRENT I 

• ~- TIME _ I 1B2u-

INPUT WAVE FORM 11 
+t COLLECTOR C 

CURRENT 

OUTPUT WAVE FORM 

----10010 

TIME 

92CS-I0029 

Fig. 7 - Oscilloscope display for measurement of switching times 
(test circuit in Fig. 6). 
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_____________________________ General-Purpose Power Transistors 

File Number 141 

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

F •• tures: 
• Operation at high junction temperatures 

The RCA-2N1700 silicon n-p-n transistor is intended for a 
wide variety of uses in industrial equipment. They are 
particularly useful in applications such as inverters, chop­
pers, voltage and current regulators, and relay-actuating 
circuits. 

The 2N1700 Is supplied in a JEDEC TO-20SAD package. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

, Ve80 ............................................................. .. 
* VCEX 

V •• =-1.5V .................................................... .. 
, VeEo(SUS) ........................................................ .. 
'* VEBO •••••••••••••••••••••••••••••••••••••••••••••••••••• ••••••••••• 

, Ie ••••••••••••••••••••.....••••••••••••••...•..•.••.•.••.•.••••••••• 
'* I •.................................................................. 
, PT 

Te:525°C ...................................................... . 
Te > 25° C ......................................... Derate linearly 

'* T.tg, TJ ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

, TL 
At distance ~ 1/16 in. ± 1/32 in. (1.58 mm ± 0.8 mm) from 
seating plane for 10 s max. . .................................... . 

'In accordance with JEDEC registration data format. 

TERMINAL DESIGNATIONS 

~CS-27512 

JEDEC TO-205AD 

2Nl700 

60 

60 
40 
6 
1 

0.75 

5 
0.029 

___ -65 to +200 __ _ 

255 

2N1700 

v 

v 
V 
V 
A 
A 

w 
°CIW 

°C 
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General-Purpose Power Transistors 

2N1700 

ELECTRICAL CHARACTERISTICS. Tc=25·C Unless Otherwise Specified 

TEST CONDITIONS 
CHARAC- VOLTAGE 
TERISTIC Vdc 

VCE VaE 
ICBO 
Vca=30V 
Vca=60V 
Tc=150·C, 
Vca=30V 

lEaD -6 
VCEO(SUS) 
VCEl( -1.5 

hFE 4 
20 

VaE 4 
20 

rCE(sat) 
VCE(sat) 
h,. 
f=1 MHz 4 

fhfb 
Vca=6V 
Vca=28V 

C.b. 
Vca=40V, 
f=1 MHz 

Tt 

Rl1Ic 
D' ..... 

II'PlA I I 

*In accordance with JEDEC registration data format. 
·Pulsed: pulse duration = 300 /IS, duty factor:S; 2%. 

CURRENT 
Adc 

Ic la 

0 
0.05a 0 

0.0005 
0.1-
1-

0.1 
1 

0.1 0.01 
1- 0.5 

5 

0.005 
0.0005 

LIMITS 

2N1700 

Min. Max. 

- 75 

- 25 

- 1 

- 25 
40b -
60b -
20 80 
6 -
- 2 

- 12.5 

- 10 

- 12 

40 -

400 -
1.2 (typ.) 

150 (typ.) 

10 (typ.) 

- 35 
~~~ -

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

10. COLLECTOR-lO-BASE VOLTAGE tvcel"30 v 

"1 
I 
g 103 
It 

L, 
~ ; 

10 
", 

~ r-~ l-

o 40 

~ 
~ 20 

~ 

so 7S 100 125 150 175 200 
CASE TEMPERATUftE tTCI--C I 

50 100 150 

JUNCTION TEMPERATURE (T J I-·C 

UNITS 

pA 

mA 

pA 

V 
V 

V 

n 
V 

kHz 
MHz 

pF 

ms 

·C/W 

L 
/' 

200 

Fig. 1 - Derating curve. Fig. 2 - Typical col/ector·cutoff current characteristics. 
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General-Purpose Power Transistors 

2N1700 

COLLECTOR-TO-EMITTER VOLTAGE (VCEl a 4V 

~ 40 

a 30 
~ 

'" ~ m20 

10 

0.5 15 50 60 
BASE-TO-EMITTER VOLTAGE (Vee.t-V COLLECTOR-TO-EMITTER VOLTAGE (VeEI-V 

92.ChI-1I555R2 
Fig. 3 - Typical input characteristics. Fig. 4 - Typical output characteristics. 

COLLECTOR CURRENT IIcl-A 

Fig. 5 - Typical dc beta characteristics. 

+~ BASE I CURRENT I 

r' _t:U::::t--,Br"~~t-_-==c-TIME _ I IB2 U--
INPUT WAVE FORM tl 

+l: COLLECTOR C 
CURRENT 

OUTPUT WAVE FORM 

-- --IO~o 

TIME 

92C$-I0029 

INPUT 
FROM 
PULSE 

GENERATOR 

R2 !a; 
RI 

VBB 

VCCl2 v 
VBB"-e.5 v 
RG "son 
TC ·2S·C 

2N1700 

Test Conditions: 
R, .......................................................... . 
R ••.....••••..........•.....•••.•...•....•.......•..•••..•••. 
R3 .......................................................... . 
Ie •...••..••.•.•........•.•.•.•..••...•...•..••.•...•.••...... 
IB' .......................................................... . 
lB ••..•.••••.••..••....•..••••.•••••..•...•..•...••.....••.•.. 

Switching Times: 
td ........................................................... . 
tr ........................................................... . 
t •.................................. , ........................ . 
tf ........................................................... . 

1W 
1W 
2W 

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

50 
700 
59 
200 
20 

-8.5 

0.2 
1 

0.6 
1 

92CS-28238 

n 
n 
n 

rnA 
rnA 
rnA 

ps 
ps 
ps 
ps 
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General-Purpose Power Transistors ____________________________ _ 

2N3055 

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

Features: 
• High gain at high current 
• Low Saturation Voltage: VCE(sat) < 1.1 V, @ Ic=4 A, 10=0.4 A 
• Excellent safe operating area 

The RCA-2N3055 silicon n-p-n transistor intended for a 
wide variety of medium-voltage, high-current applications. 

Typical applications for this transistor include power­
switching circuits, audio amplifiers, series and shunt 
regulator driver and output stages, dc-to-de 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 

c 

'0 
0 __ 

92C5-27516 

JEDEC TO-204AA1TO-3 

'COLLECTOR-TO-BASE VOLTAGE, VCBO ................................................................................. 100 V 
'COLLECTOR-EMITTER SUSTAINING VOLTAGE, VCER(SUS) (RBE=l00 0) .................................................... 70 V 
'COLLECTOR-EMITTER SUSTAINING VOLTAGE, VCEO(SUS) ............................................................... 60 V 
'EMITTER-BASE VOLTAGE, V.oo ........................................................................................... 7 V 
'COLLECTOR CURRENT, Ic .............................................................................................. 15 A 
'BASE CURRENT, I ........................................................................................................ 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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General-Purpose Power Transistors 

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

TEST CONDITIONS 
CHARACTERISTIC VOLTAGE CURRENT LIMITS UNITS 

Vdc Adc 
VCE VES VSE Ic IE Is Min. Typ. Max. 

IcEX 100 -1.5 - - 5 
IcEX Tc=150·C 100 -1.5 - - 30 

mA 
ICEO 30 0 - - 0.7 
IESO 7 0 - - 5 
VCER(SUS)** 

0.2 70 - -
RBE=100 Q 

VCEO(sus)** 0.2 0 60 
V - -

hFE 
4 4 20 - 70 
4 10 5 - -

VSE 4 4 - - 1.8 
4 0.4 - - 1.1 V 

VCE(sat) 
10 3.3 - - 8 

thl8 • t=10 kHz 4 1 20 - -
Ihl~. t=1 MHz 4 1 0.8 - -
ISlb. 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. 

! 
'" .. 

200 

150 

f--
100 

50 

r---
t"-... 

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

r-....... 
........... r-..... ,---,--., 

~o 80 120 180 
GASE TEMPERATURE T C (cC) 

Fig. 1 - Power dissipation vs. temperature derating 
curve for 2N3055. 

200 

1000 
COMMON EMITTER 

500 

300 ~ TC~ 100·C 
Vce"'4V 

.c~ 
100 

...- 25 ~ 
Z 
=< 

'" 50 
I-

-55 
Z 30 "I 
a: 
a: 
::l 

'" '" 10 

" 
~ 

3 
0.01 003 01 03 1 10 20 

COLLECTOR CURRENT 'c (Al 

Fig. 2 - Typical dc-beta characteristics for 2N3055. 
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General-Purpose Power Transistors ____________________________ _ 

2N3055 
v CE(sat} - Ie 

COMMON EMITTER III 

z o 
i= 

leI'B ~ 10 1\ ~ 
~ 

~o~ ~ 
i? 
< <n_ 
a:> w-

05 

03 

t- '" 
~ ~ 0.1 

~ >(J 0.05 
o 
t> ~ 003 
w< 
~~ 
00 
0> 0.01 

~~'2~00 

"'" ,... 
001 0.03 0.1 03 10 20 

COLLECTOR CURRENT 'C (A) 

Fig. 3 - Typical collector-to-emitter saturation 
voltage characteristics for type 2N3055. 

16 

COMMON EMITTER TC~25°C 

4 ~2 1.5 I ,. 10 // 0.8 

~ ...- 06 
~ 12 

-" t­
Z 
W 
a: 
a: 
:;, 

" a: o 
~ 
::l 
o 

" 

Y: 
0.4 , 
03 

II~ 0.2 

I~ 
01 

0.05 

0.03 
'R -0.01A 

I 0 

o 2 6 

COLLECTOR-EMITTER VOLTAGE VCE IV) 

Fig. 5 - Typical output characteristics for 2N3055. 

10 
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10 
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i= 
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a: ~ 1 

~: 
~ ~ 0.5 

~ ~ 0.3 
<0 
m> 

v BE(sat) - Ie 

COMMON EMITTER 

leI'B ~ 10 

1111 
TC~-55°C III 

~25 
100 

III 0.1 
0.01 003 (11 03 10 20 

_0 
t­
Z 

COLLECTOR CURRENT Ie (A) 

Fig. 4 - Typical base-to-emitter saturation 
voltage as a function of collector current 
for type 2N3055. 

16 
COMMON EMITTER 

~ ./ 
VeE ~ 4 v 11'./,. 

.#,00 

0
0 rr--l,tV I. -55 

12 

W 8 a: "/I a: 
:;, 

Lrt " a: 
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Fig. 6 - Typical transfer characteristics for 2N3055. 
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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 

RCA 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 Value.: 

·COLLECTOR-TO-BASE VOLTAGE 
COLLECTOR-TO-EM ITTE R 

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

With external base-to-emitter resistance (RBE) = 100n •....•....•......•... 
With base reverse-biased (VBE = -1.5 V) ............................... . 

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

·CONTINUOUS BASE CURRENT ...................................... . 
TRANSISTOR DISSIPATION: 

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

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

Storage & Operating (Junction) •.•••.•.•.••••••.••••..••.•.....• 
*PIN TEMPERATURE (During Soldering): 

At distances > 1/32 in. (O.B mm) from seating piane for 10 s max. 

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

General-Purpose Power Transistors 

2N3441,2N6263,2N6264 

TERMINAL DESIGNATIONS 

92CS-27S16 

JEDEC TO-213AA 

2N62S3 2N3441 2N6264 

VCBO 140 160 170 V 

VCEO(sus) 120 140 150 V 
VCER(sus) 130 150 160 V 
VCEV(sus) 140 160 170 V 
VEBO 7 7 7 V 
IC 3 3 3 A 

4 4 4 A 
IB 2 2 2 A 
PT 

20 25 50 W 

See Figs. 2&4 ---

-65 to 200 °c 

235 °c 
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General-Purpos$ Power Transistors 

2N3441,2N6263,2N6264 

ELECTRICAL CHARACTERISTICS, At Case Temperature (TC) = 2/jOC, Unless Otherwise Specified 

TEST CONDITIONS LIMITS 
2N6263 2N3441 ZN6264 

CHARACTERISTIC SYMBOL VOLTAGE CURRENT UNITS 
V de A de 

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

Collector-Cutoff Current: 
100 0 - 5 - - - -

• With base open ICED 130 0 - - - - - 1 mA 
140 0 - - - 100 - -

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

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

With b",,-emitter 150 -1.5 - - - - - 0.05" 
junction reversed mA 
biased 120 -1.5 - 10" - - - -

ICEX 140 -1.5 - - - 6" - -
(TC ~ 1500 C) 140 -1.5 - - - 5 - -

150 -1.5 - - - - - I" 
Emittar-Cutoff Current lEBO 5 - 2 - - - - rnA 

7 - - - 1 - 0.2 
Coliector·to·Emitter 

Sustaining Voltage:· 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 
(RBE) = lOOn 
W'th base-em'tter 
junction reversed VCEV(sus) -1.5 0.1 140 - 160 - 170 -
biasen 

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·to-Emitter VCE(sat) 1 0.1 - - - - - 0.5" V 

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

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

• Magnitude of Common· 
Emitter, small-Signal, 
Short-Circuit Forward Ihfel 4 0.5 5 - 5 - 5 -
Current Transfer Ratio 
(f = 40 kHz) 

Gain-Bandwidth Product fT 4 0.2 200 - 200 - 200 - kHz 
• Common-Emitter, Small-

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

Forwar<\-Blas Second 
Breakdown Collector 120 0.167 - - - - -
Current, Pulse Duration Isib 120 - - - - 0.417 - A 
(non-repatitlve) = 1 S 120 - - p.21 - - -

Thermal Resistance: 
Junction-to-Cese R8JC - 8.75 - 7 - 3.5 °CIW 

*In accordance with JEDEC ragistration date format (Js-6 RDF-2). 
aCAUTION: Tha sustaining voltage VCEO(sus), VCER(sus). and VCEV(sus) MUST NOT be measured on a curve tracer. 
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General-Purpose Power Transistors 

2N3441,2N6263,2N6264 

8 100 

COLLECTOR-TO-EMITTER VOLTAGE (VCEI-V 

Fig. 1 - Maximum operating aress for type 2N6264. 
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Fig. 2 - Maximum operating areas for types 2N6263 and 2N3441. 
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General-Purpose Power Transistors __________________________ _ 

2N3441,2N6263,2N6264 

.. • 

,-.:: - ~, 

~'=-~:';'-:F 

-:f.;::::;: 

25 50 75 100 125 150 175 200 
CASE TEMPERATURE (TCI-OC 

Fig. 3 - Current derating curve for all types. 

0.& I us 2 2.5 
BASE-TD-EMITTER VOLTAGE eVBE'-V 

92CS-II509 

Fig 5 - Typical input characteristics for 
type 2N6264. 

• .n" <r..na-TO··EMITTER VOLTAGE IV, E)'4vHiL'~ 

: 

?200 : ""+, 
>-
:; 150 

iii 
:> .., 
~ 100 

1I 
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CASE '<Mr<n", uno -,,"C)·'2.·C 

0 l.' I I.. 2 2.' 
BASE - TO - EMITTER VOLTAGE (VBE) - V 

92C$-19$11 

Fig. 7 - Typical input characteristics for 
type 2N6263. 
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CASE TEMPERATURE (TCI--C 
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Fig. 4 - Dissipation derating curves for all types. 

. . 
BASE-TO-EMITTER VOLTAGE CYBE)-V 

92CS-t2645 

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

2 
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Fig. 8 - Typical transfer characteristics for 
type 2N6264. 
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Fig. 11 - Typical output characteristics for 
type 2N6264. 
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Fig. 13 - Typical output characteristics for 
type 2N6263. 

General-Purpose Power Transistors 

2N3441,2N6263,2N6264 
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Fig. 10 - Typical transfer characteristics for 
type 2N6263. 
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Fig. 12 - Typical output characteristics for 
type 2N3441. 
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Fig. 14 - Typical dc beta characteristics for 
type 2N6264. 

____________________________________________________________________ 363 



General-Purpose Power Translstors __________________________ _ 

2N3441,2N6263,2N6264 
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Fig. 15 - Typical dc beta characteristics for 
type 2N3441. 
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___________________________ General-Purpose Power Transistors 

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-at-operation curves for dc and 
pulse operation 

RCA-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-~·.'gulator driver and output stages, dc-to-dc conver­
ters, and solenoid (hammer)/relay driver service. 

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

MAXIMUM RATINGS, Absolute-Maximum Values: 

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

·VCEO ••••••••••••••••••••••••••••••••••••••••••••••••• 

VCEx(V.E =-1.5V) .................................... . 
*VEBO ••••••••••••••••••••••••••••••••••••••••••••••••• 

-I c 
Continuous .......................................... . 
Peak ............................................... . 

-I. 
Continuous .......................................... . 
Peak ............................................... .. 

oPT 
At T c up to 25°C •................................... 
At T c above 25°C .................................. .. 

*T J, Tstg ••••••••••••••••••••••••••••••••••••••••••••••• 

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

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

-In 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 

'v 
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 

·C 

·C 
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General-Purpose Power Transistors 

2N3442,2N4347,2N6262 
ELECTRICAL CHARACTERISTICS, At Case Temperature (T cJ = 2f50C unless 

otherwise specified 

* 

* 

* 

* 

* 

* 

* 

* 

* 

TEST CONDITIONS 

CHARACTERISTIC 
VOLTAGE CURRENl 

Vdc Adc 2N4347 

VCE VIiE !k 18 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 - -

ICEO 100 - 200 
110 - -
140 - -

lEBO -7 0 - 5 

2 3a - -
2 loa - -
4 2a 15 60 

hFE 4 3a - -
4 5a 10 -
4 loa - -

VCEV(sus) 
-1.5 0.1 i40 -
-1.5 0.2 - -

VCER(sus) 0.1 130 -
(RBE) = lOOn 0.2 - -

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

2 3a - -
4 3a - -

VBE 4 2a - 2 
4 sa - 3 
4 loa - -

2a 0.2 - 1 

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

loa 2 - -
67 1.5 1 -

I Sib 78 1.5 - -
100 1.5 - -

Ihfel 
f = 50 kHz 4 0.5 4 -
f = 40 kHz 4 1 - -

4 2 - -
hfe 4 p.5 40 -
f = 1 kHz 4 1 - -

4 2 - -
ROJC - 1.75 

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

a Pulse test; Dulse duration = 300 us. 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 - - -

i60 - - -
- - 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 

rnA 

rnA 

rnA 

rnA 

rnA 

V 

V 

V 

V 

V 

s 

°CIW 

366 ______________________________________________________________ ___ 



.. 
I 
u 
!j 

!i ... 
'" '" :::> 
u 

'" o 
I­
U ... 
oJ 
oJ 
o 
u 

General-Purpose Power Transistors 

2N3442,2N4347,2N6262 

10 100 
COlLECTOR - TO -EMITTER VOLTAGE (VCE)-V tzSS-_ 

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

COLLECTOR-TO-EMITTER VOLTAGE (VCE)-V 

92CS-19566 

Fig. 2 - Maximum operating areas for type 2N6262. 
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General-Purpose Power Transistors _________________________ _ 

2N3442,2N4347,2N6262 

COLLECTOR - 1'0- EMITTER VOLTAGE (YCE)-Y 
92S8-3211 

Fig. 3 - Maximum operating areas for type 2N4347. 

1_ 1 COLLrTC"'j'" ..... TT •• VOLT ... {VCE)' • v 
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-;; lCC .... 
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i ::v I i -~ 
I I, '~ •• 

i 1~ ~~~ 
~ 

• , ... , . .. , ... 26 DO 75 100 125 I!K) 175 &'00 
CASE TEMPERATURE tTc)-"C 

0 .. ., , 10 

Fig. 4 - Current derating curve for all types. 

COLLECTOR-lO-EMITTER VOLTAGE (VeEl" 4 V 

4 6 I 2 4 8 I 2 4 fii 8 
0.01 0., 1 

COLLECTOR CURRENT (leI-A 

Fig. 6 - Typical dc beta characteristics for 
type 2N4347. 

,. 

-~ 

COLL.fCTOfI CUM£NT lIe I-A 

Fig. 5 - Typical dc beta characteristics for 
type 2N3442. 
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Fig. 7 - Typical dc beta characteristics for 
type 2N6262. 
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1.4 

Fig. 8 - Typical input characteristics for 
type 2N3442. 

1.6 

BASE-lO-EMITTER VOLTAGE (VBE)-V 92C5-19563 

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

BASE-TO-EMJTTER VOLTAGE (YaE)-V 92C$-19562 

Fig. 12 - Typical transfer characteristics for 
type 2N6262. 
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General-Purpose Power Transistors 

2N3442, 2N4347, 2N6262 

0.4 0.6 0.8 1.0 1.2 
BASE-TO-EMITTER VOlTAGE 1"kI-v 

"4 

Fig. g - Typical input characteristics for 
type 2N4347. 

0.4 0.6 0.8 1.0 1.2 
BASE-TO-EMITTER VOLTAGE 1Vg~-v 

1.4 

• 925$-3228 

Fig. 11 - Typical transfer characteristics for 
type 2N3442 and 2N4347. 
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4 & .'l' 

(~~ ,,,,,, , ~ .. 
~y'/ ,.-

I If ./ . .. 0; , 
~ 

'" . 
/ 

2 
I 

0.1 . . . . . . 2 
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COLLECTOR-TO-EMITTER SATLltATION VOLTAGE ~CE( .. t~-V 
12S8-5229 

Fig. 13 - Typical saturation-voltage characteristics 
for all types. 
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General-Purpose Power Transistors 

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 RCA-2N3771 and 2N3772 are silicon n-p-n transistors 
intended for a wide variety of medium-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-204AAlTO-3 
package. 

MAXIMUM RATINGS. Absolute-Maximum Values: 

'COLLECTOR-TO-BASE VOLTAGE. VeBO .................................. . 
'COLLECTOR-EMITTER VOLTAGE (VBE=-1.5 V. RBE=100 Cl). VeE •••..• , ...•.•. 
'COLLECTOR-EMITTER VOLTAGE. VeEo •...•...••.•........•......••.•.••. 
'EMITTER-BASE VOLTAGE. VEBO .......................................... . 
'COLLECTOR CURRENT 

DC. Ie ••..••••..•.•.• , ..••.••••.•....•.•.....•••....••.•••....•••.•.•.. 
Peak.leM ............................................................. . 

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

'COLLECTOR POWER DISSIPATION. Pe ................................. .. 
(Te=25°C) 
Derate Linearly above 25" C ............................................ . 

'JUNCTION TEMPERATURE. TJ ........................................... . 
'STORAGE TEMPERATURE. T ............................................. . 

'In accordance with JEDEC registration data. 

File Number 974 

TERMINAL DESIGNATIONS 

c 

'0 
92CS-27516 

JEDEC TO-204AAlTO-3 

2N3771 2N3772 
50 100 V 
50 100 V 
40 60 V 
5 7 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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General-Purpose Power Transistors 

2N3771, 2N3772 
ELECTRICAL CHARACTERISTICS, At Case Temperature (Tc) = 2S'C Unless Otherwise Spaclfled 

TEST CONDITIONS LIMITS 

CHARACTERISTIC 
VOLTAGE 

Vdc 
Vce VCE VEe 
50 

ICBO 
100 

50 
IcEX 

100 

IcEx , Tc=150'C 
30 
30 
30 

ICEO 
50 

lEBO 
5 
7 

V1BR)CEO 

4 
4 

hFE 
4 
4 

4 
VeE 

4 

VCE(sat) 

4 
fr 

4 

Ihf~, 1=1 kHz 
4 
4 

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

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

200 

150 

~ 100 

<P 

50 

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

" ......... 

" " ......... ~ 
r-....... o 

o 40 80 120 

CASE TEMPERATURE TC (OC) 

160 

Fig. 1 - Power dissipation VS. temperature derating 
curve for both types. 

200 

VeE 

1.5 
1.5 
1.5 
1.5 

CURRENT 
2N3771 2N3772 UNITS 

Ic 

0 
0 

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

Adc 
IE 
0 
0 

1000 

500 

300 

~ 
z 100 

~ 
!z 50 
w 
~ 31) 
:::J 

" g 0 

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 - -
- - -

TC=100IlC 

25 

-55 

0.01 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 

VCE=4 V 

~ 

10 

COLLECTOR CURRENT IC (A) 

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

mA 

V 

V 

MHz 

A 

30 
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General-Purpose Power Transistors 

2N3771, 2N3772 
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Fig. 3 - Typical dc-beta characteristics for 2N3772. 
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Fig. 5 - Typical col/ector-to-emitter saturation 
voltage characteristics for type 2N3772. 
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Fig. 7 - TYRical base-to-emitter saturation 
voltage as a function of col/ector current 
for type 2N3772. 
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Fig. 4 - Typical col/ector-to-emitter saturation 
voltage characteristics for type 2N3771. 
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Fig. 6 - Typical base-to-emitter saturation 
voltage as a function of col/ector current 
for type 2N3771. 
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Fig. 8 - Typical output characteristics for 2N3771. 
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General-Purpose Power Transistors 

2N3771,2N3772 
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BASE-EMITTER VOLT AGE VBE (V) 
48 64 8.0 

COLLECTOR-EMITTER VOLTAl>E VCE (V) 

Fig. 9 - Typical output characteristics for 2N3772. Fig. 10 - Typical transfer characteristics for 2N3771. 
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General·Purpose Power Transistors 

2N3773, 2N4348, 2N6259 

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

Features: 

• High dissipation capability -
120 W (2N434B), 150 W (2N3773), 250 W (2N6259) 

• 5-A specification for hFE' V BE, and V cisat) (2N434B) 
• B-A specification for hFE' VBE, and VCE(sat) (2N3773, 2N6259) 

The RCA-2N3773, 2N4348, and 2N6259 are silicon n-p-n 
transistors intended for a wide variety 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-204AAlTO-3 
oackage. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

·COLLECTOR-TO-BASE VOLTAGE, V CBO ............................ . 

·COLLECTOR-EMITTER VOLTAGE, Vcex .......................•...•.. 
·COLLECTOR-EMITTER VOLTAGE, Vceo ............................ . 
·EMITTER-BASE VOLTAGE, Veso ....... , .............•....•.......... 
'COLLECTOR CURRENT 

DC, Ic ....•....•........•........................................ 
Peak,lcM ...........•................................•........... 

·BASE CURRENT 
DC, Is .................................................•......... 
Peak, IBM .......................................•.•......•....... 

·COLLECTOR POWER DISSIPATION, PT ••••••••••••••••••••••••••••• 

(T. = 25°C) 
Derate Linearly above 25° C ...................................... . 

• JUNCTION TEMPERATURE, T, ..................................... . 
·STORAGE TEMPERATURE, T,tg ..........•.........................• 

'In accordance with JEDEC registration data. 

File Number 526 

TERMINAL DESIGNATIONS 

92CS-27516 

JEDEC TO-204AA/TO-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 
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General-Purpose Power Transistors 

2N3773,2N4348,2N6259 
ELECTRICAL CHARACTERISTICS. At Case Temperature (TC) = 2SOC Unless Otherwise Specified 

TEST CONDITIONS LIMITS 

CHARACTERISTIC SYMBOL VOLTAGE CURRENT 
V de A de 2N4348 2N3773 

VCE V8E Ie 18 Min. Max. Min. Max. 

olleetor·Cutoff Current: 
ICBO - - - 2 

With emitter open, VCB=I40 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 - - - -

With base open 
100 - 200 - -

ICEO 120 - - - 10 

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

4 5a 15 60 - -
4 8a - - 15 60 

DC Forward Current 
hFE 2 8a - - - -

Transfer Ratio 
4 108 10 - - -
4 16a - - 5 -

oflector-ta-Emitter 

Sustaining Voltage:" 
VCEX(sus) -1.5 0.1 140 - 160 -

With bas8..emitter junction 
re.erse·biased (RBE = lOOn 

With external base-te-emitter 
VCER(sus) 0.2a 140 - ,150 -

resistance (RBE) = lOOn 

With base open VCEO(sus) 0.2a 0 120 - 140 -

4 Sa - 2 - -

Base·to·Emitter Voltage VBE 
4 Ba - - - 2.2 
2 8" - - - -
4 108 - 3 - -

5" 0.5 - 1 - -
* Collector-ta-Emitter Ba 0.8 - - - 1.4 

Saturation Voltage VCE(sat) 10· 1.25 - 2 - -
16a 3.2 - - - 4 

Second· Breakdown 
Collector Current 

With base forward·biased and ISlb 80 1.5 - - -
I·, nonrepetitive pulse 100 - - 1.5 ---* Magnitude of Common-Emitter. 

Small·Signal, Short·Circuit, 
Ihfel 4 1 4 - 4 -

Forward Current Transfer 
Ratio If = 50 kHz) 

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

hfe 4 1 40 - 40 -
Forward Current vransfer 
Ratio (f = 1 kHz) 

Thermal Resistance 
R6JC - 1.46 - 1.17 

Junction-ta-Case 

'In accordance with JEDEC registration data. 
"The sustaining voltages VCEX(sus) and V CEO(SUS) MUST NOT be measured on a curve tracer. 
apulsed; pulse duration = 300ps, rep. rate = 60 Hz, duty factor S 2.%. 

2N6259 

Min. Max. 

- -

- -
- -
- 0.2 

- -
- -
- 4 

- -
- 2 

- 2 

- -
- -

15 60 
- -

10 -

170 -

160 -

150 -

- -

- -
- 2 
- -

- -
- 1 
- -
- 2.5 

- -
2.5 -

4 -

40 -

- 0.7 

UNITS 

mA 

mA 

mA 

mA 

mA 

V 

V 

V 

V 

V 

A 

°CIW 
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2N3773,2N4348,2N6259 
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voltage characteristics for all types. 
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_____________________________ General-Purpose Power Transistors 

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 RCA-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 capability of 150 watts at case 
temperatures up to 25°C. 

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

MAXIMUM RATINGS, Absolute-Maximum Values: 

* Vcao ••••••••••.•••.••••••...•.••..••..••••••. 0 ••••• 0 •••••••••••••••••••• ,0 

• Vceo •••.•••••.•...•...•......•........••••••..••••.•.•••••••••.•••...•••.. 
• VEao •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
• Ie ....................................................................... . 
• leM ••••••••.•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
* la .•.••••...•••••.•...••••...••••••••....••••••.••...•.•••••••••••••.•.••• 
'p,. 

AtTe~25·C ••.•••.•.•..•••••••.•.•••••.•.••••.••.•••.••••••••..•.•... 
At Te > 25·C ............................................ derate linearly 

* TJ,T_ ................................................................... . 

• 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 WI"C 

-65 to 200 ·C 
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General-Pllrpose Power Transistors 

2N3791, 2N3792 
ELECTRICAL CHARACTERISTICS, at Case Temperature 
IT C) = 25°C Unless Otherwise Specified 

TEST CONDITIONS 

VOLTAGE CURRENT 
C!iARACTERISTICS Vdc Ad.; 

VCE V8E IC 18 

* ICEX 
-60 1.5 - --
-80 1.5 - -

TC=l50°C 
~60 1.5 - -
-80 1.5 - -

ICEO 
-30 - -
-40 - -* 

* lEBO 7 - -
* VCEO(sus)b -0.2 0 

-2 -1 -
* hFEIl -2 -3 -

-4 -10 -

VBE 
-2 -5 -
-4 -10 -* 

VBE(sat)a -5 -0.5 

VCE(sat)1I 
-5 -0.5 

-10 -2.0 * 

fhfe -10 -0.5 -

* hfe f = 1 KHz -10 -0.5 -

* Ihfel f = 1 MHz -10 -0.5 -

ISIb tp = ls 40 

* Cob 
VCB = 10 V 0 

f = 1 MHz 

* RIJJC 

• In accordance with JEDEC registratiol1 data. 
a Pulsed; pulse duration = 2001's. duty factor = 1.5%. 

LIMITS 

2N3791 2N3792 

Min. Max. Min. Max. 

- -1 - -
- - - -1 

- -5 - -
- - - -5 

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

- -5 - -5 

-60 - -80 -

50 150 50 150 
30 - 30 -
4 - 4 -

- -1.8 - -1.8 
- -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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.. 
J 

50 1£ sec OR L.ESS 
2!50pHC. 
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WITH INCREASE IN TEMPERATURE) 
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Fig. 7 - Maximum operating areas for 2N3797. 
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Fig. 2 - Maximum operating areas for 2N3792. 

Fig. 3 - Derating curve. 

2N3791, 2N3712 
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General-Purpose Power Transistors 

2N3791 ~ 2N3792 
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Fig. 4 - Typical dc beta characteristics for both types. 
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Fig. 6 - Typical input characteristics for both types. 
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Fig. 5 - Typical gain·bandwidth product for both types. 
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Fig. 7 - Typical transfer characteristics for both types. 
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File Number 1150 

Silicon P-N-P 
Medium-Power Transistors 
General-Purpose Types for Switching Applications 
Features: 
• Low saturation voltages 
• Maximum safe-area-of-operation curves 

The RCA-2N4898, 2N4899 and 2N4900are multiple-epitaxial 
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. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

• VC8lO •••••••••••••••••••••••••••.•••••••••••••••••••••••••••••••••••••••••• 

• VCEX(sus) 
VaE = -1.5 V, Rae = 100 n .............................................. . 

VCEO(sus) ••••••••••••••••••••.•••••••••••••••••••.•.•••••••••••••••••.•.•• 
• V_ ..................................................................... · 
• Ic •••••••••••••••••••••••••••••.•••••.•••.•••.••••..•••••••••••••••••••••• 

ICM ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

• la •..•••••••.•••.•••.•••••••••••••••••••••••••••••••.•••.••••••••••••••••• 

• PT 
At Tc up to 25·C •••••••.•••••••••••••••••.•.•••.••••.••.•••••••••••••• 
At Tc above 25·C •••.•.••••••.•••••••••..••••••.••.•.••••••••••••••••• 

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

At distances 21/32 In. (0.8 mm) from seating plane for 10 s max. 

• In accordance with JEDEC registration data. 

General.Purpose Power Transistors 

2N4898,2N4899,2N4900 

TERMINAL DESIGNATIONS 

c 

'0 
92C$-27516 

JEDEC TO-213AA 

2N4898 2N4B99 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 Figs.1 & 3 ___ 

-65 to +200 ·C 

+235 ·C 
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General-Purpose Power Transistors ____________________________ _ 

2N4898,2N4899,2N4900 

ELECTRICAL CHARACTERISTICS, At Case Temperature (TC) = 25" C unless otherwise specified 

TEST CONDITIONS LIMITS 
U 

CHARACTERISTICS 
VOLTAGE CURRENT 

2N4898 2N4899 2N4900 N 
Vdc Adc I 

T 
VCE VSE IC IS Min. Max Min. Max. Min. Max. S 

40a - 100 - - - -
... 

ICBO 60a - - - 100 - - /lA 
80a - - - - - 100 

ICEX 
40 -1.5 - 100 - - - -
60 -1.5 - - - 100 - - /lA RBE = 100 12 
80 -1.5 - - - - - 100 

... 

RBE = 100 12 
40 -1.5 - 1 - - - -

TC = 150°C 
60 -1.5 - - - 1 - - rnA 
80 -1.5 - - - - - 1 

... 

20 - 0.5 - - - -

ICEO 30 - - - 0.5 - - rnA ... 
40 - - - - - 0.5 

lEBO -5 - 1 - 1 - 1 rnA ... 

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) 1b 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 ~.25 25 - 25 - 25 -

f = 1 kHz 

... 

fT 
10 p.25 3 - 3 - 3 - MHz f = 1 MHz 

... 

Cobo 10a - 100 - tOO - 100 pF 

ROJC - 7 - 7 - 7 °C/W 

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

b Pulsed, pulse duration: 300 IlS, duty factor: 1.8%. 

• CAUTION: Sustaining voltage, VCEO(sus), MUST NOT be measured on a curve tracer. (See Figs. 2 and 4.) 
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-----------------------______ General-Purpose Power Transistors 

Fig. 1 - Current derating chart for all types. 

2N4898, 2N4899, 2N4900 
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HfWL.ETT-PACKARD 
MODEL No 130B, 
OR EQUIVALENT 

+Vee 

Fig. 2 - Circuit used tD measure sustaining voltage, 
VCEO(sus). 

COLLECTOR-TO-EMITTER YOLTAGE(YCE)-V 

92CM-31120 

Fig. 3 - Maximum operating areas for all types. (T C = 250 C). 

* PUL.SE CURRENTtlp I RANGE MUST BE 0.2-0.4A 

E biBveEO
' ... , § * 

~1 ABC el 100 
uu 
~!:!. 0 40 8 
d 60 
u COlI..ECTOR-TO-EMITTER VOLTAGE 

(YCE1- V 

The sustaining voltage, V CEO (sus) , is acceptable 
when the trace falls to the right of point "A" for 
type 2N4898; paint "B" for type 2N4899; and 
point "C" for type 2N4900. 

Fig. 4 - Oscilloscope display for measurement of sustaining voltages. 
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General-Purpose Power Transistors 

2N5294,2N5296,2N5298 

Silicon N-P-N Transistors 
General-Purpose Types for Medium-Power Switching and 
Amplifier Applications 
Fe.turee: 
• 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 

File Number 322 

TERMINAL DESIGNATIONS 
RCA-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. "':"10 II J±#:' 

TOP VIEW B 

All types are supplied in the JEDEC TO-220AB 
(VERSAWATT) plastiC package. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

"COLLECTOR-TO-BASE VOLTAGE. • • • • . . • • • • • . . • • • • . • • • • • • • • • • • . . • • • • • • •• Vcoo 
COLLECTOR-TO-EMITTER SUSTAINING VOLTAGE: 

With -1.5 volts (VaE) of reverse bias •••.••.••..•••.•••••••••••••••••• VCEV(SUS) 
With external base-to-emltter resistance (RaE) = 100 0 ............... VCE.(SUS) 
With base open •••.••••...•••.••••.•••••••••.••••.•••.•.•••.••••• 'VCEO(SUS) 

"EMITTER-TO-BASE VOLTAGE •••.•••••••.•••.••..•.•.•.••••••••••••••••• VEOO 
'COLLECTOR CURRENT ••....••...•..•••.•••••.••••.•••••.••••••••.•••.•••• Ic 
"BASE CURRENT ••• ; •..••••••••••••••••••••••••••••.••••..•••••••••••••••.•• la 
"TRANSISTOR DISSIPATION. P. 

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 <!: 1/8In. (3.17 mm) from case for 10 S max. • ••••••.••••.•.•••.•• 

"In accordance with JEDEC registration data. 

92CS-39969 

JEDEC TO-220AB 

2N5294 2N5298 2N5298 
80 80 80 V 

80 80 80 V 
75 50 70 V 
70 40 80 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 wrc 
__ -65 to +150 __ °C 

235 °C 

~-------------------------------------------------------------------
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General-Purpose Power Transistors 

2N5294,2N5296,2N5298 
ELECTRICAL CHARACTERISTICS, At Case Temperature (TC) = 250 C, Unless Otherwise Specified. 

TEST CONDITIONS 

DC 
DC Emiller DC 

Characteristic Symbol Collector or Base Current (A) 
Voltage (V) Voltage (V) 

VCE VEB VBE Ic IB 

65 -1.S 

Co lIector-Cutoff Current 
IcEv 35 -1.S 

With base-emilter junction 
65 -1.S reverse bi ased IcEV 

(Tc = IS00C) 35 -1.S 

Collector-Cutoff Current leER 
SO 

With extemal base-ta-emitter 
ICER 50 resistance (RBE) = 100 n 

(Tc = 1500C) 

Emitter-Cutoff Current lEBO 
7 
5 

4 0.5 
DC Forward-Current Transfer Ratio hFEc 4 1 

4 1.5 

Collector-ta-Emiller 0.1 0 
Sustaining Voltage VCEO(sus)c 0.1 0 
With base open 0.1 0 

0.1 
With extemal base-ta-emitter VCER(SUS)C 0.1 

resistance (RBE) = lOOn 0.1 

-1.5 0.1 
With base-emiller junction VCEV(sus)c -1.S 0.1 

reverse biased -1.S 0.1 

4 O.S 
Base-la-Emitter Voltage VBE C 4 1 

4 1.5 

0.5 O.OS 
Collector-ta-Emitter VCE(saOc 1 0.1 

Saturation Voltage 1.5 0.15 

Gain-Bandwidth Product IT 4 0.2 

Sat. Swilching Time 
0.5 0.050 

Turn-On (See Figs. 22 ·24) ton VCC = 30 1 0.10 

1.5 0.150 

0.5 -O.OSo 
Turn-Off (See Figs.22 . 24) toff Vcc = 30 1 _O.1b 

1.5 _USb 

Thermal Resistance 
(Junction-ta-Case) eJ_C 
(Junction-ta-Ambient) £1-A 

a IB1 value (turn-on base current). b 182 value (turn-off base current). 

*In accordance with JEDEC registration data. 

LIMITS 

2NS294 2NS296 2NS298 Units 

Min. 

-
-

-
-
-
-

--
30 
--
70 
-
-
7S 
-
-
80 
-
-
-
--
-
-
-
0.8 

-
-
-
-
-
-

-
-

Max. Min. Max. Min. Max. 

O.S - - - 0.5 
- - 2 - - mA 

3 - - - 3 
- - S - - rnA 

O.S - - - 0.5 mA 

2 - - - 2 
mA 

1 - - - - rnA - - 1 - 1 

120 - - - -
- 30 120 - -
- - - 20 80 

- - - - -
- 40 - - - V 
- - - 60 -
- - - - -
- SO - - - V 
- - - 70 -
- - - - -- 60 - - - V 
- - - 80 -
1.1 - - - -
- - 1.3 - - V 
- - - - 1.5 

1 - - - -- - 1 - - V 
- - - - 1 

- 0.8 - 0.8 - MHz 

5 - - - -- - 5 - - f-LS - - - - 5 

IS - - - -- - 15 - - f-LS - - - - 15 

3.S - 3.5 - 3.S OC/W 
70 - 70 - 70 °C;W 

C Pulsed, pulse duration = 300 JlS, 
duty factor = .018. 
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General-Purpose Power Transistors 

2N5294, 2NS296, 2N5298 

6 8 10 2 .. 6 S 100 2 4 6 8 
COLLECTOR-TO-EMITTER VOLTAGE (VCE)-V 

92CM-40282 

Fig. 1 - Maximum operating areas for all types. 

25 50 75 100 125 150 175 

EFFECTIVE CASE TEMP. OR CASE TEMP. (TEFF OR TC)-OC 
92S$o3&OO 

Fig. 2 - Derating curve for all types. 

3 •• 
TC -1OO&C 

~ 

I 100 

... 
ill 50 

~ ~ 
~ --: .. 

.. .. 
30 ::I 

U 
U COMMON EMITTER 

" VeE =5V ,. 
0.02 0.05 0.1 0.3 0.6 1. 

COLLECTOR CURRENT Ie (A) 

92C$-40283 

Fig. 3 - Typical DC beta characteristics for all types. 
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COMMON EMITTER 
I VeE = 5V 

1 

II 

;/= ~L 
~ 

I 
II 

....1 
0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 

BASE-EMITTER VOLTAGE VBE (V) 
92CS-40284 

Fig. 4 - Typical input characteristics for all types. 
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"0 
~> 
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g 
" 

COMMON EMITTER 

0.' IC/IB=10 

0.3 
I I I ./. 
I ., ... .Ar1:lJ ~ 

<G 0.' 

•• 0." -.. 
0.03 

0.02 0.05 0.1 0.3 0.5 1 

COLLECTOR CURRENT Ie (A) 

9ZCS-4028? 

Fig. 6 - Typical collector-to-emitter saturation 
voltage as a function of collector 
current for all types. 
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0 .. 
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" O.S 
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0 

General-Purpose Power Transistors 

2N5294,2N5296,2N5298 

.. -~ f- .0 

":'.~~ .0 .. 
Jv.. ...... 30 , ..... .0 

~ 
IB=10mA 

/ 
COMMON EMITTER 
TC"-:/:SoC 

0 

COLLECTOR-EMITTER YOl TAGE VeE (Y) 
92CS-40lB' 

Fig. 5 - Typical output characteristics for all types. 

'00 

0.' 1-.u..L.W.III-..j"JUJ..IJUI 
, .. 3 10-2 , .. , ,. 

TIME t (aec) 
92CS-40286 

Fig. 7 - Transient thermal resistance 
characteristics for all types. 
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General-Purpose Power Transistors __________________________ _ 

2N5301,2N5302,2N5303 

High-Current High-Power 
High-Speed N-P-N Power 
Transistors 
F.atu .... : 
• Specification for hFe and Vce(sat) up to 30 A 
• Current gain-bandwidth product 1r = 2 MHz min. at 1 A 
• Low saturation voltage with high beta 
• High dissipation capability 

The RCA-2N5301. 2N5302 and 2N5303 are epitaxial-base 
Silicon n-p-n tranSistors Intended for a wide variety of hlgh­
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). Vlle(sat). and Vee characteristics. All are supplied 
in JEDEC TO-204AA hermetic steei packages. 

MAXIMUM RATINGS, AbSOlute-Maximum Values: 

• Vceo ..•••.•.•..•..•.•.•........•.....••••..•..................•.....•..... 
o Vceo(sus} ................................................................ . 
* VEBO •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

ole ....................................................................... . 
• 10M ••••••••••••••••••••••••••••••••••••••••••••••• , •••••••••••••••••••• ". 

* 18 ••••••••••.•••.•.•.••.••••••••••••••••••••.••....•••.••••••••••.••••..•• 
IBM ...................................................................... . 

of',. 

AtTe:525·C ..•.......•........••..........•.•.••.........•.••......•. 
At Te > 25· C ............................................ derate linearly 

* ToI, T.tg ••••..••••.••••••••••••••••••••••••••••.••••••••••..•••••...••..•••• 
TL 

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

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

File Number 1029 

TERMINAL DESIGNATIONS 

92CS-27516 

JEDEC TO-204M 

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

5 
30 
50 
7.5 
15 

---- 200 
1.15 

~;ee Figs. 1 & 2 
-65 to 200 

230 

v 
v 
V 
A 
A 
A 
A 

W 
W/·C 

·C 

3 _______________________________________________________________ ___ 



General-Purpose Power Transistors 

2N5301,2N5302,2N5303 
ELECTRICAL CHARACTERISTICS. at Case Temperature (T C) = 25°C unless otherwise specified 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. .. 

CHARAC· 
TERISTIC 

'CBO 

'CEX 

'CEX 
TC = 
150°C 

'CEO 

'EBO 

hFE 

VCEO(sus) 

VBE 

VBE(sat) 

VCE(sat) 

'SIb 
tp = 1 s 
nonrep. 

Ihfel 
f· 1 MHz 

hfe 
f= 1 kHz 

tr (See Fig.S) 

ts 
tf 

ROJC 

TEST CONDITIONS 

VOLTAGE CURRENT 
Vdc Adc 

VCE VeE IC Ie 

40a 
60a 
SOa 

40 -1.5 
60 -1.5 
SO -1.5 

40 -1.5 
60 -1.5 
SO -1.5 

40 
60 
SO 

-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.S 
- 2.5 
- -

- 0.75 
- -
- 2 
- -
- 3 

10 -

2 -

40 -

- 1 
- 2 
- 1 

- 0.S75 

* In accordance with JEDEC registration data format JS-6 RDF-l. 
C lSI = -I S2 

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 - SO -

- - - 1.5 
- 1.7 - -
- - - 2.5 
- 3 - -
- 1.7 - 1.7 
- 1.S - 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 lAS 
- 1 - 1 

- 0.S75 - 0.S75 °C/W 

b Pulsed; pulse duration = 300"s, 
duty factor = 1.8% 
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General-Purpose Power Transistors 

2N5301, 2N5302, 2N5303 

6 8 10 80 100 

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

Fig. 1 - Maximum operating areas for 2N5301, 2N5302, and 2N5303. 

0 
w 

~ 
~ 

~ 
~ 
~ 
1; 
0 

~ 
N 

100 

75 

50 

NOTE' CURRENT DERATING AT CONSTANT VOLTAGE 
APPUES 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 

25 50 75 100 125 150 175 200 
CASE TEMPERATURE (Tc)_OC 

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

COLLECTOR-lO-EMITTER SATURATION VOLTAGE [VCE(satl]-V 

Fig. 4 - Typical saturation voltage characteristics 
for 2N5301, 2N5302, and 2N5303. 

IOOOS COLLECTOR-lO-EMITTER VOLTAGE (VCE)=2V-f--­, 

0.1 4 6 8 I 4 6 e 10 

COLLECTOR CURRENT (Ic)-A 

Fig. 3 - Typical de bets characteristics as a 
function of col/ector current for 

2N5301, 2N5302, and 2N5303. 

BASE-lO-EMITTER VOLTAGE (VBE)-V 

Fig. 5 - Typical transfer characreristics for 
2N5301, 2N5302, and 2N5303. 
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General-Purpose Power Transistors 

2N5301,2N5302,2N5303 
18 COLLECTOR SUPPLY VOLTAGE (VcCJ;30V 

Ic/le-IO 
';. 6 CASE TEMPERATURE (Tcl=2!5°C -+V----~l-++-I 

I 
~ 

0.01 

6 8 10 

COLLECTOR CURRENT IICI-A 

6 8 100 

Fig. 6 - Typical delay-time and rise-time charac­
teristics as a function of collector current 
for 2N5301, 2N5302, and 2N5303_ 

+":--n 
-2V-j---L 
~ 
Ir S 20n& 
PW,=-IOTOlool£S 
D.C."'2% 

+IIv--n 
_.:=t 

INPUT PUL.SE 
Ir ~ 20ns 
P.W. -10 TO IDO #,s 
D.C.=2% 

10<1 

(.) 

Ion 

VSB--4V 

(b) 

IDS ~~~E~~~ SUPPLY VOLTAGE (Vccl-30V --+-t-H 
';. 6 lc/le- IO -
~ 4 CASE TEMPERATURE (TCJ~25·C 

~ 

I 
2 

r-- J"-!.' I 

is --=::::" I----6 " - I<-
w 
~ 

" ~ 

I"-J 
J 

~ 

0.1 

6 8 10 

COLLECTOR CURRENT (IC)-A 

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

TRANSISTOR 
UNDER 
TEST 

OSCILLOSCOPE 
Ir:S 2On8 
Z >10 K 

OSCILLOSCOPE 

trS 20nS 
Z » 10K 

0: COLLECTOR -BASE DIODE 
OF 2N32!i2 

Fig. 8 - Equivalent test circuits for rise-time fal and 
fall-time and storage-time fbI measurements 
for 2N5301, 2N5302, and 2N5303. 
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General-Purpose Power Translators 

2N5490-2N5497 File Number 353 

Silicon N-P-N 
VERSAWATT Transistors 

TERMINAL DESIGNATIONS 

General-Purpose Types for Medium-Power 
Switching and Amplifier Applications 'R'~'l0 II ] {r 

TOP VIEW B 
Featu .... : 
• Low saturation voltage -

VeE (sat) = 1 V max. atl e = 2 A (2N5490, 2N5491) 
1 V max. at Ie = 2.5 A (2N5492. 2N5493) 
1 V max. atl e = 3 A (2N5494. 2N5495) 
1 V max. atle = 3.5 A (2N5496, 2N5497) 

RCA-2N5490. 2N5491. 2N5492, 2N5493, 2N5494. 2N5495. 
2N5496 and 2N5497* 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 
identical to the 2N5491. 2N5493. 2N5495. and 2N5497 but 
have straight leads. 

These plestic-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, .. \bsolule-i\laximum Ii alues: 

COLLEeTOR-TO-BAS~: VOLTAm; ......... . 

COLLECTOR-T()-E~IITTER SliSTAINI!'IG VOLTAGE: 
Vello 

_c_ 
(FLANGE) 

With -1.5 volts (VHE ) of reverse bins ............ \'CEV(sus) 
With ,'xternal bose-to-.'mittN resistanc" IRI'lI';) = lOoll . VCER(sus) 

With base op<'n ............................ VCEO(sus) 
E~nTTER-TO-BAS~; VOLTAGE. . . . . . . . . . . . . . . . . .. VgllO 

COLLECTOR CURRENT. . . . . . . . . . . . . . . . . . . . . . . Ie 
BASI, CURRENT . . . . . . . . . . . . . . . . . . . . . . . . . . . . III 
TRA.'1SISTOR DL"''>IPATION: ................... . 

At ellse temperatures up to 250 e ............... . 
At ambient temperatures up to 25"C ............. . 

92CS-399BII 

JEDEC TO-~20AB 

o 
TOP VIEW B 

92CS-40186 

JEDEC TO-22OAA 

2N5490 
2N5491 
2N5494 2N5492 2N5496 
2N5495 2N5493 2N5497 

60 75 90 'Ii 

GO 75 flO 'Ii 

50 (l5 flO \. 

40 55 70 'Ii 

5 5 5 \. 

7 7 7 A 

3 3 3 A 

50 50 50 II' 

1.8 l.fl 1.8 II' 

At case temperatures above 250 e .............. . 
At ambient temp<'ratures above 250 e ............. . 

()"ra1t' linearly nt 0.4 w/oe or see Figs.:! & 3. 
[)"rate Iin<'llrly at 0.0144 IV InC 

TBMPERATURE RANm:: 
Storage & Operating (Junction) ................ . -H5 to 150 _ DC 

U:AD n;MP~;RATlJR~; (During Sold"ring): 

Atdistance 2: I/Rin.(3.17mm) from cnse for lOs max ... 235 _nC 
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General-Purpose Power Transistors 

2N5490·2N5497 
ELECTRICAL CHARACTERISTICS, Case Temperature (TC' = 2!PC Unless Otherwise Specified 

TEST CONDITIONS LIMITS 

DC 
DC 

Types Types Types Types 
Characteristic Symbol Voltage 2N5496 2N5494 2N5492 2N5490 Units 

(V) Current (Al 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 rnA 
(T C = 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) = 100 n 70 3.5 
ICER 40 3.5 5 rnA 

(TC = IS00C) 55 3.5 

Emitter-Cutoff Current lEBO -5 1 1 1 1 rnA 
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-Emiller Sustaining 
Voltage: VCEo(susf 0.1 0 70 40 55 40 V 
With base open 

With extelnal base-to-emitter 
VCER(susf 0.1 80 50 65 50 V 

resistance (RBE) = 100 n 
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 

Base-ta-Emitter Voltage VBEc 4 2.5 1.3 V 

4 2 1.1 

3.5 0.35 1 
Collector-to-Emitter VCE(sat)c 3 0.3 - 1 V 

Sahration 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 0.35G 5 
Turn-On ton Vce = 30 3 O.3G 5 I'-S 

2.5 0.25G - 5 
2 0.2 5 

3.5 0.3r 15 - -
Turn-Off toft Vee = 30 3 0.3 15 

I'-S 
2.5 0.25b 15 
2 0.2 - - 15 

• I ...... c ............ 0",'0lIl). • 112 ,"i.. CturlHlfl _ 01l.1IIt). • Pul ..... pulll ""'IIi .... HD,., 
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General-Purpose Power Transistors _____________ ......... ____________ _ 

2N5490-2N5497 
ELECTRICAL CHARACTERISTICS, Case Temperawre (T d = 2!f>C Unless Otherwise Specified (Cant'd.) 

TEST CONDITIONS 

DC 
Characteristic Symbol Voltage 

(V) 

VCE 

Therma I Resistance: 
Junction-te-Case 8J•C 

Junction·lo-Ambient 8J•A 

CASE TEMPERATURE (Tel = 25- C NORMALIZED P ~~ (CURVES MUST BE DERATED LINEARLY MULTIPLIE 
WITH INCREASE IN TEMPERATURE I 

250,.. 200:3JJ SlN~~~s~2~~flvre,l~~ 
6rI c MAX (CONTtNOUS) • 

~ . o~~ 7. 
w ~, ~ 

2 5 ~; t 23 
I. 

~ 
I 

12 s ~~~~90.2~:9~ -:; 6 
I 

g 2N549.q ,2N5495) . 
vCEO MAX = 55 V I 

12N549Z,2N54931 
2 

I VCEO MAX=70V 
I 

10 
COLLECTOR-lO-EMITTER YOLTS {'liCE' 

92CS-15379 

Fig. 1- Maximum operating areas for types 2N5490 
through 2N5497 inclusive. 

COLLECTOR-lO-EMITTER VOLTS IVcE}a4 

120 I 

I~ ~ ... IOO 
ww ~/ l§!" 
<.(280 

~i 
1=0::60 
i!iw 
~~ 

~~40 
I;; 

20 

. 
QOOI 

, i-' , 

./ 
V 

.... 
...... 10... 

~ V' "'<" 
1\ ~_I-
\~ 
\I,(~.-

\ ~ 
\ .,. 
\~ ''1-

" I 
4 68 4 68 ." 10 01 I 

COLLECTOR AMPERES (Ie) 

Fig. 3 - Typical static beta characteristics for types 
2N5496 and 2N5497. 

DC 
Current (A) 

V8E IC 18 

Types 
2N5496 
2N5497 

Min. 

ilia 
!;;> 

;i 5D 

I~ " 

Max. 

2.5 

70 

LIMITS 

Types Types 
2N5494 2N5492 
2N5495 2N5493 

Mm. Max. Mm. Max. 

2.5 2.5 

70 70 

Types 
2N5490 Units 
2N5491 

Mm. Max. 

2.5 °C/W 

70 °C/W 

I~ 1IIIIIIIIIIIIIIIIIIIIIIIIIItI4J 111111111111111 
o 25 50 75 100 125 150 175 200 

EFFECTIVE CASE TE •. OR CASE TOP. (TEFF OR TC)-OC 
oS> ... 

Fig. 2 - Derating curve for all types. 

COLLECTOR-TO-EMITTER VOLTS (VeE). 4 

120 I 

~ __ IOO I 
ww I V ... 
~! 

\~"T 
, 

~~ BO - r-
~ 4.::- ....... ~ .. ~ 

~ffi 60 

~~~ !<~ 
I\.. ~~ 40 r--~ ..... 

t; ~ 
20 

0001 2 . 4 6 eru" 2 6 80 .1 2 . " 2 . " 
COLLECTOR AMPERES lIe) 

Fig. 4 - Typical static beta characteristics for types 
2N5494 and 2N5495. 

10 
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-------------------___________ General-Purpose Power Transistors 

COLLECTOR -TO-EMITTER VOLTS (VeE)· 4 

0001 001 0.1 10 

COLLECTOR AMPERES (Ie) 

Fig. 5 - Typical static beta characteristics for types 
2N5490 through 2N5493 inclusive. 

0.2 0.4 0.6 0.8 
COLLECTOR-TO-EMITTER VOLTS (VeE) 

Fig. 7 - Typical output characteristics for types 2N5494 
and 2N5495. 

rcoITEC I OR-TO~EMITTER VOLTS(VCE1=4 

}' 
600 u ~~ :, ;; 

N 

~ 500 

~ 1# 
~400 2 

~ ?l 
f ~ 300 

/;! 
~ 
~ iff i 200 
w iJ 
~ . 
Gl 100 

0.5 I 1.5 
BASE-TO-EMITTER VOLTS (VSE) 

92C$-I4997 

Fig. 9 - Typical input characteristics for types 2N5494 
through 2N5497 inclusive. 

2N5490-2N5497 

:SE 

10 30 
COLLECTOR-lO-EMITTER VOLTS (VeE) 

Fig.6 - Typical output characteristics for types 2N5494 
through 2N5497 inclusive. 

U 
H 

~ 

~ 3 

~ 
~ 2 

~ 
8 1 

'BAS 

1 20 30 
COLLECTOR-TO-EMITTER VOLTS (VeE) 

Fig. 8 - Typical output characteristics for types 2N5490 
through 2N5493 inclusive. 

600 

o i 300 

w 
~ 

~ 200 

100 

COLLECTOR TO EMITTER VOLTS (VeE):4 

05 I 15 

BASE-TO-EMITTER VOLTS (VeEI 

-h 

92CS-1498~ 

Fig. 10 - Typical input characteristics for types 2N5490 
through 2N5493 inclusive. 
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General-Purpose Power Transistors 

2N5480-2N5487 

~ . 
~ . 
S 
U I 

O.S I I.S 
BASE·TO-EMITTER VOLTS (VaE) 

o 
92CS-14987 

Ca..LECTOR- TO-EMITTER VOLTS (VeE ,- 4 

05 I 15 

BASE-TO-EMITTER VOLTS (IIaE' 

' .. 

92C$-14986 

Fig. 11 - Typical transfer characteristics for types 2N5494 
through 2N5497 inclusive. 

Fig. 12 - Typical transfer characteristics for types 2N5490 
through 2N5493 inclusive. 

100 

90 

~ 80 
~ 

iI' 70 

~ 
60 ~ 

~ 50 i 
~ 40 
l' 

g 30 

20 

10 

BASE-TO-EMITTER VOLTS (VSE) 92C8-15377 

Fig. 13 - Typical transfer characteristics for types 
2N5490 through 2N5497 inclusive. 
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___________________________ General-Purpose Power Transistors 

File Number 1141 

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

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

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

MAXIMUM RATINGS, Absolute-Maximum Values: 

• Vcm ......•........••.•....•........••...•••.•......•.............•....•.. 
* VCBO •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

• v_ ..................................................................... . 
• Ie •••••.•••••••••.••••••••••••••...•••....••••••••.•••••••.......•••.••••• 
* leM •••••••••••••••••• 0.0 •••••••••••••••••••• 0 ••••••••••••••••••••••••••••• 

• I •........................................................................ 
• PT 

At Tc::; 25°C ••••••••••••••••.•.••••••••••••••••.•••••••.•.•••.•.•••••• 
At T c> 25° C •..••••••••••••••••••••••••••••••••••••••••• derate linearly 

* TJ, T ....................................................................... . 
• TL at 1/16 ± 1/32 in. (1.58 ± 0.8 mm) from case for 10 s ••••••••••...•.•••••• 

• In accordance with JEDEC registration data. 

2N5629,2N5630,2N5631 

TERMINAL DESIGNATIONS 

92CS-27516 

JEDEC TO-204AA 

25 50 18 100 125 150 175 200 
CASE TEMPERATURE ITc}-·C 

Fig. 1 - Current derating curve for all type •. 
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General-Purpose Power Transistors 

2N5629,2N5630,2N5631 
ELECTRICAL CHARACTERISTICS, At Case Temperature TC = 25°C 
Unle" Otherwise Specified 

TEST CONDITIONS LIMITS 

CHARAC· VOLTAGE CURRENT 

TERISTIC Vdc Adc 2N5629 2N5630 2"'5~3t 

VCE VeE IC Ie 

100 -1.5 -
'" ICEX 120 -1.5 -

140 -1.5 -
100 -1.5 -

TC= 150°C 120 -1.5 -
140 -1.5 -
50 - -

ICEO 60 - -'" 
70 - -

ICBO 1008 - -
120a - -

IE = 0 1408 - -
lEBO - 7 0 '" 
VCEO(sus)b - - 0.2c '" 
hFE8 2 - SC 

2 - 16c '" 
VeE8 2 - SC '" 

'" VeE(sat)a - - 10c 

Cobof=0.1 MHz 108 - -IE = 0 
'" 

VCE(sat)a - - 10c 
- - 16c '" 

fr_ f=0.5MHz 20 - 1 '" 
hfe f = 1 kHz 10 - 4 '" 
ISlb 
tp = 1 s nonrep. 30 - -
ReJC 10 - 10 

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

-
-
-
-
-
-
0 
0 
0 

-
-
-
-

0 

-
-

-

1 

-
1 
4 

-

-

-
-

Min. Max. Min. Max. Min. 

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

- 1 - - -
- - - 1 -
- - - - -
- 1 - 1 -
100 - 120 - 140 

25 100 20 SO 15 
4 - 4 - 4 

- 1.5 - 1.5 -

- 1.S - 1.S -

- 500 - 500 -

- 1 - 1 -
- 2 - 2 -

1 - 1 - 1 

15 - 15 - 15 

6.67 - 6.67 - 6.67 

- 0.S75 - 0.S75 -

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

b.'~· 
~ . COLLECTOR- TO-EMITTER VOLTAGE (VCE)-2 v r-
~ 4 
0 

~1~_ ~ 2 
....... 

a: 100 
~ . .. 6 .,"'I'UflE z 
c 4~~';:'C a: .. \ C .. 2 z , ... 
a: 

10 a: 

" • " • 0 

I • 
2 

8, 
2 4 •• 2 4 •• 2 4 •• 2 4 •• 

0.01 0.1 I 10 100 
COLLECTOR CURRENT C.IC)-A 92CS-3Q146 

Max. 

-
-

1 

-
-

5 

-
-

1 

-
-

1 

1 

-
60 

-

1.5 

1.8 

500 

1 
2 

-

-

-
0.S75 

U 
N 
I 
T 
S 

rnA 

rnA 

rnA 

rnA 

V 

V 

V 

pF 

V 

MHz 

A 

°CIW 

92CS-30147 

Fig. 2 - Tvpical de beta characteristics as a function 
of collector current for all tvpes. 

Fig. 3 - Tvpical saturation voltage characteristics 
for all tvpes. 
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General-Purpose Power Transistors 

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 I 

BASE-lO-EMITTER VOLTAGE {VBE)-V BASE-TO-EMITTER VOLTAGE (VaEl-V 92CS-30149 
92CS-30J48 

Fig. 5 - Typical input characteristics for all types. Fig. 6 - Typical transfer characteristics for all types. 

COLLECTOR SUPPLY VOLTAGE (Vee)- 30 II 
rBI~B2·I/IO Xc 
CASE TEMPERATURE C 

Fig. 7 - Typical saturated·switching times 
for all types. 
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General-Purpose Power Transistors 

2N5781,2N5782,2N5783,2N5784,2N5785,2N5786 File Number 413 

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

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

RCA-2N5781, 2N5782, and 2N5783 are epitaxial-base silicon 
p-n-p transistors - complements of the silicon n-p-n types 
2N5784, 2N5785, and 2N5786-, 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-205AD 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) = 100 n ............................ . 
With base open ........••....•..•.....•• _ •.•.••.•.... 

*EMITTER-TO-BASE VOLTAGE ......................... . 

'CONTINUOUS COLLECTOR CURRENT ....•..•..•.••...•• 

'CONTINUOUS BASE CURRENT ••..•...•.••••.•..•••.••. 

'TRANSISTOR DISSIPATION: 

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

At ambient temperatures up to 25DC ...•.......•.••.••.• 

At case temperatures above 250 C ..••...•..• Derate linearly 

At ambient temperatures above 250 C . . . . . . . .. Derate linearly 

'TEMPERATURE RANGE: 

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

'LEAD TEMPERATURE (During soldering): 

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

VCER(sus) 

VCEO(sus) 
V EBO 

'C 

'B 
PT 

P-N-P 

N-P-N 

TERMINAL DESIGNATIONS 

,f3"~,,, 
92CS-27S12 

JEDEC TO-20SAD 

2N5781+ 2N5782+ 2N5783+ 

2NS784 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 

W 

0.057 wt C, or see Fig. 7. 

0.0057 wtc 

----65 to +200 --- DC 

230 DC 

'In accordance with JEDEC registration data format JS-6 RDF-2. • For p-n-p devices, voltage and current values are negative. 
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General-Purpose Power Transistors 

2N5781,2N5782,2N5783, 2N5784, 2N5785, 2N5786 
ELECTRICAL CHARACTERISTICS, At Case Temperature IT ci = 2~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 ICEO 50 

Emitter Cutoff Current lEBO -5 

DC Forward-Current Transfer 2 
Ratio hFE 2 

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

With base open 

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

Base-to-Emitter Voltage VBE 2 

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

Magnitude of Common-Emitter, 
Small-Signal, Short-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, IBl = IB2): tON 
Turn-on (td + t r) 

Turn-off 
(ts + tf) tOFF 

Thermal Resistance: 
ROJC Junction-to-case 

Junction-to-ambient ROJA 

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

a Pulsed, pulse duration = 300 IlS, duty factor = 1.B% 

b CAUTION: Sustaining voltages VCEO(sus), and VCER(sus) 
MUST NO T be measured on a curve tracer. 

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

IC IB Min_ Max_ Min_ Max_ 

- -10 - 10 IlA 

- -1 - 1 mA 

- -10 - - IlA 
_. - - 10 

- -1 - - mA 
- - - 1 

0 - -100 - 100 IlA 

0 - -10 - 10 IlA 

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

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

O.la -BOb - BOb -

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 

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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General-Purpose Power Transistors 

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

* 

* 

* 
* 
* 

* 

* 
* 

* 

* 

ELECTRICAL CHARACTERISTICS, At Case Temperature (TC) = 25"C unless otherwise specified 

TEST CONDITIONS. LIMITS 

CHARACTERISTIC SYMBOL VOLTAGE 
Vdc 

VCE VBE 
Collector Cutoff Current: 

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

AtTC= 150°C 50 

With base-emitter junction reverse-
biased and external base-to-emitter -60 1.5 
resistance (RBE) = 100 n 60 -1.5 

ICEX 

AtTC= 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 = 
30 V, IBl = IB2): 
Turn-on tON 

(td + t r) 

Turn-off 
(ts + tf) tOFF 

Thermal Resistance: 
R6JC Junction-to·case 

Junction-to-ambient R6JA 

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

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

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

CURRENT 2N5782 2N5785 UNITS 
Adc p-n-p n-p-n 

IC IB Min. Max_ Min. Max. 

- -10 - 10 /lA 

- -1 - 1 rnA 

- -10 - - /lA 
- - - 10 

- -1 - -
rnA - - - 1 

0 - -100 - 100 /lA 

0 - -10 - 10 /lA 

1.28 20 100 20 100 
3.28 4 - 4 -

O.la 0 -50b - 50b -
V 

0.18 -65b - 65b -

1.2B - -1.5 - 1.5 V 

1.2a 0.12 - -0.75 - 0.75 V 
3.2B 0.8 - -2 - 2 

-0.1 2 15 - -
0.1 - - 5 20 

0.1 25 - 25 -

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

/lS 
-1 -0.1 - 2.5 - -

1 0.1 - - - .15 

17.5 - 17.5 °CIW 

- 175 - 175 

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

C Lead resistance is critical in this test. 

d Measured at a frequency where Ihfel 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 = 2~C unless otherwise specified 

TEST CONDITIONS. LIMITS 

CHARACTERISTIC SYMBOL VOLTAGE 
Vdc 

VCE VSE 

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 ICEO 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) = 100 n 

Base-to-Emitter Voltage VBE 2 

Collector·to-Emitter 
Saturation Voltage (measured VCE(sat) 
0.25 in (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 (VCC = 
30V,IBl = IB2): 
Turn-on tON 

(td +tr) 

Turn-off 
(ts + tf) tOFF 

Thermal Resistance: 
Junction-to-case ROJC 

Junction-to-ambient ROJA 

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

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

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

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

Ic IS Min_ Max. Min. Max. 

- -10 - 10 /lA 

- -1 - 1 mA 

- -10 - -
/lA - - - 10 

- -1 - -
mA 

- - - 1 

0 - -100 - 100 /lA 

0 - -10 - 10 /lA 

1.6a 20 100 20 100 
3.~ 4 - 4 -

O.la 0 -40b - 40b -
V 

O.la -45b - 45b -

1.63 - -1.5 - 1.5 V 

1.63 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 /ls 

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

17.5 - 17.5 °C/W 

- 175 - 175 

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

C Lead resistance is critical in this test. 

d Measured at a frequency where Ihfe I is decreasing at 
approximately 6 dB per octave. 
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General-Purpose Power Transistors ____________________________ _ 

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

C( 

I 

120n 
lW 

CASE TEMPERATURE (Tcl = 25°C 

(CURVES MUST BE DERATED LINEARLY 
WITH INCREASE IN TEMPERATURE 1 

-2 -4 -6 -8 -10 -2 -4 
COLLECTOR-TO-EMITTER VOLTAGE (VcEl-V 

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

15n 
5W 

+ vee· TO 12 V .. , , 
~ 

-6 -8 -10 

92CS-23943 

6'3ill-~--1 
6OH. I . I 

, I L _____ J 

10mH 
STANCOR 
C-268B. 
OR EQUIVALENT 

In, 1%, ~w 
INON.INDUCTIVE) 

VERT. 

+-----0 GND. 

OSCIllOSCOPE 
INPUT 
HEWLETT-PACKARD 
MODEL No. 130 B, 
OR EQUIVALENT 

~ 
IC bciCEOI"') a 

'" ~ 100 ABC 

8 0 40 50 65 VeE 

IC~ VCER(sus) 

ABC 
100 

CHOPPER TYPE 
MERCURY RELA.Y 
P & B JMl81308. 
CLARE 1028, OR 
EQUIVALENT 

L-_ ..... _--<> HORIZ. 

VCER(5US) 

-FOR P·M·P TYPES 2H578 I, 2N5782, & 2NS783, 
REVERSE POLARITY OF VCC· 

- vee· 

92SS-3862R2 

Fig. 2 - Circuit used to meesure sustaining voltages V CEO (sus) 
and V CER(sus). 

o 45 65 80 VeE 
COLLECTOR-TO-EMITTER VOLTAGE (Vce)*- v 

'FOR TYPES 2NS781, 2NS782, AND 2NS783, THE 
VALUES FOR Ie AND VCE ARE NEGATIVE. 

The sustaining "oltages VCEO{sus) and VCER(sus) are 
acceptable when the troce fails to the right and above 
pO;.1 "A" (2N57838. 2NS786), "8" (2N5782 & 2NS785), 
0' "c" (2N5781 & 2N5784). 

92SS-38£3Rt 

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

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

« 
I 
(.) 

!:! 
I-
Z 
W 
0:: 
0:: 
:::l 
(.) 

0:: 
0 
I-
~ 
..J 
..J 
0 
(.) 

CASE TEMPERATuRE (TC)· 25°C 
8 (CURVES MUST BE DERATED LINEARLY 

WITH INCREASE IN TEMPERATURE) 

0.8 

0.6 

242 
COLLECTOR-TO-EMITTER VOLTAGE (VCE)-V 

92CS-23944 

Fig. 4 - Maximum operating areas for types 2N5784, 2N5785, and 2N5786. 

INPUT: 
HEWLETT-PACKARD 
MODEL No.214A OR 

EQUIVALENT 

V89"+3V VCC=-30V 

OUTPUT TO 
OSCILLOSCOPE 

TEKTRONIX MODEL 
No.543A OR 
EOUIVALENT 

25"F 

-I. 
27!! 

50!! 

2N5781 itlt 

1 2N5782 It*" 

2N578J ** INPUT FROM 
PULSE GENERATOR 

(PIJI..SE DURATION1: 
20f's; REP. RATE" 

2kHz) *ADJUST R8 FDR 182 AND RC FDR IC 
0181 AND 182 MEASURED WITH TEKTRONIX CURRENT PR08E 

P6019 AND TYPE 134 AMPLIFIER, OR EQUIVALENT 

**For N-P.N types 2N5784, 2NS785, & 2NS786, reverse direction of 
IS1 and IS2 and reverse polarity of Vae and Vee. 

92CS-1561BRI 

Fig. 5 - Circuit used to measure saturated switching times. 

~~h$--.L ~~E 
~ ~ -IBI ~-- ! w~ INPUT 

a: U - I I i WAVE FORM 

~ I f. ON CONDITION ---l I 

~ VCE(Sot1i ------ 90% 

~:B ,I , I 
, 0> ~ - 10% TIME 

U~ w .. = -.J ts-l If ~ OUTPUT 
I . f.:, WAVE FORM 

j~ ~ ~ft-~ 
0> TIME 
U 

92CS-15619 

Fig. 6 - Oscilloscope display for measurement of switching times. 
(Test circuit shown in Fig. 5). 
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General-Purpose Power Transislors ____________________________ _ 

2N5781,2N5782, 2N5783, 2N5784, 2N5785,2N5786 
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N TE: CURRENT DERATING AT C N T ANT 
VOLTAGE APPLIES ONLY TO THE DISSIPATION· 
LIMITED PORTION AND 'Sib-LIMITED PORTION 
OF MAXIMUM-OPERATING·AREA CURVES (FIGS. 1 
& 2). DO NOT OERATE THE SPECIFIED VALUES 
FOR 'C MAX. (CONTINUOUS). 

1S/6• tIAU 
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~"/1lI< 

-(''''')-ED 
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EFFECTIVE CASE TEMPERATURE OR CASE TEMPERATURE (TEFF) OR (Tel _ oc 
92S5-386JR2 

Fig. 7 - DissipatiDn derating curve for all types. 
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IBI" -I B2 =0.) IC 

~'" m 
~~ / 

(Mf! 

.S 
COLLECTOR CURRENT (IC) - A 

92CS-2394!5 
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3.0 

92SS-4310 

Fig. 8 - Typical saturated switching characteristics for types 2N5787, 
2N5782, and 2N5783. 

Fig. 9 - Typical saturated switching characteristics for types 2N5784, 
2N5785, and 2N5786. 
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Fig. 10 - Typical gain-bandwidth product for types 2N5781, 
- 2N5782, and 2N5783. 
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Fig. 11 - Typical gain-bandwidth product for types 2N5784, 
2N5785, and 2N5786. 
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_____________________________ 'General-Purpose Power Transistors 

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

_n 

I 

CASE TEMPERATURE (T c> • 25'C 
INDUCTANCE (Ll : 40 IIIH 
BASE·EMITTER RESISTANCE (RBE) • lOon 

BASE· TO-EMITTER VOLTAGE (VBE) - v 92~15 

Fig. 12 - Reverse-bias second-breakdown characteristics for types 
2N6781, 2N5782, and 2N5783. 
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Fig. 14 - Typical transfer characteristics for types 2N5781, 
2N5782, and 2N5783. 
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Fig. 16 - Typical transfer characteristics for types 2N5781, 
2N5782, and 2N5783. 
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Fig. 13 - Reverse·bias second·breakdown characteristics for types 
2N5784, 2N5785, and 2N5786. 
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Fig. 15 - Typical transfer characteristics for types 2N5784, 
2N5785, and 2N5786. 
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Fig. 17 - Typical transfer characteristics for types 2N5784, 
2N5785, and 2N5786. 
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General-Purpose Power Transistors 

2N5781,2N5782,2N5783, 2N5784,2N5785, 2N5786 
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Fig. 18 - Typical de beta characteristics for type 2N5781. 
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Fig. 20 - Typical de bata characteristics for type 2N5782. 
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Fig. 22 - Typical de bata characteristics for type 2N5783. 
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Fig. 19 - Typical de bata characteristics for type 2N5784. 
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Fig. 21 - Typical dc bata characteristics for type 2N5785. 
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Fig. 23 - Typical de bata characteristics for type 2N5786. 
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-------______________________ General-Purpose Power Transistors 

2N5781,2N5782, 2N5783, 2N5784, 2N5785,2N5786 
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Fig. 24 - Typical output chtJractsristic. for type 2N5781. 
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Fig. 26 - Typical output charactsri.tics for type 2N5782. 
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Fig. 28 - Typical output characteri.tics for type 2N5783. 
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Fig. 25 - Typical output characteristics for type 2N5784. 
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Fig. 27 - Typical output characteristics for type 2N5785. 
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Fig. 29 - Typical output charactsri.tics for type 2N5786. 
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General-Purpose Power Transistors ____________________________ _ 

2N5781, 2N5782, 2N5783, 2N5784,2N5785, 2N5786 
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Fig. 30 - Typical input characteristics for type 2N5781. 
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Fig. 32 - Typical input characteristics for type 2N5782. 
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Fig. 34 - Typical input characteristics for type 2N5783. 
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Fig. 31 - Typical input characteristics for type 2N5784. 
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Fig. 33 - Typical input characteristics for type 2N5785. 
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Fig. 35 - Typical input characteristics for type 2N5786. 
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General-Purpose Power Transistors 

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

c 

'0 
92CS-27516 

JEDEC TO-204AA 

2N5888 
80 
80 

'VEBO •••••••..••...•••.•.•...••..••.•••••.••••..•• ____________ 5 __________ _ 
·Ic.. ........... ...... .......... ........... ..... ... 25 __________ _ 
·ICM.. •.•........ .........•...•.... •••...••...•.... 50 __________ _ 
'1... ............... ............ ................... 7.5 __________ _ 
I.M. ••••..•.....•..... ..•...... ..•.......... ••••.• 15 __________ _ 

*PT : 

v 
V 
V 
A 
A 
A 
A 

At Tc:S 25°C ................................. ____________ 200 W 
AtTc> 25°C .................. Derate linearly 1.15 ___________ W/oc 

_________ See Figs. 1 and 2 ________ _ 

·T .... TJ •••••••••••••••••••••••••••••••••••••••••••• -65to200 ___ ~ _____ _ 
TL 

At distance 201132 in. (0.8 mm) 
from seating plane for 10 S max .•.......•....•. ____________ 230 __________ _ 

• In accordance with JE DEC registration data format JS-6 R DF-1. 
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General-Purpose Power Transistors 

2N5885, 2N5886 

ELECTRICAL CHARACTERISTICS, At Case Temperature (TC) = 2SOC 
Unless Otherwise Specified 

TEST CONDITIONS LIMITS 
CHARAC- VOLTAGE CURRENT 

2N5885 2N5886 
TERISTIC Vdc Adc 

* 

VCE V8E IC 18 Min. 

ICBO 
60a -
SOa -

ICEX 
60 -1.5 -
80 -1.5 -

ICEX 60 -1.5 -
TC= 150°C 80 -1.5 -

ICEO 
30 -
40 -

lEBO -5 -

4 3b 35 

hFE 4 10b 20 
4 25b 4 

VCEO(sus) 0.2 60 

VBE 4 10 -
VRI=(sat) 25b 6.25 -

15b 
VCE(sat) 

1.5 -
25b 6.25 -

I Sib 
tp = 1 s 20 10 
nonrep. 

Ih.L I 
I"I~ I 10 1 4 
f = 1 MHz 

hfe 4 3 20 
f = 1 kHz 

Cobo lOa -f ,= 1 MHz 

tr (See Fig. 8) 
VCC= 

10 1 -
ts 30 

10 1c -
tf 10 1c -
ROJC 20 5 -

*In accordance with JEDEC registration data format J5-a RDF·1, 

aVCB' 
bpulsed; pulse duration = 300 {Js. duty factor = 1.8%. 

cIB1 = -IB2· 

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 

mA 

V 

A 

pF 

IJ.S 

°CIW 
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General-Purpose Power Transistors 

2N5885, 2N5886 

CO LLECTOR - TO- EMITTER VOLTAGE (VCE) - V 

92CS-29846 

Fig. 1 - Maximum operating areas for 2N5885 and 2N5886. 
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APPLIES ONLY TO THE DISSIPATION-LIMITED PORTION 
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AREA-CURVES. DO NOT DERATE THE SPECIFIED VALUE 
FOR 'Ie MAX. 
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Fig. 2 - Derating curves for 2N5885 and 2N5886. 
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92CS-29849 

Fig. 4 - Typical saturation voltage characteristics for 
2N5885 and 2N5886. 

I~UO<>· COLLECTOR-TO-EMITTER VOLTAGE IVCE'a4 V-r-
~ 6 

- "'s£ ~ . 
V ~J-I c 

: 2 2"0 ~> 
~ t'''-9£r~ 

~IOO8 -5,·C- ".I. 
!f1 • I--- ...... ,4>;;= ! 4 ,.. 

2 z 

~ 
.. 
'" ~ 108 
c . 
~ 
~ 
. 

f 2 

III 
468 46. • 0.1 I 10 

COLLECTOR CURRENT l.I.e I-A 
• • 100 

92CS-29843 

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

92C8-29847 

Fig. 5 - Typical transfer characteristics for 
2N5885 and 2N5886. 
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General-Purpose Power Transistors 

2N5885,2N5886 
8 COLL£CTOR SUPPLY VOLTAGE (Vccl~30V 
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Fig. 6 - Typical delay·time and rise-time 
characteristics as a function of 
collector current for 2N5885 
and2N5886. 
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Fig. 7 - Typical storage-time and fall-time 

characteristics as a function of 
collector current for 2N5885 
and2N5886. 
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Fig. 8 - Equivalent test circuits for rise-time (a) and 
fall-time and storage-time (bl measurements 
for 2N5885 and 2N5886. 
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File Number 675 

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

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

RCA-2N5954, 2N5955, and 2N5956- are multiple-epitaxial 
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. 

-Formerly RCA Dev. Nos. TA7264, TA7265, and TA7266, 
respectively. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

• VeBO ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
, VeEX(SUS) 

V .. = 1.5 V, RBE = 100 Q ........................................... . 

VeEA(SUS) 
Rae=100Q ..................................................... .. 

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

'Ie •••••••••••.••.••••••••••••••••••...••••.••••••••••••••.••.•••.•••• 
*1 •.....•..................••......•..•..•..•.•.•.•......•........... . 
'PT 

At Te up to 25'C ................................................ . 
At Teabove 25'C ............................................... . 

'TJ. T ............................................................... . 
, TL 

At distances ~ 1/32 in. (O.B mm) from 
seating plane for 10 s max ........................................ . 

, JEDEC types in accordance with JEDEC registration data format JS-6-RDF-2. 

2NS954 

-90 

-90 

-65 
-60 
-5 
-6 
-2 

40 

General-Purpose Power Transistors 

2N5954,2N5955,2N5956 

TERMINAL DESIGNATIONS 

92CS-27516 

JEDEC TO-213AA 

2NS955 2NSII56 

-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 

'C 
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General-Purpose PQwer Transistors 

2N5954,2N5955,2N5956 

ELECTRICAL CHARACTERISTICS, At C_.e Temperatura (T c) = 25· C Unle .. Otherwl .. Specified 

TEST CONDITIONS 

CHARACTERISTIC 
VOLTAGE CURRENT 

2N5956 
Vdc Adc 

VCE VeE Ic Ie MIN. 

ICER -35 - - - -
RBE=100n -55 - - - -

-75 - - - -
IcEX -45 1.5 - - -

RBE = 100 n -65 1.5 - - -
-65 1.5 - - -

RBE = 100 n. -45 1.5 - - -
Tc = 150·C -65 1.5 - - -

-85 1.5 - - -
ICEO -25 - - - -

-45 - - - -
-65 - - - -

lEBO - 5 - - -
hFE -4 - -3a - 20 

-4 - -2.5a - -
-4 - -2- - -
-4 - -6- - 5 

VCEO(SUS) - - -O.1a - -40b 

VCER(SUS) 
-o.;ii -45b - - -

RBE = 100 n 

VCEX(SUS) 
1.5 -0.1- -50b - -

RBE=100n 

VBE -4 - -3- - -
-4 - -2.5a - -
-4 - -2- - -

VCE(sat) - - -3- -0.3 -
- - -2.5a -0.25 -
- - -2a -0.2 -

I h,.1 
-4 - -1 - 5 

f = 1 MHz 

hie 
-4 -0.5 25 - -

f = 1 kHz 

RBJC - - - - -
• In accordance with JEDEC registration data format JS-6-RDF-2. 
-Pulsed. pulse duration = 300 /IS. duty factor = 1.8%. 

MAX. 

-100 

-
-

-100 

-
-
-2 

-
-
-1 

-
-

-0.1 

100 

-
-
-
-
-

-
-2 

-
-
-1 

-
-
-

-

4.3 

LIMITS 

2N5955 2N5954 

MIN. MAX. MIN. MAX. 

- - - -
- -100 - -
- - - -100 

- - - -
- -100 - -
- - - -100 

- - - -
- -2 - -
- - - -2 

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

- -0.1 - -0.1 

- - - -
20 100 - -
- - 20 100 

5 - 5 -
-SOb - -80b -
-65b - -65b -

-70b - -90b -
- - - -
- -2 - -
- - - -2 

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

5 - 5 -

25 - 25 -

- 4.3 - 4.3 

bCAUTION: Sustaining voltage VCEO(SUS). VCER(SUS). and VCEX(SUS) MUST NOT be measured on a curve tracer. 

UNITS 

pA 

IIA 

mA 

mA 

mA 

V 

V 

V 

·C/W 
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General-Purpose Power Transistors 

2N5954,2N5955,2N5956 

COLLECTOR-TO-EMITTER VOLTAGE (VCEI-V 
92CS-2eI543RI 

Fig. 1 - Maximum operating areas for all types. 

j 
2 

o 2~ 50 75 100 125 150 175 200 
EFFECTIvE CASE TEMP. OR CASE TEMP. (TEFF OR Tcl-oC 

92CS-21992 

Fig. 2 - Current derating chart for a/l types. 

COLLECTOR-TO-EMITTER 
VOLTAGE (Yo,1 • -4 Y 

~ 400 CASJ TEMJER1TJR!I7: I 

~~ 15 

1200 I;;:cr-.. ~ .. 
~ 100 
.. 10 -40OCI"" " IE 80 
il i'-,. ~ 

I 
40 

~~ 
20 

8 " 10 

•• • • • • • • 
-0.01 -0.1 -I 

COLL£C1IIR """""NT (Icl-A 

• 
-10 

92CS-llOO9 

Fig. 4 - Typical dc beta characteristics for 2N5954-2N5956. 

COLLECTOR~TO~EMITTER VOL.TAGE ('ICE). 4 v 
! 20 CASE TEMPERATURE ITe)- 25°C +--+-+-!~ 

i 18r--+-~~+t--t-~~++-~-+-+-~ 
~ 16~-+-~~+4--r-+-+-++-~-+-+-~ 
g 14~-+-~~+4--r-+-+-++-~-+-+-~ 
f 12r--+-.,-6~~~~~4.d~-++--~-4-4~ 
~ IOV ~ 
~ .~-+-~-r+4--r-+-+-++-"~~+-+-~ 
~ 
z 
~ 4r--+--t-t+t--t-~~++--t-~~~ 

46, 46' 461 
0.01 0.1 I 10 

COLLECTOR CURRENT l1.c1-A 

Fig. 3 - Typical gain-bandwidth product for aI/ types. 

12 

10 . 
I 0.8 
!II .. 
~ 0.0 

'" ~ 
r: 0.0 

0.2 

-I 

COLLECTOR SUPPLY VOLTAGE (Vcc1o-3QV 
CASE TEMPERATURE ITc 'o2SoC 
IBI-Ilz-Ie/JO 

-2 -. -4 

COLLECTOR CURRENTI1c)-A 

Fig. 5 - Typical saturated switching characteristics for 
2N5954-2N5956. 
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General-Purpose Power Transistors ___________________________ _ 

2N5954,2N5955,2N5956 

INPUT: 
HEWLETT· PACKARD 
MODEL No.214A OR 

EQUIVALENT 

INPUT FROM 
PULSE GENERATOR 

'PULSE DURATION-
20,..., REP. RATE· 

III Hzt 

Vee·-lOV 
OUTPUT TO 

OSCILLOSCOPE 
TEKTRONIX MODEL 

No.M5A OR 
[OtHVALENT 

DEVICE 
UNDER 
TEST 

ttCI-1M1M 

Fig. 6 - Circuit used to measure saturated switching times for 
2N5954-2N5956. 

c • 
I .00 
jI 

B 150 

l:l 
iii. 

COLLECTOR-TO-EMITTER VOLTAGE CVCEl-4V 

0.5 I '.5 
BASE-tO-EMITTER VOLTAGE (YBEI-V 

Fig. 8 - Typical Input characteristics for al/ types. 

-30'11 I 

J -"I-"~ , 
TURN-ON!-­

TIME 

92CS-15619RI 

Fig. 7 - Oscilloscope display for measurement of switching times 
for 2N5954-2N5956. 

CASE TEMPERATURE ITel. 2S·C 

10 12 

20 

.0 

COLLECTOR-lO-EMITTER VOLTAGE (VCEI- y 

Fig. 9 - Typical output characteristics for al/ types. 

CC!..LECTOA-TO-EMITTER VOLTAGE tv ). 4V 

c iJ I l' 

~ 4 Q 

i • :: 
B ~ 

i' 

~ • .. 
~ 
I g I!' 

lr. 

0 0.' '5 
BASE-tO-EMITTER VOLTAGE IYaEI - v 

92LS- S529R1 

Fig. 10 - Typical transfer characteristics for al/ types. 
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_____________________________ General-Purpose Power Transistors 

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 
Feature.: 
- Low saturation voltagas 
- Complementary n-p-n and p-n-p types 
- Maximum safe-area-of-operation curves specified 

for dc operation 

The RCA-2N6106-2N6111, 2N6288-2N6293, and 2N6473-
2N6476 are epitaxial-base silicon transistors supplied in a 
VERSAWATT package. The 2N6288-2N6293, 2N6473, and 
2N6474" are n-p-n complements of p-n-p types 2N6106-
2N6111, 2N6475, and 2N6476-, respectively. A" these 
transistors are intended for a wide variety of medium-power 
switching and amplifier applications, such as series and 
shunt regulators and driver and output stages of high­
fidelity amplifiers. 

The 2N6289, 2N6291, and 2N6293 n-p-n types and 2N61 06, 
2N6108, and 2N6110 p-n-p devices fit into TO-213AA 
sockets. The remaining types are supplied in the JEDEC 
TO-220AB straight-lead version of the VERSAWATT pack­
age. A" of these devices are also available on special order 
in a variety of lead-form configurations. 

"Formerly RCA Dev. Nos. TA7784, TA8323, TA7783, TA8232, 
TA7782, TA8231, TA8444, and TA8723, respectively. 

-Formerly RCA Dev. Nos. TA821 0, TA7741 , TA8211, TA7742, 
TA8212, TA7743, TA8445, and TA8722, respectively. 

MAXIMUM RATINGS. Absolute-Maximum Values: 

2N6266 
N-P-N 2N6269 

P-N-P 2N611~ 

2N6111* 

, VC80...................................................... 40 
, VCEX(sus) 

R •• = 100 n, V •• = 0 V. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40 
Vceo(sus) ...................•........•......•......•...•. , 30 

* VEIO •••..•••••.••••..••.•••..••..••••••••••.••.•.•••••.•• , 

, Ic(Tc:5108°C) .............................•......•..... , 
, I. (Tc :51300C) ......................................... .. 

PT 
, Tc:525°C .......•............•..................•.•...... 

Tc>25°C:51oo°C ...•............................•...... 
Tc>25°C ••.....................•.................•...... 
T. :525°C ............................................... . 
T.>25°C ...............................................• 

* T.tg, TJ ••.•••••....••....••••.•••••..••..•.•••••...•••••••• 
, TL 

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

TERMINAL DESIGNATIONS 

'R':"10 11 ] .. ~ 
TOP VIEW B 

_c_ 
IFLANGE) 

JEDEC TO-220AB 

o 
TOP VIEW 

92CS-40186 

JEDEC TO-220AA 

2N6290 2N6292 
2N6291 2N6293 2N6473 2N6474 

2N61 06* 2N61 06* 2N8475* 2N6476* 
2N61 09* 2N61 07* 

80 80 110 130 

80 80 110 130 
50 70 100 120 

5 
7 4 __ 

3 2 __ 

40 
16 

Derate linearly 0.32 
1.8 

Derate linearly 0.0144 
-65 to 150 

235 

V 

V 
V 
V 
A 
A 

W 
W 

W/oC 
W 

W/oC 
°C 

·C 

'In accordance with JEDEC registration data, *For p-n-p devices, voltage and current values are negative. 
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General-Purpose Power Transistors 

2N61 06-2N6111, 2N6288-2N6293, 2N6473-2N6476 

ELECTRICAL CHARACTERISTICS At Case Temperature (T C) = 25"C Unless Otherwise Specified 

TEST CONDITIONr LIMITS 

2N6292 2N6290 2N62SS 
CHARAC- VOLTAGE CURRENT ~~293 2N6291 2N62S9 

UNITS 
TERISTIC Vdc Adc 2N6106+ 2N610S+ 2N6110+ 

2N61 07+ 2N610g+ 2N6111· 

VCE VBE IC IB MIN. MAX. MIN. MAX. MIN. MAX. 

ICER 75 - 0.1 - - - -
(RBE = lOOn) 55 - - - 0.1 - -

35 - - - - - 0.1 

(RBE = lOon, 70 - 2 - - - -
Tc= 150°C) 50 - - - 2 - -

30 - - - - - 2 
.. 

'CEX 75 -1.5 - 0.1 - - - -

(RBE = lOOn) 56 -1.5 - - - 0.1 - -
37.5 -1.5 - - - - - 0.1 rnA 

(RBC100n, 70 -1.5 - 2 - - - -
TC= 150°C) 50 -1.5 - - - 2 - -

30 -1.5 - - - - - 2 
.. 

'CEO 60 0 - 1 - - - -
40 0 - - - 1 - -
20 0 - - - - - 1 

.. 
'EBO -5 0 - 1 - 1 - 1 

* VCEO(sus)b 0.18 0 70 - 50 - 30 -
V 

VCER(sus)b 0.18 80 - 60 - 40 -

(RBE=100n) 

hFE 4 28 30 150 

I 
- - - -

4 2.58 - - 30 150 - -
4 38 .- - - - 30 150 
4 78 2.3 - 2.3 - 2.3 -

* 

.. VBE 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 

* 7a 3 - 3.5 - 3.5 - 3.5 

.. Ihfel (f = 1 MHz) 
2N6288·93 4 0.5 4 - 4 - 4 -
2N6106·11 -4 -0.5 10 - 10 - 10 -

.. hfe (f=50kHz) 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) loe 0 - 250 - 250 - 250 pF 

ROJC - 3.125 - 3.125 - 3.125 

ROJA - 70 - 70 - 70 °C/W . In accordance with JEDEC registration data. C V CB value . 
a Pulsed: Pulse duration = 300 IJS, duty factor = 0.018. • For pwn_p devices, voltage and current 

b CAUTION: The sustaining voltage VCEO(sus) and VCER(sus) values are negative. 
MUST NOT be measured on a curve tracer. 
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General-Purpose Power Transistors 

2N6106-2N6111, 2N6288-2N6293, 2N6473-2N6476 

ELECTRICAL CHARACTERISTICS At Case Temperature (T cJ = 25"C Unless Otherwise Specified 

TEST CONDITIONS 

VOLTAGE CURRENT 
CHARACTERISTIC Vdc Adc 

VCE VBE IC 

ICER 120 
(RBE = lOOn) 100 

(RBE = 100 n 120 
TC= lOO°C) 100 

* ICEX 120 -1.5 
(RBE = 100 m 100 -1.5 

(RBE=100n. 120 -1.5 
TC = 100°C) 100 -1.5 

* 'CEO 60 
50 

* 'EBO -5 

* VCEO(sus)b O.la 

VCER(sus)b 
(RBE=100H) O.la 

* hFE 4 1.5a 
2.5 4a 

* VBE 4 1.5a 
2.5 4a 

* VCE(sat) 1.5a 
4a 

* Ihfel (f = 1 MHz) 
2N6473·74 4 0.5 

2N6475·76 -4 0.5 

* hfe (f = 50 kHz) 4 0.5 

fT 
2N6473·74 4 0.5 

2N6475·76 -4 0.5 

* Cobo (f = 1 MHz) 10c 0 

ROJC 

ROJA 

• I n accordance with JEDEC registration data 
a Pulsed: Pulse duration::: 300 P.S, duty factor"'" 0.018. 

b CAUTION: The sustaining voltage VCEO(sus) are VCER(sus) 
MUST NOT be measured on a curve tracer. 

IB 

0 
0 

0 

0 

0.15 
2 

LIMITS 

2N6474 2N6473 
2N6476· 2N647S· 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 VCB value. 

• For p~n-p devices, voltage and current 
values are negative. 
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General-Purpose Power Transistors 

2N61 06-2N6111, 2N6288-2N6293, 2N6473-2N6476 

CASE TEMPERATURE 1TCl--C 

UC ... HMI 

Fig. I - Current derating curves for al/ types. 

.v. 
• Ie MAX. (CONTINUOUS)- I-- CASE TEMPERATURE (Tr.I-IOO-C .. . 

" 
.!. • " I 
M ,Ceo"" 
~ 

, · ~+. 
,", • I ~ ~ • 
r' - -.i- ~'" 

I I r ~ ;o.~1 - ~ 
!j , 

41-- Yc~ MAX.-I20V (ZNl4T41 

'1-- "~Oi·I·loovciN"7j' I 0.0' , . ·'10 • . 8rol , 0 
, 4 . , , 

COLLECTOR-TO-EMITTER VOLTAGE (Vc:E)-V OCS.IIII. 

Fig. 3 - Maximum opereting areas for 2N6473 -
2N6474 (T C ~ 100 C). 

~ 
COLLECTOR-TO-EMITTER 
VOLTAGE (Vt::1£1 a-4V 

51 
CAS! TEMJER1TJRJ (7: J 1400 

;200. 
~ 
~r"- ~ .. 

1': -40."0 "-10 

I: 
~ I\.\. 

~~ 
II III. 

r'\ 
• I I 4 • • • 

-0.01 -0.1 -I 
CIIU.EClOR CURRENT !tcI-A 

I 

-'0 
Ilel-I'OOI 

Fig. 5 - Typical de beta characteristics for 2N6106 -
2N677 I. 

OV I ric 1IAX.~"UOUIlt-f"S. TEM ... ATU •• CT.' ...... 
I 

" I I I .. 4 , 
"~J u 

!:! • 
~ r~ I ' ~ · ! · 

...... 
4 

VCEO MAX.-3D Y r;; ~\-(INez. II 2N1289) 
~ r-" 

VCI[O MAX. -so v \\ · C2Mano a 2N82IU 

VeEa MAX.-1OY I\~ 
0.' (aNIIIZ Ii ZHIZ") 111-, 4 . . • • • . 10 30 50 70 100 

COLLECTOR·TO-EMITTER VOLTAGE (VcEl- V 
net-2n215 

Fig. 2 - Maximum operating arees for 2N6288 -
2N6293 (TC= 100 C). 

-10: Ie MAX. (CONTIINl.OUS)-I-CASE TEMPERATUREITC1-tOO"C 

• i' 
c .~-+--~~~--~--+-+-~--+-~~~ 
, I ~~ 

~ -1;1: r=:$=:;:$$$~~O~"'~~+.~~~>t=~i=~=t=t~ ,I '-'91-ffi 4 1 ,+-~'+-----1I--+--H-i 
~.""" - -- .'~ ~~= ~,--+--+-+-H 

I Vi:-

~1M.~-~~=f!!~~l=~~~~-==~~ ~ : t----- YCEO MAX .• 120 V 12N64 761"'Fn--t--++H 

8 YCEO MAX -IOOY 12N6475)-

.0.0,'1--- i I II I I I',+-H-+--+-+-H 
4 •• ."" . 

-I -to -70·100 
COL.L.ECTOR -TO-EMITTER VOLTAGE (VCE)- V 

92CS·Z2528 

Fig. 4 - Maximum operating areas for 2N6476 and 
2N6476(TC ·100 C). 

~400 
COllECTOR-TO-EMITTER VOLTAGE 1VeE)· 4V 

i 200 
CAjE TEJPER~TUE ITCIi.2S.C 

~ - ~r---
~ 100 
~ 80 -40·C 

ffi 60,...-
r"-r-. ,~ 

I 
g 

40 
........ I\.'\~ 

20 

'~~ 
'0 • 

4,. 4" 4 •• 
0.01 0.1 I to 

COLLECTOR CURRENT lIC;l-A S2CS-lgee"U 

Fig. 6 - Typical dc beta charecteri.tics for 
2N6288 - 2N6293. 
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_____________________________ General-Purpose Power Transistors 

2N61 06-2N6111, 2N6288-2N6293, 2N6473-2N6476 

~ 
: ~CTOR;TOI- E~I~TER IOLTAjE I YCE)h4V 

4r---CASE T£MPERATUR£., 

~ ~J.) •• ~ 
2 2s.c ,,, 

~ 100 
-,-..... 

· ~40·c 
~ : ..... " ~ 
~ , t-.... ~ 

~ IG ~ 
• 

iil · i · f , 
8 I . .. 2 4 , . , 4 , . , 4 .. 

0.' • .0 -0.01 -0·1 -I -10 
COLLECTOR CURRENT IIC'-A COLLECTOR CURRENT IICl-A 

UCS-225H 92CS-22S39RI 

Fig. 7 - Typical dc beta characteristics for 
2N6473 and 2N6474. 

Fig. 8 - Typical dc beta characteristics for 
2N6475 and 2N6476. 

COLLECTOR-TO-EMITTER VOLTAGE (VCE)-V 
92C5-18001 

Fig. 9 - Maximum· operating areas for 2N6106 - 2N6111 IT C = 25°C). 
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General-Purpose Power Transistors 

2N6106-2N6111, 2N6288-2N6293, 2N6473-2N6476 

~ 100 
COLLECTOR-TO-EMITTER VOLTAGE (VCE)-V 92C9-19662 

Fig. 10 - Maximum operating aress for 2N6288-2N6293 (T C = 25° C/. 

COLLECTOR-lO-EMITTER VOLTAGE (VCE)- V 
12CS"'22124 

Fig. 11 - Maximum operating arass for 2N6473 and 2N6474 (T C - 25° C/. 

424 ____________________________________________________________ ___ 



General-Purpose Power Transistors 

2N6106-2N6111, 2N6288-2N6293, 2N6473-2N6476 

COLLECTOR-TO-EMITTER VOLTAGE (VCE)-V 92e$-22527 

Fig. 12 - Maximum operating areas for 2N6475 - 2N6476 (T C = 25° CJ. 

; 

~ 

! 

, COLLECT ... 'u·-._" '0. 

flJ 
.'"' 

:! 
:'fJ 

BASE - TO-EMITTER VOLTAGE (VIE' - V 
I2CS·18012 

Fig. 13 - Typical input characteristics fo, 2N6106 -
2N6'1', 2N6475, and 2N6476. 

COLLECTOR-TO-EMITTER VOLTAGE (VCE'-4 V 

300 . ~ 

~ ~ t, 
.... u AI .. 

I 
C 
E 250 

? 
- 200 

j a 150 .. 
= 100 

50 

0.1 0.5 I 1.5 
BASE-TO-EMITTER VOLTAGE (VSE'-V 

Fig. 15 - Typical input charscte,istics fo,2N6473 
2N6474. 

00 

o 
0.1 0.5 I .• 

BASE-TO-EMITTER VOLTAGE (YBE)-V 
'2CS-II!!!3I 

Fig. 14 - Typical input chstaeteristics fo,2N6288 -
2N6293. 

-6 
c 
I 
~-5 

COu.ECTOR-1O-EMlTTER YOLTAG!(YcE)--4 Y 

-0.5 -I -LS -2 
BASE-TO-EMITTER VOLTAGE(VaE' - y 

'ICS-IeOla 

Fig. 16 - Typical t,ansfe,charscteristics for 2N6106-
2N6111. 
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General-Purpose Power Transistors 

2N61 06-2N6111, 2N6288-2N6293, 2N6473-2N6476 

COLLECTOR-TO-EMITTER VOLTAGE (VCE}-4V 

c· 
I 

u 3 

~ 
~ 2 

e 

02 0:4 0.6 0.8 12 '.4 1.6 
BASE-TO-EMITTER VOLTAGE (VBE) - v 

92CS-22!135 

Fig. 17 - Typical transfer characteristics for 2N6288 -
2N6293. 

-I 

o 

COLLECTOR-TO-EMITTER VOLTAGE 'Vc:E}--4 V 

." 
~ 

I 

-0.15 -. -1.5 -2 
IASE-TO-EMITTER YOLTAGE(vBE I - '" 

Fig. 19 - Typical transfer characteristics for 
2N6475 and 2N6476. 

10 12 14 18 
COLLECTOR -TO-EMITTER VOLTAGE (Vc[i-V 

9Iel-INn'" 

Fig. 21 - Typical output characteristics for 
2N6288 - 2N6293. 

.. 
1 ,. 
H 

u 3 

~ 
~ 2 

e 

. Cot.LECTOR-TO-EMITTER VOLTAGE (VeE). 4 V 

0.5 I.' 
BASE-TO-EMITTER VOlTAGE(VBE' - v 

t2CS-22516 

Fig. 18 - Typical transfer characteristics for 
2N6473 and 2N6474. 

CQU.ECTOR-TO-EMITTER VOLTME 'VcEl-V 
8!G1-ItO'I'" 

Fig. 20 - Typical output characteristics for 
2N6106 - 2N6"'. 

COLLECTOR-TO-IEIIITTER VOLTAGE IVCII-V 

Fig. 22 - Tvpical output characteristics for 
2N6473 and 2N6474. 
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General-Purpose Power Transistors 

2N61 06-2N6111, 2N6288-2N6293, 2N6473-2N6476 

-I 

-, 

~Kl 
:E-
;:: 8 

~ 
~ . 
~ 
~ .. 
; 
~ 2 

0 

CASE TEMPErtATIItE. (T ).25-C 

lASE CURRENT (I. ) _200 1ft. 
_IISO",A 

_IOOmA 

-eo ... 

-'l0'" 
-IOmA 

40W 

"'2 -4 .. .. -10 -12 -14 -i6 

COLLECTOR-TO-EMITTER VOLTAGEtYCE)-V 

Fig. 23 - Tvpical output characteristics for 
2N6475 and 2N6476. 

COL.LECTOR-TO-£;MITTER VOLTAGE WCE)o4V 
CASE TEMPERATURE ITc)-ZSOC 

-..... .... 
V V 

I\. 
V \ 

1\ 
0.01 , 4 . • 0.1 , 4 , 

COLLECTOR CURRENT (I~I-A 
'ZCS-I967'1 

Fig. 25 - Tvpical gain-bandwidth product for 
2N6288 - 2N6293. 

.3V 
60Hz 

CHOPPER TYPE 
MERCURY RELAY 
P a 8 JML 81308, 
CLARE 1028, OR 

EQUIVALENT 

loon 
1/2W 

VCERlsus, 

'lcc·12Y 

OSCILLOSCOPE 
GND INPUT 

HORIZ. 

HEWLETT-PACKARD. 
MODEL No 1308, 
OR EQUIVALENT 

-\Icc 
NOTE: FOR p-n-p TYPES,REV[RSE POLARITY OF VCC' 

HCS-22540 

Fig. 27 - Circuit used to measure sustaining 
voltage V CER(sus) for all tVpes. 

COLLECTOR -TO-EMITTER VOLTAGE (VCElo-4 V 

~ 
CASE TEMPERATURE t TC )·25-<: 

'" 20 I I I II , 

~ 
'i' 

'" -g ,. ,,; 

I 12~ :/ 
'''' '~ 

~ ""~~>. +"" 
~ 

; 
11 "-:I 

Z 8 

~ 

4 , 4 .. , 4 .. , 4 6' , 
-0.01 -0·1 -I -10 

COll.ECTOR CURRENT (ICI-A 
'2CS-22~29 

Fig. 24 - Tvpical gain-bandwidth product 2N6106-
2N6"', 2N6475, and 2N6476. 

;, 
• I 
'i' 

'" g .. 
f 
~ 

I 
Z 
~ 

I 

7 I--""" h,. 

• 'I'\. 
• f\ 

I' 
4 

COLLECTOR -TO-EMITTER VOI..TAGE (VCE)o-4 II 
CASE TEMPERATURE ITe )-:mec 

• 
II , 4 . . , 4 . . 

0.01 0.1 
COLLECTOR CURRENT trel-A 

92CS-22530 

Fig. 26 - Tvpical gain-bandwidth product for 
2N6473 and 2N6474. 

'2c::S-22541 

Note: Curve will be inverted and polarity reversed 
for p-n-p types. The sustaining voltage, 
VCER(sus), is accepatble when the traces fall to 
the right and above the designated points: 
Point A: 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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General-Purpose Power Transistors 

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 RCA-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; StICh 

as series and shunt regulators and driver and output stages 
of high-fidelity amplifiers. 

MAXIMUM RATINGS. AbsOlute-Maximum Values: 

·VCBO ••••••••••••••••••••••••••••••••••••••••••••••••• 

*V CEO(SUS) ••••••••••••••••••••••••••••••••••••••••••••• 
·V EBO ••••••••••••••••••••••••••••••••••••••••••••••••• 

*Ic ................•................•.................. 
*18 •••••••••••••••••••••••••••••••••••••••••••••••••••• 
PT 
*Tc~25°C ........................................... . 
Tc> 25°C ~ l00·C .................................. . 
Tc>25°C ........................................... . 
TA~25°C ........................................... . 
TA>25°C ........................................... . 

*Tstg' T J •••••••••••••.••••••••••••••••.••.••••••••••.•• 

TL 
At distances ~ 1/8 in. (3.17 mm) from 

case for lOs max. . ............................... . 

File Number 1149 

TERMINAL DESIGNATIONS 

'R'~'"l 0 II J~' c· 
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/·C 
·C 

°C 

*In accordance with JEOEC registration data. For p-n-p devices. voltage and current values are negative. 
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General-Purpose Power Transistors 

2N6121-2N6123,2N6124-2N6126 
ELECTRICAL CHARACTERISTICS At Case Temperature (T C) = 2fiOC 

* 

* 

* 
* 

* 

* 

* 
* 

Unless Otherwise Specified 

TEST CONDITIONS. 

VOLTAGE CURRENT 
CHARAC- Vdc Adc 
TERISTIC 

VCE VSE IC IS 

45a 

ICBO ooa 
80a 

'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 0.1c 0 

hFE 2 1.5c 
2 4c 

VBE 2 1.5c 

VCE(sat) 1.5c 0.15 
4C 1 

Ihfel (f=1 MHz) 4 1 

hfe (f=1 kHz) 2 ~.1 

ROJC 

• In accordance with JEDEC registration data. 
bCAUTION: The sustaining voltage VCEO(sus) 
MUST NOT be measured on a curve tracer. 

o 25 50 15 100 125 ISO 175 200 
CASE TEMPERATURE ITcl_oC 

Fig. 1 - Current derating curves for all types. 

LIMITS 

2N6121 2N6122 2N6123 
2N6124· 2N6125· 2N6126· UNITS 

MIN 

-
-
-

-
-
-

-
-
-

-
-
-
-

45 

25 
10 

-
-
-

~.5 

25 

-

MAX. MIN MAX. MIN. MAX. 

0.1 - - - -
- - 0.1 - -
- - - - 0.1 

0.1 - - - -
- - 0.1 - -
- - - - 0.1 rnA 

2 - - - -
- - 2 - -
- - - - 2 

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

1 - 1 - 1 

- 60 - 80 - V 

100 25 100 20 80 
- 10 - 7 -

1.2 - 1.2 - 1.2 
V 

0.6 - 0.6 - 0.6 
1.4 - 1.4 - 1.4 

- 2.5 - 2.5 -

- 25 - 25 -
3.125 - 3.125 - 3.125 °C/W 

aVCB value. 

C Pulsed: Pulse duration = 300 JlS. duty factor = 0.018. 
+For p-n-p devices. voltage and current values are 

negative. 

l400 COLLECTOR-lO-EMITTER VOLTAGE (VCEI" 4V 

Q 
CJE rEiRlrlJE tTCJI25 0 C !; 

tt:: 200 

l;;:c ~ I"-r-
~ 100 - -~ 80 40·C i". 
~ 60...- """'r- ,~ ~ 

~ 
40 

" ~\ ~ 20 

I '\r\~ 
10 g • 
001 

. .. 
01 

. 2 4 .. 
10 

COLLECTOR CURRENT tIC)-A 92CS.19668RI 

Fig. 2 - Typical dc beta characteristics for all types. 
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General-Purpose Power Transistors _____________________________ _ 

2N6121-2N6123,2N6124-2N6126 

300 

.. 

0: 

~ 

~ 
o 
u 

68 10 68tOO 

COLLECTOR-TO-EMITTER VOLTAGE (VCE)-V 
92CM-31100 

Fig. 3 - Maximum operating areas for all types. 

COLLECTOR-TO-f:MITTER VOLTAGE tVCE)·4V COLLECTOR-TO-EMITTER VOLTAGE IVCE"4V 

u 

" N ~ 
U 

E 2 ;:!> ~ ~ 
I 

1 

I 
, 

... 
!i 

I I. ~ 
~ .. .. 
~ 

~ 100 1l 

'0 

0 
0.1 0.' 1.5 

BASE-TO- EMITTER VOLTAGE ('IBE'-V 

Fig. 4 - TVPical input characteristics for all types. 

COLLECTOR-TO-EMITTER VO!..TAGE (VCE)-4V 

~ 10 

CASE TEMPERATURE (TCI-2S·C 

} 

~ 8 
./ g V 1\ [ 6 

~ V \ ~ 4 

~ 1\ ~ 2 

~Ot z , 6 "" Z . 6 8 I Z 

COLLECTOR CURRENT lIe)-A 
92CS-I967<1 

Fig. 6 - Tvpical gain-bandwidth product. 

. 

0.2 0.4 0.6 0.8 [·2 1.4 1.6 

BASE-TO-EMITTER VOLTAGEIVBE ' - V 

92CS-22:13!1 

Fig. 5 - Typical transfer characteristics for all types. 

120n 
IW 

"ED" :--~--! 
60 Hz ! I 

, I 
L _____ J 

CHOPPER TYPE 
MERCURY RELAY 
p a B JML 81308, 
CLARE 1028, OR 

EQUIVALENT 

VCC=12V 

OSCILLOSCOPE 
GND INPUT 

HORIZ 

HEWLETT-PACKARD 
MODEL No 130B, 
OR EQUIVALENT 

NOTE: FOR p-n-p TYPES, REVERSE POLARITY OF Vee' 
-Vee 

92CS-31102 

Fig. 7 - Circuit used to measure sustaining voltage 
V CEO(sus) for all types. 
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_____________________________ ·General-Purpose Power Transistors 

File Number 677 

Silicon P-N-P Epitaxial-Base, 
High-Power Transistors 
General-Purpose Types of Switching and 
Linear-Amplifier Applications 

Features: 

• High dissipation capability: 125 W at 25°C 
• Low saturation voltages 
• Maximum safe-area-of-operation curves 
• High gain at high current 

RCA-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. 

AFormerly 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 25°C. 

*TEMPERATURE RANGE: 

Storage & Operating (Junctioni 

*PIN TEMPERATURE (During Soldering): 

At distances;;' 1/32" (O.B mm) from 
seating plane for lOs max. 

* In accordance with JEDEC registration data format (JS-6 RDF-21. 

2N6246, 2N6247,2N6248, 2N6469 

TERMINAL DESIGNATIONS 

92CS·27516 

JEDEC TO-2D4AA 

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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General-PurpOse Power Transistors 

2N6246,2N6247,2N6248,2N6469 

ElECTR ICAl CHARACTER ISTICS FOR P-N-P TYPES, A t case temperature (T c) = 2fiOC unless otherwise specified 

TEST CONDITIONS 

CHARACTERISTIC SYMBOL VOLTAGE 
Vdc 

VCE VBE 

Collector-Cutoff Current: 
With external base-emitter -35 
resistance (RBE) = 10011 ICER -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 

Emitter-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) = 10011 

Base-to-Emitter Voltage VBE -4 
-4 

Collector-to-Emitter 
VCE(sat) Saturation Voltage 

Magnitude of Common-Emitter 
Small-Signal Short-Circuit 

Ihfel -4 
Forward-Current Transfer Ratio: 
f= 2 MHz 

Common-Emitter, Small-Signal 
Short-Circuit, Forward-Current hfe -4 
Transfer Ratio: 
f = 1 kHz 

Thermal Resistance: 
Junction-to-case ROJC 

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

a Pulsed; pulse duration = 300 "s, duty factor = 1.8%. 

b CAUTION: CAUTION: SustBiningvoltBges VCEO(sus}Bnd VCER(SUS) 
MUST NOT be measurad on B 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 

p.A 

p.A 

mA 

mA 

mA 

V 

V 

V 

°CIW 
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General-Purpose Power Transistors 

2N6246,2N6247, 2N6248, 2N6469 
ELECTRICAL CHARACTERISTICS FOR P-N-P TYPES. At case temperature (TCl = 2fiOc 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 

With base open ICEO 
-40 
-50 

Emitter-Cutoff Current IE80 
-4 

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-Signlil. 
Short-Circuit. Forward-Current hfe -4 

Transfer Ratio: 
f = 1 kHz 

Thermal Resistance: 
Junction-to-case ROJC 

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

a Pu lsed; pulse duration = 300 I'S, duty factor = 1.8%. 

b CAUTION: Sustaining voltages VCEOfsusJ and VCERfsusJ 
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 
_5a 

_5a -0.5 
_6a -0.6 
-15a --4 
-lOa -2 

-1 

-1 

LIMITS 

2N6247 2N6248 

Min_ Max_ Min_ Max_ 

- -200 - -
- - - -200 

- -200 - -
- - - -200 

- -5 - -
- - - -5 

- -1 - -
- - - -1 

- -1 - -1 

- - 20 100 
20 100 - -

- - 5 -
5 - - -

-80b - -100b -

-85b - -105b -

- -1.8 - -
- - - -1.8 

- - - -1.3 

- -1.3 - -
- -3.5 - -
- - - -3.5 

5 - 5 -

25 - 25 -

- 1.4 - 1.4 

UNITS 

/lA 

/lA 

mA 

mA 

mA 

V 

V 

V 

°C/W 
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General-Purpose Power Transistors 

2N6246,2N6247,2N6248,2N6469 

..: 

I 
'0 
H 

I­
z ... 
II: 
II: 
:::> 
o 
II: 
o 
I­
o ... 
oJ 
..J 
o 
o 

0.1 

CASE (TC)=25°C 
(CURVES MUST BE DERATED LINEARLY 
WITH INCREASE IN TEMPE 

10 40 60 80 100 
COLLECTOR-TO-EMITTER VOLTAGE (VCE)-V 

92CS-22379RI 

Fig. 1 - Maximum operating areas for all types. 

25 50 75 100 125 ISO 175 200 
CASE TEMPERATURE (Tel-DC 

Fig. 2 - Current derating for all types. 

COLLECTOR CURRENT (ICI-A 

Fig. 3 - Typical collector-to-emitter saturation-voltage 
characteristics for 2N6246, 2N6247, 2N6248, and 2N6400. 
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General-Purpose Power Transistors 

2N6246, 2N6247,2N6248, 2N6469 

VCEO MAX.= 

VCEO MAX. ~-60 V (2N6246) 

VCEO MAX.=-80V (2N6247) 

VCEO MAX.=-IOOV (2N6248l 

2 4 40 60 80 100 

COLLECTOR-TO-EMITTER VOLTAGE (VCE)-V 

92CS-22380RI 

Fig. 4 - Maximum operating areas for all types. 

wlO 38 COLLECTOR-TO-EMITTER VOLTAGE IVCE)B-4V t-~ , LU 10"a COLLECTOR-TO-EMITTER VOLTAGE (VCE) __ 4 II r- t! 
! 4 

~ • ~ 
" ~ It 102 
~ , 
g , ..... 4 

i · 10, 
0 , 

I 4 

· " 0 I 

• -0.01 

CASE'" 

J. ~<'''' I 
25'1 !"'~"'<,l 

r)o 

-6~oC "" ~ 
l' .. ~ 

~ 

4 " 
. 

4 " 
. 

4 " -0 I -I -10 
COLLECTOR CURRENT (Ie I-A 

, 
4 " -100 

Fig. 5 - Typical dc beta characteristics for 2N6246, 2N6247, 
and2N6469. 

~ , 
I 4 

.J II ~ , 
"';:~><'~ 

" 10' /' 
~ , ~~ 
~ , .~.> Z ~ .. ~ ~ 4 C' ~r" 
~ 1-/ ~i""'~\'''~ i 

, 
10 , 

0 , 
" I 4 . ! 
u I 0 I . 4 " 

, 4 " . 4 " . 4 " -0.01 -100 -0.1 -I -10 
COLLECTOR CURRENT (Ie 1-A 

Fig. 6 - Typical dc beta characteristics for 2N6248. 
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2N6246,2N6247,2N6248,2N6469 

r 
u·IO 

t! 
tz 
~ -8 

!i 
!i -6 

~ 
::I -4 
8 

-2 

COLLECTOR-lO-EMITTER VOLTAGE (VCE1.-4V 

-0 • -I -10 -2 

BASE-TO-EMITTER VOLTAGE (VBEI- II 
92C5-19579 

Fig. 7 - Typical transfer characteristics for 2N6246. 2N6247. 
2N6248. and 2N6469. 

BASE-lO-EMITTER VOLTAGEIVBEI-V 

Fig. 9 - Typical input characteristics for 2N6248. 

I IcASE TEMPERATURE{TC'.2."C: 

-60,,­

_400 

t -1' 

1-30 

I I 

COLLECTOR-TO-EMITTER VOLTAGE'VcE)-V 

92CS-21848RI 

Fig. 11 - Typical output characteristics for 2N6248. 

BASE -TO-EMITTER VOLTAGE IVaE}--V 
92C5-19S82 

Fig. 8 - Typical input characteristics for 2N6246. 2N6247. 
and2N6469. 

-15 

1-,2 .• 
u 

to! 
~ -10 

~ 
a-7.5 

g 
~ -5 

g 
-2.5 

CASE TEMPERATURE ITe ).,25°C 

~E CURRENT tt )".800mA 

-. 

400 

-200 

-10 

-100 

.0 

-20 

" COLLECTOR-TO-EMITTER VOLTAGE(VCE I-v 
92CS-19577RI 

Fig. 10 - Typical output characteristics for 2N6246. 2N6247. 
and2N6469. 

~ 

25 COLLECTOR-lO-EMITTER VOL rAGE (VCE1;-4 v 
CASE TEMPERATURE (Te I " 25 D C 

i 20~-+--~-+~--~--~~rr--~--r-rt~ 
"E-i 15~-+--~~~~~---+--~~rr-~-+~,\.-r-rt~ 
IE 
~ 10~-4--~~44--~--4-4-rt--4---~\\r~ 

I 
~ 5·~-+--~-+44---+--4-4-rt--4---t-ti~ 

~ 

4 •• 
-0.01 -0.1 -I 

COLLECTOR CURRENT tIel-A 

4 6. -10 
92C$-19588 

Fig. 12 - Typical gain-bandwidth product VS. collector current for 
2N6246. 2N6247. 2N6248. and 2N6469. 

~6 __________________________________________________________________ _ 



___________________________ General-Purpose Power Transistors 

COLLECTOR CURRENT(IC )-A 
92CS-19581 

Fig. 13 - Typical saturated switching characteristics for 2N6246, 
2N6247, 2N6248, and 2N6469. 

~ VCEot'"'] ~ERt"'1 

~'" *bililIP :::oE 

~I AS ABeD 
g,,-200 -200 
uH 
"'-j 0 -40-60-80-100 0 -45-65-85-105 

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

* PULSE CURRENT (Ip) RANGE = 0.6-0.8 A 

~~:U:J:~~:gE~OF'-I~lG:~ ~lili1=~ ~D V.fiEA'~~~D~:; ~;.~~:~~~: 
2N846'; POINT "B" FOR aHem; POINT"C" FOR 2N8247; AND POINT "0" FOR 
2N ..... 

92.tS-2.4702.RI 

Fig. 15 - Osci/loscope display for measurement of sustaining 
voltages Itest circuit shown in Fig. 14). 

2N6246,2N6247,2N6248,2N6469 

10 n 
IW 

:oID:. r--o-l 
I I 
L ___ .J 

CHOPPER TYPE 
MERCURY RELAY 
p 8 B JML 81308, 

CL:~91~~t~~~ I 

loon 
1/2W 

VccaO-175 V 

3mH 
SIGNAL TRANSFORMER 

J Jl,I%,25W 
iNON-INDUCTlve) OSCILLOSCOPE 

Co, CH50 OR E.U~:R! 

INPUT 
HEWLETT-PACKARD 

GND MODEL No 1308 
2N6246 OR EQUIVALENT 
2N6247 
2N6248 

2 2N6469 HORIZ 

+-Vee 

92CS.2470ORI 

Fig. 14 - Circuit used to measure sustaining voltages 
V cEOI sus) and V cEm sus) for all types. 

INPUT· 
PULSE GENERATOR 
TEKTRONIX TYPE 114. 
OR EQUIVALENT 
PULSE DURATION 

·VEE 
-5 TO -20V 

~ZOp.' 

REpETITION >-<~----i 
RATE = 1kHz 

"VBB~+2 TO +IOV 

* Rt IS CHOSEN FOR ~C 

Vee --20V 

" 'liEf AND VeB ARE MEASURED FOR 41 AND :tB2 

OUTPUT TO 
OSCILLOSCOPE 
TEKTRONIX 
MODEL 
No 543A OR 
EQUIVALENT 

I BI AND IB2. ARE MEAS~ED WITH TEKTRONIX CURRENT PROBE P-6019 
AND TVPE 134 AMPLIFIER,OR EQUIVALENT 92CS-!9586R3 

Fig. 16 - Circuit used to measure switching times for 2N6246, 
2N6247, 2N6248, and 2N6469. 

Fig. 17 - Osci/loscope display for measurement of switching times. 
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General·Purpose Power Transistors 

2N6253,2N6254,2N6371 File Number 1077 

High-Power Silicon N-P-N Transistors 
For Industrial and Commercial Use 

F •• tures: 
• Maximum safe-area-of-operation 

curves 
• l..ow saturation voltages 
• High dissipation capability 

Appllc.tlons: 
• 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 ••••••.•••.•••.•.•.•••.••.•••••.•••.•••.••.•••••••••.••••.••••• 
" VCE.(SUS) 

A.E = 100 Cl •••••••••.•.•...••••..••.••.••.•.••.•••••.•••••••..... 
" VCEC(SUS) •••••••••.••••••••...•••••••••••••••••••• , •.•••••.••.••.••• 

Vcev(sus) 
V .. =-1.5V ......•••.•.•.•..•.•......•••..••.••..••.............. 

* VESO ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

-Ie ...........•.................................... 0 ••••••••••••••••• 

"I ••.. , •••••.•...•........•....•.•......•.....................••...•• 
" p,.: 

S25·C •.••••••••••••.•••••••.•••••.••.••••••••..•..••..••••..••• 

2N8253 

55 

55 
45 

55 
5 
15 
7 

115 

TERMINAL DESIGNATIONS 

92CS-27516 

JEDEC TO-204AA 

2N8254 2N8371 

100 50 

85 45 
80 40 

90 50 
7 5 
15 15 
7 7 

150 117 
> 25·C •••• . ••••••••••• . . . •••••• . ••••••••••• •• . . ••• . . •• . ••••• . ••• ___ Derate Linearly to 2oo·C __ _ 

"Tio T.... ••• • . .•••• ••••• . .• ••••••• . ••••• •• .•• ••• . •• ••• . . ••• . ••• . . ••••• -65 to +200 ____ _ 
• TL: 

During soldering, at distances 1/32 In. (0.8 mm) from 
seating plane for 10 s max." ..... , ................................ _______ 235 _____ _ 

" In accordance with JEDEC registration data formats J8-6 ADF-2; 2N6253. 2N6254, 2N6371. 

v 

v 
v 

v 
V 
A 
A 

w 

·C 

·C 
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___________________________ General-Purpose Power Transistors 

2N6253,2N6254,2N6371 
ELECTRICAL CHARACTERISTICS. Tc = 25·C Unle .. Otherwise Specified 

TEST CONDITIONS LIMITS 

CHARACTERISTIC 
VolI_ge Current 

2N6253 2N6254 
Vdc Adc 

VCE VaE Ic la Min. M_x. Min. M_x. 

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 

IEao - -5 - - - 10 - -

- -7 - - - - - 0.5 

VCEO(SUS) - - 0.21 0 45 - 80 -
VCER(SUS) 

0.2- 55 85 - - - - -
RaE = 1000 

VCEV(SUS) - -1.5 0.1- - 55 - 90 -

hFE 4 - 3- - 20 70 - -
2 - 5- - - - 20 70 

4 - 8- - - - - -
4 - 151 - 3 - 5 -

4 - 161 - - - - -
VaE 4 - 3- - - 1.7 - -

2 - 5- - - - - 1.5 

4 - 161 - - - - -
VCE(sat) - - 3- 0.3- - 1 - -

- - 5- 0.5- - - - 0.5 

- - S- O.S- - - - -
- - 151 3- - - - 4 

- - 151 5- - 4 - -
- - 161 4- - - - -

h .. 

f = 1 kHz 
4 - 1 - 10 - 10 -

h 4 - 1 - - - - -
1 h.el 

4 - 1 - 2 - 2 -
f = 0.4 MHz 

'h'e 4 - 1 - 10 - 10 -
IS/II 40 - - - - - - -

t. = 1 S 45 - - - 2.55 - - -
nonr8j:). 80 - - - - - 1.87 -

R9.c - - - - - 1.5 - 1.17 

• In accordance with JEDEC registration data formats JS-6 RDF-2; 2N6253, 2N6254, 2N6371. 

-Pulsed: Pulse duration = 300 ps, duty factor = 1.8%. 

2N6371 UNITS 

Min. MIX. 

- 1.5 
mA - -

- 2 

- -

- -
mA 

- 10 

- -
- -

- 10 
mA - -

40 -

45 - V 

50 -
- -
- -
15 60 

- -
4 -
- -
- - V 

- 4 

- -
- -
- 1.5 

V 
- -
- -

- 4 

10 -
SOO - kHz 

2 -

- - kHz 

2.9 -
- - A 

- -
- 1.5 ·CIW 
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General-Purpose Power Transistors __________________________ _ 

2N6253,2N6254,2N6371 

COLLECTOR-TD-EMITTER VOLTAGE (VCEI- V 
92SS-3384R4 

Fig. 1 - Maximum operating areas for 2N6253. 

0: 
o 
l­
V 

j 
o 
v 4 

COLLECTOR-TO-EMITTER VOLTAGE (YcEI-V 

92CS-19435RI 

Fig. 2 - Maximum operating areas for 2N6254. 

I 
100 
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General-Purpose Power Transistors 

2N6253,2N6254,2N6371 

10 100 
COLLECTOR-TO- EMITTER VOLTAGE (VeE I-v 

92CS-Z0674 

Fig. 3 - Maximum safe-area-of-operation at case temperature of 
25° C for 2N6371. 

8'0 68'00 
COLLECTOR-TO- EMITTER VOLTAGE (VCE'-V 

12CS-20TII 

Fig. 4 - Maximum safe-area-of-operation at case temperature of 
100" C for 2N6371. 
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General-Purpose Power Transistors 

2N6253,2N6254,2N6371 
CXlL.LECTOR- TO-EMITTER VOLTAGE (VCE)-4 V 

CASE TEMPERATURE IT c). 25-«: 

i 1 

'" if V I\. 

I 
1.2 

/ 
/ f\. 

~ \ 

i I\, 
:ll Q 

o 15 50 ?5 100 125 ISO 175 200 2 . • • • 4 • • 2 • • • 
CASE TEMPERATURE (TC)_·C 0.01 QI 1 

COLLECTOR CURRENT (XCl-A 
10 

92LS-I4QRI 92SS_3378 

Fig. 5 - Current derating curve for al/ types. Fig. 6 - Typical gain-bandwidth product for al/ types. 

COLLECTOR-TO-EMITTER VOLTAGE (VCE)- 4 Y COLLECTOR-TO-EMITTER VOLTAGE (VeE» -4 v 

1 80 k. 
I\'/, ........ ""1--, 

~ " e.0C .. 60 " .. I ~-<.c'· ;.--~ .. tz:=f- ~~ ,., ~ 

~ ~~ .. '\.'\. 
J!' 

4O'rc:;JY I-

" Z ... .. 
!!i 
b 

I 

J. 30 

15 
!i .. 
~ 20 -l2~ .. .... . .. 
l-
I- ./ ·e z 
:l! ./ .. ,Te)·" " 

'I-"'i,U~ 

~ 10~~"" 
....... C', 

c ..... ""-.. ~ 
~ 
~ 

l! l! • • • • 2 . • • • • • • 0,01 0.1 1.0 10 • 4 •• 2 4 •• 2 4 . . 
0.01 0.1 1.0 10 

COLLECTOR CURRENT fIc)-A COLLECTOR CURRENT (IC)-A 
92CS-t9444 

Fig. 7 - Typical dc-beta characteristics for 2N6371. Fig. 8 - Typical dc-beta characteristics for 2N6253. 

COLLECTOR-TO-EMITTER VOLTAGE (VeE) "'4 v 

;'00 
.c 

~ - - \'1' "", .. 00 .. ~.c 

~ , ... 
,c .. 60 ~~ .. .'\. .. 

l- t-
I- M~~' z ... 
~ 40k'~ 

" b .. 
~ 20 .. e 
g 0 

0.01 • 4 .. 2 4 .. 2 4 .. 
0.1 1.0 10 

92CS-I9442 I 
COLLECTOR CURRENT (Ie )-A 

BASE-TO-EMITTER VOLTAGE (VSE)-V 
92CS-12326RI 

Fig. 9 - Typical dc-beta characteristics for 2N6254. Fig. 10 - Typical transfer characteristics for 2N6253. 
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• 
BASE·rO-EMITTER VOLTAGE (VIE1-V 

'lea-le44-3 

Fig. 11 - Typical transfer characteristics for 2N6254. 

BASE-TO-EMITTER VOlTAGEtVae-V 
1tC5-Il5O'PR1 

Fig. 13 - Typical input characteristics for 2N6371. 

lASE-YO-EMITTER vOLTAGE (VaE)-V 
nCS-I.440 

Fig. 15 - Typical input characteristics for 2N6253 . 

General-Purpose Power Transistors 

2N6253,2N6254,2N6371 

1 
u 

o 10 20 so 40 tiD 80 70 80 
COLLECTOR-TO-EMITTER VOLTAGE tVCE)-V 

!t2CS-l2308RI 

Fig. 12 - Typical output characteristics for 2N6371. 

COLLECTOR"'TO"EMITTER VOLTAGE (VCE)-V 
9!Ct-I'''''1 

Fig. 14 - Typical output characteristics for 2N6253. 

CASE TEMPERATURE CrC)a2!5·C 

i 10 

~ 
480 

400 
320 

240 160 

BASE CURRENT (I'al-SOmA 

Fig. 16 - Typical output characteristlc$ for 2N6254. 
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General-Purpose Power Transistors 

2N8253,2N8254,2N8371 

BASE-TO-EMITTER VOLTAGE (YSE)-V 
92CS~19438 

Fig. 17 - Typical Input cnaracteristics for 2N6254. 

~--------------------------------------------------------------



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 2N64686are 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. 

6Formerly RCA Dev Nos. TA8710, and TA8709, respectively. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

·VCBO ••••••••••••••••••••••••••••••••••••••••••••.•••••••••••. 

'VCEX(SUS) 

VBE =I.5V,RBE =1000 ..................................... . 
VCER(SUS) 

RBE = 1000 ................................................ . 
VCEQ(SUS) ••••••••••••••••••••••• , ••••••••••••••••.•••.•••••••• 

·V EBO •••••••••.•••••••••••••••••••••••••••••••••••••••••••••••• 

'Ic ........................................................... . 
'IB .......................................................... .. 
oPT 

Up to 25°C ...................•...............•..•.......... 
Above25°C ............................................... . 

*TJ' T"g ....................................................... . 
*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. 

General-Purpose Power Transistors 

2N6467, 2N6468 

TERMINAL DESIGNATIONS 

c 

'0 
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. I, 2 and 3 

_____ -65 to +200 ____ _ 

______ +235 _____ _ 

V' 

v 

V 
V 
V 
A 
A 

w 

°C 

°C 
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General-Purpose Power Transistors 

2N6467,2N6468 

ELECTRICAL CHARACTERISTICS, At Case Temperature (Tc) = 25°C unless otherwise specified. 

TEST CONDITIONS 

VOLTAGE CURRENT 
CHARACTERISTIC Vdc Adc 

VCE VSE Ic Is 

ICER -95 
RBE = 1000 -100 

'lcEx -100 1.5 
RBE = 1000 -120 1.5 

RBE = 1000 -100 1.5 
Tc = 150°C -120 1.5 

'ICEO 
-50 
-60 

'lEBO 5 

'hFE 
-4 -1.5a 
-4 -4a 

'VcEclsus) -0.1a 

VCER(SUS) 
RBE = 1000 -0.1a 

'VCEX(SUS) 
RBE = 1000 1.5 -0.1a 

'VBE 
-4 -1.5a 
-4 -4a 

Vcdsat) 
-1.5a -0.15 

-4a -0.8 

'\h •• \ 
f = 1 MHz -4 1 

f---- -
*hfe 

f = 1 kHz -4 0.5 

R0JC 

'In accordance with JEDEC registration data format JS-6 RDF-2. 
apulsed, pulse duration = 300 pS, duty factor = 1.8% 

LIMITS 

2N6467 2N6468 UNITS 

Min. Max. Min. Max. 

- -100 - - IJA - - - -100 

- -100 - - IJA - - - -100 

- -2 - - rnA - - - -2 

- -1 - - rnA - - - -1 

- -0.1 - -.01 rnA 
15 150 15 150 
5 - 5 -

-100b - -120b -

-105b -125b - -
V 

-110b - -130b -
- -2 - -2 

V - -3.5 - -3.5 

- -1.2 - -1.2 V - -4' - -4' 

5 - 5 -

25 - 25 -

- 4.3 - 4.3 °C/W 

beAUT/ON: Sustaining voltages V CEO (sus), V CER(SUS), and V CEX(SUS) MUST NOT be measured on a curve tracer. 

o 25 50 75 100 125 I'" 175 200 
EFFECTIVE CASE TEMP. OR CASE TEMP ITEFFORTC1-oC 

92CS-21992 

Fig. 1 - Current derating curve for all types. 

;0 

leo 
t 
~ 50 

~ An :t ,",U 40W 

is 

~ 3 ., :20 
.... 
~ . 
ii 0 

-'00 -50 0 50 .00 '50 200 
CASE TEMPERATURE (T~-·C 

92CS-26~!59 

Fig. 2 - Dissipation derating curve for all types. 
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General-Purpose Power Transistors 

2N6467, 2N6468 

-I -10 -30 -100 
COLLECTOR-TO-EMITTER VOLTAGE (VCEI-V 

-1000 
92CS-26560 

Fig. 3 - Maximum operating areas for 2N6467 and 2N6468. 

COLLECT OR-)"O-EMITTER VOLTAGE (VCE)a-4V:± ~ 

.. ...,. 1-''''';''-
I . ., 
~ jit-f ... 
i5 -4 

~ II (Di 
!:::tJ I 

0: 
0: 

'" ... -3 
Jr 
~ 

~ ~ 
~ -2 1 ... ... 
0 ... 

i 
I 
~ 

~ 
~ 
I 
~ z 
~ 

~ 
-I 1. 

o -as - -1.5 
BASE-TO-EMITTER VOLTAGE eVBE)-V 

Fig. 4 - Typical transfer characteristics for 
2N6467 and 2N6468. 

COL.LECTOR-TO-EMITTER VOLTAGE (VCE)--4V 
20 CASE TEMPERATURE ITe )-25-C I. I. 
" 

" V I"-
IOV ...... 
• 
• 
• 
2 

, . .. , . . . 2 . 
0.01 0.1 I 

COLLECTOR CURRENT (le)-A 

. . 
HCS-2&563 

Fig. 6 - Typical gain-bandwidth product by 
2N6467 and 2N6468. 

10 

! 
~ .. 
i 
~ 
~ 

~ 
i 
!! 

: ~CTOft,-TOI-E~~TEA IOLTAiE I VCE) .. -4V 

.. _CASE TE"PERATURE h , ~. J 
2 """fo...fJ.~.?s • 

"'c r--,c 

· -40-c · "' · r....."' ~ 2 
,~ 

I · • · 
2 

I 
2 . .. 2 . . . 2 . .. 

-0.01 -0.1 -I -10 
OOLLECTOR CURRENT UCI-A 

92CS-261561 

Fig. 5 - Typical dc beta characteristics for 
2N6467 and 2N6468. 

Fig. 7 - Typical input characteristics for 2N6467 
and 2N6468. 
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General-Purpose Power Transistors 

2N6467,2N6468 

COLLECTDR-TQ-EMITTER VOLTAGE (VCE)-V 
92CS-2656S 

Fig. 8 - Typical output characteristics for 2N6467 
and2N6468. 

1.2 

10 . 
1 08 
2 

" ~ 06 

~ ! 0.4 

0.2 

-, 

COLLECTOR SUPPLY VOLTAGE (Vccl---30V 
CASE TEMPERATURE ITCI-Z5°C 

IBt·IB2·lcIlO~ 

-2 -3 -4 

COLLECTOR CURRENT I1CI- A 
92LS-353f1!2 

Fig. 10 - Typical saturated switching characteristics 
for 2N6467 and 2N6468. 

, I 
~- 10% 

..J " j.; OUTPUT 
I ts~ I WAVE FORM 

-I "wf"N-1.-
TIME 

92CS-15619RI 

Fig. 9 - Oscilloscope display for measurement 
of switching times for 2N6467 and 
2N6468. 

INPUT: 
HEWLETT-PACKARD 
MODEL No. 214A OR 

EQUIVALENT 

25. 

INPUT FROM 
PULSE GENERATOR 

(PULSE DURATION-
201'.; REP. RATE· 

1kHz' 

wADJUST RB FOR 182 AND RC FOR Ie 

OUTPUT TO 
OSOlLOSCOPE 

TEKTRONIX MOOEl 
No.543A OR 
EQUIVALENT 

DEVICE 
UNDER 
TEST 

"B1 AND 182 =:~~:: ~~ ~~:!:O~:~I~~~ETa:;~!EENT 

UCS-24194 

Fig. 11 - Circuit used to measure saturated 
switching times for 2N6467 and 
2N6468. 
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__________________________ General-Purp088 Power Transistors 

File Number 680 2N6477,2N6478 

Medium-Power TERMINAL DESIGNATIONS 

Silicon N-P-N Transistors 
For Intermediate Power Applications 
in Industrial and Commercial Equipment 'R'~'1011 J~' f 

TOP VIEW B 
Features: 

• Maximum safe-area-of-operation curves for dc 
and pulse operation 

• High voltage ratings 
• Low saturation voltages 

Applications: 

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

RCA 2N6477 and 2N6478£t. are silicon n-p-n transistors 
intended for a wide variety of medium-ta-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. 

AFormerly RCA Dev. Nos. TA840S 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 ambienttemperatures 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. 

92CS·39888 

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 

'C 2.5 2.5 A 
4 4 A 

'B 1 A 

PT 
50 50 W 

See Fig. 2 
1.8 1.8 W 

Derate linearly at 0.0144 wfc 

-65 to 150 °c 

235 °c 

________________________________________________ --------------__ ~9 



General-Purpose Power Transistors 

2N6477, 2N6478 

ELECTRICAL CttARACTERISTICS. At Case Temperature (T C) = 25"C unless otherwise specified 

TEST CONDITIONS LIMITS 

CHARACTERISTIC SYMaOL VOLTAGE 

Vdc 

CURRENT 

Adc 
2N6477 2N6478 

UNITS 

VCE VEa VaE IC la MIN. MAX. MIN. MAX. 

Collector-Cutoff Current: 
ICEO 

80 a - 2 - -
With base open 100 a - - - 2 

* 

With ba ..... mitter 
ICEV 

130 -1.5 - 2 - -
mA 

junction reverse-biased 150 -1.5 - - - 2 

AtTC= 150°C ICEV 
120 -1.5 - 10 - -
140 -1.5 - - - 10 

Emitter-Cutoff Current IE80 5 a - 2 - 2 mA * 
Coliector·to·Emitter Sustaining 

Voltage: VCEO(sus) O.la a 120 - 140 -
With base open * 
With external base·to-emitter 

VCER(sus) O.la 130 150 V 
resistance (RSE) = 100 n - -

With base·emitter junction 
VCEV(sus) -1.5 O.la 140 - 160 -

reverse·biased 

DC Forward·Current Transfer 
hFE 

4 l a 25 150 25 150 
Ratio 4 2.5a 5 - 5 -

* 
Collector·to·Emitter 

VCE(sat) 
l a 0.1 - 1 - 1 

V 
Saturation Voltage 2.58 0.5 - 2 - 2 

* 

Base·to·Emitter Voltage VSE 
4 l a - 1.8 - 1.8 

V 
4 2.58 - 3 - 3 * 

* Magnitude of Common· Emitter, 
Small-5ignal, Short-Circuit 

I htel Forward-Current Transfer Ratio 4 0.5 5 - 5 -
(f = 40 kHz) 

Gain-Bandwidth Product fT 4 0.5 200 - 200 - kHz 

* Common-Emitter, Small-Signal. 
Short·Circuit Forward·Current 

hfe 4 0.1 25 25 
Transfer Ratio - -
(f = 1 kHz) 

Thermal Resistance: 
Ju nction·to·Case RO JC - 2.5 - 2.!\ 

°C/W 
Junction·to·Ambient RO JC 70 70 

* In accordance with JEDEC registration data format (JS-6 RDF·2). a Pulsed: Pulse duration = 300 J.lS, duty factor = 1.8%. 

CAUTION: The sustaining voltage VCEO(sus), VCER(sus), and VCEV(sus) MUST NOT be measured on a curve tracer. 
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General-Purpose Power Transistors 

2N6477, 2N6478 

CASE TEMPERATURE (TC)=25~C 

4 6 8 

(CURVES MUST BE DERATED 
LINEARLY WITH INCREASE 
IN TEMPERATURE 

1000 100 120 140 

COLLECTOR-TO-EMITTER VOLTAGE (VCE) - V 92CS-22440 

Fig. 1 - Maximum operating areas for both types. 

NOTE: CURRENT DERATING.r CONSTANT VOLTAGE 
APPLIES ONLY TO THE DISSIPATION-LIMITED PORTION 
OF MAXIMUM-OPERATING-AREA CURVES (FIG.II. DO 
NOT DERATE THE SPECIFIED VALUE FOR Ie MAX. 

28 ~ 75 100 125 150 17!5 200 
CASE TEMPERATURE tTel-DC 

92CS-19663 

Fig. 2 - Current derating curve for both types. 
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General-Purpose Power Transistors 

2N6477,2N6478 
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Fig, 3 - Maximum operating areas for both types. 
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4 6 8 1000 

92C5-22442 

- 140 COLLECTOR-TO-EMITTER VOLTAGE tVCEI=4 V 

1 
_ 140 .. - COLLECTOR-TO-EMITTER VOLTAGE (VCEI=4 V 

.-
0 

120", , 
~ 100 

~ 
~ 

80 

i 
V " CASE ret.FERATURE 60 (Te )~25·C , 

il V r'I 
i 40,;' 

12t"~1' 
~ 20 
g 0 ~, "-• ... . 4 .. . 4 • . 2 4. 

10- 2 10-1 • 1 
COLLECTOR CURRENT (lei - A 

92CS-22443 

Fig. 4 - Typical dc beta characteristics for 2N6477. 
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COLLECTOR CURRENT (lei - A 

92CS-22444 

Fig. 5 - Typical dc beta characteristics for 2N6478. 
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BASE - TO - EMITTER VOLTAGE (VeE I - V 
92CS-19511 

Fig. 6 - Typical input characteristics for 2N6477. 

1.5 

~ 
::i 0.5 
8 

CASE TEMPERATURE (TC)=25-C 

40 

10 

ASE tuRRENT tIel: 5 mA 

50 100 ISO 200 
COLLECTOR-TO-EMITTER Ya..rAGE IVCE)-V 

92CS-1951S 

Fig. 8 - Typical output characteristics for 2N6477. 

BASE -TO-EMITTER VOLTAGE (VSE1-V 
92CS-19512 

Fig. 10 - Typical transfer characteristics for 2N6477. 

General-Purpose Power Transistors 

2N6477, 2N6478 

1.0 
BASE-TO-EMITTER VOLTAGE (YSE)-V 

92CS-IU45 

Fig. 7 - Typical input characteristics for 2N6478. 

CASE TEMPERATURE (Tc)=2~C 

1.5 

~ 
;: 1.0 

i 

r 

o 50 100 150 200 
COLLECTOR-TO-EMITTER VOLTAGE (VCE}-V 

92CS-12642 

Fig. 9 - Typical output characteristics for 2N6478. 

BASE-TO-EMITTER VOLTAGE (VBE)-V 

92CS-I2i:i43 

Fig. 11 - Typical transfer characteristics for 2N6478. 
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General-Purpose Power Transistors ____________________________ _ 

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. '~'~"1011 ]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 volts (Vee) of reverse bias. and external 
base-to-emitter resistance (RBE) = 100 n ...... VeEx 
With external base-to-emitter 
resistance (RBE) = 100 n .................... VeER 
With base open ................ :. . .. . . . . . . • . . VeEo 

'EMITTER-TO-BASE VOLTAGE ................ VEBO 
'CONTINUOUS COLLECTOR CURRENT. . . . . ... Ie 
'CONTINUOUS BASE CURRENT. . . . . . . . . . . . . . . IB 
'TRANSISTOR DISSIPATION: PT 

At case temperatures up to 25°C 
At ambient temperatures up to 25°C 
At case temperatures above 25°C 
At ambient temperatures above 25°C 

'TEMPERATURE RANGE: 
Storage and operating (Junction) ............ . 

'LEAD TEMPERATURE (During soldering): 
At distance ~ 1/8 in. (3.17 mm) from 
seating plane for lOs max ................... . 

N-P-N 2N6486 
P-N-P 2N6489t 

50 

50 

45 
40 
5 
15 
5 

57 
1.8 

92CS-39969 

JEDEC TO-220AB 

2N6487 2N6488 
2N6490t 2N6491t 

70 90 

70 90 

65 85 
60 80 
5 5 
15 15 
5 5 

75 75 
1.8 1.8 

Derate linearly 0.6 
Derate linearly 0.0144 

-65 to +150 

235 

V 

V 

V 
V 
V 
A 
A 

W 
W 

W/oC 
W/oC 

°C 

°C 

, In accordance with JEDEC registration data format JS-6 RDF-2. t For p-n-p devices, voltage and current values are negative. 
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____________________________ General-Purpose Power Transistors 

2N6486, 2N6487, 2N6488, 2N6489,2N6490,2N6491 
ELECTRICAL CHARACTERISTICS, At case temperature (TC) = 2fiOC unlen otherwise specified 

TEST CONDITIONS LIMITS 

VOLTAGE CURRo 2N6486 2N6487 2N6488 
UNITS CHARACTERISTIC SYMBOL Vdc Adc 2N6489. 2N6490. 2N649,. 

VCE VSE IC Min. Max. Min. Max. Min. Max. 

Collector-Cutoff Current: 35 - 500 - - - -
With external base-.emitter ICER 55 - - - 500 - - p.A 
resistance (RSE) = lOOn 75 - - - - - 500 

• With base-emitter junction reverse 45 -1.5 - 500 - - - -
biased and external base-to-emitter 65 -1.5 - - - 500 - - p.A 
resistance (RSE) = 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 
• 

Emitter-Cutoff Current IESO -5 0 - 1 - 1 - 1 mA • 
DC Forward-Current 

hFE 
4 58 20 150 20 150 20 150 

Transfer Ratio 4 ISO 5 - 5 - 5 -
* 

Collector-ta-Emitter 
Sustaining Voltage VCEO(sus} 0.2 401> - 60b - 80b -
With base open • 
With external base-emitter 

VCER(sus} 0.2 45b 65b 85b V resistance (R SE) = lOOn - - -

With base-emitter junction reverse-
biased and external base-to-emitter VCEX(sus} -1.5 0.2 50b - 701> - gOb -
resistance (R SE) = loon 

Base-ta-Emitter Voltage VSE 
4 58 - 1.3 - 1.3 - 1.3 

V 4 IS8 - 3.5 - 3.5 - 3.5 * 
Collector-to-Emitter -{ I B - 0.5 A 

VCElsat} 
SO - 1.3 - 1.3 - 1.3 

V Saturation Voltage I B = 5 A 158 - 3.5 - 3.5 - 3.5 
• 
• Magnitude of Common-Emitter 

Small-Signal Short-Circuit I hfe I 4 1 5 - 5 - 5 -Forward..current Transfer Ratio: 
f= 1 MHz 

* Common-Emitter, Small-Signal, 
Short-Circuit, Forward-Current hfe 4 1 25 - 25 - 25 -
Transfer Ratio (f = 1 kHz) 

Thermal Resistance: 
R6JC Junction-to-case - 1.67 - 1.67 - 1.67 

°C/W 
Junction-fo-amblent ROJA - - 70 - 70 

• In accordance with JEDEC registration data format (JS-6 RDF·2). b CAUTION: Sustaining voltages V CEO'sus), V CER'sus), and V CEX'sus ) 

• Pulsed: pulse duration = 300 p.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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General-Purpose Power Transistors 

2N6486,2N6487,2N6488,2N6489,2N6490,2N6491 

"' I 
'0 
lot 

r­
z .... 
II: 
II: 
:::I 
U 

II: 

~ 
U .... 
.J 
.J 
o 
U 

4 CASE TEMPERATURE (TC)' 25°C 
(CURVES MUST BE DERATED LINEARLY 

WITH INCREASE IN TEMPERATURE) 
PULSE 

4 6810 2 406080100 2 

COLLECTOR-TO-EMITTER VOLTAGE (VCE)-V 

92CS-22B05 

Fig. 1 - Maximum operating areas for all typest. 

-100 -50 0 25 50 100 150 2110 250 

CASE TEMPERATURE (T c)- 0 c 

Fig. 2 - Derating chart for a/l types 

92CS-15998 

t For p-n-p devices, voltage and current values are negative. 
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General-Purpose Power Transistors 

2N6486,2N6487,2N6488,2N6489,2N6490,2N6491 

• CASE TEMPERATURE ITCI-IOO·C 1 .1 _I 1 
2 Ie MAX. !Ii ++,' I PULSE OPERATION* f---CONTINUOUS .. 

10 " 1I.c '\.JV I 

" '--OC ' ". 
!j '--'~ ~~. E 4 -?"''' II- ". 
~ 

1 1'0+ i'..\. r\ 2 *FOR SINGLE 
NON REPETITIVE 1 1 "~ 1\.\ ~ 
PULSE 

I · ~ 6- I .1. ~'~V (2N.'8~lP- I\.'\. 4- VeEO MAX." -40V (2N6489) 
8 + 60 v (2N6487) i. 

VCEOMAX.· -60'11 (2N64~~~ ~ 

2 - + 80 Y (2N648811.. 
0.1 '\ICEO MAX.- - 80 v (2N6491) 

2 4 6 , 2 
10 40 60 80 100 

2 

92CS-22806 

Fig. 3 - Maximum operating areas for all typest. 

I&I'UUU, COLLECTOR-TQ-EMITTER VOLTAGE IVCEI"'4V 

f 6 

51 4 
CASE TEMPERATURE (Tc)"125·C 

: ,..... 
-~ '" 2 

! --~.J "~ 
100 

I • "'-6 

· ......... ~ 

I "- ~ 2 

~ g 
10 

2 . 6 , 2 . 6 , 2 
0.1 10 

COLLECTOR CURRENT (I.C)-A 
92eS-22392 

Fig. 5 - Typical de beta characteristics for 2N6486, 2N6487, 
and2N6488. 

9ZCS-Z1846RI 

Fig. 7 - Minimum reverse-bias second-breakdown characteristics 
for all typest. 

COLLECTOR CURRENT (%C)-A 
!lZCS-IIS7' 

Fig. 4 - Typical collector-to-emitter saturation-voltage 
characteristics for all types. 

I 
u 
o 

2 

10 . 
• 
4 

2 

I 

-0.01 
2 2 4 68 2 4 88 

-0.1 -I -10 
COLLECTOR CURRENT (Ie I-A 

2 4 68 
-100 

92CS-19516RI 

Fig. 6 - Typical de beta characteristics for 2N64eg, 2N6490, 
and 2N64g1. 

I COI..I..ECTOR-TO-EMITTER VOL.TAGE (VCE) .. 4V 
II CASE TEMPERATURE (Tcl-ZS- C 

:E 10 ,. ,..... 
1 9 

./ "\. £' 8 

i 7 
\ IE • 

~ • \ 

I • 
• \ 

~ • r\ 
I 

0.01 2 . 6 , 01 
, . 6 , 2 . . , 10 

COLLECTOR CURRENT (lei - A 92CS-Z2449 

Fig. 8 - Typical gain-bandwidth product VB. collector current for 
alltypest. 

t For p-n-p devices, voltage and current values are negative. 
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General-Purpose Power Transistors 

2N6486,2N6487,2N6488,2N6489,2N6490,2N6491 
COLLECTOR-TO-EMrrTER VOLTAGE )-4V 

1500 

1 1250 
I .. 
!j 1000 

2. 

D.25 as 0.75 1.25 L5 1.75 

BASE-TO-EWTTER VOLTAGE (I/BE)-V 

B 7.5 

92cs-e2447 
COLLECTOR-TO-EMITTER VOLTAGE (VCEI-V 

92CS-22807 

Fig. 9 - Typical input characteristics for all typest. Fig. 10 - Typical output characteristics for all typest. 

COLLECTOR-TO-EMITTER VOLTAGE (VCE)II4V 

" 

0.. I 1.5 2 2.' 
BASE-TO-EMITTER VOLTAGE (VBEI-V 

92CS-22391 

Fig. 11 - Typical transfer characteristics for all typest. 

PULSE DURATION'"2OI'I 
REPETITION RATE: PULSE/. 

I~ ~; 
COL.LECTOR SUPPLY VOLTAGE (VCC}z30V 
CASE TEMPERATURE (TC}-25·C 
la, ~ Ia2" Ie /10 

~ 
'FAL 

~ """ 
! i.\>: 

~~ 

cOELAy'TIN 

• • • 
COLLECTOP CURRENTIIC)-A COLLECTOR CURRENT(IC)-A 

92C5-224!50 

Fig. 12 - Typical saturated switching characteristics for 
2N6486. 2N6487. and 2N6488. 

Fig. 13 - Typical saturated switching characteristics for 
2N6489. 2N6490. and 2N6491. 

t For p-n-p devices. voltage and current values are negative. 
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General-Purpose Power Transistors 

2N6486,2N6487,2N6488, 2N6489,2N6490, 2N6491 

RL tNON-INDUCTIVE)-

3n.,12W FOR Ie -IDA 
3.75ll. 8W FOR Ie' SA 

fi,n, aw FOR Ie "6A 
754,8W FOR 'C"4A 

-4 TO 
-6' 

111'+30 V 

- . 
500 

.' 
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 

=20"", 

'VEE 
-5 TO -20V 

Vee >-20V 

REPETITION >-<r-----; 
RATE=lkHz 

.. VBB~+2 TO +IOV 

* RC IS CHOSEN FOR Ie 
.. VEE AND Vee ARE MEASURED FOR LSI AND IB2 

OUTPUT TO 
OSCILLOSCOPE 
TEKTRONIX 
MODEL 
No 543A OR 
EQUIVALENT 

lSI AND I82 ARE MEASURED WITH TEKTRONIX CURRENT PROBE P-6019 
ANO TYPE 134 AMPLIFIER,OR EQUIVALENT 92CS-19586R3 

Fig. 16 - Circuit used to measure switching times for 2N6489. 
2N6490. and 2N6491. 

10 n 
lIN 

Vee "'0-1 7~ II 

28 mH 
SIGNAL TRANSFORMER 
CD. CH50 OR fQUIV. 

OSCILLOSCOPE 
INPUT 
HEWL.ETT-PACKARD 

GND MODEL No.130B 
OR EQUIVALENT 

HORtZ 

+vcc 

-FOR N-P-N TYPES 2N6486. 2N64B7,AND 2N648B, 
REVERSE POLARITY OF BATTERY AND Vee, 92CS-UIIO 

Fig. 18 - Circuit used to measure sustaining voltages VC'O(sus). 
VC'R(SUS). and VCEX(sus) for al/ types. 

~ z 
IBI w 

~ 
~ 
~ 
u 
w 

~ 

~ 

~i 
O~ 
UU 

1-.11-- I, 

~,'!t" 92C$-24800 

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~ . I:CEO''''J ~ER''''' ~CEX'''' 
~I ~B ABC ABC e ~ -200 -20 -200 

~!:! 
:l 0 -40-60-80 0 -45·65-85 0 -5Q...70-90 

3 COLLECTOR-TO-EMITTER VOLTAGE (VCEI-V 

... PULSE CURRENT tIp I RANGE = 06-08 A 

THE SUSTAINING VOL TAGESVCEO'_I, VCERbu.I,ANDVCEXI1lll' ARE ACCEPTABLE WHEN 
THE TRACES FALL TO THE RIGHT AND ABOVE POINT ~A" FOR TYPES 2N .... AND 2N_, 
POINT ''S'' FOR 2N6487 AND 2NII49O,AND POINT ''C'' FOR 2H648IIAND 2NMI, 

Fig. 19 - Oscilloscope display for measurement of sustaining 
voltages (test circuit shown in Fig. 18). 
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General-Purpose Power Transistors ____________________________ _ 

2N6609, MJ15004, RCA9116C, RCA9116D, RCA9116E File Number 1061 

Silicon P-N-P Epitaxial-Base 
High-Power Transistors 
Rugged Devices, Broadly Applicable For Industrial and 
Commerical Use 

Features: 
• High-dissipation capability 
• Low saturation voltages 
• Maximum safe-area-of-operation curves 
• fT= 2 MHz 
• High gain at high current 

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

The RCA2N6609, MJ15004, RCA9116C, RCA9116D, and 
RCA9116E are ballasted epitaxial-base silicon p-n-p 
transistors featuring high gain at high current. They may be 
used as complements to the n-p-n types RCA3773, MJ 15003, 
RCA8638C, RCA8638D, and RCA8638E, respectively. 

They differ in voltage ratings and in the currents at which 
the parameters are controlled. All are supplied in the steel 
JEDEC TO-204AA packages. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

2N8809 MJ15004 

'" Vcao ...... '0 ••••••••••••• 0 ••• 0 ••••••• 

VCEX(SUS) 
v •• = -1.5 v; R •• = 100 n ............ . 

VCE.(SUS) 
RaE = 100 n ....................... . 

• VCEO(SUS) •••••••••••••••••••••••••••• 
• VEao ••••••••••••••••••••••••••••••••• 
.. Ie ................................... . 
* I ..................................... . 
• P. 

At Tc:5 25°C ••••.•••••.•••••••••••. 
At T C > 25° C Derate Linearly •.•••..• 

*T.Ig,TJ •..•..•......•••••..•.....•.••. 
• TL 

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

-160 

-160 

-150 
-140 

-7 
-16 
-4 

150 
0.857 

265 

-140 

-150 
-140 

250 
1.43 

TERMINAL DESIGNATIONS 

JEDEC TO-204AA 

RCA9118C 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 

°C 
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__________________________ General-Purpose Power Transistors 

2N6609, MJ15004, RCA9116C, RCA9116D, RCA9116E 
ELECTRICAL CHARACTERISTICS, at Case Temperature (TC) = 25"C Unless Otherwise ,specified 

* 

* 
* 

* 

* 

* 
* 

* 

* 
* 

* 

* 

TEST CONDITIONS 

VOLTAGE CUR· 
CHARAC· Vdc RENT 
TERISTIC Adc 

VCE VBE IC 

ICBO -1608 
-1408 

ICEX -140 1.5 

ICEX -140 1.5 
TC = 150°C 

ICEV -140 1.5 

ICEV -140 1.5 
TC=150°C 

ICEO -140 
IB=O 

-120 

lEBO 
-7 
-5 

hFE -4 -BC 
-4 -16c 
-2 -5C 
-2 -lOC 

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 -Bc 

VBE 
-2 -5C 

VCE(sat) 
IB =-3.2A -16C 

=-O.BA -BC 
= -0.5A -5c 

ISlb -100 
tp= 15 -50 
nanrep. 

Ihfel 
f = 0.05 -4 -1 

= 0.5 MHz -10 -0.5 

fT 

hfe -4 -1 
f= 1 kHz 

Cab -108 
f=O.l MHz 

ROJC -10 -10 

See page 3 for footnotes. 

LIMITS 

UNITS 
2N6609 MJ15004 

Min. Max. Min. Max. 

- -4 - -
- -2 - -1 

- - - -0.1 

- - - -2 

- -2 - - mA 
- -10 - -

- - - -0.25 

- -10 - -

- -5 - -

- - - -0.1 

15 60 - -
5 - - -

- - 25 150 
- - 10 -

-160 - - -

-150 - -150 -

-140 - -140 -

-7 - -5d -

- -2.2 - - V 

- - - -2 

- -4 - -
- -1.4 - -
- - - -1 

-1.5 - -1 -
- - -5 - A 

4 - - -
4 - 4 -

2 - 2 - MHz 

40 - - -

- 1000 - 1000 pF 

- 1.17 - 0.7 °e/W 
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General-Purpose Power Transistors 

2N6609, MJ15004, RCA9116C, RCA9116D, RCA9116E 
ELECTRICAL CHARACTERISTICS, at Case Temperature (T C) = 25"C 
Unless Otherwise Specified (Cant'd) 

TEST CONDITIONS 
LIMITS 

VOLTAGE CUR-
CHARAC- Vdc RENT 

RCA9116C RCA9116D RCA9116E 
TERISTIC Adc 

VCE VBE Ic Min_ Max. Min. Max. Min. Max. 

-140a - -1 - - - -
ICBO -120B - - - -1 - -

-100a - - - - - -1 

ICEX 
-140 1.5 - -1 - - - -
-120 1.5 - - - -1 - -

ICEX -140 1.5 - -5 - - - -
TC=150°C -120 1.5 - - - -5 - -

ICEO -70 - -1 - - - -
IB =0 -60 - - - -1 - -

lEBO -5 - -1 - -1 - -1 

hFE -2 -5c 25 150 25 150 - -
-2 -7.5c - - - - 10 100 
-2 -10c 10 - 10 - - -

VCER(sus)b 
-0.2 -150 - -130 - -110 -

RBE":100n 

VCEO(sus)b -0.2 -140 - -120 - -100 -
VEBO 0 -5 - -5 - -5 -

IE =-1 mA 

VBE -2 -7.5c - - - - - -3 
-2 -5c - -2 - -2 - -

VCE(sat) 
IB = -0.75A -7.5c - - - - - -1.5 

=-0.5A -5c - -1 - -1 - -
ISlb 
tp = 1 s -35 -5.71 - -5.71 - - -
nonrep. -25 - - - - -8 -

Ihfel -10 -0.5 4 - 4 - 4 -
f = 0.5 MHz 

fT 2 - 2 - 2 -
Cob -loa - 1000 - 1000 - 1000 

f = 0.1 MHz 

RllJC -10 -10 - 0.875 - 0.875 - 0.875 

• 2N·types in accordance with JEDEC registration data format JS25 RDF1. Issue 1. 

UNITS 

mA 

V 

A 

MHz 

pF 

°C/W 

a VCB b CAUTION: Sustaining voltages VCEX(sus). VCER(sus), and C Pulsed; pulse duration = 3001'5. 
V CEO (sus) MUST NOT be measured on a curve tracer. See duty factor = 1.8%. 
Figs. 8 and 9. d Measured at IE = -0.1 mAo 
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General-Purpose Power Transistors 

2N6609, MJ15004, RCA9116C, RCA9116D, RCA9116E 

COLLECTOR-TO-EMITTER VOLTAGEIVCE)- v 
92CS-30076RI 

Fig. 1 - Maximum operating areas for all types . 

50 75 100 12S 150 175 200 
CASE TEMPERATURE (TCI-·C 

Fig. 2 - Current derating curve for aI/ types. 

COLLECTOR CURRENT (IC)-A 92C8-30078 

Fig. 4 - Typical saturation voltage characteristics for all types. 

.. 
Z 

~ 

a'O.~~=t~~~=i~~~=l~~~~=t~ o 01 I ·~+-~ttt-+-~+++-1--t~1-~-t~~ 
III 

_0.012 48_Bo.1 2468_1 2. 461!., 

COLLECTOR CURRENT (lCI-A 

2. 4 6!.OO 
92CS·3OO77 

Fig. 3 - Typical dc beta characteristics as a function of col/ector 
current for aI/ types. 

BASE-TO-EMITTER VOLTAGE 1VaEI-V '2cs-30081 

Fig. 5 - Typical Input characteristics for aI/ types. 
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General-Purpose Power Transistors 

2N6609, MJ15004, RCA9116C, ACA9116D, RCA9116E 

BASE-TO-EMITTER VOLTAGE (VaE)-V 92CS-30019 

Fig. 6 - Typical transfer characteristics for all types. Fig. 7 - Typical saturated-switching times for all types. 

274.2W 

6 SERIES-CONNECTED 
oJ, W. MILLER NO. 2881, 
OR EQUIVALENT 

OSCILLOSCOPE INPUT 
HEWLETT-PACKARD 
MODEL NO. 1308. 

CLARE MERCURY RELAY 
MODEL NO. HGP-I045 
OR EQlHVALENT 

~ 
120 V 
60Hz 

OR EQUIVALENT 

+----QHORIZ. 
III 
NON. IND. 

+--.... -QONO 

.----QVERT. 

L = 21 mH FOR Veto' sus) 
AND VeER (sus) 

L- 7mH FOR VCEX (sus) 
R-rOOn 

o TO 50V 
(500 mAl 

+1 

I 

Fig. 6 - Circuit used to measure sustaining voltages VCEO(SUS). 
V"...(sus). and VCEX(SUS) for all types. 

COLLECTOR-TO-EMITTER VOLTAGE (VCE)-V 
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............. 1 ... 1r_f1II1.thlllftlllldblllDw ... nt .. A".(ForvalllH 
o1curMMandYII"-' ... e ....... 'c ........ tJtlcf. 92CS-30 ..... 

Fig. 9 - Oscilloscope display for measurement of sustaining 
voltages. (Test circuit shown in Fig. 8). 
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j,. - TURN-CN!- -I OFF l-S TIME TIME 

92CS-!5619RI 

Fig. 10 - Oscilloscope display for measurement of switching times 
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 

RCA-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 include 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 (VB.) 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 ambient temperature up to 25° C .....•.................... 

TEMPERATURE RANGE: 

Storage and Operating (Junction) .......................... . 
LEAD TEMPERATURE (During soldering): 

At distances:>1/32 in. (0.8 mm) from seating plane for 10 s max. 

General-Purpose Power Transistors 

40347, 40348 

TERMINAL DESIGNATIONS 

,6"",,, 
92C5-27512 

JEDEC TO-205AA 

40347 40348 
60 90 V 

60 90 V 
40 65 V 

7 7 V 
1.5 1.5 A 
3.0 :to 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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General-Purpose Power Transistors 

40347, 40348 
ELECTRICAL CHARACTERISTICS, At Case Temperature (TC) = 2ff'C unless otherwise specified 

TEST CONDITIONS LIMITS 

Charectaristic Symbol Voltage Current Units 
Vdc Adc 40347 40348 

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

Collector·Cutoff Current 
30 1 - - -

With external base-to· 
ICER 60 1 /LA - - -

emitter resistance 
(RBE) = 1 kSl 

90 - - - -

With RBE = 1 kSl 
30 - 1 - -

andTC=l50oC ICER 60 - - - 1 mA 

90 - - - -
Emitter·Cutoff Current lEBO 7 - 10 - 10 /LA 

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(sus) -1.5 0.050 60 - 90 - V 

tion reverse biased 

With bass open VCEOlsus) 0.050 40 - 65 - V 

4 0.15 - - - -
Base-to-Emitter Voltage VBE 4 0.30 - - - 1.3 V 

4 0.45 - 1.5 - -
0.15 15mA - - - -

Collector-to-Emitter 
VCE(sad 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 

11-0 non-repetitive puis.) 138 - - - -

Thermal Resistance 
R8JC °C/W Junction-to·Cese - 20 - 20 

a Pulsed; pulse duration = 300/Ls, duty factor"; 2%. 
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General-Purpose Power Transistors 

COLLECTOR-TO-EMITTEA VOLTAGE {VCE)-V 

92SS-3!S86R2 

Fig. 1 - Maximum operating areas for types 40347 and 40348. 

25 50 75 100 125 ISO 175 200 
CASE TEMPERATURE (T c) - ·C 

92LS-I469Rl 

Fig. 2 - Dissipation derating curve for types 40347 and 40348. 

COLLECTOR CURRENT (lC)/BASE CURRENT (Is) " 10 
CASE TEMPERATURE (Tcl" 25cC 
1.000 

I 
/ 

dOO L 
l' &// 
~600 tf. 

,}-' 
~ 

~ 400 / 
g V 8 200 

/ 
0.2 0 .. 0.6 0.8 1.0 1.2 

COLL::CTOR-TO-EMITTER SATURATION VOLT AGE, VeE (SAT)--V MCS-I_I 

Fig. 3 - Typical saturation characteristics for types 40347 and 
40348. 

40347, 40348 
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General-Purpose Power Transistors __________________________ _ 

40347, 40348 

CASE TEMPERATURE (Tcl' 250C II Ii 
BASE CURRENT (Is)" llRlA 

400 f 9 

t y 
1 

':=:'300 

I 5 

~ 200 3 

~ 
~ 100 

1 

e lOD 
II 

,¢' 
~ ~,,~. " 

80 ,~'f' 

~ 
#~~ " VCE" 4V 

60 
&>~' ~"'" ~ ~. 

~ 
..... .....- ~,~ 8 40 I-' 

c .....- VCE "V~~; « 
~ 20 
:< 

II g 
0 

1.0 2.0 3.0 4.0 5.0 6.0 01 
, , " 1.0 

, .. 
10 

, , .. 
100 

, , .. 
1000 

COL.LECTOR-rQ-EMITTER VOLTAGE (VCE)-V COLLECTOR CURRENT (lC)-IIA 

Fig. 4 - Typical output characteristics for type 40347. Fig. 5 - Typical dc-beta characteristics for type 40347. 
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iii 5 
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~lOO 
~ .,<!pC 

~ 80 (\C' 
'!\~~~ _ ... -

~ ~\.~ .......... 
... VCE = 4\1 

~ 60 I-cP~ .... p ....... ~ \ ...... 
~ " 
~ 40 

V VCE";"'~ « V ~ 20 

g f-
I 

1.0 2.0 3.0 '.0 5.0 6.0 0.1 2 . , ... 681.0 10 , . .. 100 
, ... 1000 

COLLECTOR-TO-EMITTER VOL rAGE (VeEl-V COLLECTOR CURRENT (lC}--mA 

Fig. 6 - Typical output characte ;stics for type 40348. Fig. 7 - Typical dc-beta characteristics for type 40348. 

COLLECTOR-TO-EMITTER VOLTAGE (VCE) " 4V COLLECTOR·TO·EMITTER VOLTAGE (VCE) = 4 V 
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BASE-TD·EMITTER VOLTAGE (VBEl-V BASE-TD-EMITTER VOL lAGE lVBEl-V 

Fig. 8 - Typical transfer characteristics for type 40347. Fig. 9 - Typical transfer characteristics for type 40348. 
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___________________________ General-Purpose Power Transistors 

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. 
Giving 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: 

40408 

VeEO(SUS) ••••••••••••••••••••••••••••••••••••••••••••• -50 
VeER(SUS) 

R.E =loon ........................................ . 
V •• o ................................................. . -4 
Ie ................................................... . -0.7 
I .................................................... . -0.2 
Pr: 

T.:525°C ......................................... . 
Te:5 25°C ......................................... . 

40406, 40407, 40408, 40411 

40407 

50 

4 
0.7 
0.2 

TERMINAL DESIGNATIONS 

,f3"~,,, 
92CS-27S12 

JEDEC TO-20SAD 

92CS·27516 

JEDEC TO-204AA 

40408 

90 

4 
0.7 
0.2 

40411 

90 
4 

30 
15 

150 

v 

v 
V 
A 
A 

TJ ................................................... . ________ -65 to +200 _______ _ 

w 
w 
°C 
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General-Purpose Power Transistors 

40406, 40407, 40408, 40411 
ELECTRICAL CHARACTERISTICS, TC = 2!J Unless Otherwise Specified 

TEST 
LIMITS CONDITIONS 

CHARACTER- VOLT- CUR- 40406# 
40408 40411 ISTIC AGE RENT 40407 

Vdc Adc 

VCE IC IB Min. Max. Min. Max. Min. Max. UNITS 

ICBO 
10- 0.251 - - - - J.l.A 

IE =0 -
ICEO 40 - 1 - - - -

80 - - - 1 - - J.l.A 

TC= 1500 C 
40406 40 - 0.Q1 - - - -
40407 40 - 0.1 - - - - mA 
40408 80 - - - 0.25 - -

ICER 
80 

RBE = lOOn 
- - - - - 500 J.l.A 

TC = 1500 C 80 - - - - - 2 mA 

lEBO 
VBE =-4 V 0 - 100 - 100 - 500 J.l.A 

VCEO(sus) 0.1" 0 50b - 90b - - - v 
VCER(sus) 0.1 - - - - -
RBE = 100 n 0.2 

v 
- - - 90 -

VBE 10 0.0018 - 0.8e - - - -
4 0.018 - - - 1 - -
4 0.15a - - - v - - -
4 48 - - - - - 1.2 

VCE(sat) 
0.158 0.015 - - - 1.4 - -

48 0.4 0.8 
V 

- - - - -
40406 10 '0.1 mA8 30 200 - - - -
40407 10 10.0018 40 200 - - - -

hFE 40408 4 0.018 - - 40 200 - -
40411 4 48 - - --- - 35 100 

hfe 
10 0.05 6' f = 20 MHz - - - - -

fT 
4 0.05 100 (tyP.) 100 (typ.) - - MHz 

4 4 -
Cobo 

15' IE =0 10-
f = 1 MHz 

ISlb 30 -
t = 15 nonrep 

R8JC -
R8JA -

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

- V CB - 40407 only 
a Pulsed; pulse duration = 300 "s, duty factor';;; 2% 

- - - 800 (typ.) kHz 

- - - - - pF 

- - - 5 - A 

35 - 35 - 1.17 
°C/W 

175 - 175 - -

b CAUTION: The sustaining voltage VCEO(sus) 
MUST NOT be measured on a curve tracer. 
V CEO(sus) should be measured by the pulse 
method (Note 'a'). 

e 40406 tested at I C = -0.1 mA 

470 __________________________________________________________________ _ 



AMBIENT TEMPRATURE (TA)-"C 

Fig. 1 - Dissipation derating curves for 40406, 40407, and 40408. 

~ 
COLLECTOR-lO-EMITTER VOLTAGE (VCE)=-4V 
AMBIENT TEMPERATURE ITA)-25"C 

~ 100 

: 
'" ~ 
~ ... 
is 
'" '" " v 
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'" ; 
'" ~ 
g 

80 

I-

" 60 
",-

1\ 
40 

20 

0 
-0.1 O?: 4 6 8_1 Z 4 6 8_10 2 4 6 !I02 2 4 6 ~I03 

COLLECTOR CURRENT (lc)-mA 
92CS-22427RI 

Fig. 3 - Typical dc beta characteristic for 40406. 

COLLECTOR-TO-EMITTER VOLTAGE 'Val-lOY 

0.1 2 6 10 2 ,0' 
COLLECTOR CURRENT (%c)-mA 

92CS-1233IR2 

Fig. 5 - Typical dc beta characteristics for 40407 and 40408. 

General-Purpose Power Transistors 

40406, 40407, 40408, 40411 

I t I 
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pcnnIOlldashdH'"hnICIII'.') 
befo,., .. ln CII" ","pplrell. 

-100 -50 50 100 leO 200 
CASE TEMPERATURE (Tel-OC 

92CS-I3t8t 

Fig. 2 - Dissipation derating curve for 40411. 

-, COLLECTOR -TO-EMITTER VOLTAGE (VCE1~ - 4V 

II AMBIENT TEMPERATURE CTA)=-2SoC 

-. .. 
e , 

I ~ -6 --

j !z ... 
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'" .. .. -. 

/ - - - --0.2 0.4 0·8 0·8 I 1.2 
BASE-TO-EMITTER VOLTAGE (YBE'-V 

9ZeS- 224281" 

Fig. 4 - Typical in~ut characteristic for 40408. 

BASE-TO-EMJTTER VOLTAGE (YBEl-V 

Fig. 6 - Typical input characteristics for 40407 and 40408. 
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General-Purpose Power Transistol'S ____________________________ _ 

40406, 40407, 40408, 40411 

COLLECTOR-TO-EMtTTER \IOLTAGE CVw- 4V 

~I 
2 1~~-~~_+~-+~--+_~--r11_--~ 

~.~~--~-'-,~~~~--~--~_4_+4_--4_~ I 1~4_--4_--4_'~~4_--4_--4_~~~--~ 
~ I~Hr--t=~~~~--~~~~~:±j ... .....f-""" ,kCAlE_1TC'···"C , ',,, 
i TC.,OO"C .... ~ • ..~---r--+-+;-r--~~.t,,--~ 
~ I I ~ 
8 I I ~ 

0.1 I 10 
COLLECTOR CURRENT Uc,-A 

Fig. 7 - Typical dc beta characteristics for40411. 
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1 
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-2 -12 -14 

COLLECTOR-TO-EMITTER VOLTAGE IVCE)-V 

9ZCS-22429RI 

Fig. 9 - Typical output characteristics for 40406. 

Fig. 11 - Typical output characteristics for 40407 and 40408. 

BASE-TO-EMITTER VOLTAGE 1V8£)- V 
92CS-I'187 

Fig. 8 - Typical input characteristics for 40411. 

AMBIENT TEMPERATURE ITA )"'25-C 
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BAS CURR N 18" - A 
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COLLECTOR-TO-EMITTER VOLTAGE (VeE I-V 

9ZCS-Z2430RI. 

Fig. 10 - Typical large-signal output characteristics for 40406. 

COLLECTOR-TO-EMITTER VOL.TAGE (VeE)-V 

92C$-12l21RZ 

Fig. 12 - TypicaJlarge-slgnaJ output characteristics for 40407 and 
40408. 
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____________________________ General-Purpose Power Transistors 

CA~ TEMPERATUM {fe •• 25-C 

'0-0 

.12.15 
I .., 

;10.0 
~ 
~ 7.15 

" .... .0 

L. 
o 

BASE CURRENT (I • 600 mA 

100 

~ w ~ u U ~ U ~ U 
COLLECTOR-tO-EMITTER VOLTAGE CVCE)-Y 

ftCS-151M 

Fig. 13 - Typical output characterstics 'or 40411. 

BASE-TO-EIiITTER VOLTAGE lVaEJ-Y 
HC:S-'212a.! 

Fig. 15 - Typical transfer characteristics for 40407 and 40408. 

40406, 40407, 40408, 40411 

COLLECTOR-tO-EMITTER SATURATION VOLTAGE. VCE (.ot)-V 

9ZCS-IS'8I 

Fig. 14 - Typical saturation-voltage characteristics 'or 40411. 

COLLECTOR-TO-EMITTER VOLTAGE (Va) • 4V 

12.D 

o o:a 1.0 La 2.0 2.S 1.0 
IASI-TO-!MlTTER YOLTAIIE (YaE)-Y 

HCS-lsIII 

Fig. 16 - Typical transfer characterstics for 40411. 
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General-Purpose Power Transistors 

MJ15001, MJ15002 

Complementary N-P-N/P-N-P Silicon 
Power Transistors 
Rugged Devices, Broadly Applicable For Industrial and 
Commerical Use 
Features: 
• High-dissipation capability 
• Low saturation voltages 
• Maximum safe-area-of-operation curves 
• fT = 2 MHz 
• High gain at high current 

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

The RCA-MJ15001 and MJ15002 are ballasted epitaxial­
base siiicon iransisiors ieaiuring high gain ai 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 

140 -140 
140 -140 

5 -5 
15 -15 
5 -5 
20 -20 
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ELECTRICAL CHARACTERISTICS, at Case Temperature 
(TCI = 25°C Unless Otherwise Specified 

General-Purpose Power Transistors 

MJ15001, MJ15002 

TEST CONDITIONS LIMITS 

CHARACTERISTICS VOLTAGE ~URRENT 
MJ15001 UNITS Vdc Adc MJ15002 

VCE VSE IC IS Min. Max. Min. Max. 

ICEX 140 1.5 - 1 - -1 
mA 

TC = 150°C 140 1.5 - 2 - -2 

'CEO 140 0 - 2.5 - -2.5 mA 

'EBO 5 0 - 1 - -1 mA 
VCEO(SUS)a 2 0 140 - -140 - V 

hFEa 2 4 25 150 25 150 

VBE 2 4 - 2 - --:2 V 

VCE(sat) 4 0.4 - 1 - -1 V 

fT f = 0.5 MHz 10 0.5 2 - 2 - MHz 

'Sib tp· ls 40 5 - -5 -
100 0.5 -0.5 A - -

Cob 
VCB = 10V - 1000 

f = 1 MHz 
- 1000 pF 

ROJC - 0.875 - 0.875 °C/W 

a CAUTION: Sustaining voltage. VCEO(sus). MUST NOT be measured on a curve tracer. See Figs. 11 & 12. 

CASE TEMPERATURE ITCl-Z5"C 
6 ICURVES MUST 8E DERATED LINEARLY 

WITH INCREASE IN TEMPERATUREl 

COlLECTOR-TO-EMITTER VOLTAGE (VCEl - V 92CIHI0485 

Fig. 1 - Maximum operating araa for both types. 



General-Purpose Power Transistors 

MJ15001, MJ15002 

25 50 75 100 12& ISO 111 200 
CASE TEMPERATURE (TC)--C 

Fig. 2 - Current derating curve for bofll types. 
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COLLECTOR CURRENT U'C)-A 92CS-3007T 

Fig. 4 - Typical dc bata characteristics as a function of coliector 
current for MJ15002. 

Fig. 6 - Typical Input characteristics for MJ15002. 
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Fig. 3 - Typical dc bet" characteristics as a function of coliector 
current for MJ15001 . 

BASE-TO-EMITTER VOLTAGE (VaEJ-V' 92CS-30148 

Fig. 5 - Typical input characteristics for MJ15001. 

BASE-TO- EMITTER VOLTAGE (VBE1-V 92CS-30149 

Fig. 7 - Typical transfer characteristics for MJ15001. 
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General-Purpose Power Transistors 

MJ15001, MJ15002 

-I 
8AS£-TO-EMITTER YOLTAGE(YSE)-V 92CS·3007t 

Fig. 8 - Typical transfar characteristics for MJ15002. Fig. 9 - Typical saturation voltage characteristics for MJ15001. 
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DEVICE 
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Fig. 10 - Typical saturation voltaga characteristics for MJ15002. Fig. 11 - Circuit used to measure sustaining voltages Vceo(sus). 

COLLECTOR-TO-EMITTER VOLTAGE (VCE)-V 
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Fig. 12 - Oscilloscope display for measurement of sustaining 
voltages. (Test circuit shown In Fig. 11). 

_________________________________________________________________ 477 



General-Purpose Power Transistors ___________________________ _ 

RCA1B04, RCA1B05 

Silicon Transistors for 
Audio-Amplifier Applications 

The RCA1B04 and RCA1B05 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, VBE 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: 

Veso ....•••.•...•..•........................................... 
VeEo ••....•.•.................................................. 
VeER RBE = 100 n ............................................... . 
VEBO ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

Ie ............................................................ . 
lB •••••......................•••...•.•.••.•...••..•............. 
Pr 

AtTe:525·C ................................................ . 
AtTe>25·C ................................................ . 

T.1g , TJ ••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

T: 
LAt distance;::: 1/32 in. (0.8 mm) from 

seating plane for 10 s max ................................... . 

File Number 908 

TERMINAL DESIGNATIONS 

92CS-27516 

JEDEC TO-204AA 

RCA1B04 
225 
200 
225 

RCA1B05 
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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------------------_________ General-Purpose Power Transistors 

RCA1B04, RCA1B06 
ELECTRICAL CHARACTERISTICS, At Case Temperature (TCl = 2f50C 

CHARAC- LIMITS 

TERISTIC TEST CONDITIONS RCA1B04A RCA1B05* RCA1B09** UNITS 

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

VCE = 120 V, RBE = 100 no - 1 - - - -
ICER rnA 

VCE = 200 V, RBE = 100 no - - - 1 - 1 

lEBO VEB = 5 V, IC = 0 - 1 - 1 - 1 rnA 

VCEO IC=0.2A,IB=0 200 - 250 - 250 - V 

VCER IC = 0.2 A, RBE = 100 no 225 - 275 - 275 - V 

fT 
IC= 0.2 A, VCE = 10V 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 = 120 V, t = 1 5 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 3211-

** For characteristics curves and test conditions. refer to published data for prototype 2N6510 (File 848). 

CAIt TEMPERATURE: (T ct-u·c · CAS!E TEMrERIATURE (Te }=2S-C · ..., -vc~stl II 
1_ 340 II 
:Ci ''''''''' !!; 320 <'90 

"'I V, E (M) 

ej!OO 
Ii 1280 

*~260 
""'5~~ E" g1!l240 
~ i~ 220 

II 200 

J I UIO , . . . , . .. , . . 
10 100 IK 10k 

EXTERNAL BASE-lO-EMlTTER RESISTANCE (RBE)-.n 
t2U-1MIIb 

· I i , 
ICIMAX lcolrtlous)\· ~IO · " · ...... ·c z · ~ 

K." · · , "'., " ~~ · 0, 
t; • 

6 1 SIb-LlM::rc 0 · VCE~ MAXl~L -
f--f-

2 

° , -r I I I I 
2 . . . 2 . 6. 2 . 

10 100 

COLLECTOR-TO-EMITTER VOLTAGE (VeEI-V 

6. , 

Fig. 1 - Derating curves for all types. Fig. 2 - Maximum operating areas for RCA 1804. 

• I I 

2 4 6 8 2 "6 8 2 "6 8 I 
10 '00 

COLLECTOR-TO-EMITTER VOLTAGE (VeE'-V 
92C5-22040R1 

Fig. 3 - Maximum operating areas for RCA 1 805. 

____________________________________________________________________ 4N 



General-Purpose Power Transistors 

RCA3054, RCA3055 

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 

File Number 618 

TERMINAL DESIGNATIONS 

• High dissipation ratings 

Applications: 
• Series and shunt regulators 

• High-fidelity amplifiers 

,R';"l° II ] + t 
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 con trois 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 25°C 
At case temperatures above 25°C 

TEMPERATURE RANGE: 

Storage and Operating (Junction) 

PIN TEMPERATURE (During Soldering}: 

At distances? 1132 in. (0.8 mm) from seating plane for 10 s max. 

VCBO 

VCERIsus) 
VCEO(sus) 
VCEV(sUS) 

VEBO 

IC 

IB 

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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General-Purpose Power Transistors 

RCA3054, RCA3055 
ELECTRICAL CHARACTERISTICS, At Case Temperature (TC) = 2d'C unless otherwise specified 

CHARACTERISTIC SYMBOL 

Coliector~Cutoff Current: 
ICEO With base open 

With base-emitter 
ICEX junction reverse-biased 

At TC = 1500 C ICEX 

Emitter-Cutoff Current lEBO 

Collector-ta-Emitter 
Sustaining Voltage: VCEO(SUS) 

With base open 

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

With base-emitter junction VCEV(sus) 
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-5ignal. Short· 
Circuit Forward hfe 
Current Transfer Ratio 
(f = 1 kHz) 

Forward-Bias Second 
Breakdown Collector ISlb 
Currentb (t >1 s) 

Thermal Resistance: 

Junction-to-Case RIIJC 
Junction-to-Ambiant RIIJA 

a Pulsed: Pulse duration = 300 "'S. 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 a 

90 -1.5 
100 -1.5 

90 -1.5 
100 -1.5 

7 a 

O.1 a a 
0.2a a 

O.1 a 
0.2a 

-1.5 O.1 a 

4 3a 
4 loa 
4 0.5a 
4 4" 

0.5a 0.058 
4a O.4a 

4 0.5a 
4 4a 

4 0.1 
4 1 

4 0.1 
4 1 

4 0.1 
4 1 

55 
60 

LIMITS 

RCA3054 RCA3055 UNITS 

MIN. MAX. MIN. MAX. 

- 0.5 - 0.7 

- 1 - - mA - - - 5 

- 6 - -
- - - 30 

- 1.0 - 5 mA 

55 - - -
- - 60 -

60 - - - V 
- - 70 -

90 - 90 -

5 - - -
- - 5 -
25 100 - -
- - 20 70 

- 1.0 - - V - - - 1.1 

- 1.7 - - V - - - 1.8 

30 - - - kHz - - 10 -

2 - - -
- - 8 -

25 - - -
- - 15 120 

0.65 - - - A 
- - 1.2 -

- 3.5 - 1.67 °C/W 

- 70 - 70 
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General-Purpose Power Transistors 

RCA3054. RCA3055 

« 
I 
u 
tj 

I­
Z 

'" a: 
!5 I 
v 

a: 
::? 
v 

'" oJ 
oJ 
o .., 

0·1 

*FOR SINGLE 
NONREPETITIVE 
PULSE 

• 10 
COLLECTOR-TO-EMITTER VOLTAGE (VCE'-V 

92CS-21465 

Fig. 1 - Maximum operating areas for RCA3054. 

COLLECTOR -TO-EMITTER VOLTAGE IVCE'-V 92CS-21466 

Fig. 2 - Maximum operating areas for RCA3055. 

I 
100 
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General-Purpose Power Transistors 

RCA3054, RCA3055 
rno : VOLTAGE (VCE) • 4V 

IS 50 75 100 125 150 175 .-'--..,0="0.5 1.0 
EFFECTIVE CASE TEMP. OR C~E T£MP. (TEFF OR Tel-Ie 

BASE·YO·EMITTER VOLTAGE (VSE) _ v ..... 
Fig. 3 - Derating curve for both types. Fig. 4 - Typical input characteristics for RCA3054. 

COLLECTOR·YO·EMITTER VOLTAGE (VeE) - v 92SSoJ726 
BASE·lO·EMITTER VOLTAGE (VBE) _ v 

!l2SS-3135 

Fig. 5 - Typical output characteristics for RCA3054. Fig. 6 - Typical transfer characteristics for RCA3054. 

COLLECTOR·lO·EMITTER VOLTAGE (VeE). 4 V 

100 

~ ... 
~ so -

~ ~ .... 
~ 

~/ ~ !!: t-... 
~ 60 nl/Y 1'\ 
~ 

I 
/ ¥ ~ 401-!-L-~ ... ~ 

I-L#/ ~~ 
:s "'V 1'\ 

1 
t! aa 

m 
~ 0.0 

::: 
;\ OA 

0 

0.001 2 
, 6 aO.01 2 4 ~ a 1.0 2 4 i 810 

COLLECTOR CURRENT (lei - A. BASE-TO-EMITTER VOLTAGE (VBE)-V 
92CS-15989 

Fig. 7 - Typical dc beta characteristics for RCA3054. Fig. 8 - Typical input characteristics for RCA3055. 
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General-Purpose Power Translstors __________________________ _ 

RCA3054, RCA3055 

o I020~0405060 70 
COLlECTOR-TO-EMITTER VOLTAGE tYCE1-V 

BASE-TO-EMITTER VOL.TAGE (VBE'-Y 
92CS-15992 92.CS-15987 

Fig. 9 - Typical output characteristics for RCA3055. Fig. 10 - Typical transfer characteristics for RCA3055. 

COLLECTCR-TO-EMITTER VOLTAGE (VeE 1-4 V 

f 
Q 

~ 100 

~ ... 

i 
i 
g 

80 
\,/!ttC 

......... TI ;;0 
60 I IJ. ,1()" ;:-

;,,;ti-~.';;1#: 
f--~t. .. ~ 

4O~ 
20 

0,01 4 6 10.1 4 6 e I 

COLLECTOR CURRENT 1I.e)-A 

';: 
.... ; 

4 • 8 
10 

92CS'15985 

Fig. 11 - Typical dc beta characteristics for RCA3055. 
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____________________________ General-Purpose Power Transistors 

File Number 1060 RCA3773, MJ15003, RCA8638C, RCA8638D, RCA8638E 

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, RCA8638C, RCA8638D, and 
RCA8638E are ballasted epitaxial-base silicon n-p-n 
transistors featuring high gain at high current. They may be 
used as complements to the p-n-p types 2N6609, MJ15004, 
RCA9116C, RCA9116D, and RCA9116E, respectively. 

They differ in voltage ratings and in the currents at which 
the parameters are controlled. All are supplied in the steel 
JEDEC TO-204AA packages. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

RCA3773 MJ15003 

ve""' ••...•.•.••.••..••...•••••....••••• 160 140 
VeEX(SUS) 

Vae = -1.5 V; Rae = 100 0 ...••••......• 160 
VeeR(SuS) 

RaE = 1000 .•.•.•...•.•..••...••...•. 150 150 
Veeo(SUS) •••..•..•.•••.•.•.•••••...•••. 140 140 
VEBO ••••••••••••••••••••••••••••••••••• 7 
Ie ...••••.•...•.••••..••...•••...•..•.• 
la .•.•.•.•••.••.•...•.....••••....••••. 
PT 

At Te:5 25DC ........................ 150 250 
AtTe>25DC Derate Linearly ...•••••. 0.857 1.43 

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

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

TERMINAL DESIGNATIONS 

c 

'~ 
92CS-27S16 

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/DC 

-65 to +200 DC 

230 DC 
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General-Purpose Power Transistors 

RCA3773, MJ15003, RCA8638C, RCA8638D, RCA8638E 

ELECTRICAL CHARACTERISTICS, at Case Temperature (T C) = 25"C Unlf1$S Otherwise 
Specified 

TEST CONDITIONS LIMITS 

VOLTAGE CUR· 
CHARAC· Vdc RENT UNITS 
TERISTIC Adc RCA3773 MJ15003 

VCE VBE Ie Min. Max. Min. Max. 

ICBO 160a - 4 - -
140a - 2 - 1 

ICEX 140 -1.5 - 1 - 0.1 

ICEX 140 -1.5 - 5 - 2 
TC = 150°C 

rnA 
ICEO 140 - - - 0.25 

IB=O 
120 - 1 - -

lEBO 
- 7 - 1 - -
- 5 - - - 0.1 

hFE 4 SC 15 60 - -
4 16c 5 - - -
2 5C - - 25 150 
2 lOC - - 10 -

VCEX(sus)b -1.5 0.2 160 - - -
RBE = lOOn 

VCER(sus)b 
0.2 i50 - i50 -

RBE';;; lOon 

. VCEO(sus)b 0.2 140 - 140 -

VEBO 0 7 - 5d -
IE= 1 rnA 

4 se - 2.2 - - V 
VBE 

2 SC - - - 2 

VCE(sat) 
IB = 3.2A 16c - 4 - -

= O.SA SC - 1.4 - -
= 0.5A 5c - - - 1 

ISlb 100 1.5 - 1 -
tp = 1 5 50 - - 5 - A 

nonrep. 

Ihfel 
f=0.5MHz 10 0.5 4 - 4 -

fT 2 - 2 - MHz 

hfe 4 1 
f= 1 kHz 

40 - - -

Cob loa -
f=O.l MHz 

500 - 500 pF 

R/lJC 10 10 - 1.17 - 0.7 °CIW 

See page 3 for footnotes. 
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_____________________________ General-Purpose Power Transistors 

RCA3773, MJ15003, RCA8638C, RCA8638D, RCA8638E 

ELECTRICAL CHARACTERISTICS, at Case Temperature (TC) = 25°C 
Unless Otherwise Specified (Cant'd) 

TEST CONDITIONS 
LIMITS 

VOLTAGE CUR-
CHARAC- Vdc RENT 

RCA8638C RCA8638D 
TERISTIC Adc 

VCE VBE IC Min. Max. Min. Max. 

140a - 1 - -

ICBO 120a - - - 1 
100a - - - -

ICEX 
140 1.5 - 1 - -

120 1.5 - - - 1 

ICEX 140 1.5 - 5 -
TC= 150°C 120 1.5 - - - 5 

ICEO 70 - 1 - -

IB = 0 60 - - - 1 

lEBO - 5 - 1 - 1 

hFE 2 5c 25 150 25 150 
2 7.5c - - - -

2 10c 10 - 10 -

VCERlsus)b 
0.2 150 - 130 -

RBE';;100Q 

VCEOlsus)b 0.2 140 - 120 -

VEBO 0 5 - 5 -
IE = 1 rnA 

VBE 2 7.5c - - - -

2 5c - 2 - 2 

VCElsat) 
IB = 0.75A 7.5c - - - -

= 0.5A 5c - 1 - 1 

ISlb 
tp = 1 s 35 5.71 - 5.71 -

nonrep. 25 - - - -

thfe t 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 
- -

- -
8 -

A 

4 -

2 - MHz 

- 500 pF 

- 0.875 °C/W 

• VCB b CAUTION: Sustaining voltages VCEXlsus), VCERlsus), and 
V CEO Isus) MUST NOT be measured on a curve tracer. See 
Figs. Band 9. 

C Pulsed; pulse duration = JOO"s, 
duty factor = 1 .8%. 

d Measured at IE = -0.1 rnA. 
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General-Purpose Power Translstors __________________________ _ 

RCA3773, MJ15003, RCA8638C, RCA8638D, RCA8638E 

COLLECTOR·TO~EMITTER VOLTAGEeVCEl- Y 
92CM-30I4!5 

Fig. 1 - Maximum operating areas for al/ types. 

, 
CASE TEMPEAATUAE (Tc)-·C 

Fig. 2 - Current derating curve for al/ types. 

Fig. 4 - Typical saturation voltage characteristics for al/ types. 

't!'~: COLLECTOR-TO-EMITTER VOLTAGE ('l/CE)-2 '1/ r--
~ . 
r-~~ __ " i 2 ...... 

.. 'OIl 
~ . 
; ! ~f"f'l.~P.1'Ufl,t. 
~ . ~ C"S£. ~-,.'Z.')~C 

\ C 

~ 
2 .. 

'0 .. a • 
" • 
~ • 
~ 2 

8, 
2 ••• 2 . . . 2 . .. 2 ... 

0.01 0.1 I 10 100 
COLLECTOR CURRENT(ICI-A 92.CS-30146 

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

BASE-TO-EMITTER VOLTAGE ('liBEl-V 
92CS-30148 

Fig. 5 - Typical input characteristics for al/ types. 
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General-Purpose Power Transistors 

RCA3773, MJ15003, RCA8638C, RCA8638D, RCA8638E 

I 

BASE-TO- EMITTER VOLTAGE (YSE)-V 92CS-30149 

COLLECTOR SUPPLY VOLTAGE' "eel- 30 1/ 
IBI·~B2·I/IOIC 

CASE TEMPERATURE eTc I- 2S-C 

Fig. 6 - Typical transfer characteristics for all types. Fig. 7 - Typical saturated-switching times for all types. 

... Ic 
z 
w 
~ 
=> .. 

~I 
Wo 
oH w­
..J 
..J 

veEO (sus) 

I 

------t; 
IA 
I 
I 
I 

27Q,2W 

6 SERIES-CONNECTED 
J. W. MILLER NO 2881, 
OR EQUIVALENT 

OSCILLOSCOPE INPUT 
HEWL.ETT-PACKARO 
MODEL NO. 13OB, 

CLARE MERCURY RELAY 
MODEL NO HGP-I045 
OR EQUIVALENT 

~ 
120V 
6OH, 

I.. 

VCER(SUS) 

VCEO(susl O 

OR EQUIVALENT 

t----{J HORIZ. 
In 
NON. IND. 

t--~---<OGND 

""'---0 VERT 

VCEX(SUS) 

L· 21 mH FOR VCEO(sus) 
AND VeER (sus) 

L" 7mH FOR VCEX (lUI) 
R-Ioon 9.2CS-30150 

o TO rov 
(!500mA) 

Fig. 8 - Circuit used to measure sustaining voltages VCED(SUS), 

VCER(SUS), and VCEX(SUS) for all types. 

I 

veER (susl 
OR 

VeEX (sus) 

8 0 veE 0 VeE 
COLLECTOR-TO-EMITTER VOLTAGE (VCE)-V 

:"!:Gb~:h::t=:i~ru:.°::~r:~v~~~;t'!;n:~~::'=i:;···~~,~~~:,5~::.s 
ofc:urrent .. d "oltoge, see Electrical CharacterIstic •. 

92CS-15224RI 
nCS-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 al/ types. 
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General-Purpose Power Translstors __________________________ _ 

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 fea­
turing high gain at high current and high voltage. They 
differ from each other in voltage ratings, safe-operating­
area (SOA) ratings, and the currents at which the parameters 
are controlled. 

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

"Formerly RCA Dev. Type Nos. 
TA9166A and TA9166B. respectively. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

VelD ••••••••.•••••••••••••••••••••••••••••••••••••••••••••••••••• 
VeEA(SUS) Ra. = 100 n ........................................... .. 
Veec(SUS) •••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
VEBC ............................................................ . 
Ie .............................................................. . 
leM ............................................................. . 

la .............................................................. . 
Pr 

At Tc:S 25·C ••.•..•.••••..••.•..•..••..••••••..••....••••.•.• 
At T c > 25· C ................................... Derate linearly 

T .... TJ .....................•.....•............................... 
TL 

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

TERMINAL DESIGNATIONS 

92CS-27516 

JEDEC TO-204AA 

RCA9188A RCA9166B 

275 225 
250 200 

5 
16 
30 
5 

MJ15024 
400 
275 
250 

250 
1.43 

-65 to 200 

230 

MJ15022 
350 
225 
200 

v 
v 
v 
V 
A 
A 
A 

w 
W/·C 
·C 

·C 
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_________________________ General-Purpose Power Transistors 

RCA9166A, RCA9166B, MJ15022, MJ15024 
ELECTRICAL CHARACTERISTICS, at Case Temperature (TC)=25°C 
Unless Otherwise Specified 

TEST CONDITIONS LIMITS 

CUR-

CHARAC· VOLTAGE RENT RCA9166J1 RCA9166B MJ15024 

TERISTIC Vdc Adc 

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

4O()II - - - - - 1 
Iceo 35()11 - - - -- -

200 - 1 - - - 0.5 
ICEO 

150 1 - -- - -
400 -1.5 - - - - - 0.5 

ICEX 250 -1.5 - - - - - 0.25 

200 -1.5 - - - - - -
ICER ReE=l00 n, 200 - 4 - - - 4 

TC=l50°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 -
ReE=l00 n 
VEeO IE-l mA 5 - 5 - - -

I E=0.5mA - - - - 5 -
4 3c - 2 - 2 - -

VeE 
4 8c - - - - - 2.2 

VCE(sat) le=0.3 A 3c - 1.0 - 1.0 - -
le=0.8 A 8c - - - - - 1.4 

le=3.2 A 16c - - - - - 4 

ISlb tp=0.5 s 80 3 - 3 - 2 -
nonrep. 50 - - - - 5 -

I hfe I f=l MHz 10 1 4 20 4 20 4 20 

tr 10 1 4 20 4 20 4 20 

Cob lOa - 500 - 500 - 500 

R8JC 10 10 - 0.7 - 0.7 - 0.7 

·VCS· 

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 °crw 

bCAUT/ON: Sustaining voltages VCER(SUS) and VCEO(sUS) MUST NOT be measured on a curve tracer. 

CPulsed; pulse duration=300 /lS, duty factor=1.8%. 
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General-Purpose Power Transistors 

RCA9166A, RCA9166B, MJ15022, MJ15024 

6 8 100 2 4. 81000 
VOLTAGE (VCEl-V 

92CM-33704 

Fig. 1 - Maximum operating areas for all types . 

.. 50 75 100 125 150 
CASE TEMPERATURE ITCI- DC 

175 200 
92LS-1469RI 

Fig. 2 - Current dereting curve for all types. 

Fig. 4 - Typical gain-bandwidth product for all 
types. 

0.01 2. "8 80.1 2. 4 6 8, 2. <4 IS 8.0 

COLLECTOR CURRENT (r.C1-A 
92CS-33705 

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

~ 
i!i I.' 
I! I 

~ 
~o.5 

o 
o 4 6 B 10 12 14 ~ 18 

COLLECTOR CURRENT (IC)-A 92CS-35709 

Fig. 5 - Typical saturation voltage character­
istics for all types. 
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92C$-33706 

Fig. 6 - Typical input characteristics for all 
types. 

Fig. 8 - Typical common-base input or output 
capacitance characteristics as a 
function of reverse voltages for all 
types. 

27n,2W 

General-Purpose Power Transistors 

RCA9166A, RCA9166B, MJ15022, MJ15024 

42mH 

14 

COLLECTQR-TO-EMITTER VOLTAGE 

(VCE)s4V 

1 

~ 6 

~ 4 

o 
o I 2 3 4 

BASE-TO-EMITTER VOLTAGE (VeE)-V 
92CS-33710 

Fig. 7 - Typical transfer characteristics. 

I- Ic 
z 
W 
0: 
0: 
=> .. 
~I 
Wu 
oH w-

veEO (sus) 

I 

:l 1 

I 

veER (susl 
OR 

VCEX (sus) 

8 0 ~E 0 ~E 
COLLECTOR-TO-EMITTER VOLTAGE (VCE)-V 

NOTE The suslell"i"g Voltcrg~s VeEO(sus), VCER(sus) or, VCEXlsus) Ill. 
ace~tabl. wt,en,h. trClCelatlsIGtIa."gh'and abDnpo,nl "A". (For'lalues 
ofcu,rent ... d '1ollage, s •• Eleclrlcal Choraer •• ,slles 

92CS-15224RI 

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 

35 
28 
21 

OSCILLOSCOPE INPUT 
HEWLETT -PACKARD 
MODEL NO. 1308, 

CLARE MERCURY RELAY 
MODEL NO. HGP-1045 
OR EQUIVALENT 

~ 

R 

120 V 
60Hz 

1.5 

VCEOIS.sJ 0 

OR EQUIVALENT 

loon 

14 
7 

+-----0 HORIZ. 
In 
NON. IND. 

+---~--oGND 

+------0 VERT. 
(INVERT! 

L' 21 mH FOR VCEOIs.sJ 
AND VeERI .. s) 

L- 7mH FOR VCEXls.I' 
R-Ioon 

92CS-337m 

Fig. 10 - Circuit used to measure sustaining 
voltages VCEO(sus). VCER(SUS), and 
VCEX(sUS) for all types. 

o TO 50V 
1500 rnA) 
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General-Purpose Power Transistors 

TIP29, TIP29A, TIP29B, TIP29C 

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 TlP30-series p-n-p types' 

File Number 990 

The RCA-TIP29, TIP29A, TIP29B, and TIP29C are epitaxial­
base, silicon n-p-n transistors intended for a wide variety of 
switching and amplifier applications, such as series and 
shunt regulators and driver and output stages of high-fideli­
ty amplifiers. These power transistors are designed for 
complementary use with devices in the TIP30 series. They 

TERMINAL DESIGNATIONS 

. differ from each other in voltage ratings. 

They aresupplied in the JEDEC TO-220AB (VERSAWATT) 
plastic package. 

• Technical data for the TIP30-series devices are given in 
RCA data bulletin File No. 988 JEDEC TO-220AB 

MAXIMUM RATINGS, Absolute-Maximum Values: 

TIP29 TIP29A rlP29B 

ve.o ............................................. 40 60 80 
VeEO ••••••••••••••••••••••••••••••••••••••••••••• 40 60 80 
VEeo ••••••••••••••••••••••••••••••••••••••••••••• 5 5 5 
Ie.............. ...... ..... ...... ................. 3 3 3 
I •................................................ 

At Te~ 25°C................................. 30 30 30 
AtTA~25°C................................. 2 2 2 
AtTe>25°C .................. Derate linearly __________ _ 0.24 

Tlltg,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 

TIP29C 
100 V 
100 V 
5 V 
3 A 

A 

30 W 
2 W 

W/oC 
°C 

°C 
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General-Purpose Power Transistors 

TIP29, TIP29A, TIP29B, TIP29C 
ELECTRICAL CHARACTERISTICS, At Case Temperature (Tel = 2SOC unless otherwise specified 

TESTCOND. LIMITS 
VOLT· CUR. 

Units CHARAC· AGE RENT TIP29 TIP29A TIP29B TIP29C 
TERISTIC Vdc A,dc 

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 BO 0.2 rnA - - - - - - -
100 - - - - - - - ·0.2 

lEBO 
0 - 1 - 1 - 1 - 1 rnA 

VBE=-5V 

VCEO(sus) 
40b 60b BOb 100b V 

IB=O 
0.03a - - - -

4 0.2a 40 - 40 - 40 - 40 -
hFE 4 1a 15 150 15 150 15 150 15 150 

VBE 4 18 - 1.3 - 1.3 - 1.3 - 1.3 V 

VCE(sat) 
IB= 1a - 0.7 - 0.7 - 0.7 - 0.7 V 

0.125A 

hfe 
10 0.2 20 20 20 20 - - - -

f=1 kHz 

Ihfel 
f=1 MHz 10 0.2 3 - 3 - 3 - 3 -

tON 
(td+tr) 
VCC= 

30V 1 0.4 (typ.) 0.4 (typ.) 0.4 (typ.) 0.4 (typ.) 

RL =30n 

IB1=IB2 
=0.1A 

J.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 

ROJC - 4.17 - 4.17 - 4.17 - 4.17 
oCIW 

ROJA - 62.5 - 62.5 - 62.5 - 62.5 

a Pulsed. pulse duration = 300 J.lS. duty factor"; 2%. 
b CAUTION: Sustaining voltage. VCEO(sus). MUST NOT be measured on a curve tracer. 
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General-Purpose Power Translstors __________________________ _ 

TIP29, TIP29A, TIP29B, TIP29C 

92et-2"10 

Fig. 1 - Maximum operating areas for all types. 

!400 COLLECTOR-TO-EMITTER VOLTAGE (VeE). 4V 

5200 CAS~ TEiRL.UE tTC)!12S0C 

; 100 

J;;=c. ..... 
J!; 80 -40·C 

60 
~ 
II! 401--'""" 1:\ 
~ """'-~ I 
g 

20 

10 

• . . .. • . . . . . 001 0.1 I 

COLI.ECTOR CURRENT UC)-A 

Fig. 3 - Typical dc beta characteristics 
for TlP29, TlP29A, and TIP29B. 

. 

1715 200 

CASE Tt:MPERATlIRE ITCI-OC 

Fig.2 - Derating curve for 
all types. 

• 10 

! 
0 

~ . 
~ 
~ 

! 
I 
g 

: COLLjCTOR-TO- EMITTER VOLTAGE ( VCEI-4 V 

,-::d-TEJERlT~~E ITe), 12S'~ c. r-- 25.C ...... 

0 · -40·C 

· .- 0l , 
~ 

0 · · · , . 0 , . '0 , . 
0,01 0.1 I 

COLLECTOR CURRENT {ICI-A 

Fig. 4 - Typical dc beta characteristics 
for TlP29C. 

00 
10 
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INPUT: 
HEWLE TT- PACKARD 
MODEL No. 214A OR 

EQUIVALENT 

INPUT FROM 
PULSE GENERATOR 

I PULSE DURATION· 
20".s; REP. RATE= 

I kHz} 

VBB-+4 5V VCC~-30V 

OUTPUT TO 
OSCILLOSCOPE 

TEKTRONIX MODEL 
No 543A OR 
EQUIVALENT 

D£VICE 
UNDER 
TEST 

*ADJU5T RS FOR 182 AND Re FOR Ie 
~IBI AND 182 MEASURED WITH TEKTRONIX CURRENT PROBE 

P6019 AND TYPE 134 AMPLIFIER, OR EQUIVALENT 

92CS-24196 

Fig. 5 - Circuit used to measure saturated 
switching times for all types. 

General-Purpose Power Transl_,. 

TIP29, TIP29A, TIP29B, TJP29C 

. 
~ ot':':",o:'"v,.-t-", 

INPUT 
WAVE FORM 

~w 
~ ~ ~~q~=1~===l=:t=+=~~T:r.:'ME 
ti~ 
~~ sg -

'2CS-24797RI 

Fig. 6 - Oscilloscope display for measurement 
of switching times. 
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General-Purpose Power Transistors 

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 collector current 
• Min. fT of 3 MHz at -10 V, -200 mA 
• Designed for complementary use with TlP29-series n-p-n types' 

TERMINAL DESIGNATIONS The RCA-TIP30, TIP30A, TIP30B, and TIP30C 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 aresupplied in the JEDEC TO-220AB (VERSAWATT) 
plastic package. 

'~'~"1011 ] .. E= 
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 
VeBo ............................................. -40 -60 -80 

Ve.o .....•.............••....•.....•.........•... -40 -60 -80 

V.BO ••••••••••••••••••••••••••••••••••••••••••••• -5 -5 -5 

le .. ~............................................. -3 -3 -3 

lB................................................ -1 -1 -1 

AtTe$25°C .•......•..........•.........•... 30 30 30 

AtT.$25°C ....................•......••..•• 2 2 2 
At Te > 25°C .•.••..•.....••... Derate linearly __________ _ 0.24 

Ts .. ,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 

'NloC 

°C 

°C 
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General-Purpose Power Transistors 

TIP30, TIP30A, TIP30B, TIP30C 

ELECTRICAL CHARACTERISTICS. At Case Temperature (TC) = 25°C unless otherwise specified 

TESTCOND. LIMITS 
VOLT- CUR. 

Units CHARAC- AGE RENT TIP30 TIP30A TIP30B TIP30C 
TERISTIC Vdc Adc 

VCE IC Min. Max. Min. Max. Min. Max. Min. Max. 

ICEO -30 - -0.3 - -0.3 - - - -
IS=O -60 - - - - - -0.3 - -0.3 mA 

-40 - -0.2 - - - - - -
leES -60 - - - -0.2 - - - -

VES=O -80 -0.2 - - mA - - - - -
-100 - - - - - - - -0.2 

IESO 
0 - -1 - -1 - -1 - -1 mA 

VSE=5V 

VCEO(sus) 
-40b -60b -80b -100b V 

IS=O 
-0.038 - - - -

-4 -0.28 40 - 40 - 40 - 40 -
hFE -4 -18 15 150 15 150 15 150 15 150 

VSE -4 -18 - -1.3 - -1.3 - -1.3 - -1.3 V 

VCE(sat) 
IS= -l a - -0.7 - -0.7 - -0.7 - -0.7 V 
-0.125A 

hfe 
-10 -0.2 20 20 20 20 - - - --

f=l kHz 

Ihfel 
f=l MHz -10 -0.2 3 - 3 - 3 - 3 -

tON 
(td+tr! 
Vce= 
-30V -1 0.2 (typ.) 0.2 (typ.) 0.2 (typ.) 0.2 (typ.) 

RL =30n 
IS1=-IS2 

=-O.lA 
IlS 

tOFF 
(ts+tf) 
Vee= 
-30V -1 1 (typ.) 1 (typ.) 1 (typ.) 1 (typ.) 

RL =30n 
IS1=IS2 
=-O.lA 

ROJC - 4.17 - 4.17 - 4.17 - 4.17 
°C/W 

ROJA - 62.5 - 62.5 - 62.5 - 62.5 

a Pulsed. pulse duration = 300 tJS. duty factor';; 2%. 
b CAUTION: Sustaining voltage. VCEO(SUS), MUST NOT be measured on a curve tracer. 
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General-Purpose Power Transistors 

TIP30, TIP30A, TIP30B, TIP30C 

•• -, wlO -100 
COLLECTOR-TO-EMITTER VOLTAGE (VCE)-V 

• • -'000 

9ZCS-288Z4 

Fig. 1 - Maximum operating areas for aI/types. 

~!.. ~"i~ 
!i 25 'v+/~~ n ~ 

o 25 so 15 100 12& 150 175 200 

10 

C~ TEMPERATURf ITC}-"(; 

Fig.2 - Derating eurvtt for 
aI/types. 

-0.01 -0.1 -, . .. 
-'0 

COLLECTOR CURRENT (Ic)-A 

Fig. 3 - Typical de beta characteristics 
for TlP30. TlP30A. and TlP30B. 

-001 
. , . 

-0-1 -I 
COLLECTOR CURRENT IIC1-A 

Fig. 4 - Typical dc beta characteristics 
for TlP30C. 

-10 
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INPUT: 
HEWLETT-PACKARD 
MODEL NO.214A OR 

EQUIVALENT 

INPUT FROM 
PULSE GENERATOR 

(PULSE DURATION~ 
20~s; REP. RATE = 

I kHz) 

OUTPUT TO 
OSCILLOSCOPE 

TEKTRONIX MODEL 
No.543A OR 
EQUIVALENT 

DEVICE 
UNDER 
TEST 

Fig. 5 - Circuit used to measure saturated 
switching times for al/ types. 

General-Purpose Power Transistors 

TIP30, TIP30A, TIP30B, TIP30C 

-30V I 

J -"r "4 
TURN-ONI-­

TIME 

92CS-15619RI 

Fig_ 6 - Oscilloscope display for measurement 
'Jf switching times. 
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General·Purpose Power Transistors 

TIP31, TIP31A, TIP31B, TIP31C File Number 991 

Epitaxial-Base, Silicon N-P-N 
VERSAWATT Transistors 
For Power-Amplifier and High-Speed-Switching Applications 

Features: 

• 40 W at 25°C case temperature 
• 5 A rated col/ector current 
• Min. fT of 3 MHz at 10 V, 500 mA 
• Designed for complementary use with TIP32-series p-n-p types' 

The RCA-TIP31, TIP31A, TlP31B, andTlP31Careepitaxial­
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. Tilese power transistors are designed for 
complementary use wi til devices in tile TlP32 series. Thev 
differ from each other in voltage ratings. 

TERMINAL DESIGNATIONS 

They are supplied in tlleJEDEC TO-220AB (VERSAWATT) 
plastic package. 

'R'~'''l 0 II J±~' t 
TOP VIEW B 

• Tecllnical 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 
VeBO ..••.••••....•...•....•...••......•.......•.. 40 60 80 
VeEO ...............••...••..•••.•...••....•.•..•. 40 60 80 
VE• O ••••••••••••••••••••••••••••••••••••••••••••• 5 5 5 
Ie...... ........ ....... ......... ............. ..... 5 5 5 
I •................................................ 
PT: 

AtTeS25°e •..•....•••......•....••...••.... 40 40 40 
AtT.S25°e ••.....•.•.••.••..•••..•...•.••.• 2 2 2 
AtTc > 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 

TIP31C 

100 
100 

5 

5 

40 

2 

V 
V 

V 
A 

A 

W 

W 
w/oe 

°e 

°e 



___________________________ General-Purpose Power Transistors 

TIP31 , TIP31A, TIP31B, TIP31C 
ELECTRICAL CHARACTERISTICS, At Case Temperature (TC) = 25i'C unless otherwise specified 

TESTCOND. LIMITS 
VOLT· CUR. 

Units CHARAC- AGE RENT TIP31 TlP31 A TIP31B 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 rnA 

40 - 0.2 - - - - - -
ICES 60 - - - 0.2 - - - -

VEB=O BO 0.2 rnA - - - - - - -

100 - - - - - - - 0.2 

lEBO 
0 - 1 - 1 - 1 - 1 rnA 

VBE=-5V 

VCEO(sus} 
40b 60b BOb 100b V 

IB=O 0.03a - - - -

4 l a 25 - 25 - 25 - 2S -
hFE 4 3a 10 SO 10 SO 10 SO 10 SO 

VBE 4 3a - 1.B - loB - 1.B - 1.8 V 

VCE(sat} 
IB= 3a - 1.2 - 1.2 - 1.2 - 1.2 V 
0.375A 

hfe 
10 O.S 20 20 20 20 - - - -

f=l kHz 

Ihfel 
f=l MHz 10 O.S 3 - 3 - 3 - 3 -

tON 
(td+tr) 
VCC= 

30V 1 0.4 (typ.) 0.4 (typ.) 0.4 (typ.) 0.4 (typ.) 
RL =30n 

IB1=IB2 
=O.lA 

J.l.S 
tOFF 

(ts+tf) 
VCC= 

30V 1 1.2 (typ.) 1.2 (typ.) 1.2 (typ.) 1.2 (typ.) 
RL =30n 

IB1=:"'IB2 
=O.lA 

ROJC - 3.125 - 3.125 - 3.125 - 3.125 
oCIW 

ROJA - 62.5 - 62.S - 62.S - 62.S 

a Pulsed, pulse duration = 300 J.I.S, duty factor" 2%. 
b CAUTION: Sustaining voltage, VCEO(SUS), MUST NOT be measured on a curve tracer. 
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General-Purpose Power Transistors ____________________________ _ 

TIP31, TIP31A, TIP31B, TIP31C 

Nes-zea. 

Fig. 1 - Maximum operating areas for all types. 

IDO 175 !OO 

i 400 
COLLECTOR-lO-EMITTER VOLTAGE tVCEI • 

i 200 
CAS~ TEJPERL!~ ITc)lleoc 

ili ~r--! 100 - ......... 
~ 80 -40"C 

~ 
60 ____ 

~ 40 

:i 
i 20 

~ 
10 g • 

4 

• v 

I2\. 
......... r-..."\~ , 

CASE TEMPERATURE ITc1-"C 

Fig.2 - Derating curve for 
all types. 

001 
• 8 

0.1 
4 •• 

10 
COLLECTOR CURRENT lIe l-A 

92CS-20I48 

Fig. 3 - Typical dc beta characteristics 
for TlP31, TlP31A, and TlP31B. 

! : COLLiCTO~-TO- EMITTER VOLTAGE (VCE)=4 V 

2 : d-1EJ •• lT1~. rTcJ.12 •• l ~ 
~ CAS'F-!- 25·C ~ 

! 8 
-40-C · l, 

~ 4 

I--" ~ t · 
~18 

~ 

i 
~ 
g 

· 4 

· 
4 . 4 . . 

0.01 A.. I 
COlLECTOR CURRENT IIC)-A 

Fig. 4 - Typical dc beta characteristics 
for TIP31C. 
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INPUT: 
HEWLETT-PACKARD 
MODEL. NO. 214A OR 

EOUIVALENT 

INPUT FROM 
PULSE GENERATOR 

IPULSE DURATION-
20",1; REP. RATE = 

I kHz) 

\/8B'-45V VCC·t30V 

OUTPUT TO 
OSCILLOSCOPE 

TEKTRONIX MODEL. 
No 543A OR 
EQUIVALENT 

DEVICE 
UNDER 
TEST 

teCS·24915 

Fig. 5 - Circuit used to measure saturated 
switching times for all types. 

General-Purpose Power Transistors 

TIP31, TIP31A, TIP31B, TIP31C 

Fig. 6 - Oscilloscope display for measurement 
of switching times. 
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General-Purpose Power Transistors 

TIP32, TIP32A, TIP32B, TIP32C File Number 987 

Epitaxial-Base, Silicon P-N-P 
VERSAWATT Transistors 
For Power-Amplifier and High-Speed-Switching Applications 

Features: 
• 40 W at 25°C case temperature 
• 5 A rated collector current 
• Min. f, of3 MHz at -10 V, -500 mA 
• Designed for complementary use with TIP31-series n-p-n types' 

The RCA-TIP32, TIP32A, TlP32B, and TIP32C 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 TIP31 series. They 
differ from each other in voltage ratings. 

TERMINAL DESIGNATIONS 

They are supplied in the J EDEC TO-220AB (VERSAWATT) 
plastic package. 

'R';"l° II ] {=~' 
TOP VIEW B 

• Technical data for the TIP31-series devices are given in 
RCA data bulletin File No. 991 JEDEC TO-220AB 

MAXIMUM RATINGS, Absolute-Maximum Values: 

TIP32 TIP32A TIP32B 
Ve80 ............................................. -40 -60 -80 
Ve•o ............................................. -40 -60 -80 
V.Bo ............................................. -5 -5 -5 
Ie.... .... .... ....... ................ ....... ...... -5 -5 -5 
lB................................................ -1 -1 -1 
PT: 

AtTe$25°C ................................. 40 40 40 
AtT.$25°C ................................. 2 2 2 
At Te > 25°C .................. Derate linearly _________ _ 0.32 

T .... TJ ............................................ ________ _ -65 to 150 
T. (During soldering): 

At distance 1/8 in. (3.17 mm) 
from case for 10 s max ........................ __________ _ 235 

92CS-39969 

TIP32C 
-100 
-100 
-5 
-5 
-1 

40 
2 

V 
V 
V 
A 
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°C 
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___________________________ General-Purpose Power Transistors 

TIP32, TIP32A, TIP32B, TIP32C 
ELECTRICAL CHARACTERISTICS, At Case Temperature (TC) = 2fiOC unless otherwise specified 

TESTCOND. LIMITS 
VOLT· CUR. 

Units CHARAC- AGE RENT TIP32 TIP32A TIP32B TIP32C 
TERISTIC Vdc Adc 

VCE Ie Min. Max. Min. Max. Min. Max. Min. Max. 

ICEO -30 - -0.3 - -0.3 - - - -
IB=O -60 - - - - - -0.3 - -0.3 rnA 

-40 - -0.2 - - - - - -
ICES -60 - - - -0.2 - - - -

VEB=O -80 - - - - -0.2 - - rnA -
-100 - - - - - - - -0.2 

lEBO 
0 - -1 - -1 - -1 - -1 rnA 

VBE=5V 

VeEO(sus) 
-40b -60b -80b -100b 

IB=O 
-0.038 - - - - V 

hFE 
--4 -la 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 

hfe 
-10 -0.5 20 20 20 20 - - - --

f=l kHz 

Ihfel 
f=l MHz -10 -0.5 3 - 3 - 3 - 3 -

tON 
(td+tr) 
VCC= 
-30V -1 0.2 (typ.) 0.2 (typ.) 0.2 (typ.) 0.2 (typ.) 

RL =30n 

IB1=IB2 
=-O.lA 

/J.S 
tOFF 

(ts+tf) 
Vee= 
-30V -1 1 (typ.) 1 (typ.) 1 (typ.) 1 (typ.) 

RL=30n 

IB1=-IB2 
=-O_lA 

ROJC - 3.125 - 3.125 - 3.125 - 3.125 
°CIW 

ROJA - 62.5 - 62.5 - 62.5 - 62.5 

a Pulsed, pulse duration = 300 IJ.S, duty factor";; 2%. 
b CAUTION: Sustaining voltage, VCEO(susl, MUST NOT be measured on a curve tracer. 
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General-Purpose Power Transistors __________________________ _ 

TIP32, TIP32A, TIP32B, TIP32C 

Fig. 1 - Maximum operating araBS for all type .. 
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Fig. 3 - Typical dc beta characteristics 
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___________________________ General·Purpose Power Transistors 

INPUT: 
HEWL£TT~PACKARO 

MODEL No. 214A OR 
EQUIVALENT 

INPUT FROM 
PULSE GENERATOR 

'PULSE DURATION-
20,..: REP. RATE" 

I kHz) 

Vcc·-30V 

OUTPUT TO 
OSCILLOSCOPE 

TEkTRONIX MODEL 
No.543A OR 
EQUIVALENT 

DEVICE 
UNDER 
T£ST 

92CS-Z4r9a 

Fig. 5 - Circuit used to measure saturated 
switching times for al/ types. 

TIP32, TIP32A, TIP32B, TIP32C 

Fig. 6 - Oscilloscope display for measurement 
of switching times. 
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General-Purpose Power Transistors 

TIP41 , TIP41 A,TIP41 B, TIP41 C File Number 992 

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 col/ector current 
• Min. 'T of 3 MHz at 10V. 500 mA 
• Designed for complementary use with TlP42-series p-n-p types" 

TERMINAL DESIGNATIONS The RCA-TIP41. TIP41A. TIP41B. and TIP41 C are epitaxial­
base silicon n-p-n transistors intended for a wide variety of 
switching and amplifier applications. such as series and 
shunt regulators and driver and output stages of high-fideli­
ty amplifiers. These power transistors are designed for 
complementary use with devices in the TlP42-series. They 
differ from each other in voltage ratings. They are supplied 
in the JEDEC TO-220AB (VERSAWATT) plastic package. 

'R';'''loll J± .. i;! 
TOP VIEW B 

* Technical data for the TlP42-series devices are given in 
RCA data bulletin File No. 996 

JEDEC TO-220AB 

MAXIMUM RATINGS, Absolute-Maximum Values: 

TIP41 TIP41A TIP41B 
VCBO •.••••••••.•••••..••••••.••••...•••.•••••..•• 40 60 80 
VCEO •••••••••.••••••••.•••.••••..••••••••••••••.. 40 60 80 
VEBO ..•••.••.••••••..••••..•••••••••••••••....••• 5 5 5 
Ic. ............. ...... ...... ........ ..... ......... 7 7 7 
IcM............ ..... ..... ........ ................. 10 10 10 
I................................................. 3 3 3 

At T ~25°C •••• . .. . . . . •... . . . .. . . . . . . .... . .. . 65 65 65 
At T,.:S25°C ....••••.... "'.................... 2 2 2 
At T C>25°C .•.....••........ Derate linearly at ~ ________ _ 0.52 

T .... TJ ............................................ _________ _ -65 to 150 
T L (During soldering): 

At distances 1/8 in. (3.17 mm) 
from case for 10 s max ........................ __________ _ 235 

92CS-39969 

TIP41C 
100 
100 

5 
7 
10 

3 

65 
2 

V 
V 
V 
A 
A 
A 

W 
W 

W/oC 

W 

°C 
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___________________________ General-Purpose Power Transistors 

TIP41 , TIP41 A, TIP41 B, TIP41 C 
ELECTRICAL CHARACTERISTICS At C r. ratu~ (T) 2SOC ase empe e 'C) = 

TEST CONDITIONS LIMITS 

CHARAC· Voltage Current 
TIP41 T1P41A TIP41B TIP41C Units 

TERISTIC Vdc Adc 

VCE IC Min. Max. Min. Max. Min. Max. Min. Max. 

ICEO 30 - 0.7 - 0.7 - - - -
mA 

IB=O 60 - - - - - 0.7 - 0.7 

ICES 40 - 0.4 - 1- - - - -
VBE=O 60 - - - r 0.4 - - - -

mA 
80 - - - - - 0.4 - -
100 - - - - - - - 0.4 

lEBO 0 - 1 - 1 - 1 - 1 mA 
VBE=-5 V 

VCEO(SUS) 
0.038 40b - 60b - 80b - 100b - V 

16=0 

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(s8t) 
68 - 2 - 2 - 2 - 2 V 

IB=0.6 A 

hfe 10 0.5 20 - 20 - 20 - 20 -f=l kHz 

Ihfel 10 0.5 3 - 3 - 3 - 3 -
f=l MHz 

tON (td + t r ) 
VCC=30 V, 

6 0.6 (typ.) 0.6 (typ.) 0.6 (typ.) 0.6 (typ.) 
RL=5il, 

I I I I IB1=IB2=0.6 A 
J.lS 

tOFF (ts + 1f) I I I I 
VCC=30 V, 
RL=5il, 

6 1.4 (typ.) 1.4 (typ.) 1.4 (typ.) 1.4 (typ.) 

IB1=IB2=0.6 A 

ROJC - 1.92 - 1.92 - 1.92 - 1.92 
°C/W 

ROJA - 62.5 - 62.5 - 62.5 - 62.5 

a Pulsed, pulse duration = 300 iLS, duty factor ..;; 2%. 

b CAUTION: Sustaining voltage, V CEO (susi, MUST NOT be measured on a curve tracer. 
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General-Purpose Power Translstors __________________________ _ 

T",41, TIP41A, TIP41B, TIP41C 

COLLECTOR-lO-EMITTER VOLTAGE (VCEI-V 

'lel-II."S 

Fig. 1 - Maximum operating areas for all types. 

NOTE: CURRENT DERATING AT CONSTANT VOLTAGE 
APPLIES ONLY TO THE OISSIPATION-UMITED PORTION 
Of MAXIMUM-OPERATING-AREA CURVES DO 
NOT DERATE THE SPECIFIED VALUE FOR Ie MAX. 

25 so 75 100 125 180 17S 200 
CASE TEMPERATURE ITC1-OC 

92CS-19663 

Fig. 2 - Derating curves for all types. 

PULSE GENERATOR 
tlEWLETT -PACKARD 
NO. 2:14A. 
Oft EQUIVALENT 

O-dIY 

n ............. _@.,..IF-...,H. 
TIONJl:20,.. 

REP. RATE:Ii 
I ~HI 

'tt,IVUUa COLLECTOR-TO-EMITT1~~vOL TAGE IVCE)~ 4 V 

f • W-tCASE TEMPERATURE 1Tc)-125·C Q 4 
!i - -~ '" ~ 2 

! 
i!: 100 

~ a 
I 
g 

II: 
~,.. 
"Z ."" ...III: 
...III: 

B . 
4 

2 

10 

0.1 

-~.J '~ 

'" 
""'" 

, 
i'- ~ 

~ 
2 4 6 B 2 4 6 B 

10 
COLLECTOR CURRENT (I.c)-A 

92CS-U392 

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

------r 
I I 
I I I 
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O=> ,," ------=r,::- _10% 

-' L..-- - - - lif"'~OUTPui'::VEFORM 
i r ....,., ...- t.~ t--

-4 TO 
-IV 

8.el-U11'7 

Fig. 4 - Circuit used to measure saturated 
switching times for all types. 

92CS-22378 

Fig. 5 - Oscilloscope display for measure­
ment of switching times. 
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__________________________ General-Purpose 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 25D C case temperature 
• 7 A rated collector current 
• Min. fT of 3 MHz at 10 V, 500 mA 
• Designed for complementary use with TIP41-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. 

'R'~'1011 ] {' ~ 
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 
VeBO ••••••••••••••••••••••••••••••••••••••••••••• -40 -60 -80 
Ve.o ............................................. -40 -60 -80 
V.BO ••••••••••••••••••••••••••••••••••••••••••••• -5 -5 -5 
Ie...... ........ ......... ...... ........ .... ....... -7 -7 -7 
leM..... ........ ....... ...... ... ......... ...... ... -10 -10 -10 
I....... ........ ...... ........ ............ ..... ... -3 -3 -3 
PT: 

AtTe~25°e ................................. 65 65 65 
AtT.~25°C ................................. 2 2 2 
At Te > 25°C ................ Derate linearly at _________ _ 0.52 

T.tg,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 
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V 
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WIDe 

°e 

°e 
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General-Purpose Power Transistors 

TIP42, TIP42A, TIP42B, TIP42C 

ELECTRICAL CHARACTERISTICS, At Case Temperature (TcJ = 25°C 

TESTCOND. LIMITS 

VOLT· CUR· 
CHARACTER· AGE RENT 

ISTICS V de A de TlP42 TIP42A TIP42B TIP42C 

VCE IC Min. Max. Min. Max. Min. Max. Min. Max. 

ICEO - 30 - -0.7 - -0.7 - - - -
IB =0 -60 - - - - - -0.7 - -0.7 

ICES -40 - -0.4 - - - - - -
VEB=O - 60 - - - -0.4 - - - -

- BO - - - - - -0.4 - -
-100 - - - - - - - -0.4 

lEBO 0 - -1 - -1 - -1 - -1 
VBE =-5V 

VCEO(sus) 
-0.03" _40b _60b -BOb ·100t -IB =0 - - -

hFE - -4 -0.3a 30 - 30 - 30 - 30 -
-4 -3" 15 150 15 150 15 150 15 150 

VBE -4 _6a - -2.2 - -2.2 - -2.2 - -2.2 

VCE(sat) 
-sa -2 -2 -2 -2 IB=-0.6A - - - -

hfe , 
f = 1 kHz -10 -0.5 20 - 20 - 20 - 20 -

Ihte l 
f= 1 MHz -10 -0.5 3 - 3 - 3 - 3 -

tON (td +tr) 

VCC=-30 V 
-6 0.3 (typ.) 0.3 (typ.) 0.3 (typ.) 0.3 (typ.) 

RL=5n 

IB1 = IB2 = -0.6 A 

tOFF (ts +tt) 

VCC=-30 V 
-6 0.7 (typ.) 0.7 (typ.) 0.7 (typ.) 0.7 (typ.) 

RL =5n 

IB1 = IB2=-0.6A 

ROJC - 1.92 - 1.92 - 1.92 - 1.92 

ROJA - 62.5 - 62.5 - 62.5 - 62.5 
a Pulsed, pulse duratIon - 300 ,",S, duty factor EO; 2%. 
b CAUTION: Sustaining voltage, VCEO(susl, MUST NOT be measured on a curve tracer. 

NOTE: CURRENT DERATING AT CONSTANT VOLTAGE 
AP9L1ES ONLY TO THE DISSIPIlTION-UMITED PORTION 
OF MAKIMUM-OPERATING-AREA CURVES DO 
NOT DERATE THE SPECIFIED VALUE FOR Ie MAlt 

25 !SO 75 100 125 IS) 11'5 200 
CASE TEMPERATURE tTcl-'"C 92CS-19663 

Fig. 1 - Derating curve for all types. 

UNITS 

rnA 
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V 
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General-Purpose Power Transistors 

TIP42, TIP42A, TIP42B, TIP42C 

COLLECTOR-TO-EMITTER VOLTAGE "'CE)-V 

Fig. 2 - Maximum operating area. for all types. 
tacS-289T6 

wl038 COLLECTOR-lO-EMITTER VOLTAGE (VCEla-4 Y f--
~ . 
f 4 C4SE "e 
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!i , L- J. ~~., I .. 2'., f'~.,~1 .. I.---
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2 . "~. -65·C 
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~ 4 .. 
Ii' , 
" 0 I , 4 ,. , 4 , • , ... , ••• -0.01 -0,1 -I -10 -100 

COLLECTOR CURRENT tIc I-A 

Fig. 3 - Typical de beta characteristics 92CS·,907'.' 

for TlP42. TlP42A. and TlP42B. 
INPUT; 
RlLSE GENERATOR 
TEKTRONIX TYPE 114. 
OR EQUIVALENT 
PULSE DURATION 

-ZOp.s 
REPETITION 

RATE-1kHz 

"VEE 
-5 TO -20V 

• Vaa" 2 TO 10 

* RC IS CHOSEN FOR IC 
• VEE AND Yea ARE MEASURED FOR Is I AND :tB2 

IB, AND :ta2 ARE MEASURED WITH TEKTRONIX 
CURRENT PROBE 1'-6019 

OUTPUT TO 
OSCILLOSCOPE 
TEKTRONIX 
MODEL 
No.543A OR 
EQUIVALENT 

AND TYPE 134 AMPLIFIER,OR EQUIVALENT 12es- ZUllA1 

Fig. 5 - Circuit used to measure saturated 
switching times for all types. 

W 10 a COLLECTOR-lO-EMITTER VOLTAGE (VeE) a-4V /--
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i .. .. 
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IE 
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• · · , 

, , . .. , . • • , 4 .. , 4 ,. 
-0.01 -0.1 -I -10 -100 

COLLECTOR CURRENT (ICI-A 
92CS-2t8C1 

Fig. 4 - Typical de beta characteristics 
forTIP42C. 

-I TIME 

OUTPUT 
WAVE FORM 

92CS-t9S87 

Fig. 6 - Oscilloscope display for measurement 
of switching times. 
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PRO ELECTRON Power Transistors 
Technical Data 

This section includes technical data for all PRO ELECTRON 
power transistors supplied by RCA with the exception of 
SwitchMax and power Darlington types. Technical data for 
RCA PRO ELECTRON SwitchMax and Darlington transistors 
are grouped with the data for other SwitchMax and Darlington 
types. These types, together with the DATABOOK page­
number locations for them are listed below: 

SwltchMax Power Transistors Page 
BUW41 , BUW41A, BUW41B 56 
BUX32, BUX32A, BUX32B 62 
BUX33, BUX33A, BUX33B 68 

Power Darllngtons 
BD643, BD645, BD647, BD649 275 
BD895, BD895A, BD897, BD897A, BD899, 

BD899A, BD901 279 
BDX33, BDX33A, BDX33B, BDX33C, BDX33D 282 
BDX34, BDX34A, BDX34B, BDX34C, BDX34D . 288 
BDX53, BDX53A, BDX53B, BDX53C 294 
BDX83, BDX83A, BDX83B, BDX83C 298 
BU323, BU323A 303 
BUX37 307 

PRO ELECTRON SCR's, triacs, and rectifiers are covered in 
the data sections for these product categories. 
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Pro Electron Power Transistors 

80142 

High-Power Silicon 
N-P-N Transistor 
General-Purpose Device 
For Commercial Use 

Features: 

• Maximum-safe-area-of-operation curves 
• Low saturation 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 use 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 bias VBE = -l.S V ................................. . 

EMITTER·TO·BASE VOLTAGE ..................................... . 
CONTINUOUS COLLECTOR CURRENT .............................. . 
CONTINUOUS BASE CURRENT ..................................... . 
TRANSISTOR DISSIPATION: 

At case temperatures up to 2SoC 
At case temperatures above 2SoC 

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

PIN TEMPERATURE (During Soldering): 
At distances ~ 1132 in. (0.8 mm) from seating plane for 10 s max. . ......... . 

File Number 701 

TERMINAL DESIGNATIONS 

92CS-27516 

JEDEC TO-204AA 

VCBO SO V 

VCEO(sus) 45 V 
VCEV(sus) SO V 

VEBO 7 V 

IC 15 A 

IB 7 A 

PT 
117 W 

See Figs. 1 & 2 

-6S to +200 °c 

235 °c 
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----------------______________ Pro Electron Power Transistors 

80142 
ELECTRICAL CHARACTERISTICS, At Case Temperature (T cJ = 25°C Unless Otherwisl! Specified. 

TEST CONDITIONS 

CHARACTERISTIC SYMBOL VOLTAGE CURRENT LIMITS UNITS 
Vdc Adc 

VCE V EB VBE IC IB MIN. MAX. 

Collector Cutoff Current: 

With base-emitter junction ICEV 40 -1.5 - 2 mA 
reverse-biased 

Emitter Cutoff Current lEBO 7 - 1 mA 

Collector-to-Emltter 

Sustaining Voltage: 

With base open VCEOlsus) 0.2 0 45 - V 

With base-emitter junction 
VCEV(susl 

-1.5 0.1 50 -
reverse-biased 

DC Forward Current 

Transfer RatiO hFE 4 4a 12.5 160 

Base-ta-Emltter Voltage VBE 4 4a - 1.5 V 

Collector-ta-Emltter 

Saturation Voltage VCElsatl 4a 0.4 - 1.1 V 

Common-Emitter. Small-

Signal, Short-Circuit, 

Forward Current Transfer hie 4 1 10 -

RatiO 

If = l·kHzl 

Magnitude of Common-

Emitter, Smail-Signal, 

Short-Circuit, Forward I hlel 4 1 2 -
Current Transfer RatiO 

11= 0.4 MHzl 

Gain·Bandwldth Product IT 4 1 800 - kHz 

Forward-Bias Second-Break-

down Collector Current It ;;;. 1 51 
ISlb 39 3 - A 

Thermal Resistance R9JC - 1.5 °C/W 

(Junction-to-Case) 

a Pulsed: Pulse duration = 300 I-IS. duty lactor = 2%. 
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Pro Electron Power Transistors 

BD142 

92CS-22U5 

Fig. 1 - Maximum safe area of operation. 

-100 -50 o 50 100 150 200 
CASE TEMPERATURE-·C 

Fig. 2 - Dissipation derating curve. 

12CS-13031 
I 

BASE-TO-EMITTER VOLTAGE(VeEl-V 
92CS-123Q7R1 

Fig. 3 - Typical input characteristics. 
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____________________________ Pro Electron Power Transistors 

CASE TEMPERATURE (Te)- 25- C 

.. 
1 

" H 
;: 7.5 

~ a 5 

~ 
~ < .• 

il 

3 0 
00 

10 20 30 40 50 60 70 80 
COLlECTOR-TO-EMITTER VOI..TAGE (VCE)-V 

92CS-I2!06RI 

Fig. 4 - Typical output characteristics. 

COll. .. ECTOR-TO-EMITTER VOLTAGE (VeE). 4 V 
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COLLECTOR CURRENT (ICI-A 

80142 

0.5 I 1.5 2 2.& 
8ASE-TO-EMITlE~ VOLTAGEeVBE)-V 

92CS-1232eRl 

Fig. 5 - Typical transfer characteristics. 
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2 • • 8 

10 

92CS-4a3OlRI 

Fig. 6 - Typical dc-beta characteristics. 
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Pro Electron Power Transistors 

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-B0181, 80182 and B0183 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 JEOEC TO-
204AA package. 

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

EMITTER-TO-BASE VOLTAGE .................................. . 
CONTINUOUS COLLECTOR CURRENT .......................... . 
CONTINUOUS BASE CURRENT ................................ . 

TRANSISTOR DISSIPATION: 

At case temperatures up to 25°oC ............................... . 
At case temperatures above 25 C ............................... . 

TEMPERATURE RANGE: 
Storage and Operati ng (Ju nction) .............................. . 

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

File Number 700 

TERMINAL DESIGNATIONS 

92CS-27516 

JEDEC TO-204AA 

B0181 80182 80183 

VCBO 55 70 85 V 

VCER(sus) 55 70 85 V 

VCEO(sus) 45 60 80 V 

VEBO 7 7 7 V 

IC 15 15 15 A 

IB 7 7 7 A 

PT 
117 117 117 W 

_SeeFig.2_ 

4If-- -65 to +200 _ °c 

... 235 ~ °c 
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-------------------___________ Pro Electron Power Transistors 

80181, 80182, 80183 
ELECTRICAL CHARACTERISTICS, At Case Temperature (T cI = 25°c Unl_ Otherwise Specified 

TEST CONDITIONS LIMITS 

CUR· 
CHARACTERISTIC SYMBOL VOLTAGE RENT UNITS 

VcIc AcIc aD181 aD182 aD183 

Vca VCE VEa VaE IC la MIN. MAX. MIN. MAX. MIN. MAX. 

Collector-Cutoff Current: 45 0 - 2 - - - -
With emitter open and ICBO 60 0 - - - 5 - -
TC = 200°C 80 0 - - - - - 5 

With base-emitter junction 45 -1.5 1 - - - - rnA 
reverse-biased ICEX 60 -1.5 - - - 1 - -

BO -1.5 - - - - - 1 

Emitter-Cutoff Current lEBO 7 - 5 - 5 - 5 rnA 

Collector-ta-Emitter Sustaining Voltage: 
With base open VCEO(susl 0.2" 0 45 - 60 - 80 -

With external base-to-emitter resistance 
(RBEI=100 n VCER(susl 0.2" 55 - 70 - 85 - V 

DC Forward Current Transfer Ratio hFE 
4 4" - - 20 70 - -
4 a" 20 70 - - 20 70 

Base-ta-Emitter Voltage V BE 
4 a" - 1.5 - - - 1.5 

V 
4 4" - - - 1.5 - -

Collector-ta-Emitter Saturation 
VCE(sat) 

48 0.4" - - - 1 - -
Voltage 3" 0.3" - 1 - - - 1 V 

Magnitude of Common-Emitter. Small-
Signal, Short-Circuit, Forward Current Ihlel 4 1 2 - 2 - 2 -
Transler Ratio (I = 0.4 MHzl 

Gain·Bandwidth Product fT 1 BOO - BOO - BOO - kHz 

Common-Emitter, Short-Circuit, Small-
Signal, Forward Current Transfer fhle 4 0.3 15 - 15 - 15 - kHz 
Ratio Cutoff Frequency 

Forward-Bias Second Breakdown ColleGtar 
ISlb 30 3.95 3.95 3.95 Current (t;' 1 01 - - - A 

Thermal Resistance (Junction-to-Case) R8JC - 1.5 - 1.5 - 1.5 °C/W 

a Pulsed: Pulse duration = 300 /.IS, duty factor = 1.8%. 
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Pro Electron Power Transistors 

80181, 80182, 80183 

10 
COLLECTOR-TO-EMITTER VOLTA8E (YCEI-V 

100 

Fig. 1 - Maximum operating areas for all types. 

~ NOTE: CURRENT DERATING AT CONSTANT VOLTAGE r 
APPLIES ONLY TO THE DISSIPATION-LIMITED PORTION ::: 
AND 'SIb-LIMITED PORTION OF MAXIMIM-OPERATING 
AAEA~CUR\lES DO HOT DERATE TI€ 
SPECIFIED VAWE FOR MAX. 

25 50 ~ 100 125 ISO 175 200 

CASE TEMPERATURE {Tel - ·C 
92lS-3523 

Fig. 2 - Dissipation and I Sib derating of all types. 

F't'I~·f-"++++-+-+--.f,fl~.J--++. -:l'lVi'IFJ~'-'-... +·~d':' 
i •. ~~-4-+-+~L~~·~"~~~~~~ 
~ iJ ~~ .. ~ / ! .~~~~J~~~/~~~~~.~ .. 
~ 4rr++~~'Mr/~~~r+.~ 
f; ?iI, 00 
~ 2rr++I~~~r+~~r+~ 

Ir!; co .... 
0.5 I I.~ 2 2.e 

BASE-IO-EMITTER VOLTAGE(VBEI-V 

Fig. 3 - Typical transfer characteristics for all types. 
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____________________________ Pro Electron Power Transistors 

CO,LLECTOR-TO-EMITTER YOLTAGE(VCEI-4V] 

=,-r:, 'H-'--t-+-+++-+-b,,-+-++-t-I 
'~I ,,-

){f my.'tf. .• --+--+-+--1 
1 0.. / 
~ ~-r~-+4-~~~~-r~~ 

; ~·~+-+-~4-~-t~JV~I~!~r-+-+-1-~ 
! 04 ~ 
- ~-+-r+-~J~+-~-+-r+-~ 
0.2f--l-l-l-f-~ih'lHHHHHHH--j 

~, j.. ;:, ... ,. 
0.5 I 1.5 2 2.5 

BASE-TO-EMITTER VOLTAGEIVaEI-V 
92CS--I2307ft1 

Fig. 4 - Typical input characteristics for 80182. 

I VOLTAGE (Ve )-4' 

BASE-TO-EMITTER VOLTAGE (YeEI-V 
92CS-19440 

Fig. 6 - Typical input characteristics for 80181 and 80183. 

COLLECTOR-TO-EMITTER VOLTAGE (VCE'- 4 V 

! 
00 OC. 

1~"1"" -,.... 

~ ." ~. C 
60 •. '" .. I~~c\·'l::.--

'" ~r-~ ~ 

~ 
~~~.,. 

"" 40~~ >- '\. z 

i " 
j 2 

Ii' 
g 

2 . , . 2 . , . 2 4 .. 
0.01 0.1 1.0 10 

COLLECTOR CURRENT (XC)-A 
92CS~230IRI 

Fig. 8 - Typical dc-beta characteristics for 80182. 

B0181, B0182, B0183 
CASE TEMPERATURE lTC)-2S· C 

3DO 
00 

10 20 30 40 50 60 70 80 
COLLECTOR-TO-EMITTER VOLTAGE (YCE)-V 

92CS-12306Rl 

Fig. 5 - Typical output characteristics for 80182. 

CASE 

41 

COLLECTOR-TO-EMITTER VOL.TAGE (VeE I-v 
92CS-19441 

Fig. 7 - Typical output characteristics for 80181 and 80183. 

COLLECTOR-'J1)-EUITTER VOLTAGE (VeE) -4 V 

J1. 
2 
~60 

~ 
IZ!:;"-r-. rI1 

~ ..... 
>- 40 
>- ./,/ ,d;; Te)·25·C is -, 
~ "",,~ ..... :> ':?:' -;; ... ". 'f 

20 ~' ~ 

i '" ~ 
g 0 , . .. 2 4 .. , . . . 

0.01 0.1 1.0 10 
COLLECTOR CURRENT CIc)-A 

92CS'22757 

Fig. 9 - Typical dc-beta characteristics for 80181 and 80183. 
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Pro Electron Power TransIstors 

B0201, B0202, B0203, B0204 

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-B0201 and B0203 n-p-n transistors and their 
complementary p-n-p types, B0202 and B0204 respectively, 
are epitaxial-base transistors 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 amplifier. 

All types utilize the JEOEC TO-220AB (VERSAWATT) plas­
tic package. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

VCBO ••••••••••••••••••••••••••••••••••••••••••••••••••• 

VCEO(sus) ............................................. . 
VEBO ••••••••••••••••••••••••••••••••••••••••••••••••••• 

Ie .................................................... . 
IB ••••••••••••••••••••••••••••••••••••••••••••••••••••• 
PT 

Tc :S25°C ............•....•......................... 
Tc>25°C ............••............................. 

T" .. TJ ••••••••••••••••••••••••••••••••••••••••••••••••• 

TL 
At distances 2: 1/8 in. (3.17 mm) from 

case for lOs max. . •..............................•.. 

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

File Number 1282 

TERMINAL DESIGNATIONS 

'M;"l° II ~:~ t 
TOP VIEW B 

N-P-N 
P-N-P 

92CS-39969 

JEDEC TO-220AB 

80201 
80202. 

60 
45 

80203 
80204. 

80 
60 

______ 5 _____ _ 
______ 8 _____ _ 
______ 3 _____ _ 

______ 60 _____ _ 

___ Derate linearly 0.48 __ _ 
_____ -65 to 150 ___ _ 

______ 235 _____ _ 

v 
V 
V 
A 
A 

W 
W/oC 

°C 

°C 
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Pro Electron Power Transistors 

80201, 80202, 80203, 80204 
ELECTRICAL CHARACTERISTICS. at Case Temperature (TC)=25°C 
Unless Otherwise Specified 

TEST CONDITIONS- LIMITS 
CHARAC- VOLTAGE CURRENT BD201 BD203 

UNITS 
TERISTIC V de A de BD20P BD204-

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

ICBQ. 40 1 1 
TJ=150·C 40 1 , 

ICEO 30 - 1 - 1 rnA 
lEBO -5 - 5 5 
VCEO(SUS)a 0.2b 45 - 60 - V 

2 1b 30 - 30 -
hFE 2 2b - - 30 -

2 3b ~ 

VBE 2 3b - 1.5 - 1.5 
V 

VCE(sat) 311 0.3 - 1 - 1 

ISlb 20 3 0.5 - 0.5 - s 
Ihfe I 3 0.3 3 - 3 -(f=1 kHz) 

hfe 
3 0.3 25 - 25 -(f=1 kHz) 

R8JC - 2.08 - 2.08 
°C/W 

R8JA - 70 - 70 

·CAUTlON: The sustaining voltage VCEO(sUS) MUST NOT be measured on a curve tracer. 
bpulsed: pulse duration: 300 I'S, duty factor: 0.Q18. 
-For p-n-p devices, voltage and current values are negative. 

Fig. 1 - Maximum operating areas for all types (Tc: 25°C). 
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Pro Electron Power Transistors 

80201, 80202, 80203, 8D204 

25 so 15 100 125 150 175 200 
CASE TEMPERATURE ITC)--C 

92cs-n4~7 

Fig. 2 - Derating curva for all typas. 

I COLL.ECTOR-TO-EMITTER YOl.TAGE IVcE'''4V 

II CASE TEMPERATURE ITC"2S-C -

i IO~~--t-~+~~~-+~~---~~-+-W 

~ 

I \ 
I 4~~++~-+-+~+-+-\~~ 
! 

0.01 468, 

COLlECTOR CURRENT (ICI-A 

Fig. 3 - Typical gain-bandwidth product vs. 
collactor currant for all types. 
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File Number 669 

Epitaxial-Base Silicon N-P-N 
VERSAWA TT Transistors 
For Power-Amplifier and 
High-Speed-Switching Applications 

Features: 
• 30 W at 250 C case temperature 

• 4-A rated collector current 

• Min_ fT of 3 MHz at 10 V, 200 mA 

Pro Electron Power Transistors 

BD239,BD239A,BD239B,BD239C 

• Complements of p-n-p types B0240, B0240A, B0240B, and B0240C 

Types B0239, B0239A, B0239B, and B0239C 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 B0239-series power transistors are complements 
of the devices in the B0240 series. (The B0240-series devices 
are described in File No. 670.) 
All types utilize the JEDEC TO-220AB (VERSAWATT) plas­
tic package. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

B0239 

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 OISSIPATION: 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 (Ouring Soldering): 
At distance 1/8 in. (3.17 mm) from 
case for lOs max. '0 ••••••••••• 0. .. 

TERMINAL DESIGNATIONS 

'~';'"lO II ~ {;: 
TOP VIEW B 

92C8-39989 

JEDEC TO-220AB 

B0239A B0239B B0239C 

70 90 115 V 
60 80 100 V 
5 5 5 V 
4 4 4 A 

A 

30 30 30 W 
2 2 2 W 

See Fig. 2 .. 
-65 to 150 ... °c 

235 .. °c 
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Pro Electron Power Transistors 

80239, B0239A, B0239B, B0239C 
ELECTRICAL CHARACTERISTICS at Case Temperature (T C) = 25"C 

TEST CONDITIONS LIMITS 

CHARACTERISTIC SYMBOL 
VOLTAGE CURRENT 

BD239 BD239A BD239B BD239C UNITS 
Vd. Ad. 

VCE VBE IC IB MIN. MAX. MIN. MAX. MIN. MAX. MIN. MAX. 

Collector Cutoff Current: 
ICEO 

30 0 - 0.3 - 0.3 - - - -
With base open 60 0 - - - - - 0.3 - 0.3 

mA 
With base-to~emittBr 45 0 - 0.2 - - - - - -
junction short~ircuited 

ICES 
60 0 - - - 0.2 - - - -
80 0 - - - - - 0.2 - -

100 0 - - - - - - - 0.2 

Emitter Cutoff Current IEeO -5 0 - 1 - 1 - 1 - 1 mA 

Colle.tor·to·Emitter 
Breakdown Voltage: VBR(CEO) 0.03" 0 45 - 60 - 80 - 100 - V 
With base open 

DC Forward·Current 
hFE 

4 0.2a 40 - 40 - 40 - 40 -
Transfer Ratio 4 1a 15 - 15 - 15 - 15 -

Base--to-Emitter Voltage VeE 4 1a - 1.3 - 1.3 - 1.3 - 1.3 V 

Collector-ta-Emitter 
VCE(sat) 1a 0.2 0.7 - 0.7 - 0.7 - 0.7 V 

Saturation Voltage -
Common-Emitter 

Small-8ignal Short· 
hfe 10 0.2 20 - 20 - 20 - 20 -

Circuit Forward· 
Current Transfer Ratio 
(f~1kHz) 

Magnitude of Common 
Emitter Small-5ignal 

Ihfel 10 0.2 3 - 3 - 3 - 3 -
Short-Circuit Forward-
Current Transfer Ratio 
(f ~ 1 MHz) 

Thermal Resistance: 
Junction-to-Case ROJC - 4.17 - 4.17 - 4.17 - 4.17 

°CM 
Junction-ta-Ambient ROJA - 62.5 - 62.5 - 62.5 - 62.5 

apulsed: Pulse duration ~ 300 ,,"s. duty factor ~ 2%. 

COLLECTOR-lO-EMITTER VOLTAGE IYCE)-V 

Fig. 1- Maximum safe operating areas for all types. 
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NOTE: CURRENT DERATING AT COfllSTANT VOLTAGE 
APPLIES ONLY TO THE DISSIPATION-LIMITED PORTION 
OF MAXIMUM-OPERATING-AREA CURVES 'FIG.II. DO 
NOT DERATE THE SPECIFIED VALUE FOR Ie MAX. 

25 50 75 100 12S 1150 11S 200 
CASE TEMPERATURE tTcl-OC 

92CS-19663 

Fig. 2- OlHllting curvtJ$ for all types. 

Pro Electron Power Transistors 

B0239, B0239A, B0239B, B0239C 

~400 
COLLECTOR-TO-EMITTER VOLTAGE (VCE)s 4V 

~ 200 
CASIE TEJPER~UE ITC'!12S-C 

~ J;:c .... 
~ 100 ..- -e: 80 -40-<= 

60 

~ ~ ~ 

I 
40 

"-~ 20 

10 g • 
4 •• 4 •• 2 4 .. 

o.Ot 0.1 10 
COLLECTOR CURRENT IIe)-A 

Fig. 3 - Typical dc beta characteristics for all types. 
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Pro Electron Power Transistors 

B0240, B0240A, B0240B, B0240C 

Epitaxial-Base Silicon P-N-P 
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 

File Number 670 

• Complements of n-p·n types B0239, B0239A, B0239B, and B0239C 

Types BD240, 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 iypes uiiiize ihe JEDEC TO-220AB (VERSAWATT) plas­
tic package. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

B0240 

COLLECTOR·TO-EMITTER VOLTAGE: 
With external base-to-emitter 
resistance (RBE) = 100 n .......... VCER -55 
With base open .......... _ ....... VCEO -45 

EMITTER-TO-BASE VOLTAGE ....... VEBO -5 
CONTINUOUS COLLECTOR CURRENT IC -4 
CONTINUOUS BASE CURRENT ...... IB -1 
TRANSISTOR DISSIPATION: PT 

At case temperatures up to 250 C .... 30 
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 

'~'~'"lO II ~~' : 
TOP VIEW B 

92CS~39969 

JEDEC TO·220AB 

B0240A B0240B B0240C 

-70 -90 -115 V 
-60 -80 -100 V 
-5 -5 -5 V 
-4 -4 -4 A 
-1 -1 -1 A 

30 30 30 W 
2 2 2 W 

See Fig. 2 • 
-65 to 150 .. °c 

235 .. °c 
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Pro Electron Power Transistors 

B0240, B0240A, B0240B, B0240C 
ELECTRICAL CHARACTERISTICS at Case Temperature (TC) = 2fPC 

TEST CONDITIONS LIMITS 

CHARACTERISTIC SYMBOL 
VOLTAGE CURRENT 

BD240 BD240A BD240B BD240C UNITS 
Vdc Ado 

VCE VBe 'C 'B MIN. MAX. MIN. MAX. MIN. MAX. MIN. MAX. 

Collector Cutoff Current: 
'CEO 

-30 0 - -0.3 - -0.3 - - - -
With base open -60 0 - - - - - -0.3 - "'0.3 

rnA 
With base-ta-emitter -46 0 - -0.2 - - - - - -
junction short-circuited 

'CES 
.- 60 0 - - - -0.2 - - - -
-80 0 - - - - - -0.2 - -

-100 0 - - - - - - - -0.2 

Emitter Cutoff Current 'EBO 5 0 - -1 - -1 - -1 - -1 rnA 

Collector-ta-Emitter 
Breakdown Voltage: VBR(CEO) -0.03" 0 -45 - -60 - -80 - 1-100 - V 
With base open 

DC Forward-Current 
hFE 

-4 -0.2· 40 - 40 - 40 - 40 -
Transfer Ratio -4 _1· 15 - 15 - 15 - 15 -

Base-ta-Emitter Voltage VBE -4 _1· - -1.3 - -1.3 - -1.3 - _1.3 V 

Collector-ta-Emitter 
Vce(sat) _1· -0.2 -0.7 -0.7 - -0.7 - -0.7 V 

Saturation Voltage 
- -

Common-Emitter 
Srn.U-Sign.i Short· 

hIe -10 ~.2 20 - 20 - 20 - 20 -
Circuit Forward-
Current Transfer Ratio 
(I = 1 kHz) 

Magnitude of Common 
Emitter Small-5ignal 

Ihlel -10 .Q.2 3 - 3 - 3 - 3 -
Short-Circuit Forward-
Current Transfer Ratio 
(1= 1 MHz) 

Thermal Resistance: 
Junction-to-Case ROJC - 4.17 - 4.17 - 4.17 - 4.17 

°C/W 
Junction-ta-Ambient ROJA - 62.5 - 62.5 - 62.5 - 62.5 

8pulsed: Pulse duration = 300 IlS, duty factor = 2%. 
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Pro Electron Power Transistors _____________________________ _ 

B0240, B0240A, B0240B, B0240C 

'" -I 
I 
U 
t! 
!Z ... .. .. 
il 

-0.1 

COLLECTOR-TO-EMITTER VOLTAGE (VeE )-V 92CS- 22438 

Fig. 1- Maximum safe operating areas for a/l types. 

NOTE! CURRENT DERATING AT CONSTANT VOLTAGE 
APPLIES ONLY TO THE QISSlj:IATIQN-UMITED PORTION 
OF MAXIMUM-OPERATING-AREA CURVES {FIG.IJ. DO 
NOT DERATE THE SPECIFIED VALUE FOR Ie MAX. 

25 50 15 100 125 150 175 200 
CASE TEMPERATURE ITCI-"C 

92CS-196S;' 

Fig. 2- Derating curves for a/l types. 

l400 COLLECTOR-TO-EMITTER VOLTAGE (VCE)= -4V 

0 CAS~ TEM1PER~TUE {Tcll'25Oc ~ 200 

~ I;;:c-, 
! 100 -:: 80 

-40·C 

; 60...-
~ 40 

'""" ~ I 20 

10 g 8 

• 2 . . . 2 . . . 2 . . . 
-0.01 -0.1 -I -10 

COL.LECTOR CURRENT tIel-A 
92CS-2OI53 

Fig. 3 - Typical dc beta characteristics for all types. 
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File Number 671 

Epitaxial-Base Silicon N-P-N 
VERSAWA TT Transistors 
For Power-Amplifier and 
H igh-Speed-Switching Applications 

Features: 
• 40 W at 250 C case temperature 

• 5-A rated collector current 

• Min. fT of 3 MHz at 10 V, 500 mA 

Pro Electron Power Transistors 

BD241,BD241A, BD241B,BD241C 

• 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 B0241-series power transistors are complements 
of the devices in the B0242 series. (The B0242-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-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 Ie 5 
CONTINUOUS BASE CURRENT ...... IB 
TRANSISTOR DISSIPATION: PT 

At case temperatures up to 25°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 10 s max. ............... 4 

TERMINAL DESIGNATIONS 

'R'~"l 0 II ~f' : 
TOP VIEW B 

92CS-39969 

JEDEC TO-220AB 

B0241A B02418 B0241C 

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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Pro Electron Power Transistors 

B0241, B0241 A, B0241 B, B0241 C 

ELECTRICAL CHARACTERISTICS at Case Temperature (TC) = 2!PC 

TEST CONDITIONS LIMITS 

CHARACTERISTIC SYMBOL 
VOLTAGE CURRENT 

80241 BD241A BD241B BD241C UNITS 
Vd. Ad. 

VCE VBE IC IB MIN. MAX. MIN. MAX. MIN. MAX. MIN. MAX. 

Collector Cutoff Current: 
ICEO 

30 ,0 - 0.3 - 0.3 - - - -
With base open 60 0 - - - - - 0.3 - 0.3 

rnA 
With base-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 '-5 0 - 1 - 1 - 1 - 1 rnA 

Co Ilector-to-E m itter 
Breakdown Voltage: VBR(CEO) O.OJ" 0 45 - 60 - 80 - 100 - V 
With base open 

DC Forward-Current 
hFE 

4 , a 25 - 25 - 25 - 25 -
Transfer Ratio 4 J" 10 - 10 - 10 - 10 -

Base-ta-Emitter Voltage VBE 4 J" - 1.8 - 1.8 - 1.8 - 1.8 V 

Collector-ta-Emitter 
VCE(satl J" 0.6 1.2 1.2 1.2 1.2 

Saturation Voltage 
- - - - V 

Common-Emitter 
Srnall-5lgnal Short· 

hie 10 0.5 20 - 20 - 20 - 20 -
Circuit Forward-
Current Transfer RatiO 
(I = 1 kHz) 

Magnitude of Common 
Emitter Small-Signal 

ihlei 10 0.5 3 - 3 - 3 - 3 -
Short-Circuit Forward-
Current Transfer Ratio 
(f = 1 MHz) 

Thermal ReSistance: 

Junction-to-Case ROJC - 3.125 - 3.125 - 3.125 - 3.125 
°CIW 

Junction-ta-Ambient ROJA - 62.5 - 62.5 - 62.5 - 62.5 

apulsed: Pulse duration = 300 p.s. duty factor = 2%. 
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Pro Electron Power Transistors 

B0241, B0241A, B0241B, B0241C 

10 

COLLECTOR-TO-EMITTER VOLTAGE (VcE)- V 

Fig. /- Maximum safe operating aress for all types. 

NOTE: CURRENT DERATING AT CONSTANT VOLTAGE 
APPLIES ONLY TO THE DISSIPATIOM-UMlTED PORTION 
OF MAXIMUM-OPERATING-AREA CURVES IFIG.II. DO 
NOT CERATE THE SPECIFIED VALUE FOR Ie MAX. 

25 50 75 100 125 150 175 200 
CASE TEMPERATURE (TCI-"C 

92CS-19663 

Fig. 2- Derating curves for all types. 

E400 
COLLECTOR-TO-EMITTER VOLTAGE IVCE): 4V 

0 CAS~ TEM~R~T!~ 1Tc)1125-C ~ 200 

15 ~r--. i:; .....-~ 100 
~ 00 

-40'"(; r-... ~ 00 r- r-- ,,~ 

~ 40 "'-0t-. Ii! 20 
~ "~ e 
u 10 
0 0 

• 4 .. 
0.1 

. • • 2 4 . . 
001 10 

COLLECTOR CURRENT UCI-A 
92CS-20I48 

Fig. 3 - Typical de beta characteristics for al/ types. 
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Pro Electron Power Transistors _____________________________ _ 

B0242, B0242A, B0242B, B0242C 

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 

File Number 672 

• Complements of n-p-n types B0241, B0241A, B0241B, and B0241C 

Types B0242, BD242A, B0242B, and B0242C 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 (VERSAWATT) plas­
tic package. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

B0242 

COLLECTOR-TO-EMITTER VOLTAGE: 
With external base·to·emitter 
resistance (RBE) = 100 n .......... VCER -55 
With base open .................. VCEO -45 

EMITTER-TO·BASE VOLTAGE ..... " VEBO -5 
CONTINUOUS COLLECTOR CURRENT IC -5 
CONTINUOUS BASE CURRENT ...... IB -1 
TRANSISTOR DISSIPATION: PT 

At case temperatures up to 25°C .... 40 
At ambient temperatures up-to 250 C . 2 
At case temperatures above 25°C .... .. 

TEMPERATURE RANGE: 
Storage & Operating (Junction) ...... .. 

LEAD TEMPERATURE (During Soldering): 
At distance 1/8 in. (3.17 mm) from 
case for lOs max. .............. . .. 

TERMINAL DESIGNATIONS 

92CS-399B9 

JEDEC TO-220AB 

B0242A BD242B B0242C 

-70 -90 -115 V 
-60 -80 -100 V 
-5 -5 -5 V 
-5 -5 -6 A 
-1 -1 -1 A 

40 40 40 W 
2 2 2 W 

See Fig. 2 .. 
-65 to 150 ... °c 

235 .. °c 
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Pro Electron Power Transistors 

B0242, B0242A, B0242B, B0242C 
ELECTRICAL CHARACTERISTICS at Case Temperature (T cJ = 2fiOC 

TEST CONDITIONS LIMITS 

CHARACTERISTIC SYMBOL 
VOLTAGE CURRENT 

BD242 BD242A BD242B BD242C UNITS 
Vdc Adc 

VCE VBE IC IB MIN. MAX. MIN. MAX. MIN. MAX. MIN. MAX. 

Collector Cutoff Current: 
ICEO 

-30 0 - -0.3 - -0.3 - - - -
With base open -60 0 - - - - - -0.3 - -0.3 

rnA 
With base-t~-emitter -45 0 - -0.2 - - - - - -
junction short-circuited 

ICES 
-60 0 - - - -0.2 - - - -
-80 0 - - - - - "0.2 - -
-100 0 - - - - - - - -0.2 

Emitter Cutoff Current lEBO 5 0 - -1 - -1 - -1 - -1 rnA 

Collector-ta-Emitter 
Breakdown Voltage: VSR(CEO) -o.03a 0 -45 - -60 - -80 - -100 - V 
With base open 

DC Forward-Current 
hFE 

-4 _la 25 - 25 - 25 - 25 -
Transfer Ratio -4 -3" 10 - 10 - 10 - 10 -

Base-ta-Emitter Voltage VBE -4 -3" - -1.8 - -1.8 - -1.8 - -1.8 V 

Collector-ta-Emitter 
VCE(sat) _3a -0.6 -1.2 -1.:1 -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 
(I = 1 kHz) 

Magnitude of Common 
Emitter Small-Signal 

Ihlel -10 -0.5 3 - 3 - 3 - 3 -
Short-Circuit Forward-
Current Transfer Ratio 
(I = 1 MHz) 

Thermal Resistance: 
Junction-to-Case ROJC - 3.125 - 3.125 - 3.125 - 3.125 

°C/W 
Junction-ta-Ambient ROJA - 62.5 - 62.5 - 62.5 - 62.5 

8pulsed: Pulse duration = 300 1'5, duty factor = 2%. 
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Pro Electron Power Transistors ___________________________ _ 

B0242, B0242A,B0242B, B0242C 

-I 
COLLECTOR-lO-EMITTER VOLTAGE (VcE)- V 

Fig. 1- Maximum safe operating areas for all types. 

NOTE: CURRENT DERATING AT CONSTANT VOLTAGE 
APPLIES ONLY TO THE DISSIPATION-LIMITED PORTION 
OF MA)(IMUM~OPERATING-AREA CURVES IFIG.II. DO 
NOT OERATE THE SPECIFIED VALUE FOR Ie MAX. 

2S &> 75 100 125 leo 175 200 
CASE TEMPERATURE (TC1-"C 

92C5-19663 

Fig. 2- Derating curves for all tvpes. 

~400 
COLLECTOR-TO-EMITTER VOLTAGE IYCEl--4V 

i 200 
CAS~ TEMlPER~~i tTCltZ!.C 

15 1;;:cr-. lioo ..-
~ 80 -40"C 

! 6O~ r-- "10.. 40 

I 20 

IS 10 • 
-0.01 

'" 
4 •• 4 •• 

-0,1 -I 

COLLECTOR CURRENT IICI-A 

r'\.'\~ 

"'-
• •• -10 

UCI-20111 

Fig. 3 - Typical dc beta characteristics for al/ types. 
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File Number 673 

Epitaxial-Base Silicon N-P-N 
VERSAWA TT Transistors 
For Power-Amplifier and 
High-Speed-Switching Applications 

Features: 
• 66 W at 250 C case temperature 

• 7-A rated collector current 

• Min. fT of 3 MHz at 10 V, 500 mA 

Pro Electron Power Transistors 

BD243,BD243A,BD243B,BD243C 

• 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 RATlNGS,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 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 

'M~'1011 ~ .. E= 
TOP VIEW B 

92CS-39969 

JEDEC TO-220AB 

BD243A 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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Pro Electron Power Transistors 

80243, 80243A, 802438, 80243C 

ELECTRICAL CHARACTERISTICS at Case Temperature (T C) = 2fPC 

TEST CONDITIONS LIMITS 

CHARACTERISTIC SYMBOL 
VOLTAGE CURRENT 

B0243 B0243A B0243B B0243C UNITS 
Vd. Ad. 

VCE V BE 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-ta-emitter 46 0 - 0.4 - - - - - -
junction short-circuited 

ICES 
60 0 - - - 0.4 - - - -
80 0 - - - - - 0.4 - -

100 0 - - - - - - - 0.4 

Emitter Cutoff Current lEBO -5 0 - 1 - 1 - 1 - 1 rnA 

Collector-ta-Emitter 
Breakdown Voltage: VBR(CEO) 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 as 15 - 15 - 15 - 15 -

Base-ta-Emitter Voltage VBE 4 6" - 2 - 2 - 2 - 2 V 

Collector-ta-Emitter 
VCE(satl 6" 1 - 1.5 - 1.5 - 1.5 - 1.5 V 

Saturation Voltage 

Common-Emitter 
Srnall-Signal Short· 

hfe 10 0.5 20 - 20 - 20 - 20 -Circuit Forward-
Current Transfer Ratio 
(f = 1 kHz) 

Magnitude of Common 
Emitter Small-5ignal 

Ihfel 10 0.5 3 - 3 - 3 - 3 -
Short-Circuit Forward-
Current Transfer Ratio 
(f = 1 MHz) 

Thermal Resistance: 
Junction-to-Case ROJC - 1.92 - 1.92 - 1.92 - 1.92 

°C/W 
Junction-ta-Ambient ROJA - 62.5 - 62.5 - 62.5 - 62.5 

8pulsed: Pulse duration = 300 IlS, duty factor = 2%. 
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Pro Electron Power Transistors 

B0243, B0243A, B0243B, B0243C 

10 

COLLECTOR -TO -EMITTER VOLTAGE (VCE)- v 

Fig. 1- Maximum safe operating areas for all types. 

~400 
5 
Q 

~ 200 

~ 
:i 100 
~ 80 

NOTE: CURRENT DERATING AT CONSTANT VOLTAGE 
APPLIES ONLY TO THE DISSIPATION-LIMITED PORTION 
OF MAXIMUM-OPERATING-AREA CURVES (FIG.II. DO 
NOT DERATE THE SPECIFIED VALUE FOR Ie MAX. 

25 50 75 100 125 150 175 200 
CASE TEMPERATURE \Tcl-"C 

Fig. 2- Derating curves for all types. 

COL.lECTOR-lO-EMITTER VOLTAGE (VeE)" 4V 

CJE TEJPERlrlt tTCJ 125°C 

~r-. 
-40"C 

~ 6O~ ;-... 0-
~ 

40 

" r0~ I 20 

r\~ 
g 10 

8 

4 •• 4 . 2 4 •• 
001 01 10 

COLLECTOR CURRENT tIel-A 
92CS-19668RI 

Fig. 3 - Typical dc beta characteristics for aI/ types. 

92CS-22451 
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Pro Electron Power Transistors 

B0244, 80244B, B0244A, B0244C 

Epitaxial-Base Silicon P-N-P 
VERSAWA TT Transistors 
For Power-Amplifier and 
High-Speed-Switching Applications 

Features: 
• 65 W at 26°C case temperature 

• 7 -A rated collector current 

• Min. fT of 3 MHz at 10 V, 500 mA 

File Number 674 

• Camplemenu of n-p-n types B0243, B0243A, B0243B, and B0243C 

Types BD244, BD244A, BD244B, 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 seri,es. (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. ............... 4 

TERMINAL DESIGNATIONS 

'~'~'1° II ~ {: 
TOP VIEW B 

92CS-39969 

JEDEC TO-220AB 

B0244A B0244B B0244C 

-70 -90 -115 V 
-60 -80 -100 V 
-5 -5 -5 V 

-7 -7 -7 A 
-10 -10 -10 A 
-3 -3 -3 A 

65 65 65 W 
2 2 2 W 

See Fig. 2 • 
-65 to 150 • °c 

235 • °c 
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Pro Electron Power Transistors 

B0244, B0244B, B0244A, B0244C 
ELECTRICAL CHARACTERISTICS at Case Temperature (T cJ = 2!PC 

TEST CONOITIONS LIMITS 

CHARACTERISTIC SYMBOL 
VOLTAGE CURRENT 

B0244 B0244A B0244B B0244C UNITS 
Vdc Adc 

VCE V BE 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 IESO 5 0 - -1 - -1 - -1 - -·1 rnA 

Collector-ta-Emitter 
Breakdown Voltage: VSR(CEO! -0.038 0 -45 - -60 - -80 - -100 - V 
With base open 

DC Forward-Current 
hFE 

-4 _0.3a 30 - 30 - 30 - 30 -
Transfer Ratio -4 _3a 15 - 15 - 15 - 15 -

Base-ta-Emitter Voltage VSE -4 _6a - -2 - -2 - -2 - -2 V 

Collector-ta-Emitter 
VCE(sat! -6" -1 -1.5 -1.5 -1.5 - -1.5 V 

Saturation Voltage 
- - -

Common-Emitter -Srnall-5ignal Short-
hIe -10 -0.5 20 - 20 - 20 - 20 -

Circuit Forward-
Current Transfer Ratio 
(I = 1 kHz! 

Magnitude of Common 
Emitter Small-Signal 

Ihlel -10 -0.5 3 - 3 - 3 - 3 -
Short-Circuit Forward-

Current Transfer Ratio 
(I = 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 IlS, duty factor:::: 2%. 
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Pro Electron Power Transistors 

B0244, B0244B, B0244A, B0244C 

~ 
8-0.1 

~:t:t:P. VeEO MAX.--80V 

·1 •• -1000 
COLLECTOR-TO-EMITTER VoLTAGE I VCE)- v 

92CS-22437 

Fig. 1- Maximum safe operating areas for all types. 

NOTE: CURRENT DERATING AT CONSTANT VOLTAGE 
APPLIES ONLY TO THE DISSIPATION-LIMITEO PORTION 
OF MAXIMUM-OPERATlNG-AREA CURVES (FIG.II. DO 
NOT DERATE THE SPECIFIED VALUE FOR Ie MAX. 

28 ~ 75 100 125 ISO 175 200 
CASE TEMPERATURE ITel-oC 

92CS-19663 

Fig. 2- Derating curves for all types. 

i 400 
COLLECTOR-lO-EMITTER VOLTAGE {VCE'- - 4 V 

Q CAS~ TEMIPER~UE ITCI!125 0 C ~ 200 

~ 1;;:c 
~ 100 -i': 80 -40"C 

i 
60....- .... 1"- ,,~ 
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10 g • 
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. .. 
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. .. 
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COLLECTOR CURRENT IIc1-A 
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. .. 
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i2CS-20144 

Fig. 3 - Typical dc beta characteristics for al/ types. 
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____________________________ Pro Electron 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 BD277 is an epitaxial-base silicon p-n-p transistor 
supplied in the JEDEC TO-220AB (VERSAWATT) plastic 
package. 

The BD277 is useful in series regulators and shunt regula­
tors because of its low saturation voltage and high power­
dissipation capability. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

COLLECTOR·TO-BASE VOLTAGE: 
With emitter open. • • • • . . . 

COLLECTDR-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 25°C • 
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. 

80277 

TERMINAL DESIGNATIONS 

'~.;mloll ~~' ; 
TOP VIEW B 

VCBO 

VCEO 

92C8-39969 

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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Pro Electron Power Transistors 

8D277 

ELECTRICAL CHARACTERISTICS, At Case Temperature (Tc) = 2d'C unless specified otherwise 

TEST CONDITIONS 

VOLTAGE CURRENT LIMITS 
CHARACTERISTIC SYMBOL V de A de UNITS 

VCE VCB VEB 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-Ambient ROJA 70 
oCIW -

* Pulsed: Pulse duration = 300 /AS. duty factor .;; 2%. 

8 CASE TEMPERATURE (TC 1-25'C 

• I 4 

I 
<l • 

Ie MA~ ICONTIJOUSI 
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.1. 
~IO 
I- 7 8 

~ -z • - DCa ~,.- io(,!. 
'" ~ 4 - -.. 

~~~~ " .., 
II: • 'S\\ I? 
fd I \ 
j 81----r--- -- --

~ 8 • - --
41---- - -_. --- --~ 

• I-e--
0.1 

• 4 • 8 • 4 • 8 
10 45 100 

COLLECTOR-TO-EMITTER VOLTAGE (VeE I-V 

92C$-22394 

Fig. , - Maximum operating afea. 
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____________________________ Pro Electron Power Transistors 

-8 .. 
I 
~-5 

~-4 
~ 

-. 
- 0 

25 50 75 100 125 ISO 175 200 
CASE TEMPERATURE ITC)-OC 

92C$-18002AI 

Fig. 2 - Derating curves. 

COLLECTOR-TO-EMITTER VOLTAGE (VeE) =-4 V 

-0.5 -I -us -2 
BASE-TO-EMITTER VOLTAGECYSE ) - V 

92CS-ls016 

Fig. 4 - Typical transfer characteristics. 
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B0277 

! COLLECTOR - TO-EMITTER VOLTAGE (VCE)o-4V 

-0.5 -I -1.5 -2 
BASE - TO-EMITTER VOLTAGE (VeEI -y 

92CS-18012 

Fig. 3 - Typical input characteristics. 

CASE TEMPERATURE (Te) ~25°C ~~ ;':'':'~ ~::: 
r , -+ t .. • 

BASE CURRENT lIB1"-Z~O mA .. ~ .. H 

-200mA ~:-:: ., •• -

+-50 mA .• ~_. 1~--+ 

.. :+::.:: ~= 
. -20 mA_~ __ :: 

_ 10m~· •• :. 

.+-~. -- ...... 
~ - :::: :::-:: 
.-+ +~ ..... ~ • -+. 

-2 -4 -6 -8 -10 -12 -14 -16 

COLLECTOR -TO-EMITTER VOLTAGE IVCEI-V 
92CS-18013 

Fig. 5 - Typical output characteristics. 

4 6. 

-'0 

Fig. 6 - Typical dc beta characteristics. 
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Pro Electron Power Transistors __________________________ _ 

B0500, B0500B, 80501B 

Silicon Transistors for 
Full-Complementary­
Symmetry Audio Amplifiers 

The B05CO-Series and B0501 B types are p-n-p and n-p-n 
epitaxial-base silicon transistors, respectively, especially suit­
able for audio-output applications. 

The B05CO-Series and B0501 B types are supplied in a 
JEOEC TO-220AB (RCA VERSAWATT) plastic package. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

VCBO ...•...........•........................................ 
VCEO ••• ............................................... . 

VCER(R8E= 1000) .................•.....•............••....... 
VE80 •••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

Ic .......................................................... . 
18 .......................................................... . 
PT 

AtTc :S25'C ............................................. . 
AtTc >25'C ............................................. . 

Totg, 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 

'~'~"1° II ~Sa:' 
TOP ViEW 8 

92CS-39969 

JEDEC TO-220AB 

805018 N-P-N 
80500· B0500B· 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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_______________________________ Pro Electron Power Transistors 
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80500, 805008, 805018 
ELECTRICAL CHARACTERISTICS, At Case Temperature (Tc) =25°C 

L1MITSA 

CHARAC- B0500· 
B0500B· 

UNITS TERISTIC TEST CONDITIONS 8050018 

Min. Max. Min. Max. 

ICER VcE =45V - 1 - -
mA 

RBE = 100 Q VcE =75V - - - 1 

lEBO VEB = 5 V - 1 - 1 mA 

VCEO Ic = 0.1 A 50 - 80 - V 
r--

VCER Ie = 0.1 A; RBE = 100 Q 55 - 85 - V 

IT Ic=1 A;VeE =4V 5 - 5 - MHz 

h'E 
Ic= 5A; VeE = 4 V 15 90 - -

-
Ic = 3.5 A; V CE = 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 

Ic= 5A; VeE = 4 V - 1.8 - -
VBE V 

Ic = 3.5 A; VCE = 4 V - - - 1.5 

V CE = 20 V; t = 0.5 s 3.75 - - -
ISlb A 

VCE =30V; t = 0.5s - - 2.5 -

AFar characteristics curves and test conditions, refer to published data for prototypes 2N6488 (805018); 
2N6490 (80500); 2N6491 (805008). 

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

100 

" 
'0 

" 

NOTE· CLRRENT DERATING AT CONSTANT 
VOLTAGE APPLIES OIILY TO THE DISSIPATIQN­
LIMITED PORTION AND THE IS/b -LIMITED 
PORTION OF MAXIMUM OPERATING AREA 
CURVE. DO NOT DERATE THE 
SPECIFIED VALUE FOR I:c MAX 

25 50 75 100 125 150 I~ 200 

CASE TEMPERATURE (Tc)_OC 

Fig. 1 - Derating curve for a/l types. 

en. LOAD 

I I 
20 WATTS 

2'46824682:468 
10 100 1000 

COLLECTOR-TO-EMITTER VOLTAGE (VeE) - v 
92CS-30B83Rl 

Fig. 2 - Maximum operating areas for a/l types. 

, 
P:40W 

2 r- en LOAD 

1 

/ t'\ , 
1 

2 
1\ 

3 
10 20 50 100 200 500 II( 21( 51( 101( 201( 501( 1001( 

FREQUENCY-Hz 

Fig. 3 - Typical frequency response. 

2 

/ .1 

.......... 
0.0510 ,20 50 100 200 500 II( 2K 5K 10K 201( SDK lOOK 

FREQUENCY-Hz 

Fig. 4 - Typical total harmonic distortion as a 
function of frequency. 
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Pro Electron Power Transistors 

BD533, BD534, BD535, BD536, BD537, BD538 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 8D534, 8D536, and 8D538, respectively. 
All types are supplied in the JEOEC TO-220AB (VERSA­
WATT) 

MAXIMUM RATINGS, Absolute-Maximum Values: 

VCBO ....•......•....•...........•......•......••.••••.. 
VCEs{sus) 
VeEo(sus) ..•.••.•............•••••••••.•.••............ 
VE80 ••••••••••••••••••••••••••••••••••••••••••••••••••• 

Ie ...••...•.........••................................. 
18 •••••.•••.••••••••••••••••••••••••••••••••••••••••••• 
PT 

Tc:525°C •...•..•.•..•.......•....•......•....•.•••. 
T C > 25°C derate linearly ••.•..••...........•.....••..• 

Tot", TJ ••••••••••••••••••••••••••••••••••••••••••••••••• 

~ 
L At distances;::: 1/8 in. (3.17 mm) from 

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

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

TERMINAL DESIGNATIONS 

'~~~loll €J {;: 
TOP VIEW B 

N-P-N 
P-N-P 

80533 
B0534. 

45 
45 
45 

JEDEC TO-220AB 

80535 
8053611 

60 
60 
60 

.. cs-..... 

B0537 
80538. 

80 
80 
80 _______ 5 _____ _ 

_______ 8 _____ _ 
______ 1 _____ _ 

_______ 50 _____ _ 
______ 0.4 ____ _ 
_____ -65 to 150 ____ _ 

______ 235 _____ _ 

v 
V 
V 
V 
A 
A 

W 
W/oC 

°C 
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--------------_____________ Pro Electron Power Transistors 

80533, 80534, 80535, 80536, 80537, 80538 
ELECTRICAL CHARACTERISTICS at Case Temperature (Tc) = 25"C 

Unless Otherwise Specified 
TEST CONDmONsA LIMITS 

CHARAC- VOLTAGE CURRENT BD533 BD535 BD537 
TERISTIC Vdc Adc BD534& BD538A BD538A UNITS 

VCE VBE IC IB MIN. MAX. MIN MAX MIN. MAX. 

4se - 100 - - - -
ICBO 6()Il - - - 100 - -

aoe - - - - - 100 
fAA 

45 - 100 - - - -
ICES 60 - - - 100 - -

60 - - - - - 100 

lEBO 5 - 1 - 1 - 1 rnA 

VCEO(SUS). 0.1· a 45 - 60 - 60 - V 
5 0.01 20 - 20 - 15 -

hFE 2 0.5· 40 - 40 - 40 -
2 2· 25 - 25 - 15 -

hFE Groups 

J 
2 2· 30 75 30 75 30 75 
2 3· 15 - 15 - 15 -

K 
2 2· 40 100 40 100 40 100 
2 3· 20 - 20 - 20 -

L 2 2· 60 150 - - - -
(For B0533, 

2 3· 30 - - - - -BD534only) 

VBE 2 2- - 1.5 - 1.5 - 1.5 

VCE(sat) 2· 0.2 - O.S - O.S - O.S V 
6· 0.6 O.S- - O.S- - O.S- -

fT 1 0.5 3 12- 3 12- 3 12- MHz 

R9JC - 2.5 - 2.5 - 2.5 °CIW 

.. For p-n.p devices, 'IOltage and current values are negative. 
• Vce value 
• CAUTION: The sustaining voltage VCEO(SUS) MUST NOT be measured on a curve tracer. 
• Pulsed: Pulse duration = 3OO,..s, duty factor = 1.5%. 
• Typical values. 

Fig. 1-Derating curva for all types. 

COLLECTOR CURRENT C1C)-A .rcl-suta 

Fig. 2-Typ/cal de beta characteristic for 
80533. 80535. and 80537 types. 
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Pro Electron Power Transistors 

80533, 80534, 80535, 80536, 80537, 80538 

10. 

~ • 
" • 

1-
u 

H 

I­
Z .. 
0: 
0: 
::> 
U 

~ 
U .. 
:::l 
o 
u 

10 
COLLECTOR-TO-EMITTER VOLTAGE (VCEI- V 

92CM-3259B 

Fig. 3-Maximum safe-operating areas for all types. 
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Fig. 4-Typical dc beta characteristic for 
80534, 80536, and 80538 types. 

Fig. 5-Typical collector to-emitter saturation 
voltage characteristic for 80533, 
80535, and 80537 types. 

III ~ • r--hFE"IO 
I! • .. "FE -10 

g 

if : 
/ 

/ 
"I V ~'i., / a:: .... -I 

~~ 8 

!~ 6 

./'" 0 • 

! 2 

/ 

8-10-

10 

-10-1 4' 8_ 1 2 6 8_ 10 
COUECTOR CURRENT (IerA 10-1 I 10 

12CS-3259S 

Fig. 6-Typical col/ector-to-emitter saturation 
voltage characteristic for 80534, 
80536, and 80538 types. 

COLLECTOR CURRENT(.I.cl-A ucs.-3Hn 

Fig. 7-Typical base-to-emltter saturation 
voltage characteristic for B0533 
80535, and B0537 types. 
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Pro Electron Power Transistors 

80533, 80534, 80535, 80536, 80537, 80538 
hn .110 

.. 
co 
~ 1.11 

!i! 
V-I! V ~~ I 

"" V i! 
f- f-I-

::iii! -~~ ==-i 0,5 

~ 
~ 0 , • • • • • • • -10 I -I -10 

:i! 
'" 

COLLECTOR CURRENT (I.e )-A "1:1-:528., 

Fig. 8-Typical base-to-emltter saturation 
voltage characteristic for 80534. 
80536. and 80538 types. 

20 CASE TEMPERATUREITC)=2SoC 
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~ 

~ 
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10 "" "" 
0 

--10 I 2 • • 8 _I 2 e 8 -10 
COLLECTOR CURRENTttc'-A 12CI-32100 

Fig. 10-Typical gain-bandwidth product 
characteristic for 80534. 80536. 
and 80538 types. 

10. CASE TEMPERATURE ITc -.5·C 
,-181 : 182 

hFE "'10 
4 VCC"lOY 

, 

I r-- --It-----~ 

• ~ 
---......., ....... r-.t. • 
t:-....... 

-"""'t--- ~tf bs: ~ , 
10.1 

tON 

--10 I IS 8 _I 2 IS 8_10 

COLLECTOR CURRENT (Ic1-A 9ICS- 52801 

Fig. 12-Typlca/ saturated switching time 
character/sties for 80534. 80536. and 
80538 types. 

CASE TEMPERATURE ITe )-2'·C 

:£ 
VeE-' v 

" I I. 
J-

~ r-"'r-. 
f 10 

"-~ 

~ 
Q 

~ 
Z • ~ 
z 
ii 

0 

- • • • I 
10 I I 10 

COLLECTOR CURRENTC Ie )-A RCS-all" 

Fig. 9-Typ/cal galn·bandwidth product 
characteristic for 80533. 80535. and 
80537 types. 

10 I CASE TEMPERATURE ITe 1-25"C 
Ii IS, "-182 

hFE=IO 
4 Vee= 301/ 

, 
.. ~ -r-. I 

I ....... -' 8-~--
"-.. I-e--- --
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" • --

'" /' 
~ f\ • 

'" 10-1 

• • I I • • • I 
I 10 

COLLECTOR CURRENT (Ie )-A 9ZCS-32601 

Fig. 11-Typlcal saturated-switchIng time 
character/sties for 80533. 80535. and 
80537 types. 

.. 10 CASE TEMPERATURE (T c) -2s·e 

t • ) • .. ... z c , 
I- --U r-If 
~ 10 
I- 0 
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:IE 
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, •• 0 • • • • , 

• I 0 I 10 10' 
COLLECTOA-TO-BASE VOLTAGE (Yew-V 92CS.U80S 

Fig. 13-Typlcal common-base output capaci­
tance character/stlc for 80533. 
80535. and 80537 types. 
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Pro Electron Power Transistors _____________________________ _ 

80533,80534,80535,80536,80537,80538 
1038 CASE TEMPERATURE (TC)· 2S-C 

f • .... 
~ 4 

"' 
I--!--t-

li1 
~ 

, 
i"-j-.... 

~ 
(j 102 
.... . ....... 
~ • 
0 4 

lil 
;i! 
is 

, 
~ 10 

-10.1 2 4 6 8_ 1 4 6!1O 4 6 !.'O·2 
COLLECTOR-TO-BASE VOLTAGE (VcrJ-V UU-u.&QA 

Fig. 14-Typica/ common-base output capaci­
tance characteristic for 80534, 
80536, and 80538 types. 
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. ____________________ Pro Electron Power Transistors 

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, VeE 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-55O-series is supplied in the JEOEC TO-204AA her­
metic steel case. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

VCBO •••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

VCEO •••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

V cER(R eE = 1000) ........•.....................•.............. 
VEBO •••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

Ic •.......•.......................•.......................... 
Ie •.....••.•.....•........•...................•......•....... 
PT 

AtTc :S25DC ............•....•.•.......................... 
AtTc>25DC ............•.............................•... 

T"", TJ •••••••••••••••••••••••••••••••••••••••••••••••••••••• 

TL 
At distances 2: 1/32 in. (0.8 mm) from seating plane 

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

BD550, BD550B 

TERMINAL DESIGNATIONS 

c 

'(t) 
92C5-27516 

JEDEC TO-204AA 

B0550 BOSSOB 
130 275 V 
110 250 V 
130 275 V 

5 V 
7 A 
2 A 

150 W 
See Fig. 1 wrc 

-65 to 200 DC 

230 DC 
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Pro Electron Power Transistors 

BOSSO, B0550B 

!c~ 
~Ii .., .... 
if~lI 
~ ... ~ 
o!lg 
i~~ 
ieeE!!: 
:jjI!~U 

~l'5~ 
"u" 1I .... 
ffi~i 
u u~ 
~~U 

ELECTRICAL CHARACTERISTICS, At Case Temperature (TcJ =25°C 

LIMITS 
CHARAC- TEST CONDITIONS B0550 B0550B- UNITS 
TERISTIC 

Min. Max. Min. Max. 

ICER VCE = 110 V - 1 - -
mA 

RBE = 1000 VcE =250V - - - 1 

ICEO 
VCE = 95 V - 5 - - mA 
VeE =200V - - - 5 

lEBO VEB = 5 V - 1 - 1 mA 

VCEO Ic = 0.2 A 110 - 250 - V 

VCER Ie = 0.2 A; RBE = 1000 130 - 275 - V 

fT Ic = 0.2 A; VeE = 10 V 5 typo 5 typo MHz 

hFE 
Ie = 4A; VeE = 4 V 15 75 - -

Ic = 2A; VCE = 4 V - - 10 50 

VCE(sat) 
Ie = 4 A; IB = 0.5 A - 2 - -

V 
Ie = 2A; IB = 0.25 A - - - 2 

VBE 
Ic = 4 A; VCE = 4 V 0.75 1.75 - -

V 
Ie = 2 A; VCE = 4 V - - 1 2 

ISib 
VCE = 80 V; t = 1 S 1.87 - - -
VeE = 140 V; t = 1 S - - 1.07 - A 

.A.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). 

100 

75 

50 

2. 

o 

NOTE: CURRENT DERATING AT CONSTANT VOLTAGE 
APPLIES ONLY TO THE DISSIPATK)N-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 ITS 200 

CASE TEMPERATURE (TC)-"c 

Fig. 1 - Derating curve for all types. 

8 CASE TEMPERATUREtTC) "2&-C 
8 (CURVES MUST BE DERATED L(NEARLY 

• i'TH '!"cREiSE (N TEMPERATURE I .. 
I 2 

IC (MAXI CONTINUlus-1, .. " U 
~ 1°8 

'''' q., Z 8 
"''''',,+'P.q ... .. • 0: 

0: 1""<:0", ,. 
u 2 ~'" 0: {OJ 
~ I u 8 IC.._ C-Ol • \~<:.-C-.J 
.J • C-o ~~-u VCEO MAXI - 110 V (BD5501- ~ 

2 ~ r-
0·1 

VCEO. (MAXI- 250 V (BD550BI H 
• • • 8 2 • • 8 2 • 10 100 1000 

COLLECTOR-TO-EMITTER VOLTAGE (VCEI-V 

92CS-!0886RI 

Fig. 2 - Maximum operating areas for all types. 
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____________________________ Pro Electron 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 RCA-B0795, B0797, B0799, and B0801 n-p-n transis­
tors and their p-n-p complements B0796, B0798, 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: 

N-P-N 
P-N-P 

80795, 80796, 80797, 80798, 
80799, 80800, 80801, 8D802 

TERMINAL DESIGNATIONS 

'~'~'''l 0 II €Jt ~' 
TOP VIEW 9 

80795 
80796-

45 
45 

80797 
80798-

60 
60 

JEDEC TO-220AB 

80799 
80800-

80 
80 

92CS-39969 

80801 
80802-

100 V 
100 V 

VC90 •••••••••••••••••••••••••••••••••••••••• 

VCEO(sus) ....•.....•...............•....•...• 
VE90 •••••••••••••••••••••••••••••••••••••••• 

_________ 5 V 

Ie ........................................ · .. 
__________ 8 A 

19 .•••••.•••..••••••••••••••••...•••..••..••• 
__________ 3 A 

PT 

Te:525°C ................................ . _________ 65 W 

Te>25°C ................................ . ______ Oerate Linearly 0.522 ______ W/oC 

T,.go TJ ..................................... . ________ -55 to 150 °C 

TL 
At distances 2: 1/8 in. (3.17 mm) from 

case for 10 s max. . ...................... . 
_________ 235 ________ _ 

-For p-n-p devices, voltage and current valOes are negative. 
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Pro Electron Power Transistors _____________________________ _ 

80795, 80796, 80797, 80798, 
80799, 80800, 80801, 80802 

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

TEST CONDITIONS LIMITS 

CHARACTERISTIC VOLTAGE CURRENT B0795 B0797 
Vdc Adc B0796- B0796-

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

ICBO 
45 - 0.1 - -
60 - - - 0.1 

lEBO -5 0 - 1 - 1 

VCEOb 0.18 0 45 - '60 -
hFE 

2 18 40 - 40 -
2 38 25 - 25 -

VSE(ON) 2 38 - 1.6 - 1.6 
VCE(sat) 38 0.3 - 1 - 1 
fy 1=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 tracer . 
• For p-n-p devices, voltage and current values are negative. 

UNITS 

rnA 

V 

V 

MHz 

OCIW 

~1U8 

l:1 • 

COllECTOR-T01M1jTER vlTAGE (VCE). 2 V 

I I~O'C ~ . 
~ ...........~(Tcl; ... C 

,.... 
~ ! 

B- Vc.~pr· -55- ~ , ... 
Q .. 

11=1 .......-
I~ : .......-
Q'" 

::l . 
:i1 ,. 
~ 2 

g 
25 50 75 100 125 150 11S 200 0,1 

CASE TEMPERATURE (Tc)--C 0.01 
2 • ,I • •• I 

,2CS-2un COLLECTOR CURRENT (Ic)-A 

~ 
~ 

~ 

Fig. 1-Current derating curves for al/ types. Fig. 2-Normalized dc·beta character/stlcs 
for al/ types. 

I.B CASE TEMPERATURE (TC )-25·C 

! .. .. 
~ 
g 

! 1.2 

~ ... 
~ ? ~ 0.8 

\sOt ,.t l.C/l.~ -::: ~ VBE f-" L 
}I ~V •• V L W 0.4 'BE" CE I 

/' t' 

0 
VeEtsot}AT :Ic~Xe·IO --2 • • • 2 • • • 2 • 0, I 01 I 

COLLECTOR CURRENT(Ic1-A 92C&32795 

Fig. 3-Typica/"on"voltage characteristics 
for al/ types. 
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_____________________________ Pro Electron Power Transistors 

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 B0799 BD801 
Vdc Adc BD800- BD802-

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

ICBO 
80 - 0.1 - -

100 - - - 0.1 

lEBO -5 0 - 1 - 1 

VCEOb O.1a 0 80 - 100 -
hFE 

2 1a 30 30 
2 3a 15 - 15 -

VBE(ON) 2 as - 1.6 - 1.6 

VCe(sat) 3a 0.3 - 1 - 1 

fr 1=1 MHz 10 0.25 3 - 3 -
RsJC - 1.92 - 1.92 

a Pulsed; Pulse duration = 3OO,.s, duty factor = 1.8%. 

b CAUTION: The sustaining voltage VCEO(sus) MUST NOT be measured on a curve tracer • 
• For p-n.p devices, voltage and current values are negative. 

9ZCM-32796 

Fig. 4 - Maximum operating areas for all types. 

UNITS 

rnA 

V 

V 

MHz 

"CIW 
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Pro Electron Power Transistors 

BDX18, MJ2955 File Number 994 

Silicon P-N-PEpitaxial-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 
92C5-27516 

• High gain at high current 
JEDEC TO-220AB 

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 diifer in voltage ratings and in the currents at which 
the parameters are controlied. Ali are supplied in the steel 
JEDEC TO-204AA hermetic package. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

VCBO .••.......•...............•••..•.....•................•.....•..••.••..•....... 
VCER(SUS) 

RBE = 100 Q .................................................................... . 
VCEO(sus) .•....•.........•..•..........•..•..•.••.•..••.••..•........•............ 
VEBO •.....•.•.•..•.......•...............••....•..•......•••..•...•..•....•....... 
Ic .............................................................................. .. 
IB .......................................•...•.••...••..••••...•.....•...•........ 
PT 

AtTc:525°C ................................................................... . 

At T C > 25° C . . . . . . . . . .. . . . • . . . . . .. .. ... Derate linearly ......................... . 

T stg• TJ .......................................................................... .. 
TL 

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

BDX18 
MJ2955 

-100 

-70 
-60 
-7 

-15 
-7 

1150 (MJ2955) 
115 (BDX18) 

10.86 (MJ2955) 
0.66 (BDX18) 

-65 to 200 

235 

V 

V 
V 
V 
A 
A 

W 

W/oC 

°C 

°C 
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Pro Electron Power Transistors 

BDX18, MJ2955 
ELECTRICAL CHARACTERISTICS, at Case Temperature (T cJ = 25° C Unless Otherwise Specified. 

TEST CONDITIONS LIMITS 

CHARACTERISTIC VOLTAGE 
Vdc 

Vc£ V •• 

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) - -
VCER(SUS) - -
RBE = 100 n 

hFE BDX18. Mj2955 -4 -
Except BDX18 -4 -

VBE -4 

VCE (S8t) BDX18, MJ2955 - -
MJ2955 only - -

fh'e f = 10 kHz MJ2955 -4 -
I h,.1 f = 1 MHz BDX18 -4 -

MJ2955 -4 -

h,. 
-4 -

f = 1 kHz 

ISIB 
-40 -

tp = 1 S nonrep. 

BDX18 - -
RsJC MJ2955 - -

apulsed; pulse duration = 300ps. duty factor = 1.8%. 
bCAUTION: Sustaining voltages VCEO(sus) and VCER(SUS) 
MUST NOT be measured on a curve tracer. 

25 50 75 100 125 150 ,." 200 
CASE TEMPERATURE (Tcl--C 

Fig. 1 - Derating curve. 

CURRENT BDX18 
UNITS Adc MJ2955 

Ie I. Min. Max. 

- - - -5 
mA 

- - - -1 

- - - -5 
mA 

- - - -10 

- - - -0.7 mA 

- - - -5 mA 

-0.2 - -60b - V 

-0.2 - -70b - V 

-48 - 20 70 

-108 - 5 -
-48 - - -1.8 V 

-48 -0.4 - -1.1 

-108 -3.3 -
V 

-3 

-1 - 10 - kHz 

-1 - 2.5 -
-0.5 - 4 -

-1 - 15 120 

- - 2.87 - A 

- - - 1.5 
·elW 

- - - 1.17 

_"'0 COL.LECTOR ... TO-EMITTER VOLTAGE IYCE)-4 Y 

II ! CASE TEMPERATURE (Tc)-U·C 

5> I ~ 
1524 

! ILV 
r-

I'--,~ 0-, 

i V I 

!'\. 
ii' : 

~ I 60 I 

[1 l! , . • 8 , . • 8 , . .. .. , . , , . 
COLLECTOR CURR£NT (Ie) - A 92CS-2!tOO! 

Fig. 2 - Typical de beta characteristics. 
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Pro Electron Power Transistors 

BDX18, MJ2955 

COLLECTOR- TO-EMITTER V.OLTAGE(VCEI-V 
92CM-305S8RI 

Fig. 3 - Maximum operating areas for BDX18 and MJ2955. 

BASE-TO-EMITTER VOLTAGE (VaEI-V 
92C5-29OO5 

Fig. 4 - Typical input characteristics. 

BASE-TO-EMITTER VOLTAGE (YeE) - v 
92CS-29007 

Fig. 6 - Typical transfer characteristics. 

I±· 

II 

,l! ,. , , 
~ 
~ 

~URRI ,,-"-100 

1!O5040 10 
COL LECTOR-TO-EIiITTER VOLTAGE (VCEI- v 

92C5-29006 

Fig. 5 - Typical output characteristics. 

8 COLLECTOR-TO-EMITTER VOLTAGE (VeE). 4 Y 
7 CASE TEMPERATURE (Te)· 25-e 

V i--r-.. 
6 

/' J.-'" l\ 
\ 

i 4 
1/ 

" S 

I 
3 

, 
~ I .. 

• 2 • •• 0.01 
.. I a .. • 

0.1 I 10 
COLLECTOR CURRENT (Ie' -A t2Cs- 21004 

Fig. 7 - Typical gain-bandwidth product. 
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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 

Features: 

• High dissipation capability 

• High VCEX ratings 
.15-A specification for hFE and VCE(sat) 
• Low saturation voltage with high beta 92CS-27518 

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-to-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 (VBE) & RBE = 100 n ............................................ . 
With base open ....................•...•.•.....•.....•.................•..... 

EMITTER-TO-BASE VOLTAGE .....•..................•...........•.............. 
CONTINUOUS COLLECTOR 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 case 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. (0.8 mm) from seating plane for 10 s max. . ................... . 230 °c 
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Pro Electron Power Transistors 

BDY29 

ELECTRICAL CHARACTERISTICS, At Case Temperature (TC' = 25"C Unless Otherwise Specified 

TEST CONDITIONS LIMITS 

CHARACTERISTIC SYMBOL 
VOLTAGE CURREN 

BDY29 UNITS 
Vdc Adc 

VeB VeE VBE Ie 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=l50°C ICEX 100 -1.5 - 10 mA 

With base open ICEO 60 0 - 2 mA 

Emitter Cutoff Current lEBO -7 0 - 2 mA 

DC Forward Current Transfer Ratio hFE 2 15a 15 60 

Coliector·to·Emitter Sustaining Voltage: 
With base·emitter junction reverse·biased 

(RBE)= 100 n 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 

Co"ector·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, Sma"-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 ROJC - 0.8 °C/W 

apulsed; pulse duration = 300 JJS, 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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Pro Electron Power Transistors 

BDY29 

:tl 
4 6 8 

eOLLECTOR-TO-EMITTER VOLTAGE (VCE) - V 92CS-24631 

Fig. 1 - Maximum operating areas. 

COLLECTOR-lO-EMITTER VOLTAGEIVCE )-2V 

~ 

:52 .c.. -.. t-.... it .......... 

25 so 75 100 125 150 1715 200 

CASE TEMPERATURE ITe )--c 92LS-116411" 
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Fig. 2 - Dissipation derating curve. Fig. 3 - Typical dc beta characteristics. 

___________________________________________________________________ 567 



Pro Electron Power Transistors _____________________________ _ 

BDY29 

COLLECTOR CURRENT (Ie) IBASE CURRENT (I 8)· 10 

.... :#". 
I 

o ~ ~ = I ~ ~ rn 2 ~ 

COLLECTOR-lO-EMITTER SATURATION VOLTAGE'[VcElsotfl-v 
tICS-1M" 

Fig. 4 - Typical saturation-voltage characteristics. 

COLLECTOR-TO-EMITTER VOLTAGE (VCE)-V 
92CS-I"OI 

Fig. 6 - Typical output characteristics. 

BASE-lO-EMITTER VOLTAGE (VB£ )-v 

Fig. 5 - Typical input characteristics. 

COLLECTOR-TO-EMITTER VOLTAGE (VeE I a2V 

g 
~ 10 

BASE-lO-EMITTER VOLTAGE lVaE}-V 
92CS-19!100 

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: 

VCBO ••••••••••••••••••••.••••.•••••••••••••••••••••••.••••••••••••••••••••••••••••••••••••.•.••• 
VCEO •••.•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••.•••••••••••••••••••••••• 
VEIO •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

Pr 

Ic •.....••••••.••••..•••••.•••.•..•••••••......••..•.••••..•••••••••••.•...••..•••..••.••••••.. 
lB •••••••••••••••••••••••••••••••••••.••••••••••••••••••••••••••••••••••••••••.•••••••••••••••• 

BDY55 

100 
60 

BDY56 

150 
120 

7 
15 ___ 

7 

Tc=25°C •••............................................•..•...•.••..••.•••................... ___ 117 ___ 

T ... , TJ •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• __ -65 to +200 __ 

TL 
At distances 2: 1/32 in. (0.8 mm) from seating plane for 1 0 s max ..•••••.••..•••...•••.•••.•••..... ___ 230 ___ 

NOTE:CURRENT DERATING AT CONSTANT VOLTAGE 
APPLI ES ONLY TO THE DISSIPATION-LIMITED PORTION 
AND 'SIb-LIMITED PORTION OF MAXIMUM-OPERATING 
AREA CURVES· DO NOT DERATE THE SPECIFIED 
VALUE FOR IC MAX, 

2!5 50 7!5 100 12!5 150 175 200 
CASE TEMPERATURE ITC }_·C 

92CS~20129 

Fig. 1 - Dissipation derating curves for both types. 

2! 

COLLECTOR-lO-EMITTER VOLTAGE (VCEI-4V 
90 CASE TEMPERATURE (TC)-25°C 

" ~ i'-.. I 
~ 80 

/' \ .. 
§ 70 

f 
60 / \ 

t V \ 
~ 00 

~ 
z 40 
~ 

.0 

0.1 • . • • 2 I 6 8 10 
COLLECTOR CURRENT (I.cl- A 

92CS-32248 

Fig. 2 - Typical gain-bandwidth product for both types. 
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V 
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BDY55, BDY56 

ELECTRICAL CHARACTERISTICS, At Case Temperature (Tc) = 25°C Unless 
Otherwise Specified. 

TEST CONDITIONS LIMITS 

CHARACTERISTIC VOLTAGE CURRENT 
BDY55 BDY56 

Vdc Adc 

VCE VES VSE Ic Is Min. Max. Min. Max. 

ICEO 30 0 - 0.7 - -
60 0 - - - 0.5 

ICEV 
100 -1.5 - 5 - -
150 -1.5 - - - 3 

At Tc = 150°C 100 -1.5 - 30 - -
150 -1.5 - - - 30 

lEBO 7 0 - 5 - 3 

hFE 4 4a 20 70 20 70 
4 10a 10 - 10 -

fT 4 1 10 - 10 -
VCEP(sus)b 0.2 0 60 - 120 -
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 
Vee = 50 V 

tOFF 
IB1 = 

5 
1 A - 2 - 2 

VCC = 50 V IB2 = 
-0.5 A 

RaJC 10 10 - 1.5 - 1.5 

a Pulsed; pulse duration ~ 350l-'s, duty factor = 2%. 
b CAUTION: The sustaining voltages VCEO(susj, MUST NOT be measured on a curve tracer. These 
sustaining voltages should be measured by means of the test circuit. 

~ COLLECTOR-la-EMITTER VOLTAGE (VCE,-4V 

UNITS 

rnA 

rnA 

MHz 

V 

pS 

°C/W 

.. 
I 

I ~ loof--t--++++-+--+-+1+1t-+--++++-+--l 

~ ... 
is I 

I 

I 

I... ' 1-' I-r1i- ..... 
~ V' ","""E lTeI 0.1.1 ''\ , 
~, .or----~ '.~E~ .. ~P€~"'*=t:::pH...d--+=\++-+-l 
" ~? t'-r--

I·' - - ---
g 0 i 

-55H++--+--+-+-R-\;-+--l 
) 

• • • 0.5 1.0 1.5 2.0 0.01 0.1 I 10 40 
BASE -TO-EMITTER VOLTAGE (VeE) - v COLLECTOR CURRENT (Ic,-A 

92CS-32241 92CS-32246 

Fig. 3 - Typical transfer characteristics for both types. Fig. 4 - Typical dc beta characteristics for both types. 
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Pro Electron Power Transistors 

BDY55, BDY56 

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

9ZCM-32249RI 

Fig. 5 - Maximum operating areas for both types. 

CASE TEMPERATURE (Tel" 25 0 c 

~ 25 
H 

~ 20 '··~.'A 
~ 900 a 151+J~,f'f1FH.,0 
II: 500 
u ... : 10 350 

250 

8 

10 15 

180 
120 

80 
C 

20 25 30 35 

,-4 rnA 

o 
40 45 I I 

COLLECTOR-TO-EMITTER VOlTAGE (VCE)-V BASE -TO-EMITTER VOLTAGE (VSE1-V 
92lS-1464 

Fig. 6 - Typical output characterstics for both types. Fig. 7 - Typical input characterstics for both types. 

8i"": t- fJ== COLLECTOR SUPPLY VOLTAGE (VCC)-30V 
f'... J:C/:I.B"'O • 
~~ 4r--

I-' 
" 

1 10- 1 

~ 8 - If .. • ;:: 
4 

• 
(cr" 

4 8 12 16 20 
COLLECTOR CURRENT (I.e )-A 82CS- 3224!5 

Fig. 8 - Switching-time characterstics as a function of collector 
current for both types. 
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Pro Electron Power Transistors 

BDY58R 

Silicon N-P-N 
Switching Transistors 
For Switching Applications in 
Industrial and Commercial Equipment 

Features: 

• VcEo -160V 
.,c -25A 
• PT -175 W 

The RCA-BDY58R is a silicon n-p-n power transistor featur­
ing fast switching speeds, 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-BDY5BR transistor is supplied in a steel JEDEC 
TO-2D4AA hermetic package. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

File Number 1206 

TERMINAL DESIGNATIONS 

c 

'0 
92CS-27516 

JEDEC TO-204AA 

BDY58R 
VeBO ............................................................................................. " ....•... 250 V 
VeEo •.•......••...•.••.•...•....•.•...••••.....•................•..••............................. 1 •••••••• 160 V 
VeE. 

VSE=-1.5V ............................................................................................. 250V 
VESO ........................................................................................................ BV 
Ie .......................................................................................................... 25A 
leM ......................................................................................................... 50A 
Is ........................................................................................................... BA 
PT: 

AtTeup25° ..................................................................................... , ....... 175W 
T J , Tot •..•.•.............•.••••.................•.............•..................•.•............... -65 to + 200°C 
TL: 

At distances 2:: 1/16 in. (1.58 mm) from case for 10 s max ............................................. , ....... 235°C 
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ELECTRICAL CHARACTERISTICS, at Case Temperature (T cJ = 25·C 
unless otherwise specified 

TEST CONDITIONS LIMITS 
CHARACTERISTIC VOLTAGE CURRENT SDY58R 

Vdc Adc 

VCE VSE IC IS Min. Typ. M8X. 

VCB 
ICBO = - - 0 - 0.1 1 

200 
ICER RBE= 10 Q, 180 - - - - - 10 

TC= 100·C 

lEBO - -5 0 - - 0.1 0.5 

VCEO(sus)D - - 0.28 - 1608 - -
V(BR)EBO IE = 0.05 A - - 0 - 8 - -
VBE(sat) - - 108 1 - 0.9 2 
VCE(sat) - - 108 1 - 0.2 1.4 

hFE 
4 - 108 - 20 - 60 
4 - 208 - - 20 -

TC= -30·C 4 - 108 - 10 - -
fT 15 - 1 - 10 48 -
ton VCC - 15 1.5 - 0.3 1 

toft = - 15 1.5 - 1.2 2 

(lB1 = IB2) 75V 

RBJC - - - - - - 1 

8Pulsed, pulse duration = 300 "'s, duty factor .. 2%. 

bCAUTION: Sustaining Voltage VCEO(sus) MUST NOT be measured on a curve tracer. 

100 

75 

50 

2S 

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 

0.01 

BDY58R 

UNITS 

rnA 

V 

MHz 

Ils 

·C/W 

25 50 75 100 125 150 175 200 2 468 2 468 2 468 2 468 
0.001 0.01 0.1 I 10 CASE TEMPERATURE (Tcl-OC 

PULSE WIDTH (tpl - s 
92CS-30587 

Fig. 1 - Dissipation and lSI. derating curve. Fig. 2 - Typical thermal-response 
characteristic. 
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BDY58R 
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Fig. 4 - Typical dc beta characteristics. 
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Fig. 5 - Typical collector-to-emitter saturation 
voltage characteristics. 
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Fig. 7 - Typical gain-bandwidth product. 
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Fig. 8 - Typical output characteristics. 
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.f--+--4-4-~~d---f-~+---I--~ 

"'~o 
4 6 8 10 4 6 8'00 400 

COLLECTOR -TO-BASE VOLTAGE (VCBI-V OR 
EMITTER-TO-BASE VOLTAGE (VEB)-V 

92CS-31459 

Fig. 11 - Typical common-base input (C ibo! of 
output (Cobo! capaCitance 
characteristics. 
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BDY90,BDY91, BDY92 

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-BDY90, BDY91, and BDY92 are epitaxial silicon 
n-p-n planar transistors. They differ in breakdown-voltage 
ratings, leakage-current, and dc-beta values. 

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

File Number 1289 

TERMINAL DESIGNATIONS 

c 

'eQ) 
92CS-27516 

JEDEC TO-204AA 

160 

120 

80 

40 

011 i 1111 : 111111I11111111111111111111111 fUll III ! II 
o ~ 00 ~ ~ ~ 

CASE TEMPERATURE (Te) _·C 
92C$-33600 

Fig. 1 - Dissipation derating curves for all types. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

VeBO .................................................................... . 
Veex(SuS) 

Vae; -1.5 V ........................................................... . 
Veeo(SUS) ............................................................... . 
VEBO ••••••••••••••••••••••••••••.•••••••••••••••••••••••••••••••••••••••• 

Ie ...................................................................... . 
leM ....•............•..........•..................•.....•........•....... 
la .•.........................................•••......................... 
PT 

Te ~ 75°C ............................................................ . 
Te ~ 25°C, Vee> 2S V ................................................. . 
Te>25°C,Vee>2SV ................................................. . 

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

T, 
AI dislance 2: 1/32 in. (O.S mm) from seating plane for 1 0 S max. . .....•.. 

BDY90 
120 

120 
100 

BDY91 
100 

100 
SO 

6 
10 
15 

2 

40 
See Fig. 1 

See Figs. 1 & 4 
-6510 175 

175 

BDY92 
SO 

SO 
60 

v 

v 
V 
V 
A 
A 
A 

w 
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Pro Electron Power Transistors 

BDY90,BDY91,BDY92 
ELECTRICAL CHARACTERISTICS, at Case Temperature (T cl =250 C 
Unless Otherwise Specified 

Test Conditions Limits 

Characteristic 
Voltage Current BDY90 BDY91 

Vdc Adc 

VCE VBE IC 'B Min. Max. Min. Max. 

ICEX 
120 -1.5 - 3 - -

TC= 150°C 100 -1.5 - - - 3 
80 -1.5 - - - -
2 1a 35 - 35 -

hFE 5 5a 30 120 30 120 
5 10a 20 - 20 -

Ihfel 5 0.5 
14 - 14 -

f= 5 MHz Typ. Typ. 

VCEO(sus)b 0.2 0 100 - 80 -
VCEX(sus)b -1.5 0.2 0 120 - 100 -
VEBO 0 6 - 6 -IE = 0.05 A 

VCE(sat) 5a 0.5 - 0.5 - 0.5 
10a 1 - 1.5 - 1.5 

VBE(sat) 5a 0.5 - 1.2 - 1.2 
10a 1 - 1.5 - 1.5 

tON 
5 0.5c - 0.35 - 0.35 VCC = 30 V 

ts 
0.5c VCC= 30 V 5 - 1.3 - 1.3 

tf 5 0.5c - 0.2 - 0.2 
VCC = 30 V 

R(JJC 10 10 - 2.5 - 2.5 

a Pulsed: pulse duration = 300 f.Js, duty factor ~ 2 %. c 181 = -182 

BDY92 Units 

Min. Max. 

- -
- - rnA 
- 3 

35 -
30 120 
20 -

14 -
Typ. 

60 -
80 - V 

6 -
- 0.5 

V - 1.0 

- 1.2 
- 1.5 V 

- 0.35 

- 1.3 IJs 

- 0.2 

- 2.5 °C/W 

b CAUTION: The sustaining voltage VCEO(sus) and VVEX MUST NOT be measured on a curve tracer. 

150 VCE",5V 1110 "!:E'5V .. ... = 125 
52 
l< 
ffi 100 

... .. 
~ 75 
I-

ili 

550 
I 

Q 
II: I 25 

~ 

QI 

T~'25' C 

-- ............. 
t--.r-., 

68 1 88 10 

CQLLECTOR CURRENT IIeI - A 
92CS-33101 

Fig.2 - Typical dc b/lta charact/lr/stics 
for all tYP/ls. 

f·SMHI 

~ 125 
T .. ·2S·C 

J-
;: 100 

i75 

IIIOV 
V - -........... 

~ 

'l' 
;! 
~ 25 

0.1 6 8 I 6 8 10 

COLLECTOR CURRENT (XC I-A 
92CS-33602 

Fig.3 - Typical gain-bandwidth product 
for all types. 
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Pro Electron Power Transistors 

BDY90, BDY91, BDY92 

COLLECTOR-TO-EMITTER VOLTAGE IYCE)-Y 92CM-3;§599 

.. 
t x .. 
u 
tl 
I-z .. 
0: 
0: a .. .. 
~ 
" u 
0 

~ 
U .. 
..0 
..0 
0 
u 

Fig.4 - Maximum operating areas for aI/ types. 

1028 VCE-YCEXmoJl 
6 -VBE",1.5Y 

./ 4 

2 / 
10. / 
• • L 4 

2 

I 
/ 

• • 
4 

/ 
2 

on-O 

0. 40. eo 120. 160. 20.0. 
JUNCTION TEMPERATURE (TJ)-OC 92CS-:5310a 

Fig.S - Typical col/ector leakage current 
vs. junction temperature for aI/ types. 

JUNCTION TEMPERATURE (T .. ) - ec 92CS- 33605 

Fig.7 - Typical col/ector-to-emltter satu­
ration voltage characteristics as a 
function of junction temperature 
for aI/ types. 

0.5 T ... 25° C 

~ ~'IC 
~ 0..4 

IB 

~ 
~l 03 1/ ffii 
1-- / ~.g 0.2 

lL 0 

~ 

~ 
!il 
..0 

8 

.. 
~ g 
2l 
fi> 
!!jl 

!I 
~l 
~ 
0 

~ 
0 

!:! .. 
ID 

0..1 ../" 
~ 

0. 

• • • • 10-1 I 10 

1.5 

I 

0.5 

0. 

COLLECTOR C~RENT (lc) - A 92CS-33804 

Fig.6 - Typical col/ector-to-emitter satu­
ration voltage characteristics as a 
function of col/ector current 
for aI/ types. 

T .. -25° C 

!£.IO 
IB 

...... 

---I-

• • • • 10-1 I 10 
COLLECTOR CURRENT (Ie) - A UCS-UtOI 

Fig.8 - Typical base-to-emitter satu­
ration voltage characteristics as a 
function of col/ector current 
for aI/ types. 
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MICTION _RATUllEIT,,! - 'C '.CS·SH07 

FIg.9 - Typical bIJ •• -to-emitt., .atu-
ration "oItag. characteristics as a 
function of Junction temperature. 

BDY90,BDY91,BDY92 
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Pro Electron Power Transistors _____________________________ _ 

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 ...................... VCSO 
COLLECTOR·TO·EMITTER SUSTAINING VOLTAGE: 

With base open .................................... . 
With external base·to·emitter resistance (RSE) = 100 n ..... . 

EMITTER·TO-BASE VOLTAGE ........................ . 
COLLECTOR CURRENT (Continuous) ................... . 
SASE CURRENT (Continuous) ......................... . 
TRANSISTOR DISSIPATION: 

At case temperatures up to 25° e ...................... . 
At case temperatures above 25° e ..................... . 
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 10 s max. . ... 

VCEO(sus) 
VeER(sus) 

VEBO 
Ie 
IS 
PT 

TERMINAL DESIGNATIONS 

,fj"~,,, 
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 1 
Derate linearly at 5.7 mwfc 

--65 to 200 • 
.. 255 • 

V 

V 
V 
V 
A 
A 

W 

W 
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Pro Electron Power Transistors 

BFT19, BFT19A, BFT19B 
ELECTRICAL CHARACTERISTICS, At Case Temperawre IT ci ~ 25"C 

TEST CONDITIONS LIMITS 

CHARACTERISTIC SYMBOL VOLTAGE CURRENT BFT19 BFT19A aFT19B UNITS 
Vdc mA 

VCB VCE VEa 'C 'E 'B Min. Max. Min. Max. Min. Max. 

Collector-Cutoff Current: 
-100 0 -100 

'eBO -200 0 -100 #A 
With emitter open 

-300 -100 

Emitter-Cutoff Current 'EBO -5 -100 -100 -100 #A 

DC Forward-Current 
10 -10 20 20 20 

hFE -10 -30 25 25 25 
Transfer Ratio 

-10 -50 20 20 20 

Collector-ta-Emitter Sustaining 
Voltage (See Filii_ 2 and 3): 
With base open VCEO(sus) -10 -15oa -25oa -35oa V 

With external base-ta-emitter 
VeER!sus) -10 -20(J11 -3O(JII -40(J11 V 

resistance (RBe) "" 100 n 

Base-to-Emltter Saturation Voltage VaElsat) -30 -3 -l.B -l.B -1.8 V 

Collector-to-Emltter 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- I hI. I -10 -30 Current Transfer 
Ratio (at 5 MHz) 

Common-Base, Short-CirCUit, Input 
Cib -5 0 76 76 15 pF Capacitance (at 1 MHz) 

Output Capacitance (at 1 MHz) Cob -10 0 15 15 15 pF 

Second-Breakdownb Collector Current: 
With base forward biasedc 

'S/bd -100 -50 -50 -50 mA 

Thermal Resistance: 
(Junction-to-Case) R8JC 35 36 35 °C/W 

a CAUTION: The sustaining voltages V CEO(sus) and V CER(sus) MUST NOT be measured on a curve tracer. 
The sustaining voltage should be measured by 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 direction. 

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 

:I MAX. 
(CONTINUOUS 

-1000 
8~ f:.:" 

6 

4 

2 

.. .mrrl 
PU.l:-.~.~ 

o 
H 

8 I 
I 

H. H-"-
6 :-+ : + i : 

1-'; : {. 
:-j::f!' J_ 4T 

_' rt I 

2 

-I 

-I 

I .,j 

'Is :CIM 
rTTTTllllI. " 

. II . 
ii; YC.E.o (MAX.) ·250V:BFTI9A 
iP , 

;:t 

.v~~9 .. 50 V[BFTI9B 

2 4 6 8 -10 2 4 6 8-100 -150 2-250 4 
-350 

COLLECTOR-TO-EMITTER VOLTAGE (VCE)-V 

92CS-22544 
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25 50 75 100 125 ISO 175 200 
CASE TEMPERATURE (T c) - °c 

Fig. 2 - Dissipation derating curve. 

COLLECTOR-lO-EMITTER VOL.TAGE (VeE) =.10 v 
TOO 

~ 90 

" ~ 80 

: 70 

~ 60 I-" 
~ 50 

~ 40 

1l 
"f-I '" ~ 

g TO 

-01 

j.--t-
,'~ 

1/ 

",e j..--

~t.\,:~c)" rr 
t.""'''fJ 

e>" -io# ;::;.. [I ,pC 

K l-?-r 

, , 

I-" 

. 
_1 

, , 
II 
II . 
-TO 

, 
COLLECTOR CURRENT (Ie) _ mil. 

l\ 

, . 
_100 

~\ 

Fig. 4 - Typical dc-beta characteristics. 

I CO.LLECTOR -.TO.~EM'.T:rE.R.~LT.AG.E.(V ,I' -'0 v 

.. 
E 
I 

; 
>-z 
~ -, 
~ 
~ 
~ -, .. .. 

_n .. 

-c 
BASE-lO-EMITTER VOLTAGE IVBEJ-V 

Fig. 6 - Typical input characteristics. 

BFT19, BFT19A, BFT19B 
'$ DC BETA '"C"B'-'O 

_,"'.1:'+"",;:1'", 
, '-0. 

~~k: c' . 

-0.2 

-20 -40 -60 -S' -100 -120 

COLLECTOR CURRENT (Ie)- m A 

Fig. 3 - Typical collector-to-emitter saturation voltage. 

~ 

6Or--'---'--'TT---.--,-,,-t--t--i-i-ti 

11 
_1 

, ,. 
_TO ~ 100 

COlLECTOR CURRENT (Ie) _ mil. 

, , . 
_1000 

Fig. 5 - Typical gain-bandwidth product. 

• 0 

·0 '0 BO "10 110 
COLLECTOR CURRENT tlcl-mA 

Fig. 7 - Typical turn-on time characteristic. 
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BFT19, BFT19A, BFT19B 

~ 

i -80 

~ 

~~.'1V"(Tc)' 'soc 

'~~~~ I", 
1Zi~ 

-, -6 _80 _100 _lZU 

COLLECTOR·TO-EMITTER VOlTAGE (Vee) _ v 
')2SSo31tlRI 

Fig. 8 - Typical output characteristics. 

'VOLT"''' ,). _lOY • 
-'" 

BASE.TQ.EMITT!R vOlTAGE (VBE) _ v 

Fig. 10 - Typical transfer characteristics. 

MERCURY RELAY 
CLARE HGP-I004 
OR EQUIVALENT 

6V 

25111H 
-Vee (0 TO SOV, 

IOOmA) 

TO 
HEWLETT~ 

PACKARD 
OSC. 

CHANNELS 
MODEL 1308 
OR fQUIY. 

In 
O.&W 

COMMON 

-Vee 
92SS-l71$FtI 

Fig. 12 - Circuit used to measure sustaining voltagas, V cEofsus) 
and V CERfSUS). 

If 
I 

I ~ :~~~~1;1';,';." ~~~~ ~~_HZ OOV: COLLECTOR SUPPLY VOLTAGE IVCC"-I 

2.' R CASE TEMPERATURE ITCJ=2SoC 
Ie/1 s"10 la,"1s2 

I 

20 40 60 eo 100 110 
COLLECTOR CURRENT IIcl-mA 

92C5-17514 

Fig. 9 - Typical storage-time characteristic. 

I PULSE DURATION -30~ • 
REPETITION RATE -100 Hz 
COLLECTOR SUPPLV VOLTAGE 

I ~ i~;iB !~OM~~~~;~:E 

20 40 60 80 100 110 
COLLECTOR CURRENT Itcl-mA 

Fig. 11 - Typica/fall-time characteristic. 

COLLECTOR-TO-EMITTER VOLTAGE (VcE)-V 

92C5-22$4' 

The sustaining voltage VCEO(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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Pro Electron Power Transistors 

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-araa-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. (BFT28C1 

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 IR BE) = lOOn ..•.• V CER Isus) 

With base open •..•.••..••..•.•••.••..••.•...•...•. V CEolsus) 
EMITTER-TO-BASE VOLTAGE •......•.•..•••••••.•..•• VEBO 
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 50°C ......•..•...•..••. 

Atambienttemperatures above 50°C •.••. Derate linearly at 

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

LEAD TEMPERATURE (Dwring soldering): 
At distance;;;' 1/32 in. (0.8 mm) from seating plane for lOs max. 

o 25 

BFT28 

-150 

-150 

-100 

-4 
-1 
-0.5 

5 

TERMINAL DESIGNATIONS 

JEDEC TO-205AD 

50 75 100 125 150 
CASE TEMPERATURE (T C' - ·C 

175 200 

92LS-1469RI 

Fig. , - DilJl1ipation derating curve. 

BFT28A BFT28B BFT28C 

-200 -250 -300 V 

-200 -250 -300 V 

-150 -200 -250 V 

-4 -4 -4 V 

-1 -1 -1 A 
-0.5 -0.5 -0.5 A 

5 5 5 W 

--- See Figs. 1 and 2 
1 1 1 W 
5.7 5.7 5.7 5.7 mWtC 

-65 to +200 °c 

255 °c 

____________________________________________ ~~ ______________ 5H 



Pro Electron Power Transistors _____________________________ _ 

BFT28, 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 IC 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 -lOC 20 - 20 -

Collector-to- Emitter Sustaining 
Voltage: 

With base open VCEO(sus) -10 0 -100& - -150& -
(See Figs. 12 and 13) 

With external base-to-emitter 
VCER(sus) -10 -150a -200& 

resistance (RBE) = lOOn 
- -

Base-to-Emitter Saturation Voltage VBE(sat) -30e -3 - -1.5 - -1.5 

Collector-to-Emitter 
VCE(sat) -lOC -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 'S/bb -80 -62.5 - -62.5 -
Thermal Resistance: 

Junction·to-Case ROJC - 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. 

epulsed, pulse duration = 300 JlS; duty factor" 2%. 

JlA 

JlA 

V 

V 

V 

V 

pF 

pF 

mA 

CIW 
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BFT28, BFT28A, BFT28B,BFT28C 
ELECTRICAL CHARACTERISTICS, At Case Temperature (TC' = 25°C 

TEST CONDITIONS LIMITS 

CHARACTERISTIC SYMBOL 
VOLTAGE CURRENT 

BFT28B BFT28C UNITS 
Vdc mAdc 

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

Coliector·Cutoff Current: 
With emitter open ICBO -150 - -5 - -5 p.A 

Emitter·Cutoff Current lEBO -4 0 - -100 - -100 p.A 

DC Forward-Current 
Transfer Ratio hFE -10 -10c 20 - 20 -

Collector-to-Emitter Sustaining 
Voltage: 

With base open (See 
VCEO(sus) -10 0 -2OQB - -25Q11 - V 

Figs. 12 and 13) 

With external base-to-emitter 
VCER(sus) -10 -25Q11 -30QII V 

resistance (RBE) = lOOn 
- -

Base-to-Emitter Saturation Voltage VBE(sat) -3OC -3 - -1.5 - -1.5 V 

Collector-to-Emitter Saturation 
VCE(sat) -10c -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 Transfer 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 -BO -62.5 - -62.5 - mA 

Thermal Resistance: 
Junction-to-Case ROJC - 35 - 35 °CIW 

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 p.s; duty factor';; 2%. 
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BFT28, BFT28A, BFT28B, BFT28C 

CASE TEMPERATURE (1 :> = 25°C -II 

.J:~(MAi; 
-1000 

8 : CONTINUOUS 

ct· 

I 

6 

4 

2 

~ -100 
ILl a: 
a: 
::J 
o 

8 

6 

4 

I 

P 

~~lb- IN ITED 

~ 
~ * FOR SINGLE NONREPETITIVE -• 

-10 

2 PULSE 

8 

6 

4 
f-ri 

-I 

VCEO (MAX.) = -100 V (BFT28) 

4 

VCEO (MAX.) = -150 V (BFT28A) 

VCEO (MAX.)=-200V (BFT ......... 

VCEO (MAX.) =-250 V (BFT28C) 

6 8 -10 2 4 6 
-100 -150-200 

-250 
COLLECTOR-TO-EMITTER VOLTAGE (VCE) - V 

Fig. 2 - Maximum safe operating areas. 

-

92CS-24599 

COlLECTOR. TO-EMITTER VOlTAGE (VeE) =.10 v COLLECTOR-TO-EMITTER VOLTAGE (VC~"O V 
CASE Tf.MPERATURE (Te)" 2SOC .. 

i 50 , 
£«1 
t 

I" 
! 
ll" 
~ 
~ 10 

.-/ 
0 

_1 

/ 

/ 

4 'B _10 

1\ 

1\ 
4 6 B 2 

_100 

COLLECTOR CURRENT (Ie) _ mA 

4 , B 
-10DO 

92S$-3723RI 

Fig. 3 - Typical gain-bandwidth product for all types. 

200 
1 a: 

~ 180 

~ 160 'l.s·C 

! 140 V Pi t.. .. ..; 1 is I V ~~\)I'E. ::1100 f-+-~~!~ 1\ :>-
~~eo CP.~l~C' 

\ 0:= ./ II J 19 V' :$F 1\\ a:i 
~ ..... 1-- II N g 20 II 

-0-1 Z 4 6 I!. , 2 4 6 !IO 2 4 6 !I,oo 2 4 6 !,ooo 
COLLECTOR CURRENTCI.c)-mA 92CS-4;O;I· 

Fig. 4 - Typical de bete characteristics for all types. 
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____________________________ Pro Electron Power Tran!Jlstors 

BFT28, BFT28A, BFT28B, BFT28C 

BASE-lO-EMITTER VOLTAGE (VBEI-V COLLECTOR CURRENT tIc)- m A 
92CS-2Z546 

9ZCS-24629 

Fig. 5 - Typical input characteristics for a/l typas. Fig. 6 - Typical turn-on time characteristic for a/l typas. 

COLleCTOR.lO-EMITTER VOLTAGE (Vee) - v 
92SS-JIZIRI COLLECTOR CURRENT (lei-iliA 

9ZCS-24628 

Fig. 7 - Typical output characteristics for a/l types • Fig. 8 - Typical storage-time characteristic for a/l typas. 

• VOLTAGE (VCE) • -IOV 

·:.U. :'"", i:=~ '1H' 
1 _80UV~ . . ,,-, C;-c' 'I I 
;p 

i -60 
,':' b I::' .:: 

.. ~ 
~ -OJ 

,:;' ,A:';: .::001:': 

~ " , .. "'1" ,,:: 
~;:: , .. :" 

-ll) 

... 
BASE-TO-EMITTER VOLTAGe (Vae) _ v COLLECTOR CURRENT (leI-inA 

9ZCS-246Z1 

Fig. 9 - Typical transfer characteristics for a/l types. Fig. 10 - Typical fa/l-time characteristic for all typas_ . 
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Pro Electron Power Transistors 

BFT28, BFT28A, BFT28B, BFT28C 

__ ""'-..('\ -VCC 10 TO tlOV, 

100.AI MERCURY RELAY 
CLARE HGP-1004 
OR EQUIVALENT 

TO 
HEWLETT" 
PACICAIIO 
OSC. 

CHANN£L 8 =O/J-J~?' 

COLLECTOR CURRENT IIc)-mA 

92CS-24630 

~~----+-~----O 

+Vec 

Fig. , I - Typical coilactor-ttHlmitr.r ururat/on voltBfIII 

for all type._ 

Fig. 12 - CifCUit u8tId to _fa ..".ining"""". 

o 

VCEO(,us}and VCERfsusJ-

I I I 

-- -n.-tc-to-
I I I I 
I I I I 
I I I I 
I I I I 
I I I I 
I I 

-100 "1!D-2 -2!1O 
COLLECTOR-TO-EMITTER VOLTAGE ''tE'-V 

92C9-24&00 

The sustaining voltage VCEO(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 - OIcillorcope display for mtNIIIu,.""lnt of su •• ining 

V01tBfIIIS (te.t circuit shown in Fig. 12J_ 

5 ___________________________________________________________ --



- ___________________________ Pro Electron Power Transistors 

File Number 1199 

High-Current, Silicon N-P-N 
VERSAWATT Transistors 
Switching Applications 
F •• lu .... : 
• 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 feature fast switching 
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: 

VCEV 
Vee=-1.5V •••••••••••••••••••••••••••••••••••••••••••••••••••• 

VCEO ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
V .. o •••••••.••••••••••••••••.•••••.••••.•••••••••.••••••••••••••• 
Ic(sat) ..•...................•................................•... 
Ic ..•..•......•...•.........•......••.••..•..•...•••............. 
ICM •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

I •...............•..........................•.................... 
Pr 

Tc up to 25"C ......•................•.........•...............• 
T c above 25° C .............................•.... Derate Linearly 

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

At distance 2: 118 in. (3.16 mm) from seating plane for 10 8 max .... 

BUW64A, BUW64B, BUW64C 

TERMINAL DESIGNATIONS 

'R.~.alo[1 ~ .. #: 
TOP VIEW B 

BUW84A 

140 
90 

5 

92CS-39969 

JEDEC TO-220AB 

BUW84B BUW84C 

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/OC 

"C 
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Pro Electron Power Transistors 

BUW64A, BUW64B, BUW64C 

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

TEST CONDITIONS 

CHARAC· VOLTAGE CURRENT 
TERISTIC Vdc Adc BUW64A 

VCE VBE IC IB Min. 

140 -1.5 -
ICEV 160 -1.5 -

180 -1.5 -
140 -1.5 -

TC = 125°C 160 -1.5 -
180 -1.5 -

lEBO -7 0 -
VCEO(suslb 'O.Q1a 0 90 

2 0.2a 30 

hFE 2 4B -
2 58 20 

VSE(satl 
4a 0.4 -
58 0.5 -
4a 0.4 -

VCE(satl 58 0.5 -
7a 0.7 -

ISlb 20 2.5 1 

Ihfel 10 0.5 10 
f = 5 MHz 

,for iO 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 O.4e -
5 0.5e -

ttd -4 
4 0.4e -
5 0.5e -

ROJC 4 5 -

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 

-

-
-
-

-
1.5 

-
0.8 
1.5 

-

40 

200 

150 

-
0.1 

-
0.25 

-
1 

-
0.5 

2.5 

LIMITS 

BUW64B BUW64C UNITS 

Min. Max. Min. Max. 

- - - -
- 100 - - JlA 
- - - 100 

- - - -
- 1 - -
- - - 1 rnA 

- 100 - 100 JlA 

110 - 130 - V 

30 - 30 -
- - 20 -
20 - - -

- - - 1.4 
- 1.5 -' -

- - - 0.7 V 

- 0.8 - -
- 1.5 - 1.5 

1 - 1 - 5 

10 40 10 40 

50 200 50 200 MHz 

50 150 50 150 pF 

- - - 0.1 
- 0.1 - -

- - - 0.25 
- 0.25 - - Jls 
- - - 1 
- 1 - -
- - - 0.5 
- 0.5 - -
- 2.5 - 2.5 °CIW 

C VCB value. 
d VCC = 70 V,tp = 20",s 

8 1B1 = - IB2' 
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____________________________ Pro Electron Power Transistors 

BUW64A, BUW64B, BUW64C 

COLLECTOR-TO-EMITTER VOLTAGE (VCEt- V 
92CS-31945 

Fig. 1 - Maximum operating areas for a/l types 
(TC =25°C). 

Fig. 2 - Maximum operating areas for a/l types 
(TC= 100°C). 
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Pro Electron Power Transistors ___________________________ _ 

BUW64A, BUW64B, BUW64C 

111 
~ .. 
2 

o 

v.; 

25 5 (·SET""'O.'<'"O,",·ull,o.' Tc 92CS-31837 

Fig. 3 - Dissipation and I Sib derating curves for 
all types. 

"COLLECTOR-TO-EM'TTER VOLTAGE (VCE).2V 

-- 'I 2 CASE TEMPERATURE ~ (IC)025'C <""" 
t{ 

!;;roo _40·C ........... I'\: '" 8 

'" t-..:r\ ... • .. 
~ .. z 

" c 
~ '" .. 

Q 

Ii 2f--,. 
'" 0 .. 
'-' • 0 
Q 

.. 
1 
u 

H -
I-z 
II' 
B .. 
0 ... 
~ 
8 

8 

• 
0.' 

'0 • • 
4 

, 

• 8 

• 
" 
, 

0.' 

2 4 • 8 2 4 • 8 
10 

COLLECTOR CURRENT (:tcl-A. 
Fig. 5 - Typical dc beta characteristics for all 

types. 

:Ie = Ie/lO 

"Ii!?? 

~ 

tg 
~~(II 

Ii ;: 

~1ff 
II 

#k u 

f----J!-
0, 
or 

<J 
o 04 0.8 1·2 1.6 2 2.4 
SASE-TO-EM'TTER SATURAT.ON IIOLTAGE [VB£' ... n-v 

92C'-51'.1 

Fig. 7 - Typical base-to-emitter saturation 
voltage characteristic for all types. 

S'O: 
, ." u 
~ 2 ... 
~. 
I! • 

... .. • i:l • .. 
I 2 1/ 

~O.18 
l- • Z ... 

"V in z c 
~ 2 

0.0. 

0.00' 
2 " • 2 " 8 

0.0' 0.' 
2 " . 2 • • 

PULSE WIDTH (tp)-s 

Fig. 4 - Typical thermal-response characteristic 
for all types. 

j 

COLLECTOR-TO-EMITTER SATURATION 

92CS-31840 

Fig. 6 - Tvpical collector-to-emitter saturation 
voltage characteristics for all types. 

CASE TEMPERATURE (Te) = 2S0C 
COLLECTOR- TO-EMITTER 'VOLTAGE (VCE)"IOV 

3~ FREQUENCY (f)-SMHz 

~ 0 

.0 

0.2 04 0.6 0.8 I 
COLLECTOR CURRENT (IC)-A 

'.2 
92CS-31842 

Fig. 8 - Typical small-signal forward-current transfer ratio 
characteristic for all types (f = 5 MHz). 
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FIg. 9 - Typical output cllafllCferi.tic. for all type •• 

COLLECTOR CURRENT 
92C$-31845 

Fig. 11 - Typit:B1 uturettld-.witching-time charec­
teriltics .. a functioll of collector current 
for all typo (TCa 125°C). 

O.OO~ ,...F 

24n 

I~O""F 

2g:TI-~ 
1...L20 ,.s .50 n -

MIN 
ve2 

ADJ FOR 1B2 

:fO.6 
~ 
'" ;: ... 
~O.4 
Q 

:i 
oJ .. 
:0.2 

~ 
Ii 
'" 

o 

Pro Electron Power Transistors 

BUW64A, BUW64B, BUW&4C 

'. 

CASE TEMPERATURE (TC)-25-C 
Is·IC /IO,I.S,-I.B2 
vee-rov. tp. 20,..s 

" 

ff 

cotLEC~OR C~RAEN~(IC.7_A saCI·1,,4. 

Fig. 70 - Typical saturtlted-switching-timechafllC­
teristic. as a function of collector current 

~ 10. 

'a'; • 
If' 
-'" .8~ 
~!:!-o 2 

::::::, ""~I~ 
!iii • 
~o 6 

~fi 4 

c:\s • .... 
~!::; to2 
~o • 

~~ . 
" . ZZ 
00 
",.. . 
~8 to' 

for all typo (T C - 25°C). 

C,fJo 

i""---. 

• 

CObo 

• • • 2 • • 10 8 102 4 6 8,01 

COLLECTOR~TO-BASE VOLTAGE evca)-V OR 
EMITTER-TO-BASE VOLTAGE (VEB)-V '2CS-'"," 

Fig. 12 - Typical common-base input (Cibo) or 
output (Cobo) capacitance cllarectaristic 
forall type •• 

Re ·IS-20n,IOW 

NONIND 

DEVICE 
UNDER 
TEST 

01, 02 • 2N6354 
Q3 = 2N3762 

Q4,Q5, 
06, Q7 = CA3725 QUAD 

TRANSISTOR 
ARRAY 

* THIS CONNECTION 
SHOULD BE MADE AS 
CLOSE AS POSSIBLE 10 
COLLECTOR OF . 
TRANSISTOR UNDER TEST 

•• KELVIN SENSING 
CONNECTION 

BATTERY SYMBOLS VCC ' VBI • VB2' 
Ve(CLAMP) INDICATE RIGOROUSLY FILTERED 
VOLTAGE SOURCES AT THE CIRCUIT TERMINALS 
TO ACCOMODATE THE FAST fr AND If TIMES 
AND HIGH CURRENTS PRESENT IN THE CIRCUIT. 

92CM- 31847 

FREQ- ~OOHz 
Fig. 13 - Circuit for mee.uing .witching times. 
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Pro Electron Power Transistors _____________________ _ 

BUW64A, BUW64B, BUW64C 

IBI-·~----..,X." 90% 

A 10% 
o I 

I 
I W 90% 

Ie2--t---------1 
IC--I- I 

i C 90% 1 
1 
1 

",.A-B .. ·x-v 
". B-C .,. v-z 
Itr .. lition • X-W 
NOTE: TRANSITION TIME 
FROM _IB, TO _I~ MUST 

BE LESS THAN 0.5 /AI. 

92CS- 30381RI 

Fig. 14 - PhaSIJ relationship betwaen input and 
output currents showing referenes 

points for specification of switching 
times. 
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File Number 1216 

High-Current, High-Power 
High-Speed Silicon N-P-N 
Planar Transistor 
Features: 
• VCEO -125 V 
·/c -25A 
• PT -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. 

fil 
~ 
l'i 

~ 
~ 
~ 

100 

2i 75 
0 

~ 
N .0 

~ 
~ 25 

Pro Electron Power Transistors 

TERMINAL DESIGNATIONS 

c 

'0 
92CS-27S16 

JEDEC TO-2D4AA 

BUX10A 

NOTE' CURRENT DERATING AT CONSTANT VOLTAGE 
APPLIES ONL.Y TO THE DISSIPATION-LIMITED PORTION 
AND IS/D-LIMITED PORTION OF MAXIMUM-OPERATWG 
AREA-CURYES DO NOT DERATE THE SPECIFIED \AUJE 
FOR Ie MAX 

25 50 75 100 125 ISO 175 200 
CASE TEMPERATURE (TC)-OC 

Fig. 1-Derating curves for ISib and 
dissipation. 

MAXIMUM RATINGS. Absolute-Maximum Values: 

Vceo •••••••.••••••••••••••••••••••••••••••••••••••••••••••• , ••.••••••••••••••••• 
VeER 

RBE=1oon .•••.•••••...••••••••••••••.•.••..•••••••.•••••••••••••••..••••.• 
VCEO •.••••••••••••••••••••••••••..••••••••••••.•••..•••••••••.•••••.••.••••.•••• 
VCEX 

VBE=-1.5V •••••.•••••••.••••.•••••••••.•••••..•••••••••••••..•.••..•••••••• 
VEBO ........................................................................... . 
Ic ••.•••.••••••••••••••••••.••••••••••.•.•••.••••••••••••.••••••••••••..•••.••••.• 
Ic .............................................................................. . 
lB ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••.•• , ••••••••.•••• 
PT 

TcS25·C ................................................................. . 
Tc > 25· C .................................................... Derate linearly 

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

T. 
At distances 2: 1/32 in. (0.8 mm) from seating plane for 10 s max .••••••••••.•••• 

BUX10A 
170 V 

160 V 
125 V 

170 V 
7 V 
25 A 
30 A 
5 A 

150 W 
0.86 WI·C 

-65 to +200 ·C 

235 ·C 
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Pro Electron Power Transistors __________________________ _ 

BUX10A 

ELECTRICAL CHARACTERISTICS, Case Temperature (TC) = 25°C 
Unless Otherwise Specified 

TEST CONDITIONS LIMITS 

CHARACTERISTIC VOLTAGE CURRENT aUX10A 
Vdc Adc 

VCE VaE IC la Min Typ. Max. 

ICEO 125 0 - - 5 

V(BR)EBO 0 7 - -
IE = 50mA 

lEBO -5 0 - - 1 

VCEO(sus)b 0.211 0 125 - -
VCER(sus)b 
RBE = 1002 

0.2a 160 - -

hFE 
2 10 20 - 70 
4 20 10 - -

VBE(sat) 208 2 - 1.5 2 

VCE(sat) 10- 1 - 0.3 0.6 
208 2 - 0.7 1.5 

fy 
10 2 50 - -f = 10 MHz 

ISib 25 6 - -t = 1s, nonrepetitlve 

tON 20 2 - 1 1.5 

ts IB1 = 182 VCE = 20 2 - 0.6 1.2 

tf 181 = 182 30V 
20 2 - 10.15 0.2 

R9JC - - 1.17 

a Pulsed; pulse duration = 300 "s, duty factor <Ii 2%. 

UNITS 

mA 

V 

mA 

V 

V 

MHz 

A 

jls 

°C/W 

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

COLLECTOR-TO- EMITTER VOLTAGE (VCE)o4V 

Z40 

~zoo 
~1i:I1 
~ """ E. \?.'O.c 

~ r--,,"f""~" ill ae ~' ~~.c ; 
~ ~ 

~_~~.d 
u 

..t- -Q 

2 4 6. 2 4 6. 2 4 6. 
0.01 0,1 I 10 

2 4 

COLLECTOR CURRENT (I.C)-A 

Fig. 2-Typical dc beta characteristics. 
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______________________________ Pro Electron Power Transistors 

t 
~ 

BUX10A 

4 6 810 4 6 8100 

COLLECTOR-TO- EMITTER VOLTAGE (VCE)-V 

92CM-32232 

Fig. 3-Maximum safe-operating areas (TC = 25°C). 

VOLTAGE tveEI" v 

== == ,c. ~ 

. -= t-" Ic, 
.. ~ 

BASE-TO-EMlrTER VOLTAGE {Va~·I-V COLLECTOR-TO-EMITTER VOLTAGE (VCEl-V 

92CS-12438RI 

Fig. 4-Typical input characteristics. Fig. 5-Typical output characteristics. 

92CS-12"'42RI 

Fig. 6-Typical transfer characteristics. 

COLLECTOR CURRENT (I C)-A 
92CS-32233 

Fig. 7-Typical base-to-emltter saturation 
voltage characteristics. 
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Pro Electron Power TransIstors 

BUX10A 

COLLECTOR CURRENT {J:C)-A 92CS-322M 

Fig. 8-Typical col/ector-to-emitter saturation 
voltage characteristics. 

CASE TEMPERATURE (TC ). 25-C 
COLLECTOR SUPPLY VOLTAGE (Vee)- 3DV 
~B·I.C/IO 

'. 

5 10 15 
COLLECTOR CURRENT ( Ie)-A 

If 

20 

Fig. 9-Typical switching time 
characteristics. 
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File Number 1353 

High-Current, High-Power, 
High-Speed Silicon N-P-N 
Power Transistor 

Features: 
• VeEO - 190 V 
• Ie - 20 A 
.Pr-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-204M 
hermetic package. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

Pro Electron Power Transistors 

BUX11A 

TERMINAL DESIGNATIONS 

c 

'([) 
92CS-27516 

JEDEC TO-204AA 

BUX11A 

VCBO •.••••.•••.•••..•••••••••••••••••••••••••••.••••.•••.•••••.•••••••••••••••••••••••••••••••••••••••••••••••••••• 250 V 

VCER 
R.E =100Cl ................................................••......................•............................. 240 V 

VCEO ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 190 V 

VCf!J< 
V •• = -1.5 V ••••.••••••••••••••••.••••••••.••••••••••••••••.•••••••••••••••••••••••••••••••••••.•••••••••••••••••• 250 V 

VEeo ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 7 V 
Ic ................................................................................................................... 20 A 
ICM •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 25 A 
I •.......................•...........•.............•...................•.........•.................................... 4 A 
PT 

Tc$25°C .........................................•.....•...•..................................•............... 200 W 
Tc > 25°C derate linearly ....................................................•........•..•................... 1.14 W/oC 

T .... TJ ...........................................•.............•••........•.....•............•........... -e5to+200°C 
TL 

At distances ~ 1/32 in. (O.B mm) from seating plane 
for 10 s max ••••..••.•.••••••••..•.•••••.••..•.•••••.•••••..••••..•.•••••••••••••.••••.••••••••••••.•..•••.•••..• 235 °C 
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Pro Electron Power Transistors 

BUX11A 

ELECTRICAL CHARACTERISTICS, at Case Temperature (T cl = 25° C unless otherwise specified 

TEST CONDITIONS 
VOLTAGE CURRENT 

CHARACTERISTIC V de A de 
VCE VBE Ic IB Min. 

ICEO 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 

hFE 
2 8' 20 

4 15' 10 

VBE(sat) 15' 1.88 -

8' 0.8 -
VCE(sat) 

15b 1.88 -
IS/b 140 0.15 

tp = 1s nonrep. 18 11.1 

fr 15 1 - 8 

150c 

tON 
15 1.88 -

ts 150c 

IB1 = IB2 15 1.88 -
t, 150c 

IB1 = IB2 15 1.88 -

R/JJC -

'CAUTION: The sustaining voltage VCEO(sus) MUST NOT be measured on a curve tracer. 
'Pulsed; pulse duration = 300 Jis, duty factor 0; 2%. 
cVcc. 

92CM-34803 

Fig. 1 - Maximum safe-operating areas for BUXllA (Te = 25°C). 

LIMITS 

BUX11A 
Max. 

1.5 

1.5 

6 

1 

-

-

60 

-
1.8 

0.6 

1.5 

-
-

-

1 

1.5 

0.4 

0.875 

UNITS 

rnA 

V 

V 

A 

MHz 

JiS 

°C/W 
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NOTE:CURRENT DERATING AT CONSTANT VOLTAGE 
APPLIES ONLY TO THE DtSSIPATION-LlMITED PORTION 
AND :IS/b-LIMITED PORTION OF MAXIMUM-OPERATING 
AREA-CURVES. DO NOT DERATE THE SPECIFIED VALUE 
FOR Ie MAX. 

~lI!u iI!~ JOO 

~t§!c 
7~ 

~u ... 
~:,; 
ZN ~ ..... 
uu" 
~~o 

2~ 

o ~ ~ ~ JOO ~ ~ ~ ~ 
CASE TEMPERATURE (TC)--C 

Fig. 2 - Derating curves for IS/b and dissipation. 

400 
COLLeCTOR-TO -EMITTER VOLTAGE 
(VCE)-4V 

g 
1/ Ie .. 2 

t!E TEMP RATURE Jc)e,J5-<: 
.. 
I 100 

I ,.. ,..-
'0' I" ~ ~ 

I~ ~ I 2 -40 - I----. I' Ii 10 
g I 

I I •• O.~ 10 
COLLECTOR CURRENT (lei - A 

.0 

t2CS-12273 

Fig. 4 - Typical dc beta characteristics. 

• Is-Ie /IO I I 
'" 

•.. 
j I ~ 

z I g 2 
CASE TEMPERATURE (TC)--40·C' Ie .. , 

~I 1.6 .. ~ I 
~i 1.2 I 
i~ 
':'~ 

~ 0 .• 
~'C .. 

~ 
0.' 

/ ./ 
~ ~ ~ "~'C 
~ 

2 4 • • • 4 • • 10 100 
COLLECTOR CURRENT (IC)-A 

ft2c8-!l14n 

Fig. 6 - Typical collector-to-emitter saturation 
voltage characteristics. 

Pro Electron Power Transistors 

BUX11A 

'0 
CASE TEMPERATURE ITel· 25·C ., .. ... '.0 ,. 

" !:! 25 

ffi 
~ 20 

~ 15 

~ 
:::i 10 
8 

• g 

o· 
o.~ 

.. 
0.' 

BASE CURRENT(I )·0.1 

4 BI01214161B2O 
COLLECTOR-lO-EMITTER VOLTAGE (VCE) - V 

92CS-31456 

Fig. 3 - Typical output characteristics. 

COLLECTOR CURRENT (Ie) - A tacS-12271 

Fig. 5 - Typical gain-bandwidth product . 

I.~~ 

? 
I 

~ 4O'C I--~> 
~J, 0 .• ---;0 !IE' 

... ' R~1Ul\El'C~~oC / 
d ,../ ~ . - ,......... ./,/ 15111 - f--t:'::' 0.6 

V ~ 
0 ... 
I 

i 

r.--I--

0 .• .....-
V 

0.' 

o 2 4 •• • • • • 2 4 
I 10 80 

COL-LECTOR CURRENT (Ic)-A 
92CS-al4M 

Fig. 7 - Typical base-to-emitter saturation 
voltage characteristics. 
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BUX11A 

Fig. 8 - Typical saturated-switching times as a 
function of col/ector current. 

i!i'l<IO". CASE TEMPIRATUIIII (TC)· 20-C 
':;.1 FREQUENCY (f) -0.1 Mifl 

I- I 
-........$/ig -: • :!2 

~; 2 

~~ 
if to. 
C1 ~ • 

" ~ I 

_0 • i! I'--- ~t! 
~ i · ~ 
~ 102 

• • • • 2 • • • 2 
10 100 400 

COLLECTOR - 10 -BASE VOLTAGE CYCB)-V OR 
EMITTER-TO-BASE VOLTAGE (V£BI-V 

t2CS-~1459 

Fig. 9 - Typical common-base input (C i",,) or output 
(CObol capacitance characteristic. 
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____________________________ Pro Electron Power Transistors 

File Number 1203 

Silicon N-P-N 
Switching Transistor 
For High-Voltage Switching and 
Amplifier Applications in Industrial 
and Commercial Equipment 

Features: 
• VCEO - 400V 
.,C -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: 

BUX14 

TERMINAL DESIGNATIONS 

JEDEC TO-204AA 

BUX14 
Vcao ....•.•..•.............••..•.........•••.............••.............•.•...........•................... 450 V 
VCEO ...•.•..•...............•.......•......•.••...........................•..............•...........•.... 400V 
VCEX 

VaE=-1.5V ............................................................................................... 450V 
VCER 

RaE = 100n ............................................................................................... 440V 
VEao ...........•....•....••.•..•.•....•.•••.....•••.•.....•.•••.......•.......................•.....•....•.. 7V 
Ic ...•........•....•..•...••.•............•••..........•.•..•.....••.......•..••................•••.......•. 10A 
ICM ......................................................................................................... 15A 
la ••...........•.•••.•..•........•..••...••....•.....•......•.•..........•................................... 2A 
PT 

AtTc upt025°C ........................................................................................ 150W 
T .. Ts," ............................................................................................ -65 to +200 °C 
TL 

At distances ~ 1/16 in. (1.58 mm) from case for 10 s max. . .................................................. 235°C 

___________________________________________________________________ ~5 



Pro Electron Power Transistors ___________________________ _ 

aUX14 

2. 

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

TEST CONDITIONS LIMITS 
CHARACTERISTIC VOLTAGE CURRENT 

aUX14 
Vdc Adc 

VCE VaE Ie la Min. Typ. Max. 

ICEO 320 - - 0 - - 1.5 
IICEX 450 -1.5 - - - - 1.5 

TC=120°C 450 -1.5 - - 6 
lEBO - -5 0 - - - 1 
VCEO(sUS)D - - 0.2a 0 4008 - -
V(BRIEBO IE = 0.05 A - - 0 - 7 - -

f vBE(sat) - - 6a 1.2 - 1 1.5 

VCE(sat) - - a- u.6 0.2 0.6 
- - 68 1.2 - 0.5 1.5 

hFE 4 - 3a - 15 - 60 
4 - 68 - 8 - -

ISlb 140 - - - 0.15 - -
t-1s nonreoetitlve 30 - - - 5 - -

fT 15 - 1 - 8 - -
ton Vee - 6 1.2 - 0.5 1.4 
ts = - 6 1.2C - 1 3 
tf 30V - 6 1.2C - 0.3 1.2 

AtJJC - - - - - - 1.17 

apulsed, pulse duration = 300,.s, duty factor s 2%. 

bCAUTION: Sustaining Voltage VCEO(sus) MUST NOT be measured on a curve tracer. 

CIB1 =IB2' 

200 COLLECTOR-TO-EMITTER 

~ 
VOLTAGE (VCE)-4Y 

~IOO 

i · · t-" ~ 

UNITS 

rnA 

V 

V 

A 

MHz 

p.S 

0c/w 

c 
~-c ~ .. 

I-'il" 

~ ~ ~ ~ ~ ~ m ~ ~ ~ 
CASE TEMPERATURE (Tc)-"C 

ZOo 

~s 
il 
I 
~ 
~ 
~ 10 

l! 

, 

· · 0.1 

~ 
~ 

CASE TEMPERATURE (Te) -.-;:c. 
ffLOlI i'-
L ~ ~~ 
f J~li . 

I 
COLLECTOR CURRENT tIC)-A 

]\ 
.... 

. . 
UCS-l ... t 

Fig. 1 - Dissipation and IS/b derating curves. Fig. 2 - Typical dc beta characteristics. 
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Pro Electron Power Transistors 

BUX14 

Fig. 3 - Maximum safe-operating areas (T c = 25° C). 

• COLLECTOR -TO-EMITTER I 
VOLTAGE (VCE)o4V 

~ 
~ 

" :; 2 

g 
~> 

~I 
"'-~ ~ I _4-Qoc ,> -+--0-

0;- s 2.Soc +-
~ t- ~ 
~ :1-c;.sE'1E"PER"r"' ,TO 

2 . . . 
COLLECTOR CURRENT (Ie)-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. 

_________________________________________________________________ 607 



Pro Electron Power Transjstors 

IIUX14 

4~ 

Z 
0 
;:: 
~> 2 
~I 

~i .. " ~iI! _40·C t:~1 
~w '5'C_~ w" 
6~ 8 

~ 125°C 

'Og ~ .!t£;PERATURE{Tc10 

w • 

~ 
4 

, . . . 
COLLECTOR CURRENT (ICI-A 

Fig. 6 - Typical base-to-emitter saturation 
voltage as a function of collector 
current. 

8)-------, 
VCEORATING 

~: V IDDV 

!i; 5-- ----

il! 4 I 
~ I 
0: 3 I CLAMPED A 
g TC$125'C I VCEX RATING /' 

~ 2 I 
..J 
01 
u 

o~---~----~--

10 

COLLECTOR-TO-EMITTER VOLTAGE 

92CS-30465 

Fig. 8 - Maximum operating conditions for 
switching between saturation and 
cutoff. 

1 e IS"Ic /5 

z TC .. -40·C 0 . ;:: 
) 

TC"12SoC 
~ TC = 25°C 
~>4 
~I 

b1 0"" 
ffii A ... -
~lt 
'W ~.o ~~ ~ :E.s~tt"" ,~ 

~~Ol ~"", 

~ 8 ~.t.'" 
::l , .•• t.~~ 
8 . 

10 
COLLECTOR CURRENT IIC)-A 

92CS-29983RI 

Fig. 7 - Typical collector-to-emitter saturation 
voltage as a function of collector 
current. 

IZ u.. 104 
o ~ 6 

1'1 • 
CASE TEMPERATURE (TC)"25°C 
FREQUENCY (f I" I MHz 

.I ]J 2 
B .. ~N'bO 
~~1()38 
!'!~ 6 i5 . u,.. 
~~ 2 
-0"", 

i~ : 
" . 
Ii 2 

88 '0 

........ 

Cobo 
.....;;;:; 

II 
II 

2 . 6 , 2 4 I 10 6 8 102 

COLLECTOR-TO-BASE VOLTAGE (Vcal-V OR 
EMITTER-TO-BASE VOLTAGE (VEB)-V 

4 

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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Pro Electron Power Transistors 

File Number 800 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 W at VCE = 135 V,'TC = 25°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 RATINGS, Absolute-Maximum Values: 

COLLECTOR-TO-BASE VOLTAGE ........................ 
COLLECTOR-TO-EMITTER VOLTAGE: 

With base reverse-biased (VSE) = -1.5 V .................. 
With external base-to .. mitter resistance (R SE) ";;50 n ....... 
With base open .......•...................• < •••••••••• 

EMITTER-TO-SASE VOLTAGE ........................... 
CONTINUOUS COLLECTOR CURRENT .................... 
CONTINUOUS SASE CURRENT .......................... 
TRANSISTOR DISSIPATION: 

At case temperatures up to 25: C and V CE up to 135 V 
At case temperatures up to 25 oC and V CE 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;;' 1/32 in. (0.8 mm) from seating plane for lOs max. 

VCBO 

VCEV(sus) 
VCER(sus) 
VCEO(sus) 
VESO 
IC 
IS 

Tp 

TERMINAL DESIGNATIONS 

c 

'0 
92CS-27516 

JEDEC TO-2D4AA 

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 °c 

230 °c 
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BUX16, BUX16A, BUX16B,BUX16C 

TEST CONDITIONS LIMITS 

CHARACTERImc SYMBOL 
VOLTAGE CURRENT 

auX1. auX1IA auX168 IUX1ec UNITS Vdo Ado 

VCE VIE IC II Min. MIx. Min. MIx. Min. MIx. Min. MIx. 

260 -1.5 - - - 6 - - - - - -
·CoII_ Cutoff Current: 325 -1.5 - - - - - 6 - - - -With _ revwse-bi_ 

ICEV 375 -1.6 - - - - - - - 2 - -
425 -1.5 - - - - - - - - - 2 

With_ ........ bi_ 
TC= 1SOOC ICEV 260 -1.5 - - - S - S - 3 - 3 mA 
With_open ICEO 175 - - 0 - 5 - 2 - - - -

250 - - 0 - - - - - 5 - 2 

Emitter Cutoff Current: 

VEI= 5V IESO - - 0 - - 5 - 5 - 2 - 2 mA 

CoIlector-to-Emitter 
Sustaining Vol ..... 
With_open VCEOlsus) - - 0.2 0 200 - 250 - 300 - 350 - V 

With external base-to-

emitter resistance 

IRSE)<500 VCERlsus) - - 0.2 - 225 - 300 - 350 - 400 -
Eminer-t.,.S. .. Voltage VEIO - - 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 -Ratio -
10 4.5b - 5 5 5 5 

a. .... to·Emitter Voltage VSE 10 - ~ - - 3 - 3 - 3 - 3 V 

Collector-to-Emitter - - ~ 0.25 - 2.5 - 2.5 - 2.5 - 2.5 
S.uration Voltage VCElsa!) - - 4.sb 1.125 - 5 - 5 - 5 - 5 

V 

Gl;in-BIIndwidth PrOduct iT 10 - 0.2 - 5 - 5 - 5 - 5 MHz 

Magnitude of Common-

Emitter. $mo1l·Signol. 
Short-Circuit. Forward- I hie I 10 - ~.2 - 5 - 5 - 5 - 5 -
Current Trlnsfer RatioC 

lit 1 MHz) 

Common-Emitter. Small-
Sipl, Short·Circuit, 
Forworcl-Cu"ent Transfer 
Ratio lit 1 kHz) hie 10 - 4 - 20 - 20 - 20 - 20 -

Output Cepocitenc:o 
lit 1 MHz): 

Vca- 1OV,IE-0 c"bo - - - - - 150 - 150 - 150 - 150 pF 

Socond-Brook_ CoII_ 

Cu"""": 1Whh ___ ) 

....... durltlon 
lnonrepotltl .. ) - 1 • ISib 136 - - - 0.76 - 0.76 - 0.75 - 0.75 - A 

TlIIrrnoI fllliltlnOO: 
JunctI_ RtJC - - - - - 1.76 - 1.76 - 1.75 - 1.75 ·CIW 

• CAUTION: ...... Inlng vohIfIII VCeo(lUIt II'MI VeER'1UI1 MUST NOT be m .. ".,ed on I curve t,. ••. 
10 _pullo_<3IO .. ,ctutv_,-2 .. . 
• ......... ·fraquIncr ..... IhrtI .......... ·'IJI!PI'O·lmMtIy8dlperac:tlV •. 
~ IIIb II dIIInId.1hI cu"",'" which IICIOftd brIIkdown OCCUri at. I.if,. colllCtor vol. -nth thl .miu" .... 1 ___ *_._ ... 010' ... _ ..... 
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I 
Ii 

L 

o 

BUX16, BUX16A,BUX16B, BUX16C 

'" I 
u 
t! ... 
Z 
1&1 
It: 
It: 
:::;) 
0 

It: 2 0 ... 
0 
1&1 
...J 
...J 

0.1 0 
0 

10 2 4 6 8102 6 8 103 2 4 

COLLECTOR-TO-EMITTER VOLTAGE (VCE)-V 
92CS-24283 

Fig. 1 - Maximum operating areas for all types. 

NOT£:CURRENT DERATING AT CONSTANT VOLTAGE APPLIES 
ONLY TO THE DISSIPATION-LIMITED PORTION AND XS/b 
LIMITED PORTION OF MAXIMUM-OPERATING-AREA CURVES. 
DO NOT DERATE THE SPECIFIED VALUE FOR 'Ie MAX. 
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COLLECTOR-TO-EMITTER VOLTAGE (VeE)-IOV 

~ 40 
0 II 5 \~C)·'20"'C 0: 

30 "' ".$-'" l:; 
~q.~* z .. 

0: "","" v;;:c >-
>- 20f---15 -c" V 
0: 
0: 
:> 

" ,!, 

; 10 

0: 

Ii' 
" Q 

0.01 0.1 

~ 
\t\ 
1\" 

r\ 

1.0 
CASE TEM~RATURE (T c) - ·c 

IILS-, ••• ft2 COLLECTOR CURRENT(Ic)-A 
10 

Fig. 2 - Dissipation and Is b derating curves for all types. Fig. 3 - Typical DC beta vs. collector for current for all types. 
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BUX16, BUX16A, BUX1&B, BUX16C 

CASE TEMPERATURE (TC)e 2'·C 

i I •• 

-01.6 
I:! 

i ::: 
! OJ 

8 0.0 

0.' 
o 20 40 60 80 000 140 

COLLECTOR-TO-EMtTTER VOLTAGE (VCE)-V I2L,..I961 

Fig. 4 - Typical output characteristics for all types. 

2.5 
lI. 
I 
~2 

~ 
j:: 1.5 .. 
~ 0:' 
~ 

0.5 

PULSE WIDTH .. 20 ps 
REPETITION RATE = 500 PULSESh 
COLLECTOR SUPPLY VOLTAGE (Ved -30 v 
CASE TEMPERATURE (T c). 2S-C 

a.. 1.5 2.5 

COLLECTOR CURRENT (IC)-A 

3.5 

92LS-1910Rl 

Fig. 6 - Saturated switching time (storage) VS. collector 
current for all types. 

PULSE GENERATOR 
(HEWLETT-PACKARD 
212A, OR EQUIVALENT) 

SWITCHING TIME 
MEASURED AT 
Ie· 10 lat-10 182 

VSBc-6 V 

VCC~30V 

CHANNEL A 

DEVICE 
UNDER 
TEST 

-=- CHANNEL B 

OSCILLOSCOPE ITEKTRONIX ~41A 
OR EQUIVALENT.) 

921..5 -19t50R2 

Fig. 8 - Circuit used to measure switching times for all types. 

" 1 4 

tr 
~ 3 

BASE-TO~EMITTER VOLTAGE {VBE'-V 
t2l5-1965 

Fig. 5 - Typical transfer characteristics for all types. 

PULSE WIDTH a 20".. 
REPETITION RATE -500 PULSES,. ~ ~ COLLECTOR SUPPLY VOLTAGEeVcC)-30V 

~ ~ CASE TEMPERATURE (Tel- 25- C 
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Fig. 7 - Saturated switching-times (turn-on and fall) vs. 
collector current for all types. 
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Fig. 9 - Oscilloscope display of switching times (test circuit 
shown in Fig. 8). 
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______________________________ Pro Electron Power Transistors 

File Number 1172 

Silicon N-P-N 
Switching Transistor 

TERMINAL DESIGNATIONS 

For Switching Applications in 
Industrial and Commercial Equipment 

Features: 
• VCEO - 200V 

·'c -40A 
~S.27516 

• Pr -250W 
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 •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

VcEdsus) ••.••••...••.••..•..•..•.•..................•••................•....•...•.... 
VCEX(sus) 

VBe = -1.5V .....•.................•.................•..•.•.............•..•......... 
VCER(SUS) 

RBE = 100 n ....................................................................... . 
VEBO ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

Ic •...................•......•.•.•.........•.••....................••..•.•.•......... 
ICM ......••••••..•.••......•••...•....•••...•.•...........•........•.••••...•........ 
IB ....•...........•.....•......................•.•........•..•....•.................. 
PT 

AtTc upt025·C and VcE upt020V ..•.•••.•.•.......•.•..........•..•••.......•••••. 
T .. Toto .........................•...•....................••.•...••.........•.......... 
TL 

At distances:::: 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 

BUX21 

V 
V 

V 

V 
V 
A 
A 
A 

W 
·C 

·C 
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BUX21 

ELECTRICAL CHARACTERISTICS, at Case Temperature (T cJ = 2!t'C unless otherwise specified 

TEST CONDITIONS LIMITS 

CHARACTERISTIC VOLTAGE CURRENT SUX21 UNITS 
Vdc Adc 

VCE VSE IC IS 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 - 2008 - - 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 
- - 25a 3 - 0.7 1.5 

hFE 
2 - 128 - 20 - 60 
4 - 258 - 10 - -

I SIb 140 - - - 0.15 - - A 
t = 15, non repetitive 20 - - - 12.5 - -

fT 
f=10MHz 15 - 2 - 8 - - MHz 

tan 
VCC= - 25 3 - 0.3 1.2 
100 V 

ts Vee= 25 3 1.0 1.8 
(lB1 = IB2) - -

100 V 
IJ.S 

tf Vee= 
(lB1 = IB2) 100V 

- 25 3 - 0.2 0.4 

ROJC - - - - - - 0.7 °elW 

a Pulsed, pulse duration = 300 I'S, duty factor";;; 2%. 
b CAUTION: Sustaining Voltagas V CEO(susl MUST NOT be measured on a curver tracer. 

10. 

~ • 
; 4 

gj 2 

'" 
I I • • ... 4 ; ./ V 

2 

~ 0.1 • ~ • 
ii 4 

iii 
i 2 

0.01 
I 

CASE TEMPERATURE IT cl-OC 
246824682468 

0.001 0.01 0.1 I 

PULSE WIDTH Up) -. 
tzcs-z,a3e 

4 •• 
10 

92CS~30S87 

Fig. 1 - Dissipation and lSI. derating CUNeo Fig. 2 - Typical thermal-response characteristic. 
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BUX21 

COLLECTOR-TO-EMITTER VOLTAGEeVCE'''': v 

Fig. 3 - Maximum operating areas IT c = 25' C). .2CM -31448 
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10 

• 
• 

• • 2 4 • • 2 
0.5 10 

COLLECTOR CURRENT (lei - A 

92CS·314~2 

Fig. 4 - Typical dc beta characteristics. 

1.2~~ 

1 
I 

40~ V-
~1'IJREt"C~ 9 / !oil 

~~ 0.8 r----c S< ' 
~fI'E.'f\ -z; 

V .~ 
~~ --- , .. ~ 
ffi ~ I--- - /V ~2:. 0.6 

...........-
~ ---0 

0.4,.......-
>-

~ 
0.2 

40 

4 6 e I 4 6 8 10 4 60 
COLLECTOR CURRENT (Ic1-A 

92CS-31454 

Fig. 6 - Typical base-to-emitter saturation voltage 
characteristics. 

w 
18: I c/1O I I ~ 

~ 2.' 
I I 0 

> 
I I z 

0 2 
CASE TEMPERATURE (TC1"'-40°cl 

~ ..,> 1.6 I 
;;\1 I ~I I >-00 

1.2 !::w 
'" L> ~2:. / 0 0.8 ., 

/25·C 
~ 
0 / // 
~ D.' 

L- /'25·C 

8 
2 4 • • 2 4 • • 10 100 

COLLECTOR CURRENT (Ie )-A 
92CS- 31453 

Fig. 5 - Typical collector-to-emitter saturation 
voltage characteristics. 

40 

35 

" I 30 
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~ 15 
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~ 10 

o 

CASE TEMPERATURE ITel "25°C 

0.1 

0.5 

0.3 

0.2 

BASE CURRENT {IBl "0.1 

o 10 12 14 16 18 20 
COLLECTOR-TO-EMITTER VOLTAGE (VCE1- V 

92CS-31456 

Fig. 7 - Typical output characteristics. 
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BUX21 

COLLECTOR CURRENT (Ie) -A '2CS-51455 

Fig. 8 - Typical small-signal forward-current trans­
fer ratio characteristics. 

t 10. CASE TEMPERATURE (TC) -125-C 

1 IS-IC /IO 
• IS,-IS2 Vee· SOY 

~ " 
e .. 2 .. 

~ i!! 
~ 

... 

...I 1 ...I -if a 
0 a --z c 

I • 
'" ~ ............ I, --~ - If -

0.1 
o 10 IS 20 

COLLECTOR CURRENT (Ie) - A 
25 30 
nta-lll.S. 

Fig. 10 - Typical saturated-switching-time 
characteristics as a function of 
collector current. 

@i '1;.104, CASE TEMPERATURE (Te). 25-C 
FREQUENCY (f) -0.1 MHz '1;.1 , 

I. ~C·bo ]8 • 
Q"~ 
"z 2 ~j! 

5~ 
! C5 103 

~~ 
, 
, 

~i3 4 
III III i'-=~ ~ U 2 

~ ~ '02 
~ 

4 6 B 10 4 6 atOo 400 
COLLECTOR -TO-BASE VOLTAGE (VCB)-V OR 

EMITTER-TO-BA$E VOLTAGE (YEB'-V 
92CS-514!!9 

Fig. 12 - Typical common-base input (CltxJ or 
output (C otxJ capacitance characteristics. 

COLLECTOR CURRENT (Ie) - A 92CS-31457 

Fig. 9 - Typical clamped turn-off time 
characteristics. 

;. 10. CASE TEMPERATURE (TC) = 125-C 

I '" 
Is-Ie /IO 
IS,=IS2 Vee-SOY 

} • 
< I'-. e 

13 2 ......... 
:IE r--., --, ...I 1 ...I 

if , 
0 , 
z -c .......... I, 

~ · /' " '" ./ f'! · \ .. 
oJ '- ........ 
" -
'" OJ 

o 10 15 20 25 30 35 
COLLECTOR CURRENT (Ie) - A 92CS-31460 

Fig. 11 - Typica/-switching-time characteristics at 
T c = 1250 C as a function of collector 
current. 

10% YeEX- ~ 10% Ie (PEAK) 

92CS-30389RI 

Fig. 13 - Oscilloscope display for normalized 
measurement of clamped inductive 
switching time (t.). 

616 ______________________________________________________________ ___ 
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I 
I 

.... A-I ".X-Y 92CS-30381RI 

.... 8-C ".Y-Z 
'-lIHition • x-w 
NOTE: TRANSITION TIME 
FROM _II, TO _ I~ MUST 

IE LESS THAN 0.5 jJJ. 

Fig. 14 - Phase relationship between input and 
output currents showing reference 
pOints for specification of switching 
times. 

** 

Rl'" 40/30 W 
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SWI 

D2MOM 

Vee AS_+ 
SPECIFIED -

Pro Electron Power Transistors 

01.02 .. 2N6354 
Q3 = 2N3762 

Q4,05. 
06,Q7 " CA3725 OUAD 

TRANSISTOR 
ARRAY 

*THI5 CONNECTION 
SHOULD BE MADE AS 
CLOSE AS POSSIBLE TO 
COLLECTOR OF 
TRANSISTOR UNDER TEST 

• * KELVIN SENSING 
CONNECTION 

BUX21 

NOTE. BATTERY SYMBOLS Vee. VBI' Va2' 

~50P.F 

2g::rL~ 
U-20~S 5011 = 

VS(CLAMP) INDtcAlE RIGOROUSLY FILTERED 
VOLTAGE SOURCES AT THE CIRCUIT TERMINALS 
TO ACCOMDOATE THE FAST tr AND If TIMES 
AND HIGH CURRENTS PRESENT IN THE ClRCutT. 

MIN 

FREQ= 500 Hz 

VB2 
ADJ FOR IB2 

NOTE: SWI CLOSED FOR 'f. t •• ff. SWI OPEN FOR te· 
g2CM-31462 

Fig. 15 - Circuit for measuring switching times. 
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Pro Electron Power Transistors 

BUX39 

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 - I.," limit 

begins at 25 V 
• Fast turn-on time - 1 Jl.S at Ic = 15 A 
• High-current capability -

hFE, VCE(sat), VSE(sat) measured at Ic = 10 A 

The RCA BUX39 is an epitaxial silicon n-p-n planar transistor 
that has high current and high power handling capability 
and fast switching speed. 

This device is especially suitable for switching-control 
amplifiers, power gates, switching regulators, power­
switching circuits converters, inverters, control circuits. 
Other recommended applications include dc-rf amplifiers, 
and power oscillators. 

The BUX39 is supplied in a steel JEDEC TO-204AA hermetic 
package. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

File Number 1211 

TERMINAL DESIGNATIONS 

92CS-27516 

JEDEC TO-204AA 

Vesc ..................................................................................................................... 120V 
VCEX 

VB.=-l.SV ............................................................................................................. 120V 
VeER 

RBE = loon •••.•••....••.••..•.•..••.••......••.....•.•••...•..•••..••••...•.•.•••••••...•••••••....•.••.•....•.•........ 110V 
VeEo(SUS) ..•••.•••..••••..••••••.••••........• , ....•••.••..••...•...•••..••••••.•.••..•. '" .•..•••.••••..•••••..•••••••••.. 90 V 
V.BO ••.•.••••...•...••.....•......•..............•.••..•••••.•.••..•••..•.••••........•.••.•..•••..••••..••.. ' ......••••••.•. 7V 
Ic ......................................................................................................................... 30A 
IcM ........................................................................................................................ 40A 
IB •••••••••••••.••••••••••••••••••••• ; •••••••••.•••••••••••••••.•••••••••••••••••••••••••••.•••••••••••••••••••••••••••••••• SA 

PT 
Te:5250 C .............................................................................................................. 120W 
Te ~ 25°C, derate linearly ....................................................................... • ..... •··· .. •· ...... 0.S8 WfOC 

Toto, TJ ............................................................................................................. -65tol00°C 
TL 

At distance ~ 1/32 in. (0.8 mm) from seating plane for 10 S max ............................................................ 230°C 
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Pro Electron Power Transistors 

BUX39 
ELECTRICAL CHARACTERISTICS, At Case Temperature (TC) 
otherwise specified 

25°C unless 

TEST CONDITIONS 

VOLTAGE CURRENT 
Vdc Adc LIMITS 

CHARACTERISTIC VCE VeE Ic Ie 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 

4 12b 15 - 45 
hFE 4 20b 8 - -
VBE(sat) 20b 2.5 - 2.1 2.5 

VCE(sat) 12b 1.2 - 0.7 1.2 
20b 2.5 - 1.25 1.6 

IS/b t = 1 45 1 - -s 
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 

RaJC - - 1.46 

A CAUTION: The sustaining voltage VCEO<SUS) MUST NOT be measured on a curve tracer. 

b Pulsed; pulse duration!: 300 JlS. duty factor!: 2%. 

c 181 = -182, 

COLLECTOR-TO-EMITTER VOLTAGE (VeE J·4V 

240 J 
200 'I 1 

!EiiI J 
=t~I60 ~<'l.\~C ........ 
!i2 
"~ ~ 
il'" 120 '"¢-~ J~ 
~~ 80 ?~ 
gi!' ~ ........ ...... 

n NOTE: CURRENT DERATING AT CONSTANT VOLTAGE APPLIES 
I;;: ONLY TO THE DISSIPATION-LIMITED PORTION AND 1:5" 
" LIMITED PORTION OF MAXIMUM-OPERATING-AREA CURVES. 
IT. I DO NOT DERATE THE SPECIFIED VALUE FOR Xc MAX. 
~ 
Ii 

iii 
Ii 7a ~ 

40/' 

V -
..-:..+--r-

o 175 200 ODI 2 4 4 • 6 80.1 2 6 I 

UNITS 

rnA 

V 

V 

A 

MHz 

fJS 

°C/W 

I" 
~ 

~ .. \ 
--. 

2 • •• 10 25 50 75 100 125 150 

CASE TEMPERATURE (T c) _·C COLLECTOR CURRENT (IC)-A 

2 

Fig. 1 - Derating curves. 
92CI-S2213 

Fig. 2 - Typical DC beta characteristics. 

• 
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Pro Electron Power Transistors 

BUX39 

Fig. 3 - Maximum operating areas . 

• 2CS-322.14 

Fig. 4 - Typical input characteristics. 

COLLECTOR-TO-EMITTER VOLTAGE (V(:E)-V 

92CS-I56'2RI 

Fig. 6 - .Typlcal output characterillticlI. 

IZCI-3ZZIS 

Fig. 5 - Typical transfer characteristics. 
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File Number 1231 

High-Voltage, High-Power 
Silicon N-P-N 
Power-Switching Transistors 

TERMINAL DESIGNATIONS 

c 

Features: 
• VeEo -500V 
.le-5A 

'0 
92CS-27516 

• PT-120W 
JEDEC TO-204AA 

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: 

VCBO •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

VCER 

RBE = lOOn ........................................................................ . 
VCEO ••••••••••••••••••••• • ••••• • ••••• ••• ••••••• •• •••••• •• •••••• •••• ••••• •••••• ••• ••• • 

VCEX 

VBE=-1.5V •.•..............•....................................................... 
VEBO ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

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

IB .........•..........•......•...........•........................................... 
PT 

Ic::;25°C ...•.............•.•...................................................... 
T c > 25° C derate linearly ...•...............•....................................... 

Tstgo 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 

BUX45 

V 

V 
V 

V 
V 
A 
A 
A 

W 
W/oC 

°C 

°C 
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BUX45 

ELECTRICAL CHARACTERISTICS, Case Temperature (TC) = 2SoC 
Unless Otherwise Specified 

TEST CONDITIONS LIMITS 
CHARACTERISTIC VOLTAGE CURRENT 

aUX45 
Vdc Adc 

VCE VaE IC la Min. Typ. 

ICEO 400 0 - -
ICEX 500 -1.5 - -

TC = 125°C 500 1.5 

lEBO -5 0 - -
VCEO(susjD 0.2a 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) 
1a 0.125 - 0.15 
2a 0.4 - 0.15 

tr 15 1 8 -
ISib 135 0.15 -

t = 1 s, 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 

ReJC - -
a Pulsed; pulse duration", 300 lAS, 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 (Tc =25° C). 

UNITS 

mA 

V 

V 

MHz 

A 

lAs 

0c/w 
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______________________________ Pro Electron Power Transistors 

NOTE:QJRRENT DERA11N8 Iif CONSTANT VOLT_ 
APPLIES ONLY TO THE DISIIWhON-UMITIED PORTION 
AND %SlIt-L_TED PORTION OF MAXtMUIl-OPERATIICJ 
MEA-CURVES. 00 NOT DERATE THE: SPECIFIED \aLUE 
fOR Xc MAX. 

o e w ~ ~ ~ ~ ~ ~ 

CASE TEMPERATURE CTc)_OC 

Fig. 2 - Derating curves for I Sib and dissipation. 

.. 
I • U 

H 

~ 
if 4 

o 

CASE TEMPERATURE eTc)· 2S-C 

"'" 1 .... '<11' 

,00 

o 10 
COLLECTOR-TO-EMITTER VOLTAGEeVCEJ-V 92CS-~048AI 

Fig. 4 - Typical output characteristics. 
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~.! .. 
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~~~~ !~ 
~ . ...-
~ / ~ v" 
~ 

0.1 .......-:;:;~ 1 e 
0.1 

, 4 

COLLECTOR CURRENTCIC)-A .,CS-320 .. 5 

Fig. 6 - Typical collector-to-emitter saturation 
voltage as a function of collector 
current. 

10 

BUX45 

j • COLLECTOR-TO- EMITTER • VOLTAGE (VeE). 4 Y 

Si 4 

~ , .. ~ ~IO 

~ • 2'5·C • 
4 

!z ..... , 
~ 2 ~E TEtAPER:J~cR "" r-.l1e l -" 10 

o • • " ! 4 

fl , 
g . . . I 68 10 8 100 0_1 

COLLECTOR CURRENT (I.e )-A 92CS-32494 

Fig. 3 - Typical dc beta characteristics. 

COLLECTOR- TO-EMITTER 

~ I 

VOLTAGE (VeEr 4 v 

I 
_40·C 

• ~cls\25·C 
~ a 
> 

" ~ 
~ 
~ 
! 

e ;::;::::;:;=- CAsE ,.ENPERA'tO 

• 

, 

QJ , .. 
COLLECTOR CURRENT (I.e )-A 

10 
92CS-32495 

Fig. 5 - Typical base-to-emitter voltage as a 
function of col/ector current. 

QI 
2 .. e 10 

COLLECTOR CURRENT (I C)-A ,'CS-S20'" 

Fig. 7 - Typical base-to-emitter saturation volt­
age as a function of col/ector current. 
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BUX45 

COLLECTOR CURRENT (IC)- A 82CS6S2S54 

Fig. 8 - Typical saturated-switching times as 
a function of collector current. 

lOa 

• 
4 

, 
I or--
• 
4 

, 
OJ 

a 

• 
4 

, 

0.001 
, 

V 

-

4 • 8 , 4 6 
0.01 ~.I 

, 4 • 8 , 4 .. 
I 10 

PU!.SE WIDTH ITp)-S 92CS- 32043 

Fig. 9 - Typical thermal-response 
characteristic. 
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File Number 870 

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

Features: 

• High voltage ratings: 
VCEO(sus) = -150 V max. (BUX66) 

= -250 V max. (BUX66A) 
= -300 V max. (BUX66B) 
= -350 V max. (BUX66C) 

• Large safe-operating area. 

The RCA-BUX66, BUX66A, BUX66B, and BUX66C are sil­
icon p-n-p transistors with high breakdown voltages and 
fast switching speeds. These transistors are intended for a 
wide variety of applications in ac/dc 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: 

VCSO ............................................... . 
VCEV(sus) 

VsE =-1.5V .............•.•...................••... 
VCER(SUS) 

RSE =100n ..........................•...••...•.... 
VCEO(sus) ...............•.•..•.................•..... 
VESO ........................•......•••.............. 
Ic .................................................. . 
, CM •••••••••••••••••••• ••••••••••••• ••••••••••••••••• 

I •................................................... 
PT 

Up to 25D e ....................................... . 
Above 25D e, Derate linearly ...................•..... 

T,Jo Tstg •••••••••••••••••••••••••••••••••••••••••••••• 

T LAt distance 1/16 in. (1.58 mm) from 
seating plane for 10 s max ......•.•...........•.•.... 

BUX66, BUX66A,BUX66B, BUX66C 

BUX66 
-200 

-200 

-175 
-150 
-6 
-2 
-5 
-1 

35 
0.2 

235 

TERMINAL DESIGNATIONS 

92CS-27516 

JEDEC TO-213AA 

BUX66A BUX66B BUX66C 
-300 -350 -400 

-300 -350 -400 

-275 -325 -375 
-250 -300 -350 
-6 -6 -6 
-2 -2 -2 
-5 -5 -5 
-1 -1 -1 

35 35 35 
0.2 0.2 0.2 

-65 to 200 

235 235 235 

V 

V 

V 
V 
V 
A 
A 
A 

W 
WIDe 

De 

De 
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Pro Electron Power Transistors 

BUX66, BUX66A, BUX66B, BUX66C 

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

TEST CONDITIONS LIMITS 

VOLTAGE CURRENT 
BUX66 BUX66A CHARACTERISTIC Vdc Adc 

SYMBOL 
VCE VBE IC IS Min. Max. Min. Max. 

ICEO -150 0 - -10 - -10 

ICEX -200 1.5 - -8 - -
-300 1.5 - - - -8 

TC; lOOoC -200 1.5 - -10 - -
-300 1.5 - - - -10 

IE80 6 0 - -1 - -1 

hFE -5 -la 10 150 10 150 

VCEO(sUS) -0.2a 0 -150c - -250c -
VCER(SUS) 

RBE; 50 n -0.2 -175C - -275c -

VBE(sat) -l a -0.15 - -1.5 - -1.5 

VCE(sat) -l a -0.15 - -2.5 - -2.5 

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 

Vee = -200 V -1 -0.10b - 0.6 - 0.6 

ROJC - 5 - 5 

a Pulsed: Pulse duration; 300 JlS; duty factor';; 2%. b IS 1 = I B2 

UNITS 

mA 

mA 

V 

V 

V 

pF 

mA 

Jls 

oCIW 

c Sustaining voltages, VCEO(sus) and VCER(sus) MUST NOT be measured on a curve tracer. 

COLlECTOR-TO-EMITTER VOLTAGE (VCE)=-IOV 

i 4.~C~=Erre=.~PErRA~TU~R~E~{~~}·T2~5'~C'-rrr-~~-+~ 

l 3'~-r--~~--+--+-r~-'~1-~ 
~ 30~+--+-r~~~,,~--~~--+--r4H~ 
I 251--+--++tJ,...uI-+++'l---+--H-+-I 
~ 20'r-+--t7l"++--~1-++*-+--H~ ! 1st----t.Ar--t-++--+--+-+++\-\-l--+++-I 
g 10~L'+~-HH--r-+~~\H--r~ 

4 •• 
-001 -0.1 -I 

COLLECTOR CLRRENT (Ie l- A 

. .. -10 

Fig. 1 - Typical gain-bandwidth product 
for all types. 

I -I 
-0,5 

Fig.2 - Typical transfer characteristics 
for all types. 
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______________________________ Pro Electron Power Transistors 

BUX66, BUX66A, BUX66B, BUX66C 
ELECTRICAL CHARACTERISTICS, At Case Temperature (T cJ = 2!jOC 

Unless Otherwise Specified 

TEST CONDITIONS LIMITS 

CHARACTERISTIC 
VOLTAGE CURRENT 

Vdc Adc BUX66B BUX66C UNITS 
SYMBOL 

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

ICED -150 0 - -5 - -5 

ICEX -350 1.5 - -8 - -
-400 '1.5 - - - -8 mA 

TC = lOOoe -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) -l a -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 -o.lob - 0.6 - 0.6 

ts 
VCC = -200 V -1 -0.10b - 2.5 - 2.5 f..LS 

tf 
VCC=-200V -1 -0.10b - 0.6 - 0.6 

ROJC - 5 - 5 oCIW 

a Pulsed: Pulse duration = 300 f..Ls; duty factor';; 2%. b IBl = IB2 
c Sustaining voltages, VCEO{sus) and VCER(sUS) MUST NOT be measured on a curve tracer. 

COLLECTOR CURRENT (IC)-A 

92CS-215008 

Fig.3 - Typical saturation-voltage characteristic 
for all types. 

!i~ 
!~ 
f:~ 
~I&I~ 
o~g 100 

i~e 
;~§ 15 

~!: 
50 wu· 

~~~ ... ~~ •• ~~a 

21S !SO 75 100 125 150 11& 200 

CASE TEMPERATURE tTC1--C 

Fig. 4 - Derating curve for al/ types. 

_________________________________________________________________ 627 

------~---



Pro Electron Power Transistors 

BUX66, BUX66A, BUX66B, BUX66C 

COLLECTOR-TO-EMITTER VOLTAGE (VCE)-V -300 
92CS-26006 

~ 
~ 
; 
~ 
>-

I 
g 

Fig.5 - Ms,"Cimum operating areas for ell 't'-/oss. 

4 eOLreTOTTTiTTE"iOLTAjE lYeEI--OV 
, 

CASE TEMPERATURE It J-leo"C 

100 I ..... 
0 

TC-Z5·C . 
4 

, ~\ 
10 

\' 
0 . 

- 4 00 • 0 - , 4 
().()I ;..0,1 I 

COLLECTOR CURRENT (IC)-A 

Fig. 6 - Typical dc beta characteristics 
for aI/types. 

-10 

-IOe , CASE TEMPERATURE ITcl-1OQoc 

4 

I Ie (MAX.) CONTINUOUS I I 
, I~c I 

!:! -18 e+o'l' 
>- 6 'P+., z 

! 
. 
, ~"\ -., 

~ -01 <~ >- 0 

~ : - r,VCEO (MAX.l.-1!50V(BUX6~J ~ 
8 ,-h"CEO (MAX.l a -2eQ v (BUX66A) 

-0.01 = ~~EO(MA)( )--300 \I (8UX668) 
Th. 

0 

: - VCEO (MAX.)·-3!5Q V (&UX68e) . . • 0 , . • 0 , . .0 
-I -10 -100 -1000 

.COLLECTOR-TO-EMITTER VOLTAGE (YeE)-V 
92CI-26oo1 

Fig. 7 - Maximum operating areas for al/typas 
at Tc= l00·C. 

628 __________________________________________________________________ ___ 



'-I 
~ 
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~ 
I'i 
i 
i 
~ 
! 

0.3 

Q2 

0.1 

PULSE DURATION! 20,._ 
REPETITION RATE. 200 PULSES,. 
COLLECTOR SUPPLY VOLTAGE IVcC1a-2OO v 
IB,· I82 

CASE TEMPERATURE (TC'a2'·C 

COLLECTOR ClItRENT IICI-A 

Fig. 8 - Typical turn-on time and fall-time 
characteristics for all types. 

INPUT: 
HEWLETT-PACKARD 
MODEL No.214A,OR 

EQUIVALENT 

INPUT FROM 
PULSE GENERATOR 

(PULSE DURATION-
20~ •• REP. RATE ~ 

200H1I 

VCC~-200V 

OUTPUT TO 
OSCILLOSCOPE 

(TEkTRONIX MODEL 
No.~43A.OR 
EQWVALENT) 

DEVICE 
UNDER 
TEST 

.. ADJUST Ae FOR 182 AND Re FOR Ie 

.. IBI AND 182 MEASURED wlrn TEKTRONIX CURRENT PROBE 
P6019 AND TYPE 134 AMPLIFIER,OR EaulVALENT 

92CS-15917R! 

Fig. 10 - Circuit used to measure saturated 
switching times for all types. 

CHANNEL A 
r-~---<l 

10 
mH 

TO 
HEWLETT -PACKARD 

OSCILLOSCOPE 
MODEL No 503 

OR EQUIVALENT 

CHANNEL B 

==- OTO 5CY 
+ (500 mAl 

III 
05W 

COMMON 

Fig. 12 - Circuit used to measure sustaining 
voltages VCEO(sus). VCER(SUS). 
and V CEV( sus) for all types. 

Pro Electron Power Transistors 

BUX66, BUX66A, BUX66B, BUX66C 

COLLECTOR CURRENT 11cl- A 
92CS-2601l 

Fig. 9 - Typical storage-lime characteristic 
for all types. 

Fig. 11 - Phase relationship between input current 
and output voltage showing reference 
points for specification of switching times. 

-400 

1 ;j -200 

COLLECTOR-TO~EMtTTER VOLTAGE { VCEI- 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 "D" for BUX66C. 

Fig. 13 - Oscilloscope display for measurement 
of sustaining voltages. 
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Pro Electron Power Transistors 

File Number 1288 

High-Voltage, High-Power, 
Silicon N-P-N 
Power-Switching Transistors 

Features: 
• Fast switching speeds 
• High voltage ratings: VeES = 750-800 V 

Applications: 

• Off-line power supplies 
• High-voltage inverters 

The RCA-BUX97 series are epitaxial-base silicon n-p-n 
transistors having high-voltage capability, fast switching 
speeds, and low saturation voltages, together with high 
safe-operating-area (SOA) ratings. They are specially de­
signed for use in off-line power supplies and are also well 
suited for use in a wide range of inverter or converter cir­
cuits and pulse-width-modulated regulators. 

The BUX97-series transistors are supplied in steel JEDEC 
TO-204AA hermetic packages. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

Vees .....................................•...........•. 
Veeo················· .. ··.·.·· ... ···· ..... ······ ....... . 
Veeo ..................•................................ 
Ie .••.....•.........................•...••............• 
I eM(t. = 500 IJs) ......•...........•...........•..•....... 
Ie .•...........................•.....................•. 
PT 

Te= 75'C ........•.•.•.•.•.•.......•.•....••.•..•.... 
TJ ••••••••••••••••••••••••••••••••••••••••••••••••••••• 

T.tg •••••••••••••••••••••••••••••••••••••••••••••••••••• 

TL 
At distance 1,4 1/16 in. (1.58 mm) from 

seating plane for 10 s max. • •..........•.........•... 

BUX97 
750 
350 

BUX97,BUX97A, BUX97B 

TERMINAL DESIGNATIONS 

JEDEC TO-204AA 

BUX97A BUX97B 
800 800V V 
400 450 v 

7 V 
6 A 
8 A 
3 A 

60 W 
175 'c 

-65 to 175 'c 

235 'c 
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----------------------________ Pro Electron Power Trans/stors 

160 

BUX97, BUX97A, BUX97B 
ELECTRICAL CHARACTERISTICS, at Case Temperature (Tc) =25°C 
Unless Otherwise Specified 

Test Conditions limits 
Charac- Voltage Current 

BUX97 BUX97A BUX97B 
terlstlc V dc A dc Units 

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

750d 0 - 1 - - - -
ICES 800d 0 - - - 1 - 1 

mA 
ICES 750d 0 - 3 - - - -
TC=150°C 800d 0 - - - 3 - 3 

lEBO -7 0 - 1 - 1 - 1 mA 

VCEO(sus)b 0.1a 0 350 - 400 - 450 - V 

hFE 5 1.0a 10 70 10 70 10 70 

1a 0.2 - 1.3 - 1.3 - 1.3 
V VBE(sal) 

4a 1.25 - 1.8 - 1.8 - 1.8 

1a 0.2 - 1 - 1 - 1 
V VCE (sal) 4a 1.25 - 3 - 3 - 3 

IT 10 0.5 20 (Typ.) 20 (Typ.) 20 (Typ.) MHz 

ION 
4 1.25c 0.6 (Typ.) 0.6 (Typ.) 0.6 (Typ.) 

VCC=100V 

Is 4 1.25c 3.5 (Typ.) 3.5 (Typ.) 3.5 (Typ.) Jls 
VCC=100 V 

If 
4 1.25c 0.5 (Typ.) 0.5 (Typ.) 0.5 (Typ.) 

VCC=100 V 

R8JC 10 5 - 1.67 - 1.67 - 1.67 °C/W 

a Pulsed: pulse duration = 300 p.s, duty factor = 1.8% 

b CAUTION: The sustaining voltage VCEO(sus) MUST NOT be measured on a curve tracer. 
c 161 = -162 d VCE = VCES max. 

40 eo 120 160 200 
CASE TEMPERATURE <Tcl_oC 92CS-33608 

Fig. 1 - Dissipation derating curves 
for all types. 

0.1 "168, 468'0 

COLLECTOR CURRENT« I c I-A 
4 8 '100 

92CS-'SH08 

Fig. 2 - Typical dc-beta characteristics 
for all types. 

_________________________________________________________________ 631 



Pro Electron Power Transistors ___________________________ _ 

BUX97,BUX97A, BUX97B 

10 

COLLECTOR-TO-EMITTER VOLTAGE (VCE)-V 92CN-33110 

Fig. 3 - Maximum safe-operating areas for all types . 
~ Ie = IC/3 
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~ . ~~ 'I " 0.1 

• IS· IC/3 

~ 
~ I 

t-------:: '"'''' 
~ . 'Z~c ~t-).''l.'f>.C 

Wf'ERATUftE ('1 C ~>6 r--c •• E 1E <llo;h 
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i • 

0.1 • • • • 0.1 10 2 • • • 10 
COLLECTOR CUM£NT(tcl-A Izcs-nell COLLECTOR CURRENT(Ic)-A 91C8~5aeI2 

Fig. 4 - Typical collector-to-emitter satu-
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i~ 
!!Blo' 
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ration voltage as a function of col­
lector current for all types. 

CASE TEMPERATURE (TC)=25-
FREQUENCY (f)=IMHz 

r--,---- C'b, 

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

2 4 •• 2 • •• • 2 . • • 10 10 10 103 
COLLECTCJI:-TO-BASE VOLTAGE (VcP)-Y 

~ EMITTER-YO-BASE VOLTAGEeVEB)-V 92C$-32054 

Fig. 6 - Typical common-base input or output 
capaCitance characteristics as a func­
tion of collector-ta-base voltage or 
emitter-to-base voltage for all types. 

Fig. 5 - Typical base-to-emitter saturation 
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a 
I I 
!II • 
i= • 
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QI 
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voltage as a function of collector 
current for all types. 

VCC"·fOOV 
hFE"· 

r- t- III"-Il. 

---r-::.. 
....... 

t -- ./ 
/ ......... 

<' 
• • 2 • • 

COLLECTOR CURRENT Uc) - A I2C8-33814 

Fig. 7 - Typical switching-time charac­
teristics as a function of 
collector current for all types. 
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______________________________ Pro Electron 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: V CEX = 500-1000V 

Applications: 

• Off-Une 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 and a Wide range of inverter or converter circuits 
and pulse-width-modulated regulators. 

The RCA-BUY69 series transistors are supplied in steel 
JEDEC TO-204AA hermetic packages. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

VCBO ••••••••••••••••••••••••••••••••••••••••••••••••••• 

VCEO ••••••••••••••••••••••••••••••••••••••••••••••••••• 

VCEX 

VBE = -2 V ........................................... . 
V EBO •••••••••••••••••••••••••••••••• •••••••••••••••••• 

Ic .................................................... . 
I CM(tp = 500/1s) ........................................ . 
IB ••••••••••••••••..•••••..•••.••.•...•.••..•....•.•••. 
PT 

T c = 25°C ........................................... . 
TJ ••••••••••••••••••••••••••••••••••••••••••••••••••••• 

Tst9 .......................•..•.•••...•.••••.••.•••.•... 

TL 
At distance 2: 1/16 in. (1.58 mm) from 

seating plane for 10 s max .......................... . 

BUY69A 
1000 
400 

1000 

BUY69A, BUY69B,BUY69C 

TERMINAL DESIGNATIONS 

c 

'0 
92CS-27S16 

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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Pro Electron Power Transistors ___________________________ -_ 

BUY69A, BUY69B, BUY69C 
ELECTRICAL CHARACTERISTICS, at Case Temperature (TC) = 25°C 
Unless Otherwise Specified 

TEST CONDITIONS LIMITS 
CHARAC- VOLTAGE CURRENT 
TERISTIC Vdc ' Ado BUY89A BUY89B 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 

VCEQ(sus)b 0.28 0 400 - 325 - 200 - V 

hFE 10 2.5'1 15 - 15 - 15 -
VBE(sat) sa 2.5 - 2.2 - 2.2 - 2.2 

VCE(sat) sa 2.5 - 3.3 - 3.3 - 3.3 
V 

ytBR)CBO 0.1 1000 - 800 - 500 -
IV(BR)EBO 8 

IE=10rnA 
r 8 - 8 -

ISIb 
25 4 - 4 - 4 - A 

t = 1s 

fy 
10 0.5 6 (typ.) 6 (typ.) 6 (typ.) MHz 

f=10 MHz 

tf 
VCC= 

8 2.50 - 1 - 1 - 1 ,..s 
40 

RBJC - 1.75 - 1.75 - 1.75 DC/W 

• Pulsed: pulse duration = 300 ,,5, duty factor .. 2%. 0181 = -182 

b CAUTION: The sustaining voltage VCEO(SUS) and VCEX MUST NOT be measured on a curve tracer. 

a 50 75 100 125 I!SO 175 200 
CASE TEMPERATURE (TC)-OC 

92CS-22434 

Fig, 1 - Dissipation derating curve for all 
types, 

· COUECTOR-TO- EMITTER 
6 VOLTAGE (VeE)"3 v 
4 

10 
~ 

• 2SoC , 
4 ..... , 
:2 'TUR 

10 ~ l-V-:t!!t'ooc ~ 
• , 
4 

2 

2 4 6 • 2 4 6 • 2 . •• 0.1 I 10 toO 
COLLECTOR CURRENT (:I.e )-A 92CS-32044 

Fig. 2 - Typical de beta characteristics for all 
types. 

634 __________________________________________________________________ _ 



________________________________ Pro Electron Power Transistors 

BUY69A, BUY69B, BUY69C 

COLLECTOR-TO-EMITTER VOLTAGEIVCE1- v 92Cht- 32588 

Fig. 3 - Maximum operating areas for all types (Tc =25° C). 
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* e · V' ,," 
~ -:;~ I 0 
u 0.1 

0.1 2 .. 10 
COLLECTOR CURAENT(IC)-A t2CS-SZ04!1 

Fig. 5 - Typical base-to-emitter saturation volt­
age as a function of collector current 
for all types. 
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~ 
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~ 
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· 
• 

QI 

• . • • 
COLLECTOR CURRENT (I.e I-A 

Fig. 6 - Typical base-to-emitter voltage as a 
function of collector current for all 
types. 

01 
~ .. 6 '10 

COLLECTOR CURRENT (I Cl - A 9ZCS-,,046 

Fig. 4 - Typical collector-to-emitter saturation 
voltage as a function of collector cur­
rent for all types. 

I 108 CASE TEMPERATURE (Tc)a25-

10 .. 6 8 10 2 .. 6 8102 2 

COLLECTOR-TO-BASE VOLTAGE (Vcal-Y 
OR EMITTER-TO-BASE VOlTAGE(VEBI-V 

92CS-32054 

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. 
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Pro Electron Power Transistors 

BUY69A, BUY69B, BUY69C 

10,,-- g~~~E~;~~::~~~ VocL~:i::;cc * 40 V - r--
.~ I.C/I.B·~ - I--

· ~ 
........... ~ 
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8 · -/ 
,,-, • 
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3 4 ~ 6 
COLLECTOR CURRENT II.C1-A 

82CS-32587 

Fig. 8 - Typical switching-time 
characteristics as a function 
of col/ector current. 
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SURGECTORs 
Transient Surge Suppressors 

Technical Data 

______________ 637 



RCA SURGECTORS provide excellent protection against 
transient surges 

A SURGECTOR is a solid state device designed to protect 
telecommunications equipment from damage due to tran­
sient surges. A telephone system is susceptible at any point 
to disturbances caused by, but not limited to, contact with 
power lines (line crosses), dir"ct lightning strikes, induced 
voltages due to magnetic or electric fields, and static dis­
charges. The increasing use of solid state electronics has 
increased equipment sensitivity to damage from these 
sources of transients. 

Protection is provided by diverting the surge current through 
a low-impedance path around the vulnerable components. 
The four-layer (PNPN) thyristor (or SCR) structure provides 
the best low-impedance path compared to other available 
semiconductor devices because of its high-current-handling 
capability. Advances in semiconductor processing now 
make it feasible to construct an SCR with precisely­
controlled anode voltage turn-on ability, resulting in the 
creation of the SURGECTOR. 

RCA SURGECTORS 

Type No. Description 

The SURGECTOR is a monolithic compound structure 
conSisting of a thyristor whose gate region contains a special 
diffused zener diode. This zener permits anode voltage tum­
on of the structure. Initial clamping by the zener and fast 
turn-on by the thyristor provide excellent voltage limiting on 
very fast rise-time transients. The thyristor also features 
very high holding current allowing the SURGECTOR to 
recover to its high impedance off-state alter the transient. 
The SURGECTOR's normal off-state condition in the forward 
blocking mode is a high impedance, low leakage state that 
prevents loading of the telecomunications line. 

RCA SURGECTORS are designed to protect 
telecommunication equipment, data links, alarm systems, 
power supplies and other sensitive electrical circuits from 
damage that could be caused by switching transients, 
lightning strikes, load changes, commutation spikes, and line 
crosses. 

Features 

SGT10S10 Unidirectional, gate-controlled surge suppressor • 100V Forward Blocking Voltage 
• 300A Peak Transient Surge Current 
• 100 rnA Minimum Holding Current 
• Subnanosecond Clamping Action 
• Low On-State Voltage 

SGT03U13, Unidirectional surge suppressors • Clamping voltages-33v, 60'1, or 230V 
SGT06U13, • 300A peak transient surge current 
SGT23U13 • 130 rnA minimum holding current 

• Subnanosecond clamping action 
• Low on-state voltage 

SURGECTORS provide Transient Protection for: 

• Central Office Equipment • Repeaters 
• Supervisory Equipment • Line Concentrators 
• Switchgear Equipment • Receivers 
• Data Transmission • Handsets 

• Headsets 
• Modem 
• PCM 
• EPABX, PABX, PBX 

• TOM 
'SoM 
• PAM 
• FSK 
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-------------------------------------------------------------- SURGECTORs 

File Number 1692 SGT03U13, SGT06U13, SGT23U13 

Unidirectional Transient 
Surge Suppressors 
Features: 
• Clamping voltages - 33V, 60V, or 230V 
• 30DA peak transient surge current 
• 130 mA minimum holding current 
• Subnanosecond clamping action 
• Low on-state voltage 

Applications: 
• Telecommunications equipment 
• Data and voice lines 
• Computer modems 
• Alarm systems 

RCA SURGECTORs are designed to protect telecom­
munication equipment, data links, alarm systems, power 
supplies and other sensitive electrical circuits from damage 
that could be caused by switching transients, lightning 
strikes, load changes, commutation spikes, and line crosses. 

These RCA SURGECTORs are monolithic compound 
structures consisting of a thyristor whose gate region 
contains a special diffused section which acts as a zener 
diode. Thiszener diode section permits anode voltage turn­
on of the structure. Initial clamping by the zener diode 
section and fast turn-on by the thyristor provide excellent 
voltage limiting even on very fast rise-time transients. The 
thyristor also features very high holding current allowing 
the SURGECTOR to recover to it's high impedance off­
state after the transient. The SURGECTOR's normal off­
state condition in the forward blocking mode is a high­
impedance, low-leakage state that prevents loading of the 
telecommunication line. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

Continuous Off-State Voltage ..................................... Vo .. 
VR .. 

Transient Peak Surge Current. .................................... Irs .. 
1ps x 2ps' .................................................... . 
6ps x 400ps ................................................... . 
10ps x S60ps .................................................. . 
lOps x 1000ps ................................................. . 
One Half Cycle, 50-60 Hz" 
One Second, 50-60 Hz, Halfwave 

Operating Temperature ............................................ T. 
Storage Temperature ............................................. Tot. 

'Unit designed not to fail open below 450A. 
"One every 30 seconds maximum. 

TERMINAL DESIGNATIONS 

~"OO, 

TOP VIEW CATHODE 

92CS-40367 

MODIFIED TO-202 

SGT03U13 SGT06U13 SGT23U13 

30 58 225 V 
1 1 V 

300 A 
125 A 
90 A 
75 A 
60 A 
30 A 

-40 to +85 °C 
-40 to +150 °C 
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SURGECTORs --------------------------------------------______________ _ 

SGT03U13, SGT06U13, SGT23U13 

ELECTRICAL CHARACTERISTICS, At Cue Temperature (Tc = 25°C) unle .. otherwise specified 

LIMITS 
CHARACTERISTIC UNITS 

MIN. TYP. MAX. 

Off-State Current At Maximum Rated VOM 10M 

TA = 25°C - - 50 nA 

TA=85°C - - 10 pA 

Reverse Current VRM = 1 V IRM 

TA = 25°C - - 1 mA 

TA = 85°C - - 10 mA 

Clamping Voltage. Iz - 100 pA Vz 

SGT03U13 33 - - V 

SGT06U13 60 - - V 

SGT23U13 230 - - V 

Breakover Voltage. Dv/Dr = 100V//lS Vso 

SGT03U13 - - 50 V 

SGT06U13 - - 85 V 

SGT23U13 - - 275 V 

Holding Current IH 130 - - mA 

On-State Voltage. iT = 10A Vr - - 2 V 

Main Terminal Capacitance Co - 90 - pF 

SGT03U13 SGT06U13 SGT23U13 
A 

J _____ 275 

~r 250 

225 __ 

IH 200 

mA -- (~ 175 

150 

125 

IDN - 100 
I 

______ 0 

VDM 75 

92CS-38778 1-- -
50 

2540 30 -20 -10 0 10 20 30 40 50 60 70 80 90 
AMBIENT TEMPERATURE (TA)-degC 

VZ23U13ASU1 

Fig. 1 - Typical volt-ampere characteristics. Fig. 2 - Typical clamping voltage vs. temperature. 
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----------------------------------------------------------~SURGECTORs 

SGT03U13, SGT06U13, SGT23U13 

SGT03U13 SGT06U13 SGT23U13 

1T1inltiaD=2A 
250 275 .' . 

f'., 

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

'-.. 
'-.. 

-........ 

" 

250 

'" ~ 225 g 
6 200 
m 
<: 175 w 
!1 150 ~ g 

125 
I[ 
w 

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

100 

w 75 - .-
I[ 
m 

50 

- - -10040 30 20 -10 0 10 20 30 40 50 60 70 80 90 2510 100 1000 10000 
AMBIENT TEMPERATURE CTAl-deoC RATE OF RISE OF VOLTAGE IOVlOll-VAIS 

IH23IJ13>SU1 

Fig. 3 - Typical holding current V8. temparature. Fig. 4 - Typical Vao V8. 0.10.. 
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SURGECTORs----------------------------------________________________ __ 

SGT10S10 

Gate-Controlled Unidirectional 
Transient Surge Suppressor 

Features: 

• 100V Forward Blocking Voltage 
• 300A Peak Transient Surge Current 
• 100 mA Minimum Holding Current 
• Subnanosecond Clamping Action 
• Low On-State Voltage 

Applications: 

• Telecommunications Equipment 
• Data and Voice Lines 
• Computer Modems 
• Alarm Systems 

RCA SURGECTORS are designed to protect telecommuni­
cation equipment, data links, alarm systems, power sup­
plies and other sensitive electrical circuits from damage 
that could be caused by switching transients, lightning 
strikes, load changes, commutation spikes, and line 
crosses. 
This RCA SURGECTOR is a fast turn-on, high-holding­
current thyristor. When coupled with a user-supplied volt­
age level detector it provides excellent voltage limiting even 
on very fast rise time transients. The high holding current 
allows the SURGECTOR to return to it's high impedance 
state following a transient. The SURGECTOR'S normal 
"off" condition high-forward impedance prevents loading 
of the line. 

MAXIMUM RATINGS, Absolute-Maximum Values (Tc = 25°C): 

File Number 1691 

TERMINAL DESIGNATIONS 

/GATE 

~-ANODE 
TOP VIEW " CATHODE 

92C5-40366 

MODIFIED TO-202 

Continuous Off-State Voltage .•••.•..•••..•••.....•...•.• VDM ••••••.•.•....•..•••.••••••....••............••. 100V 
VRM •.....•...••..•••..••...••...••••••...••..• '" .•.. 1V 

Transient Peak Surge Current . •.••....•...•••..•.•..••.•. ITSM 
l/1s x 2ps •.•...•••...••••.••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 300A 
6J1s x400/1s • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • . • • • • • • • • • • • • • • • • • • • • • • • • • • • • . • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •• 125A 
10/1S x 560/18 ••••••••••••••••••••••••••• : •• , • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •• goA 
10/1s x 1000/18 ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••.•••• 75A 
One half Cycle, 50-60 Hz, 1 Every 30 Sec. Max. • ••••••••••••••••••••.••••••••••••••••••••••••••••••••••••••••••• 50A 
One Second, 50-60Hz, Halfwave ••••••••••••••••••••••••••••••••••••••••••••••••••••.•••••••••••••••••••••••• 30A 

Operating Temperature... . . . . . .••. . .. .•. . . .. . . . .. . .•. .. TA •.....•..............••..•...••....•...•. -40 to +85°C 
Storage Temperature •••••.•••....•••...•...•....•..•.•. Tstg .•..•.•••..•.......••....••...•••.••••.. -40 to +150°C 

·Unit designed not to fail open below 450A. 
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----------------------------------------------------------SURGECTORs 

ELECTRICAL CHARACTERISTICS, At Case Temperature (Tc = 25°C) unless otherwise specified 

LIMITS 

CHARACTERISTIC SYMBOL Min. Typ. 

Off-State Current 
VOM = l00V. TA = 25°C 10M - -

TA=85D C - -
VRM=lV, TA = 25°C IRM - -

TA=85°C - -
"Breakoyer Voltage, Ov/OT = 100v//J.s VBO 

Holding Current IH 100 -
On-State Voltage, IT = lOA VT - -
Gate Trigger Current IGT - -
Main Terminal CapaCitance, VO = 0 CO - 90 

"External SOV Zener Diode from Anode to Gate. 

A 

~T 

z • 

... 

%OM , 

Y.,. 
92CS-3877' 

Fig. 1 - Typical Volt-Ampere Characteristics 

200 
o ov V -6 

< f 175 

~ 
;:'150 
~ 
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u 

ei i 100 

i 75 

50 -

r--. 

-

I 
I 

r-... r---.. 
.......... 

'-.. r-... 
.......... 

.......... r-... ..... 

-2 -10 0 , 20 40 00 70 0 
JUNCTION TEMPERATURE (TJ)-defC 

1G1OSfQq!J1 

Fig. 2 - Typical Gate Trigger Current 1/8. Temperature 

Max. 

50 
10 
1 

10 

100 

-
2 

150 

-

SGT10S10 

Units 

nA 
/J.A 
mA 
mA 

V 

mA 

V 

mA 
pF 
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SURGECTORs------------________________________________________ ___ 

SGT10S10 
ITIinHI!iIl=?, 60 NEA FROM ANODE T J 

250 

17 

~ -"', 
~ r--... 5 

i '-........ 
"-0 

'" "----

90 

I 
80 

10 
/ 

60 

225 

200 

15 

12 5 

~O -30 -20 -10 0 10 20 30 40 
50 

10 100 1000 10000 100 
50 60 70 80 90 

AMBIENT TEMPERATURE (TAl-degC RATE Of RISE OF VOlTAGE IOV/Dl}-VluS 

Fig. 3 - Typical Holding Current vs. Temperature Fig. 4 - Typical VBO vs. DVIDT 
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Ultra-Fast-Recovery Rectifiers 

Basic Design Features 
The latest state-of-the-art processing technology is em­
ployed in the manufacture of the new series of RCA ultra­
fast-recovery (35-ns) rectifiers. The cathode region is 
created by the growth of an n - epitaxial layer onto a low­
resistivity n + substrate. The anode region is formed by ion 
implantation and high-temperature diffusion. Aluminum 
metal on the anode provides for aluminum wire bonding. 
Trimetal (aluminum-titanium-nickel) evaporated onto the 
cathode surface provides cathode metallization for high­
temperature solder mounting. 

Modern planar technology is used to form the edges of the 
rectifier structure. The structure features an n+ "channel 
stopper," an evaporated metal field shield, and an ion trap 
to assure reverse-bias stability. The p-n junction is insu­
lated by a silicon-dioxide (Si02) layer. A phosphorous­
doped silicon-glass overcoat provides mechanical protec­
tion during assembly. 

The resultant structure features low forward voltage 
drops, excellent bias stability, low dissipation, and very 
short reverse-recovery times (less than 35 ns). 

Circuit Benefits 
RCA ultra-fast-recovery rectifiers offer several important 
benefits for use in high-speed power-switching circuits. 
These benefits include: 

• Decrease in the short-circuit energy that impinges on 
the power switches 

• Less RFI generation in t~e rectifier filter system 

• Reduction in, or elimination of, the RC damping net­
works frequently required with Schottky and ordinary 
fast-recovery rectifiers 

• Dissipations that are 20 to 30 percent less than those in 
ordinary fast-recovery rectifiers 

• Breakdown voltages three to five times greater than 
those of Schottky rectifiers 

Special Attributes 

The RUR series of ultra-fast-recovery rectifiers feature a 
passivated epitaxial structure that combines the advan­
tages of fast switching speed, low forward-voltage drop, 
good breakdown capability, and wide operating tempera­
ture range. The low stored charge and attendant fast 
reverse-recovery behavior of these rectifiers minimize 
electrical noise generation and, in many circuits, 
markedly reduce the turn-on dissipation of associated 
power switching transistors. These attributes make RUR­
series types excellent choices for use in switching power 
supplies. 

PSG 60 K II 

n,'::., \ 

EPITAXIAL n- ICATHODE) r ~S'i ~02Il,-_:ro_N_IM_P_L_AN_T_E.,.D_P+_I_AN_0_D_E_) ___ ..JJS~1L02 ~ 

...I 

i 
e 

~EzZZZZZZZZZZ2~2A2'~2'~2~~~2~~E~S~UB~S~T~R~AT~E~)~~~~~~ 
t2CS-3&081 

Planar, high-speed, glass-passivated pellet structure used 
in RCA ultra-fast-recovery rectifiers. 

., 
iii 

trr = 1.41 [d~dt] 1/2 

0.8 0.' 1.0 1,2 1.4 '0. 
0 ______ ~~~~J-J-~-L_~1 ~1~ln~!C~-.~\==4%-~I~I~--'I--'~~ 

-, 
-2 !IE 

-3 ~ 
a: 

-413 .. -58 
-e~ 
-7 

-8 

GOLDOOPID 
FAST RICOVERY RECTI'IERS 

STANDARD 
RECTIFIER 

Relative reverse-recovery-time (tn) characteristics of var­
ious rectifier structures. Curves show the excellent re90v­
ery behavior of the RCA ultra-fast epitaxial structure. 
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________________________________ Ultra-Fast-Recovery Rectifiers 

Fast Switching Speeds 
Thin anode and cathode regions in the RUR series of RCA 
ultra-fast-recovery rectifiers limit the build up of excess 
charge during forward conduction. Gold doping causes 
this minimal charge to be dissipated quickly during the 
recovery period so that the recovery time of RUR-series 
rectifiers is comparable to that of Schottky rectifiers. 

Low Forward-Voltage Drop 

Precise manufacturing control of the anode and cathode 
vertical structure makes possible low forward-voltage 
drops - typically less than 0.9 volt at the rated current­
significantly lower than those of conventional high­
voltage fast-recovery rectifiers. 

Temperature Capability 
The low forward voltage drop of the ultra-fast-recovel y 
rectifiers permit safe operation of these devices at case 
temperatures of 125°C at the rated average forward cur­
rent. At this case temperature, the RUR-810 series rectifi­
ers can operate safely at average currents up to 8amperes 
or at peak currents up to 16 amperes in an output circuit 
with a 50 per cent duty cycle. 

Recovery-Time Measurement Method 
Reverse-recovery-time (t,,) measurements are, to some 
extent, dependent upon the circuit configuration in which 
the measurement is made and the level of current from 
which the device must recover. The test-circuit configura-

0-30V 
IF CONTROL 

SLOPE CONTROL 
O.I-I~H 

= 411 

OUT 

50 

Breakdown-Voltage Tradeoff 
The vertical structure used in RCA ultra-fast rectifiers is 
optimized for high-speed switching capability, achieved 
as a tradeoff against reverse-voltage breakdown capabil­
ity. As a result, the ultra-fast-recovery series are suitable 
for use as output rectifiers in 100-kHz switching power 
supplies that provide outputs of 5 to 48 volts. Despite the 
trade-off for switching speed, the RUR-series rectifiers 
have a breakdown capability three to five times greater 
than that of Schottky rectifiers with si mi lar recovery ti meso 

Hybrid-Circuit Compatibility 
RCA ultra-fast-recovery rectifiers incorporate several 
construction features that are ideal for mounting the recti­
fier pellets in hybrid circuits, as follows: 

• The trimetal cathode metallization is particularly suited 
for high-temperature solder mounting. (A eutectic 
solder bond formed with 95/5 lead-ti n solder at a 
temperature of 320°C is recommended.) 

• The aluminum anode metallization facilitates aluminum 
wire bonding. 

• The g lass-passivated planar structure assures excellent 
mechanical protection during processing. 

• Large bonding surfaces (3600 mils2 on 8-ampere types, 
10,000 mils2 on 15-ampere types) are available. 

tion and the test method used in the recovery measure­
ments on the RCA ultra-fast-recovery rectifiers assures 
realistic current levels and various rates of change of cur­
rent (-di/dt). 

TEKTRONIX 
oe510 

WITH 01 OPT I ON 

COUNTER 

I 11 t""NIt~:::i=±=:::J 
NI. RG58 COAX 92CS-~5080 

Test circuit used for reverse-recovery-time measurements. 
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Ultra-Fast-Recovery Rectlfiers _____________________________ _ 

BYW51-100, BYW51-150, BYW51-200 File Number 1412 

DualS-A, High-Speed, High Efficiency 
Epitaxial Silicon Rectifiers 

Features: 
• Ultra fast recovery tim!! « 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 

~"~"'"'" 
ANOOE2 

92(:S-40208 

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 ir'l a variety of high-fre<ll'ency ptJlse-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 

VARM ................................................................ 100 
VRSM ................................................................ 110 
IFRM,tp<10IlS ....................................................... 100 
IF(RMS), total. . . .. . . . . . . . . . . . . .. . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20 
IF (Average), total. . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20 

Tc = 125°C, Ii = 0.5 
IFSM(Surge) .......................................................... 100 

tp = 10 ms, sinusoidal 
PD, Tc = 125°C....................................................... 20 
Tj ................................................................... -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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-------------_________________ Ullra-Fasl-Recovery Rectifiers 

ELECTRICAL CHARACTERISTICS. per Junction 

TEST CONDITIONS 

CHARACTERISTICS Voltege 
TJ VA 
'C V 

100 

25 150 

iR 
200 
100 

100 150 

200 

VF 
25 

100 
trr 25 
RlJc, per leg 

RlJc, total 

RIJA 

CJ 25 10 

(a) diF/dt > 50AlJJS, IRM(rec) < 1A, IRR = 0.25A 

'00 REAPPUED VR (PK). VAM 

'4. 
" I , 
!'i 
~c 
~11cx) -- ...!!. 100 0 ~'2 -tiff. 
~ --l-II! ... 
~~60 
ZOE 

~il •• 

~ 20 

~ . 
2 • . I 8 to 2 4 6 '100 

NUMBER OFHALF-CVCLES IN SURGE DURATION AT 50 Hz 
92CS-35269 

Fig. 1 - Peak surge forward current vs. surge 
duration. 

c """: }. .. - t-- TJ-55·C 

~ - I , 
S ,. r-T",_25·C 

~ '/ .. = TJ-loo-<: 
~ . 
I 

T.·,.O·O \ lUX I 
=-T ...... C\,lC rx'l. I , . 

~ • VII / • 
10.,. III I 

! . /I, I I • 'II I I om 
o M U " ~ , ~ ~ ~ 

Z.N,TANTANEOUS fOfIWMD VOLTtsK DROP C ",I-V 
aCS·Mlt? 

Fig. 3 - Typical forward current V8. forward· 
voltage drop. 

Current 

• 
A 

8 

8 

1/al 

0 

BYW51-100, BYW51-150, BYW51-200 

LIMITS 

BYW51-100 BYW51-150 BYW51-200 UNITS 

Min. 

-
-
-
-
-
-
-
-
-
-
-
-

Mex. Min. Mex. Min. Max. 

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

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

0.95 - 0.95 - 0.95 

0.89 - 0.89 - 0.89 

35 - 35 - 35 

2.5 2.5 - 2.5 

1.3 - 1.3 - 1.3 

60 - 60 - 60 

All types (typ.) 40 

• '.'I--I--HI+I--t--1H+i-+--+-++I 

~ .~~-+~tr~--~,,--+-~~ 
}~OI--I--HI+I--t--1H+i-+--+-++I i '1--+--HH+~~~rb~-~-r+H 
H l.sl--I--HI+f::..-"'I--1H+i-+--+-++I 

i, V 
~ •. o!'=/=--~++++--+-H-t-I-+--++H 

• 

pA 

mA 

V 

ns 

'C/w 

pF 

.. •• to It ... ',<XI It ... "000 

''''~ 

'000 
e 

§~ 
Ii Ii 10 

a . ' 
> .. 
c O•1 

0.0' 

PULSE WIDTH HpJ-III. 
_Iel-I.ln 

Fig. 2 - Thermal Impedance vs. pulse width 
(per iunction). 

,l.,oo.o __ ~ 

~~ ,.,00" ~ 
..:l-.f.-- I 

."" . 
./ >-

• .0' 0.' , .... 
YOLTAG' IN It. OF YMI-V HCI-I4'.' 

Fig. 4 - Typical rel'tlrsa current V8. voltage. 
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Ultra-Fast-Recovery Rectlflers _____________________________ _ 

RUR-810, RUR-815, RUR-820 

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 

File Number 1355 

TERMINAL DESIGNATIONS 

r ANODE 

92CS-39566 

JEDEC TO-22OAC 

The RCA RUR-810, RUR-815, and RUR-820' are low for­
ward 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: 

All are supplied in TO-220AC plastic packages. 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 

'Formerly RCA Dev. No. TA9223A, TA9223B, and 
TA9223C, respectively. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

VRM 
IF (Average) 

T. = 25°C (No Heat Sink) ......................................... . 
T. = 25°C (With Heat Sink)" ....................................... . 
Tc = 125°C ....................................................... . 

IFSM (surge) 
8.3ms, 1/2 cycle, non-repetitive .................................... . 

Tstg, TJ •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

TL (Lead temperature during soldering) 
At distance> 1/8in. (3.17mm) from case for 10 S max. 

(a) Wakefield type 295 heat sink with convection cooling 

RUR-810 
100 

RUR-815 
150 

RUR-820 
200 

-------3--------
-------~-8-------------8 -------
------100 ------

55 to 150-----

------260'------

v 

A 
A 
A 

A 
°C 

°C 
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______________________________ Ultra-Fast-Recovery Rectifiers 

ELECTRICAL CHARACTERISTICS 

TEST CONDITIONS 
CHARAC- von ... Currenl RUR-110 
TERISTICI TJ VA I, 

·C V It. Min. M ••• 

100 - 5 
25 150 - -

200 - -
I .. 100 - 400 

100 150 - -
200 - -

25 8 - 0.95 
Y, 

100 8 - 0.89 

t" 25 2(8) - 35 

RBIe - 2.25 

FIIJA - 60 

CJ 25 10 0 40 Typ. 

(a) dl./dt > 40A/"., lou (ree) < lA, I .. = O.2SA 

,- RlAPPUID YR(PICI. YAM 

0 

I' c 

~. - - ~·"",c 

~. - i--I-r-. 
I 
" U40 

~ 
z • •• z . • • I to 100 

..... " O'"AL'-C.,CLt~S IN SUft.E OURATION AT 10Hz 
RCa-MeII 

Fig. 1 - Peak surge forward current VB. surga duration. 

1 t-- r- "'j""'. ~ r .~ t--- '- TJ.t ... .17. I 
r-- T ... IOO-': 

T".ln-C\ ~ I 

I· 
I· 
.... 

~T".I50·C \ r7-.. I 

'II I 
'I II 

/I, I I 
'II. I I 

o " ~ u u , u ~ ~ 
I.NlTMITANI!OUS FORWMD VOLT'" DItOP f _,I-Y 

"C.~M.tT 

Fig. 3 - Typical forward current VB. forward-voltage drop. 

RUR-810, RUR-815, RUR-820 

LIMITS 
RUR-115 RUR-120 

UNITS 

Min. M ••• Min. M ••• 

- - - -
- 5 - -
- - - 5 pA - -
- 400 - -
- - - 400 

- 0.95 1 V - 0.89 - 0.94 
- 35 - 35 n8 

2.2::' "."0 ·C/W - 60 - 60 
40 Typ. 40 Typ. pF 

• 
~ ... 
" . 
~ ... .. 
I · ......-
H I.S .. 
i ' 
~ V 

"", 

0." 
0. 

• • • • • • • 10 '1Cx) • • "000 
PULSE WIDTH (tp)-IM 

DCI-M'. 

Fig. 2 - Thermal impedance VB. pulse width. 

I' ....... ,!.,oo.o ___ 1, 
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c O•1 

0.0 
0.0' 0.' 00 

YOLTAGE IN ¥. OF VRM-Y 
UCI-54111 

Fig. 4 - Typical reverBe current VB. voltage. 
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Ultra-Fast-Recovery RectUlers ____________________________ _ 

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 nsl 

TERMINAL DESIGNATIONS 

• Low forward voltage 
• Low thermal resistance 
• Planar design 
• Wire-bonded construction 11~~lO[[ :l -= CCATHODE 

ANODE2 
Applications: TOP VIEW 

92CS-40208 

• General Purpose 
• Power switching circuits to 100 kHz 
• Full-wave rectification 

JEDEC TO-22OAB 

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. . 
All are supplied in TO-220AB plastic packages. These devices are intended for use as output rectifiers and 

fly whee! diodes in a variety of high-frequency pulse-width 
modulated and switching regulators. Their low stored 

"Former!y RCA Dey. 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---------
T L (Lead temperature during soldering) 

At distance> 1/81n. (3.17mm) from case for 10 S max. -------~Ol-------
(a) Wakefield type 295 heat sink with convection cooling 

v 

A 
A 
A 

A 
°C 

°C 
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______________________________ Ultra-Fast-Recovery Rectifiers 

ELECTRICAL CHARACTERISTICS, per Junction 

TEST CONDITIONS 
CHARAC- Voltage Current RUR-D810 
TERISTICS TJ VR I. 

·C V A Min. Max. 

100 - 5 
25 150 - -

200 - -
iR 100 - 400 

100 150 - -
200 - -

25 8 - 0.95 
v. 100 8 - 0.89 
trr 25 8(a) - 35 
ROJe - 2.25 
R8JA - 60 
CJ 25 10 0 40 Typ. 

(8) diF/dl > 40Alps, IRU (ree) < lA, IRR = O.25A 

60 REAPPlJEO vR (PK) • VRM 

.40 .. 
I 120 .. 
"c 
~oo -'"--- ~'lOoc -Ie 
~ -r-
'IE 
ii 
jB40 

~ 
I 8 10 4 • '100 

2 • • 
NUMBER OFHALF-CYCUS IN SURGE DURATION AT 60 Hz 

V2el~M825 

RUR-D810. RUR-D815. RUR-D820 

LIMITS 
RUR-D815 RUR-D820 

UNITS 

Min. Max. Min. Max. 

- - - -
- 5 - -
- - - 5 pA - - - -
- 400 - -
- - - 400 
- 0.95 - 1 V - 0.89 - 0.94 
- 35 - 35 ns 
- 2.25 - 2.25 

·C/w - 60 - 60 
40 Typ. 40 Typ. pF 

• 
.3.5 

<l 
i • 

~u .. 
u 

I 2 

,,/ 
M ... 
oJ 

i • V .. 
/' i!' 0.' 

0 
4 6 8 10 2 4 6 '100 

PULSE WIDTH IIp1-"" 
'lel-14ell 

Fig. 1 - Peak surge fa ward current vs. surge duration. Fig. 2 - Thermallmpadance vs. pulse width (per junction) . 

• 
} : '---T"i"~ ~ 

~ '0: 
--T, ... ·C A¥ / 

! . === TJ-IOO-C 

I·. 
T",-12S-C Of / 

I--- T, .• OO·C \ 'X 'I. 

10.: 
1/// I 
[/1 II 

S : /I / I • 'II / I on, 
o 0-2 0.4 o.s o.a I 1.2 ... J.6 

I.NSTANTANEOUS FORWARD VOLTaGE DROP C ¥F )-Y 
HeS~M82.7 

Fig. 3 - Typical forward current vs. forward-voltage drop. 

I'o,<ow 

).,00'0 __ l 
1000 

c ~7 §.oo ,.,0000 ~ 

Ii 
~~ 

II Ii '0 IT 11 

i I 
_'2.,,-

/" 
~ > .. 

C O•I 

<>0. 
0.0. 0.1 .if !GO 

VOLTAGE IN"_ OF YRM-Y 
'ICS-MlI8 

Fig. 4 - Typical reverse current vs. voltage. 
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Ultra-Fast-Recovery Rectlfiers _______________________________ _ 

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. 

ThSSG davices are intended fer 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'" 
ANODE 2 92CS~J7554 

JEDEC TO-204M 

reverse recovery behaviQr minimize electrical noise 
generation and, in many circuits, markedly reduce the turn­
on dissipation ofthe associated power switching transistors. 

All are supplied in steel JEDEC TO-204AA hermetic 
packages. 

eFormerly RCA Developmental Nos. TA9226A, Band C 
respectively: 

MAXIMUM RATINGS, Absolute-Maximum Values, per Junction: 

RUR-D1610 AUA-D1S15 AUA-D11. 
VRM .•..••....•••.....•.•.••••..•..••••••••...••.•.•••••••.••.••.•••. 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) ............................................ . 
Tstg. 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 
°CIW 
°CIW 
°C/W 
·C 

·C 
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________________________________ Ultra-Fast-Recovery Rectifiers 

ELECTRICAL CHARACTERISTICS, per Junction 

TEST CONDITIONS 

CHARACTERISTICS Voltage Current 
TJ VH 
·C V 

100 
25 150 

iR 
200 
100 

100 150 
200 

25 
VF 

125 
trr 25 
R8JC 
R8JA 

CJ 25 10 

(a) diF/dt > 40A/ps. IRM(rec) < 1A. IRR = 0.25A 

400 

30. 

250 
............... 

r .............. r--.. 1j·,ao·c .. 
~ I"-.. ~150. ....... r--. H 

....... 
100 

50 

I 2 4' 1'0 4 I toO 
NU_R OF CYCLES AT 10Hz SlNE-_ 

ne •• I4? 

Fig. 1 - Peak surga forward currant vs. surge 
duration. 

1.4 1·6 

,2CS-!II.1 

Fig. 3 - Typical forward currant vs. forward­
voltaga 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 - - IlA 
- - - - - 15 
- 1.5 - - - -
- - - 1.5 - - rnA 
- - - - - 1.5 

- 0.95 - 0.95 - 1 
0.83 0.83 0.88 

V - - -

- 35 - 35 - 35 ns 

- 1.5 - 1.5 - 1.5 ·C/W - 30 - 30 - 30 

80 Typ. 80 Typ. 80 Typ. pF 

2 

~ 

~ 
l- tS 
i ...... v .. 
~ 
~ 

I 
,.. 

~ .. ,........ 
H 

... ...-c V .. 
ffi 0,5 

V' " l-

e 
• • • • • • • • • • • • Ie 100 1000 

PULSE WIDTH It"l-m 1tC. 

'2CI-U"1 

Fig. 2 - Thermal impedance vs. pulsa width 
(per junction). 

''''': 
• 

100, 

~I ,. • _ ~1·'25;!:.-
"':.lOl 

!:!l :~~ 5 2 
iii I 

11 

,. • u .. 
::11 
~.l ~i'2'::""'" 
II: 2 , 

I 

2 
0.1 

2 • ., z "IIU ;0=: 4 ~I ","., •• ",.2 ••• 
ell .10. iO" 10' 10. 101 

VOLTAGE IN PERCENT OF Vrm 
tZCS-J5150 

Fig. 4 - Typical reverse currant vs. voltage. 
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Power Hybrid Circuits --yllr"-:---------------------------

HC2000H L~ 
Lv' 

Multi-Purpose 7-Ampere 
Operational Amplifier 
Linear Amplifiers for Applications in Industrial 
and Commerciai 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-ampiiiiers (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. 
Single copies of these publications are available upon 
request from RCA Solid State Division, Box 3200, Somer­
ville, N.J. 08876. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

V,; 

File Number 566 

TERMINAL DESIGNATIONS 

1\ 

JOl 
, 

nOli 
I TOP 10 
2 VIEW 9 
3 B 
4 7 
5 6 

l0 
92CS-40377 

Between leads 1 and 10 ...............•.•..........•.••.••...••.•.•....•..•......•.•....................... 75 V 
10M •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 7 A 
Pr : 

Per Output Device. . . . . . . . . . . . . . . . . . . • • • . . . . • . . . . . . . . . . • . . . . . . . . . . • • . . . . . . . . . . . . . • . • . . . . . . . . . . . . .. See Fig. 4 & 5 

i :19. : : : : :: :: : : : : : : : : : : : : :: : : : : : : :: : : : : : : :: : : ::: : : : :: :: : : : : : :: : :: :: :::: :: : : :: : : : :: :: : : : : : :: : : :: : :::: =~~!~ :~~~:g 
T L (During Soldering): 

At distances ~ 118 in. (3.17 mm) from case for 10 s max ..•. , ................................................. 235°C 
/flL(Min): 

At distance 2: 0.075 (1.91 mm) from case ..•.......•....•.......•...•.............••............. 0.04 in. (1.02 mm) 
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________________________________ Power Hybrid Circuits 

ELECTRICAL CHARACTERISTICS, At Case Temperature (T cJ = 25°C 

CHARACTERISTIC TEST CONDITIONS 

VS-V f -kHz PO-w RL -Q 

VOUT 

"""YiN ±37.5 4 
Open:loop 

Closed· loop 
±37.5 1 

(See Fig. 3) 

ZIN 

Measured between - -
leads 7 & 8 (See Fig. 3) 

10 ±37.5 -

viO 
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 
ZG =600Q 

SR 
(Unity gain, 

IOM=4A) 

RUC 
Per Output Device 
(See Figs. 4 & 5) 

·3 
10K 

·2 
10K 

C2 
00' 

±37.5 

±37.5 

±37.5 

±37.5 

±37.5 

±37.5 

-

1 

-

1 

1 

-

1 

-

A£SISTANCE ¥ALU£S IN OHMS 
CAPACITANCE: '-"LUES IN MICROFARADS 

25 

1 

-

-

-

100 

1 

60 

-

-

100 

-

·IIAS~L::T~~=~~~~~; SEE DIM£NSIONAL OUTlINE 

4 

4 

-

-

4 

4 

4 

4 

0 

-

4 

-

MIN. 

-

26 

16 

15 

0 

28 

43 

-

±2 

-

5 

-

LIMITS 

TYP. MAX. 

2000 -

30 -

18 -

- 30 

±30 ±250 

32 -

- -

0.4 0.5 

- ±3.85 

78 -

- -

- 2 

4 PHASE 
COM. 

V.I 92CS-2.'T22r 

Fifl. , - Se""""ric diBgrllm of type HC2000H power hvbrid circuit operational amplifier. 

HC200GH 

UNITS 

kQ 

mA 

mV 

V 

kHz 

% 

A 

dB 

V/p.s 

°C/W 
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Powe( Hybrid Circuits _______________________________ _ 

HC2000H 

.... 5220, or ............ 92C$-I99111 

Fig. 2 - Type HC2000H power hybrid circuit with external 
connections for operation with a single power supply. 

AVERAGE POWER DISSIPATION IN EACH 
OUTPUT TRANSISTOR CAN BE CALCULATED 

fROll PrCAY) • Po ~ AND EFFtCIEMCY 

FROM 'I. i ~. WMlR! Po IS 1lIE OUTPUT 

~:r ":t.~. THE PEAk VALUE OF TtlE 

I"CII EffiCIENCY DERATING AT HIGH 
JIIEQUENCIES, SEE "'G. 10. 

CAS! T!MPERATURE (Tel - oc: 

Fig. 4 - Dissipation (average) derating curve for each 
output transistor (for symmetrical wave­
forms with f > 40 Hz). 

MINIMUM LOAD RESISTANCE CRL I-a 

Fig. 6 - Maximum alloweble supply voltage vs. load 
resistance. 

INPUT 

92eS-19982 

Fig. 3 - Type HC2000H power hybrid circuit with external 
connections (and split power supply) for measuring 
ralative response and distortion; see Figs. 8 & 9. 

CAS! lElmA-TURe: (Tel- 0( ...... , 
Fig. 5 - Dissipation (de) derating curve for each 

output transistor. 

, 
EXTERNAL FEEDBACK RESISTANCE 

Fig. 7 - Closed-loop voltage gain vs. external feed· 
back resistance. 
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---------------------___________ Power Hybrid Circuits 

II 
• :t 

~ 
i x 
i 

0.7 

04 

0.5 

0 •• 

0.3 

D •• 

NOTE: LOW.fREQUENCY RESPONSE DEPENDENT 
UPON INPUT NE'TIORIt: SEE FIG. 2. 

"n 

10 100 lk .OK 
FREQUENCY (f) _ HI 

Fig. 8 - Output power vs. frequency. 

POWER SUPPt. Y SPliT (Vs : t)7.S VI 
CASE TEMPEfI!ATlJIE ITel· 250C 

~ 

."* 

~'\ '\ .... ., 
PEAK LOAD CURRENT II~{. ~~ 1\ 

OR TEMPERATURE DERATING, THE 
AVERAGE POWER OISSIPATtoN 'M EACtI 
OUTPUT TlANSISTOR CAN 8£ CAL· \ 

0.2 UUTED'1OtI 'TIAVI· '0 !f! 
11 l·j 1 d •• 

" 6 81OK. 6 I lOOK 
FflEQUENCYlf) _ HI 

Fig. 10 - Maximum efficiency vs. frequency for 
severel values of peak load current. 

160 180 
LOAD PHASE ANGLE ,_}- DEGREES 

Fig. 12 - Minimum load impedance vs. load phase 
angle and safe aree of operetion. 

HC2000H 

PQWEIISUPPLY SPLIT 1Vs" :!::I7.S Vl 

D •• 
0.1 0.2 0." D.60.8 1 2 .. 6 110 .. 61100 

OUTPUT POWeR {Pol _ W 

Fig. 9 - Total harmonic distortion with split power 
supply. 

COlLECTOR·TO·eMlneR VOLTAGE (Vee) - v 

Fig. 11 - Charecteristics of built-in load-line­
limiting circuit. 

OUT1'lIT VOLTAGE IVol-V 

92CS-17518F11 

Fig. 13 - Gain linearity charecteristic_ 
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Power Hybrid Circuits ________________________________ _ 

HC2000H 

. , 
POWERSUP .... y,SPlIT(VS .. i11.SVI 
LOAD RESISTANCE {RLl ~ .tu 
FEEDUCK RIESfSTAMCE (Rol -410 n 
AMPLITUDE liL .. 60 HI) .( 
AIIIPlITUD£ (ft! .. 7kH, ,. T 

! 
! I.>I--l-++++-+-+--H+-+---l-l-+-l 
~ 

~ I~__j--_t_t-r~__j--_t_t-r~__j--_t-+~ 
~ 
~Mr-_r--~_r~_r--t_~t_-+--t_~ 

iO.'r--1.;i""--:-+--'~-+-~t--+--tI-/t-H 
~··r--t--1'*++---<f-++++--t-VT1-+-H 
.2r--+--++~~~--++~~~--+_t_H 

0.1 .2 ••• .. 6110 .. "11M 
OUTPUT POWER (Pol - 'II' 

mH5ItRI 

Fig. 14 - Intermodulation distortion with split 
supply and 4-ohm load. 

0.040' " 

it ""'"" 1"')iL~[AO SHOULD 

_ I BE UNDISTU"I£D 
o 075'!.....! OYE" THIS 
MIN. LENGTH 

92($-1998] 

Fig. 15 - RtlCommtHldMi , .. d-Inndi", 
6ptJCifit:lltion. 
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----------------_______________ 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, l00-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-fi amplifiers, PA systems, and solenoid drivers. 

"Derived from RCA Dev. No. TA8651A. 

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 10 s max. ......................... 235°C 

HC2500 

TERMINAL DESIGNATIONS 

92CS -40377 

+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 

NETWORK 
MODE COMPENSATION DIODES 

HC2500 0.06% NO CLASSAB 
CAPACITOR ON NO 
SIGNAL TERMINALS 

HC2000H 5.8% YES CLASSB 
LC FILTER 

YES 
ON OUTPUT 
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Power Hybrid Circuits ________________________________ _ 

HC2500 

ELECTRICAL CHARACTERISTICS, At Case Temperature (T cJ = 25"C and Supply Voltage (VS) = ±37.5 V 

REFER· TEST CONDITIONS LIMITS 

CHARACTERISTIC SYMBOL 
ENGE OUTPUT LOAD 

MIN. FIG. SPECIAL FREQ. POWER RESIST. 
TYP. MAX. UNITS 

NO. NOTES (f)-kHz (PO)-W (RL)-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 Guidance), At Case Temperature (T cJ = 25"C and Supply Voltage (VS) = ±37.5 

Open· Loop Voltage 
AOL 8, 19 

Idling cur· 
1 25 4 70 dB Gain rent = 50 mA - -

I nput Offset Voltage VIO 20 - 0 Open - ±10 - mV 

Input Offset Current 110 20 - 0 Open - 7 - IlA 

I nput Bias Current liB 20 - 0 Open - 20 - IlA 

Common·Mode Input 
RCM 22 0.005 0 Open - i - Mil 

Impedance 

Common·Mode Input· 
VICR 0.5 100 4 - 32 V 

Voltage Range 
-

Common·Mode· 
CMRR 0.005 0 Open 50 

Rejection Ratio - - dB 

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 - VIlls 
Wave 

Idling·Current Drift Llli 17 25°C to 100°C - - 4 - 1 - mAtC 
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NON­
INVERTING 
INPUT 

FREQUENCY 
COMPENSATION 

'Vs 

BIAS ADJUST 

-Vs 

FIg. 2 - Block diagram of HC2500 tOO-watt class AB amplifier. 

15 
" 1S 

AVERAGE POWER DISSIPATION IN EACH 
OUTPUT TRANSISTOR CAM BE CALCULATED 

FROll Pr(AVI- Po ~ AND EFFICIENCY 

FROM II .; ~. WHERE Po IS THE OUTPUT 

=~~~L;DfG~S THE PEAK VALUE Of THE 

FOR EFFICIENCY DERATING AT HIGH 
FREQUENCIES. see FIG. 10 

100 125 ISO 
CASE TEMPERATURE ncl- oc 

Fig. 4 - Dissipation (average) derating curve for each output 
transistor (for symmetrical waveforms with f >40 Hz). 

10, 
7 .. , 

~ 4 

i a 2 

'" 
~ I , 
8 

, 
.. 4 
0 

is 
" 2 0 

0.1 

" I'-'~ 
~~ 0.0 tt,,~,,~ 

~.,..,)'/. ~/I-~ 

0", r---.. 

CASE TEMPERATURE (TC)*25-C 
(CURVES MUST BE DERATED LINEARLY 
WITH INCREASE IN TEMPERATURE) 

. 4 , . . 4 , . I 10 70 100 
08 OR Q9 COLLECTOR-lO-EMITTER VOLTAGE-V 

92CS-22S05 

Fig. 6 - Maximum operating aree for HC2500. 

18110 

0.5,..F 
00 V 

HC2500 

Fig. 3 - Typical test circuit with split supply for meesuring ACL. 'i. 
I", Voffset. fH. THO. and IMD. 

2S 

SEE FIG 4 fOR DERATING FOR SYMMETRICAL 
WAVEFORMS WITH f>40 Hz. 

50 75 100 125 150 
CASE TEMPERATURE (Te) - DC 

92CS-21079RI 

Fig. 5 - Dissipation derating curve for eech output transistor. 

1"1 kHz MAX. OUTPUT 
SPLIT POWER POWER 

_L SUPPLY 
100 -------- -- ----- ..,-,. VOLTA~i 

~ LIMIT 
I 

if ~ 80 

) " ~ 60 l( /y ... / I 
~ 
a 40 .. " ... 
~ / V~ bd 0 

/' ~ /" ~\. " 
" 20 pf ~ k::::: i 

i 
o 10 20 30 40 50 60 70 75 80 

TERMINAL DC SUPPLY VOLTAGE (VS)-V 
92CS-21080 

Fig. 7 - Output power as a function of supply voltage. with various 
values of load resistance. for symmetrical sine-wave operation. 
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Power Hybrid Circuits 

HC2500 

100 LOAD RESISTANCE IRL,s4 .n 
SUPPLY VOLTAGE (VS1~±375V .. MID-BAND OUTPUT POWER:2!S W 

I 
80 

~ '" I"'i.. ., 60 , 
C. I ~ 

~ 'lSod ~ g ,~ .. 
1; 40 

. ·io...?~~G ~ 
~ 20 

O~>~~'(~ 
I ill J 

0 1111 r ,~ 

103 104 105 

FREQUENCY (f I-Hz 
92CS-210BIRI 

Fig. B - Typical opan·loop voltage gain vs. frequency. 

0.7 

POWER SUPPLY' SPLIT fYsl= ±37.S V 
CASE TEMPERATURE (Tel = 250C 

~ 
~ :t 0.' 

~ O.S 
~"\ \~ 

"" 
PEAK LOAD CURRENT (I~t. ~~ I \ 

~ 0.' 

I G.' FO' TEMPE •• "UR. D"flIN~~E 1_ K AVERAGE POWER DISSIPATION 'N EAQI 
OUTPUT TRANSISTOR CAN BE CAL· 

0.2 CUU.TED FROM PTlAV)" Po ~ \ 
0.1 I '"i i 'j I 

" 6 810K 6 8 lOOK 
FREQUENCY (f) _ HI 

Fig. 10 - Maximum efflclancy vs. frequency for several values of 
peak load current. 

LOAD PtfASE ANGLE CII/Il - DEGREES 
92CS-225"12 

Fig. 12 - Minimum load impedance vs. load phase angle and safe 
area of operation. 

20 LOAD RESISTANCE (RL):r4 .n 
SUPPLY VOLTAGE IVS). t37.5 V 

0 OUTPUT POWER I Pol .25 W 

I" 
::l -2S 

Il! 
~ -!So 
'j' ~ t: -75 

~ r-r-
~ -IOD 

I" f -125 

-150 

-175 

10' 101 104 10' 10' 10' 

FREQUENCY {f)-Hz 

92CS-21082RI 

Fig. 9 - Typical opan·loop phase shift vs. frequency. 

OUTPUT IDLING 'CURRENT (Ij)-mA 

92C$-21083RI 

Fig. tt - Bias resistor (R 8 in Fig. 3 J value vs. output idling 
current ";)' 

IOva 

10 102 lOll 104 10' 10' 

FREQUENCY {f1- Hz 
92CS-22504 

Fig. 13 - Output power vs. frequency. 
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0.01 I ... '0.1 I ... • I I ... 'to I ... '100 

.... OUTPUT ItOWIN "0)-. 

HC2500 

10, SUPPLY VOLTAGE (YSI-:t37.5 V 

# • LOAD RESISTANCE (R L I-4,Q 

~ .. IDLING CURRENT SET AT 50 mA 

z • AT TC· 2&-C 

!: 

~ '. 
i · · D 10 kH 

~ • ~ 10
.
,
: 

DJal kHz .... • I! 1 e • 
0.01 I 

2 ... 2 ... • •• 8 2 ... 
0.01 D., , 10 '00 

RMS OUTPUT POWER-W 

92CS~210'8fU 

Fig. '6 - TypiCIII to'" hlUmonic distortion ".. rmB outpUt poWfH. 

RMI OUTPUT VOLTAGE (Yol- V 

FIg. '6 - Input "";tivity. 

~ 
> 
I .. 

!C .. 
• 
~ 

92CS-2250fi 

o 100 200 500 400 500 600 700 800 

COMPENSATION CAPACITANCE CCc)- pF 
f2CS-i250' 

FIg. '8 - TypiCIII Mew /"lite ".. VIIlutI of comptllJation ctlpllCitor. 
Cc ft.t circuit mown In Fig. 2'}. 
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HC2500 

50,.F 12V 

Vo 

ISkIl 

92CS-22509 

Fig. 19 - Test circuit for open-/oop gain and phase response. 
92CS-22510 

Fig. 20 - Test circuit for input offset valrags and current test. 

f-500 Hz 

oftP-
I kll 

INPUT 

3 

ReM = 9 RS With."" reslSUlnce IRsI Increased 
from zero unlll outpu1voltagllIVo) IS ~by 10% 

92CS-22511 92CS-22512 

Fig. 21 - Circuit used to test slew rate. Fig. 22 - Test circuit for measuring common-mode input resistance. 

TYPICAL APPLICATION CIRCUITS 
Rf 

ej 

C,thouldbectJoaen tol,mlt l.(dIL/dt) during rap.d trln .. tlonsof 
ttMt inPut 'lQ\/8form IIWl1hout limiting reqund output parformam::a. 
:::~&=.'"gh .. pDlSlblawrdloutllmltingrequlred 

*S.OataBulletlnF"a631, 

Fig. 23 - Current-feedback motor-control circuit_ 

92CM-2251' 
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_______________________________ Power Hybrid Circuits 

R; 

vo,.~~f " 

ToUt dc-loed I'tIIIISl8nce should be al high as possible 
wlthClutlll114t1ngr«lulredoutputpll'fOftlllnce. 
-See Date Bul .. tin File 631. 

9kll 

92CM-22St4 

Fig. 24 - Voltage-feedback motor-control circuit. 

lWikoutputcurrenl"7A 

92C8-22515 

Fig. 25 - A C motor control. 

.r:lF-:""'--{iiH 
= QI" .... F_ ....... r-1 

Ikll 

NQ.loadoutputfrequency=8kHz 
(Measured IIlmg values shown.) 

R 
3.3 kll 

HC2500 

92C5-22516 

Fig. 26 - High·power auable multivibrator. 

~o "F 
12V 

~-

. -
5 "F 
12 V 

PHASE 
INVERTER 

18kll 

ZIN=18kSl 

A"EFF"56VN 
PO!AVI = 200W a1Tc = 250C. RL "4.11, Vs '" ± 34 V 

Fig. 27 - Bridge circuit for loads greater than 100 .... cu. 

92CM-22517 
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HC25IG 

Vs 
Pout 

Idling Current 
(RB'" 1680 

THD 

IMD050mW 

Pin 3 
Yoffset To God. 

Efficiency 

RL 
11C,"21017111 

FI .. 28 - 1'IPI«II t:Itf:uIt Ctlll_tkIM fw.".,.ritIII of HC2/K1O wllIt 
lil/flHlnd«llUtipIy, MrtI~ .... 

MY 

lOW 

50mA 

0.1. 

O.on. 

+ 100 mY 

... % 

4ohm1 
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Silicon Controlled Rectlflers _________________________ _ 

2N681-2N692 

2S-A Silicon Controlled 
Rectifiers 
For Power-Control and Power-Switching Application 
Features: 
• High di/dt capability 
• Low on-state voltage at high current 

levels 
• Low thermal resistance 

The RCA2N681-2N692 are all-diffused silicon controlled 
rectifiers (reverse-blocking triode thrysistors) designed for 
switching ac and ~c currents. These devices can switch 
from the off-state to the on-state 'When both the anode and 
gate voltages are positive. Negative anode voltages make 
these devices revert to the blocking state. 
These SCR's employ a hermetic JEDEC TO-208AA 
package. 

MAXIMUM RAnNGS, Absolute-Maximum Values: 

v_ •.................. 
"v"""" •...•............. 
"V"""" •••••••••••••••••• 

2NBS1 2NBS2 2NSS3 

35 75 150 
25 50 100 
25 50 100 

2NSS4 

225 
150 
150 

2NSS5 2NSSS 

300 350 
200 250 
200 250 

1_ (1= 180"): Tc=SS' C ••• ________________ _ 
"In." (1= 180"): Tc = SS· C ••• ________________ _ 

I.",: For one full cycle 01 applied 
princlpel voltage 

" 60Hz •••••••••••••••••• ________________ _ 
50Hz •••••••••••••••••• ________________ _ 

For more lhan one full cycle 

2NBS7 

400 
300 
300 

25 
16 

150 
140 

dftdlS;Plled princlpel vollage •• ---------------- See Fig. 2 

Vo = V"""", loT = 20P mAo 
t.=0.5JlS ••••• : ••••••••• _______________ _ 

l"t [at T c shown for IT ..... I: 
200 

1=10ms ••••••••••••• ________________ _ 100 

;;;;1 ms •••••••••••••• ================== *PGM·: ••••••••••••••••••• 

46 
5 

"Po ...... " •••••••••••••••••• ________________ _ 0.5 
*IGM •••••••••••••••••••• ________________ _ 2 
"VOM •••••••••••••••••••• ________________ _ 10 

5 ·Vo ...................... ________________ --:: 
·T ....................... __________ ~----- -6510150 
·T~ .................... ______________ _ -SSlo 125 
TT 

During soldering for 10 s maxi~ 
mum (Ierminal and case) .•• ________________ _ 

T,: Recommended •••••••••• ________________ _ 

.......... -------------Maximum (DO NOT EXCEED) ________________ _ 

*In accordance with JEDEC registration data. 
A These values do not apply If there is 8 positive gate signal. Gate must be open or negatively biased. 
'At !rIA"'1 = 25A and Tc = 65°e 
-Any product gate current and gate voltage which results in gate power less than the maximum is permitted. 
_For temperature measurement reference point. see Dimensional Outline. 

225 
35 
0.4 
50 

0.57 

File Number 96 

TERMINAL DESIGNATIONS 

JEDEC T0-208AA 

2NSSS 2NSSS 2N690 2N691 2NS92 

500 600 720 840 960 V 
400 500 600 700 800 V 
400 500 600 700 800 V 

A 

A 
A 

A/JlS 

A's 
A's 
W 
W 
A 
V 
V 
·C 
·C 

·C 
in-Ib 

kgf-rn 
in-Ib 

kgf-m 
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_____________________________ Slllcon Controlled Rectifiers 

I.S 

" ~k 

o 

2N681-2N692 
ELECTRICAL CHARACTERISTICS, At Maximum Ratings Unless Otherwise Specified 

and at Indicated Case Temperature (T c) 

LIMITS 

CHARACTERISTIC 2N681-2N690 UNITS 

MIN. TYP. MAX. 

'IDROM or IRROM 
Vo = VOROMor VR = VRROM• T c = 125°C: 
2N681 , 2N682. 2N683, 2N684 .......... . 6.5 
2N685 ............................. .. 6 
2N686 ............................. .. 5.5 rnA 
2N687 ......................•........ 5 
2N688 ............................. .. 4 
2N689 .............................. . 3 
2N690 ......................•........ 2.5 
2N691 .............................. . 2.25 
2N692 .............................. . 2 

*VT: 

iT = 50 A (peak), T c = 25°C ............. . 2 V 

vT(AV): 
IT = IT (RMS) = Tc = 65°C .............. . 0.86 V 

iHO: 

Tc = 125°C ........................... . 15 rnA 

IGT: 
25 rnA 
80' 

Tc = 125° ..................•.......... 
Vo = 12 V (de), RL = 50n, Tc = -65°C ..... 

VGT : 

3 V Vo = 12 V (de), RL = 50n, Tc = -65 to 125°C 
= 1250 0.25 

R8JC .•••••••••••••.••••••..••••••••••••• 2 °C/W 

'In accordance with JEDEC registration data. 

SUPPLY FREOUENCY'IO CPS SINE WAVE 
CASE TEMPERATURt!: fTcl·"· C Q~.' =Tl~f~:s~ REVERSE vaLTAGE m(rm1.'lWM.II1-RATm VALUE 
AVERAGE FORWARD CURRENT arB' IMU -RATED VALUE 

60" 

CONDUCTION 
ANGLE 

5 0 m m 
AVERAGE FORWARD CURRENT (IF)-AMPERES 

'zeS-II9t5tta 

lou 1"-... 
II~ 

tt= .. 
I 

~ 
...... 1'--

t---

• . • • . • 
..... ,-

Fig. 1 - Maximum allowable case temperature vs. on-state 
current for 2N681-2N692. 

Fi9. 2 - Peak surge on-state current vs. surge duration for 
2N681-2N692. 
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2N681-2N692 

a..s I 1.15 
INSTANTAt£OUS FORWARD VOLTAGE DROP ("F)-VOLTS 

92CS-1I917 

Fig. 3 - Typical on-state current vs. instantaneous on-state vol­
tage for 2N681-2N692. 
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25 50 75 100 125 
FREE-AIR TEMPERATURE (TFA)-OC 

92CS-11916Rf 

Fig. 4 - Average on-state forward current vs. ambient temper­
ature for 2N681-2N692. 



___________________________ Slllcon Controlled Rectlfle,. 

File Number 114 

5-A Silicon Controlled Rectifiers 
For Low-Cost Power-Control and Power-Switching Applications 

FeaIu .... 

• High di/dt and dv/dt capabilities 
• Low leakage currents, both forward and reverse 
• Low forward voltage drop at high current levels 
• Low thermal resistance 

RCA 2N3228*, 2N3S2S', and 2N4101 * are all-diffused, three­
junction, silicon controlled rectifiers (SCR's) intended for 
use in power-control and power-switching applications. 

Types 2N3228, 2N3525, and 2N4101 use the JEDEC TO-66 
package and have a blocking voltage capability of up to 600 
volts and a forward current rating of 5 amperes (rms value) 
at a case temperature of 7So C. 

'Formerly Dev. Types TA1222, TA1225, and TA2773, respectively. 

2N3228,2N3525,2N4101 

TERMINAL DESIGNATIONS 

CATHODE ANODE 
(FLANGE) 

JEDEC TO-213M 

ABSOLUTE-MAXIMUM RATINGS, for Operation with Sinusoidal AC Supply Voltage at a Frequency between 50 and 400 Hz, 
and with Resistive or Inductive Load. 

Transient Peak Reverse Voltage (Non-Repetitive), VRM (non-rep) ......•.••••.....•• 
Peak Reverse Voltage (Repetitive), VRM (rep) .................................... . 
Peak Forward Blocking Voltage (Repetitive). VFBOM (rep) ••...•.................... 
Forward Current: For case temperature (T cl of + 75° C. and unit mounted on heat sink 

Average DC value at a conduction angle of 180°. IFAV .......................... . 
RMS value. IFRMS ........................................................... . 
For free-air temperature (T FAl of 25° C. and with no heat sink employed-
Average DC value at a conduction angle of 180·. IFAV .......................... . 

For other conditions. See Fig. 2 
Peak Surge Current, iFM (surge): For one cycle of applied principal voltage. 

60 Hz (sinusoidal). T c = 75°C ............................................... . 
50 Hz (sinusoidal). T c = 7S·C ............................................... . 
For more than one cycle of applied voltage. See Fig. 5 

Fusing Current (for SCR protection): 
T J = -40 to 100·C. t = 1 to 8.3 ns. 1"1 

Rate of Change of Forward Current. dildt ....................................... . 
IGT= 200 mAo 0.5ps rise time 
Gate Power': Peak, Forward or Reverse. for 10 ps duration. PGM .....••..... 

Average. P GAV . . . . . . • . . . . . . .. .......•............. • ....................... . 
Temperature: 

Storage. T st ................................................................ . 

Operating (Case). T c ....................................................... . 

2N3228 

330 
200 
200 

3.2 
5.0 

1.7 

'Any values of peak gate current or peak gate voltage to give the maximum gate power is permissible. 

2N3525 2N41 01 

660 700 V 
400 600 V 
400 600 V 

3.2 3.2 A 
5.0 5.0 A 

1.7 1.7 A 

60 A 
50 A 

15 A's 
200 Alps 

13 W 
0.5 W 

-40 to +125 ·C 
-40 to +100 ·C 
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Silicon Controlled Rectifiers ___________________________ _ 

2N3228, 2N3525, 2N4101 
Characteristics at Maximum Ratings (unless otherwise specified), and at Indicated Case Temperature (T C) 

CHARACTERISTICS 

Forward Breakoyer Vollage, YBOO: 
AI T C: .1000C .................. . . . . . . . . . 

Peak Bloekmg Currenl, al T C : .IIJOOC: 

Forward, IFBOM ...... ... ... ........ . .... 

VFOO': YBOOlmm. yalue) 

Reverse,IRBOM ......... .. .... . . . . . . . . . . . . 
VRBOI: YRMlrep) yalue 

Forward Vollage Drop, YF 
At a Forward Current of 30 amperes and aTe: _250e 

DC Gale· Tllgger Cullent. IGT 

AITe: .250e 
Gate· Tllgger Vollage, VGT 

At T e: _150C ... 
HOldmg Current, iHOO 

At Te: .150e. 
CIIIlCal Rate of Applied Forwald Voltage, 

Clltreal dY/dt ",. 

VFB: YBOOlmin. valuel, exponential rise, 

TC: -llJOOe 

Turn-On TIme, ton, (Delay Time .. Rise Timel . 

VFB: 'Boo'mm. value), iF: 4.5amperes, 
IGT: 100mA. O.I/<s lise time. Te 0 _150e 

Turn·Off Time, tett. 
iF = 1 ampe,es. 50",s pulse width, d'Fsldl: 10y/",s. 
di,tdl: 30 Af", s. IGT = 100mA. T e = - 150e 

Thermal Resistance' 
, Junction-ta-case 

Junction-ta-ambient 

CONDUCTION ANGLE. 180· 

AVERAGE FORWARD CURRENT (lFAVHMPERES 
92CS-I2150 

Fig. 1 - Power dissipation chart lor al/ types. 

COHTROLLED·RECTIFIER TYPES UHITS 

,2H3228 

Mm. Typ. Max. Min. 

200 - - 400 

- 0.10 1.5 -

- 0.05 0.75 -

- 1.15 2.8 -

- 8 15 -

- 1.1 1.0 -
- 10 10 -
10 100 - 10 

0.15 1.5 - 0.15 

- 15 50 -

- - I 4 -
- I 40 

2H3525 ,2H4101, 

Typ. Max. Mm. Typ. Max. 

- - 600 - - yolls 

0.20 3.0 - 0.40 4.0 rnA 

0.10 1.5 - 0.20 2.0 rnA 

1.15 1.8 - 1.15 1.8 yolls 

8 15 - 8 15 mAlde) 

1.1 1.0 - 1.1 1.0 yollslde) 

10 10 - 10 10 mA 

100 - 10 100 - yollsl 
microsecond 

1.5 - 0.75 1.5 - microseconds 

15 50 - 15 50 microseconds 

I- I 4 - - 4 

I 40 40 °e/w 

AVERAGE FORWARD CURRENT (%FAV)-AMPERES 

.2CS-12'I'.IJtI 

Fig. 2 - Rating chart (case temperature). 
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lOAD· RESISTIVE 

~::~I~~=~~~ yg.~'~~~=ia~~RATED ..... UE 

i"''' 
I '\. 

I I'\. 2N3228. 

'" 
/ 2N3525 

I 
"-.,J2N4I,OII 

~ 20 ............ So,,- ;;. ~'75'C 

! No TC'~ 
10 

I ~ r 0 
2 . . . 2 4 .. 2 4 .. 

10 100 
SURGE CURRENT DURATION-CYCLES 

92CS-12751f1! 

Fig. 3 - Surge-current rating chart. 

9255- lOOOCRI 

Fig. 5 - Turn-on time characteristics. 

2N3228,2N3525,2N4101 
CASE TEMPERATURE (TC)-25- C 
S J ENCY-60 HI' SINE 'IIINE 

.. z r a 
0"20 

II 

D.' I 1.5 2 2.5 

o 

INSTANTANEOUS FORWARD VOLTAGE DROP {VF)-VOLTS 

ftCS-I2179ft12 

Fig. 4 - Forward characteristics for all types. 

NATURAL 
S-'E­
CONDUCT 
CASE HECTLY ON HEAT SINK. 
HEAT SINk; 1'16-THIQC COPPER WITH 

It. MAT -BLACK SURFACE AND THER 
MAL EMISSIVITY OF 0.9. 

e ~ ~ ~ 
FREE-AIR TEMPERATURE CTFA)--C 

92CS-IU11 

Fig. 6 - Operation guidance chart for types 
2N3228, 2N3525, and 2N4101. 
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2N3650,2N3651,2N3652,2N3653,S7410M File Number 408 

35-A Silicon Controlled 
Rectifiers 

TERMINAL DESIGNATIONS 

For Inverter Applications 
Feetu,.. 
• Fast turn-off time - 15ps max. 
• High di/dt and dv/dt capabilities 
• Low thermal resistance 

RCA-2N3650 to 2N3653, inclusive, and the S7410M* are all­
diffused silicon controlled rectifiers (reverse-blocking triode 
thyristors) intended for high-speed switching applications 
such as power inverters, switching regulators, and high­
current pulse applications. They feature fast turn-off, high 
dv/dt, and high di/dt characteristics and may be used at 
frequencies up to 25 kHz. 

The 2N3650 to 2N3653 have forward and reverse off-state 
voltage ratings of 100, 200, 300, and 400 volts, respectively. 
Type S7410M has a forward and reverse off-state voltage 
rating of 600 volts. 

JEDEC TO-208AA 

These SCR's employ a hermetic JEDEC TO-208AA package. 

·Formerly RCA Type No. S7430M. 

MAXIMUM RATINGS, Absolute-Maximum Values 
2N36S0 

150 
150 
100 
100 

2N3651 

300 
300 
200 
200 

2N3652 

400 
400 
300 

*VOROMA •••••••••••••••••••••••••••••••••••••••••••••••••• 300 
ITIRMSI (Tc = 40· C, B = 180·) .. 00 •••• 00 •••• 00 ••••••••••• 00 00 _________ _ 35 

·h,AYI (Tc + 40 ·e, 9 = 180·) ................. 00 ••••••••• 00 00 , _________ _ 25 
hSM: 

For one full cycle of applied principal voltage 6O-Hz 
(Rectangular wave-pw = 5 ms, t, = 50 PSI, Tc = 4O·e ......... _________ _ 180 

·di/dt: 
Vo = VDRDM, lOT = 200 mA, t, = 0.1 Ps (See Fig. 13) ...•.•....• _________ _ 400 
I"t: 

T, = -65 to 120·C, T = 1 to 8.3 ms •..•....... 00 •• 00 ••••••• , _________ _ 165 
*PGMe: 

Peak (forward or reverse) for 10 Ps maximum ••..•......... _________ _ 40 
·PGCAY'Je : 

Averaging time = 10 ms maximum .•.... 00 00 00 •••••••• 00' __________ _ 1 
·T ........ 00 00 ••••• 00 •••• 00 ••• 00 ••••••••••• 00 ••• 00 ••••• 00. ________ _ -65 to 150 
Tc •... 00 •• 00 00 •••••••••• 00 •••• 00 ••••••••• 00 ••••••••••• 00 ________ _ -65 to 120 
TT: 

During soldering for 10 s maximum (terminal and case) ...•. _________ _ 225 
T.: 

Recommended 00 •• 00 ••• '" 00 •••••••••••••••••••••••• 00' _________ _ 35 
0.4 

Maximum (DO NOT eXCeeD) ....•.... 00 •••• 00 •••• 00 •• 00 _________ _ 50 
0.57 

• In accordance with JEDEC regIstration data format fJS·14, RDF·l) fIled for the JEDEC f2N series) types. 

• These values do not apply If there IS a positive gate signal. Gate must be open or negatively biased. 

2N3653 

500 
500 
400 
400 

• Any product of gate current and gate voltage which results in a gate power less than the maximum is ,permitted. 

• For temperature measurement reference point. see Dimensional Outline. 

S7410M 

700 
700 
600 
600 

V 
V 
V 
V 
A 
A 

A 

A/p.s 

A"s 

W 

W 
·e 
·e 

·e 

in-Ibf 
kgf-m 
in-Ibf 
kgf-m 
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____________________________ Silicon Controlled Rectifiers 

2N3650, 2N3651, 2N3652, 2N3653,S7410M 
ELECTRICAL CHARACTERISTICS 

At Maximum Ratings Unless Otherwise Specified and at Indicated Case Temperature (T C) 

LIMITS 

FOR ALL TYPES 
CHARACTERISTIC Except as Specified UNITS 

MIN. TYP. MAX. 

100M or IROM: 
Vo = VOROM or VR = VRROM' TC = 120°C 
2N3650,2N3651 ,- ........................... - 2 6* mA 
2N3652 ••••••••••••••••••••••••••• 0 ••••• _ •• - 2 5.5* 
2N3653 ,- .................................. - 2 4* 
S741 OM •••• _.0 •• 0 •••••••••••••••••••••••••• - - 3 

vT: 
iT = 25 A (peak). T C = 25°C ..................... - 1.5 2.05* V 

iHO: 
TC=25°C ................................... - 75 150 

mA 
TC = -65°C .................................. - 150 350* 

* dv/dt: 
Vo = VOROM' exponential voltage rise, TC = 120°C 

(See Fig 14) ................................. 200 - - V//ls 

IGT: 
Vo = 6 V (de). RL = 4 n, TC = 25°C ............... - 80 180 

mA 
Vo = 6 V (de). RL = 2 n, TC = -65°C ............. - 150 500* 

VGT: 
Vo = 6 V (de), RL = 4 n, TC = 25°C ............... - 1.5 3 

* Vo = 6 V (de). RL = 200 n, TC = 120°C ............ 0.25 - - V 
Vo = 6 V (de). RL = 2 n, TC = -65°C ............. - 2 4.5* 

* tq: 
Rectangular Pulse 

VOX = VOROM' iT = 10 A, pulse duration = 50 f.J.S, 
dv/dt = 200 V/f.J.s, -di/dt = 5 A/f.J.s, IGT = 200 mA 
at turn·on, VRX = 15 V minimum, VGK = 0 V at 
turn-off, TC = 120°C (See Figs. 15 & 16) . . . . . . . . . . . - - 15 

Sinusoidal Pulse /lS 
VOX = VOROM, iT = 100 A, pulse duration = 2/ls, 
dv/dt = 200 V/f.J.s, VRX = 30 V minimum, VGK = 0 
at turn-off, TC = 115°C (See Figs. 17 & 18) ......... - - 15 

ROJC ........................................ - 0.85 1.7* °CIW 
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2N3650,2N3651,2N3652,2N3653,S7410M 

92SS·l896RS 

Fig. , - Principal voltage-current characteristic. 

! 

SWITCHING LOSSES ARE NEGLECTED CURRENT WAVEFORM 

IT:--rcT\ 
+,~: 

• '.',. 

PEAK OM·STATE CURRENT (lnal-A 

Fig. 3 - Maximum allowat1le case·temperature VB. 

peak on-state current. 

SWITCHING LOSSES ARE MEGL!CTEO 

PEAK ON-STAT! CURRENT (lYIII)-A 

Fig. 5 - Maximum allowable case-temperature VB. 

peak on-state current. 

SWITCHING LOSSES ARE 

100 150 200 

PfAK ON·ST ATE CURR!NT (l1MI- A 

Fig. 2 - Power dissipation vs. peak on·state current. 

'WITCHING LOSSES ARE NEGLECTED 

PEAK ON·STATE CURRENT IITMI-A 

CURRENT WAVEFORM 

I':TLJ 
~;--J 

Fig. 4 - Power dissipation VB. peak on·state current. 

CAse: TEMPERATURE lTel = Moe 

~ 
! 100 

ON.STATE VOLTAGE (Vy)_ Y ..... 
Fig. 6 - Variation of on·state with on·stete voltage. 
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____________________________ Silicon Controlled Rectifiers 

2N3650, 2N3651,2N3652,2N3653, S7410M 

PEAl: ON·STATE CURRENT (lTXM1-A 

Fig. 7 - Typical variation of peak reverse-recovery 
current with peak on-state current 
(half-sine-wave pulse). 

~~!:~:~~~:s;~~ CURRENT)WIOTH.~O~. 
~ 15 
;; 
,! 

i a 10 

i 

10 " 30 

RUE·Of·DESCENT Of ON·STATE OJRRENT (·d, d')-A .. s 

Fig. 9 - Typical variation of peak reverse-recovery 
current with rate-of-descent of on-state 
current (rectangular pulse). 

PEAK ON·STATE CURRENT {lTlUI)-A 

Fig. 11 - Typical variation of turn-off time with 
peak on-state current (half-sine-wave 
pulse). 

REAPPLIED OFF·STATE VOLTAGE (Vox) m 60D V 
RECTANGULAR CURRENT PUUE 
RATE·OF·OES(!NT OF ON·STATE CURRENT 
(·dt'd,)" 10 Millo 

CASE TEMPERATURE (T ) .. 120 'C 

1000( 

10 " " 30 " .. 
ON·STATE CURRENT (ty)-A 

Fig. 8 - Typical variation of peak reverse­
recovery current with on-state 
current (rectangular pulse). 

IS VOLTAGE (d. d'J. 200 V ~, 

50 

CURRENT PULSE·WIOTH (RECTANGULAR) .. 50 .. s 
RATE·OF·DESCENT Of ON·STAn:-CUIUtafT 

(·d,d,},.IOA .. _ 

" .. 
JUNCTION TEMPERATURE (TJ)-III(' '" 

.. 50 

os .... 

n. 

Fig. 10 - Typical variation of turn-off time with 
junction temperature (rectangular 
pulse). 

RATE·OF·RISE DF REAPPLIED OFF·STATE VOLTAGE (dv.'d')_Vlu ..... , 
Fig. 12 - Typical variation of tune-off time with 

rate-of-rise of reapplied off-state 
voltage (rectangular pulse). 
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Silicon Controlled Rectifiers 

2N3650,2N3651, 2N3652,2N3653, S7410M 

Fig. 13 - Rate-of-change of on-state current with 
time (defining di/dt). 

FORWARD CURRENT CIRCUIT 

SUPPLY 

~GE ~II + 

:~ii~! 4~ + I 
LINEAR dv/dt CIRCUIT 

/ 
v D / 

j //"( 63% OF vD 

// CRITICAL dv/dt 1 
o - - -i,:--=--=--=-t= ~- -

.ll..=063~ dt . t 

t= RC 92CS-13365R3 

Fig. 14 - Rate-of-rise of off-state voltage with time 
(defining dv/dt). 

REVERSE CURRENT 
CIRCUIT 

+ 

*FOR ADDITIONAL INFORMATION 
ON GATE TRIGGER C'RCulT~, ETC. 
REFER TO JEDEC STANDARD 
No.7 SECTION 6.204.2. 

SUPPLY 
VOLTAGE 

II~ 

9255-4375 

Fig. 15 - Circuit used to measure turn-off time (tq), rectangular pulse. 

.d;d'~ 

Vox 

: ----t-o 

r---_.-L-j'- YRX YRXM 

':' _____ 1 t 
I 
I 
I 
I 
I 
,- -----0 
I 
I 

-t----+--- I"~ '---1 
I 

101 .. 0-----" -----I 925$o4ll4 

Fig. 16 - Relationship between off-state voltage, 
reverse voltge, on-state current, and 
reverse current showing reference 
points defining turn-off time (tq), 
rectangular pulse. 

FORWARD CURRENT CIRCUIT 

~II 
SUPPLY 
VOLTAGE 

RE·"PPLIED FORWARD 
BLOCKING VOLTAGE SUPPLY 

* TO GATE TRIGGER CIRCUIT 

Fig. 17 - Circuit used to measure turn-off time 
(t oJ half-sine-wave pulse. 
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_____________________________ Silicon Controlled Rectifier. 

2N3650,2N3651, 2N3652,2N3653, S7410M 
VDX 

___ ..L 
VDLTAGE 
ANODE·CATHODE 

OH·~TATE 
CURRENT 

'. 
-.IRX 

,...-- 1J2SS·4316 

Fig. 18 - Relationship between off-state voltage, 
reverse voltage, on state current, and 
reverse current showing reference 
points for specification of turn-off 
time (tq), half-sine-wave pulse. 

.... BIENT TEMPERATURE (T A) _-c tal-UIIR, 

Fig. 19 - Heat sink guidance. 
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Silicon Controlled Rectlfl,rs ________________________ _ 

2N3654,2N3655, 2N3656, 2N3657,2N3658,S7412M File Number 724 

35-A Silicon Controlled 
Rectifiers 

TERMINAL DESIGNATIONS 

For Inverter Applications 

Features: 

• Fast turn-off time - 10llS max. 
• High di/dt and dv/dt capability 
• Low thermal resistance 

RCA-2N3654 to 2N3658. inclusive. and the S7412M* are 
all-diffused silicon controlled rectifiers (reverse-blocking 
triode thyristors) intended for high-speed switching appli­
cations such as power inverters. switching regulators. and 
high-current pulse applications. They feature fast turn-off. 
high dv/dt. and high di/dt characteristics and may be used 
at frequencies up to 25 kHz. 

JEDEC TO-208M 
The 2N3654 to 2N3658 have forward and reverse off-state 
voltage ratings of 50. 100. 200. 300. and 400 volts. respec­
tively. Type S7412M has a forward and reverse off-state 
voltage rating of 600 volts. 

These SCR's employ a hermetic JEDEC TO-208AA package. 

'Formerly RCA Type No. S7432M. 

MAXIMUM RATINGS, Absolute-Maximum Values: 
2t':3854 2t':3655 

150 
150 
100 
100 

2t':3658 2t':3657 2t':3&58 
·VRSOMt............................. 75 300 
VOSOMt ............................ 75 300 

·VRROMt....................... ...... 50 200 
'VOROMt ............................ 50 200 
ITlRMs, (Tc=40°C.8=IBOO) ......... ___________ _ 35 

·h,.v,(Tc =40°C.8=IBOO) .......... _____________ _ 25 
'hSM: For one full cycle of applied 

principal voltage 60-Hz (Rectan­
gular wave-pw = 5 ms. t, = 50/1s). 
Tc = 40°C ......................... _____________ _ 

'di/dl: 
VD = VDROM• lOT = 200 mAo t, = 0.1 J1S 
(See Fig. 15) ....................... _____________ _ 
121: 
TJ=-65toI20°C.t=ltoB.3ms ••.. _____________ _ 

*PGM-: 
Peak (forward or reverse) for 10/1s 

maximum. See Fig. 7) 
·PGIAV'-: 

lBO 

400 

165 

40 

1 
-65 to 150 

Averaging time = 10 ms maximum ... _____________ ---:-::-
*Tatge •. ••...•.............•........• -------------
*Tc· ... ............................. ____________ _ -65 to 120 
TT: ............................... . 
During soldering for 10 s maximum 

(terminal and case) ............. _____________ _ 225 
1s: 
Recommended •....••••............ _____________ _ 35 

0.4 
Maximum (DO NOT EXCEED) ....•. _____________ _ 50 

0.57 

400 
400 
300 
300 

• In accordance with JEDEC registration data format (JS-14. RDF-l) filed fortheJEDEC (2N series) types. 
t These values do not apply if there is a positive gate signal. Gate must be open or negatively biased. 
• Any product of gate current and gate voltage which results in a gate power less than the maximum is 

permitted . 
• For temperature measurement reference point. see Dimensional Outline. 

500 
500 
400 
400 

S7412M 
700 V 
700 V 
600 V 
600 V 

A 
A 

A 

AI/1s 

A2s 

W 

W 
°C 
°C 

°C 

in-Ibf 
kgf-m 
in-Ibf 
kgf-m 
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__________________________ Silicon Controlled Rectifiers 

2N3654,2N3655, 2N3656, 2N3657,2N3658,S7412M 
ELECTRICAL CHARACTERISTICS 

At Maximum Ratings Unless Otherwise Specified and at Indicated Case Temperature (T CI 

LIMITS 

FOR ALL TYPES 
CHARACTERISTIC Except as Specified UNITS 

MIN. TYP. MAX. 

100M or IROM: 
Vo = VOROM or VR = VRROM' TC = 120°C 

2N3654,2N3655,2N3656,S7412M ....... -...... - 2 6* mA 
2N3657 .................................... - 2 5.5* 
2N3658 ........................ , ........... - 2 4* 

vT: 
iT = 25 A (peak). TC = 25°C ............... , ..... - 1.5 2.05* V 

iHO: 
TC=25°C ................................... - 75 150 

mA 
TC= _65°C .................................. - 150 350* 

* dv/dt: 
Vo = VOROM' exponential voltage rise, TC = 120°C 

(See Fig. 16) ... ____________________________ . _ 200 - - V/MS 

IGT: 
Vo = 6 V (de). RL = 4 n, TC = 25°C _______________ - 80 180 

mA 
Vo = 6V (de). RL = 2n, TC = -65°C ............. - 150 500* 

VGT: 
Vo = 6 V (de). RL = 4 n, TC = 25°C _________ . ____ . - 1.5 3 

* Vo = 6 V (de), RL = 200 n, TC = 120°C ____________ 0_25 - - V 
Vo = 6 V (de). RL = 2n, TC= -65°C . . . . . . . . . . . . . - 2 4_5* 

* tq: 
Rectangular Pulse 

VOX = V 0 ROM, iT = lOA, pulse duration = 50 MS, 
dv/dt = 200 V/MS, -di/dt = 5 AIMS, IGT = 200 mA 
at turn-on, VRX = 15 V minimum, VGK = 0 Vat 
turn-off, TC = 120°C (See Figs_ 17 & 18) ____ . ______ - - 10 

Sinusoidal Pul$e MS 
VOX = VOROM' iT = 100 A, pulse duration = 2 MS, 
dvldt = 200 V/Ms, VRX = 30 V minimum, VGK = 0 
at turn-off, TC = 115°C (See Figs_ 19 & 20) _________ - - 10 

ROJC ........................ , ............... - 0_85 1_7* °C/W 

* In accordance with JEDEC registration data format (JS-14. RDF-l) filed for the JEDEC (2N series) types. 
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SIlicon Controlled Reetlfle,. ________________________ _ 

2N3654,2N3655,2N3656,2N3657,2N3658,S7412M 

925 S - 3896A5 

Fig. , - Principal voltage-current characteristic. 

PEAK ON.STATE CURRENT (lTM)-A 
92SS-4181 

Fig. 3 - Maximum al/oWtlble case-temperature VB. 

peak on..,tete current. 

"ITOI~G LOS ... AI. "G"eTID 

PEAK OM.STATE CURRENT (ITMI-. 
9i'SS-C19 

Fig. 5 - Maximum al/oWtlble case-temperature VB. 

peak on..,tete current. 

.. 
PEAK ON.STATE CURRfNT (lTM)-A 

Fig. 2 - Power dissipation VB. peek on..,tate current. 

PEAK ON·5T A T£ CURRENT IIrMl- A 

Fig. 4 - Power dissipation VB. peak on-state current. 

otf.,STATE VOlTAGE (Vrl-V 

Fig. 6 - Variation of on..,tate with on..,tate voltage. 
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__________________________ Silicon Controlled Rectifiers 

2N3654, 2N3655,2N3656, 2N3657, 2N3658,S7412M 

"0 zoo '" PEAK ON.ST A TE CURRENT (ITXMI - A 

Fig. 7 - Typical variation of peak reverse-recovery 
current with peak on-state current 
(half-sine-wave pulse). 

CAse TEMPERATURE (Tc) = 120 oc 
RECTANGULAR PULSE CON-STATE CURRENT) WIOTH-50I£' 

• 15 

I 
i 
a " 

" " RATE·OF·DESCENT OF ON·STATE OJRRENT ( ... , .hl-A, u 

Fig. 9 - Typical variation of peak reverse-recovery 
current with rate-of-descent of on-state 
current (rectangular pulse). 

PEAK ON.STATE CURRENT ()TXAlI-A 

Fig. 11 - Typical variation of turn-off time with 
peak on-state current (half-sine-wave 
pulse). 

REAPf>LlEO OFF.STATE YOLTAGE (Vox) = 600 Y 
RECTANGUI.AR CURRENT PULSE 
RATE·Of.DESCENT OF ON-STATE CURRENT 
('~I .h) = 10" PI 

2S lit 

ON.STATE CURRENT (lr)-A 

Fig. 8 - Typical variation of peak reverse­
recovery current with on-state 
current (rectangular pulse). 

" 10 90 110 '" JUNCTION TEMPERATURE (TJI-a( 

Fig. 10 - Typical variation of turn-off lime with 
junction temperature (rectangular 
pulse). 

RATe·Of·RISE OF REAPPLIEP OFF.STATE VOLTAGE Uv/ol'J- Vip bu.) 

Fig. 12 - Typical variation of turn-off time with 
rate-of-rise of reapplied off-state 
voltage (rectangular pulse). 
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Silicon Controlled Rectifiers ________________________ _ 

2N3654,2N3655,2N3656,2N3657,2N3658,S7412M 

688 

Fig. 13 - Rate-of-change of on-state current with 
time (defining di/dt). 

fORWARD CURRENT CIRCUIT 

SUPPLY 

~II + 

+ 

LINEAR dv/dt ciRcuIT 

T j ///, 63% OF Vo 

// CRITiCAL dv/dt 1 
a - - -!-:-=-=-=-t~- -

*'0.63-+ 

t· RC 92CS-13365R3 

Fig. 14 - Rate-of-rise of off-state voltage with time 
(defining dvldt). 

REVERSE CURRENT 
CIRCUIT 

+ 

*FOR ADDITIONAL INFORMATION 
ON GATE TRIGGER CtRCUITS. ETC. 
REFER TO JEDEC STANDARD 
No.7 SECTION 6.204.2. 

SUPPLY 
VOLTAGE 

II~ 

925$-4375 

Fig. 15 - Circuit used to measure turn-off time (to). rectangular pulse. 

Iq"trr+tgr 

VDX 

: ----f-o 
1'----"'-,....' VRX VRXM 

'1' _____ 1--=-.1. 
I 
I 
I 
I 
I 

- 1- -----0 
1 

I 
---11--1--- '.. -----I 

I 
-----I 92S5-4314 

Fig. 16 - Relationship between off-state voltage, 
reverse voltage, on-state currant, and 
reverse· current showing reference 
paints defining turn-off time (to), 
rectangular pulse. 

FORWARD CURRENT CIRtUIT 

~II 
SUPPLY 
VOLTAGE 

RE-APPLIED FORWARD 
BLOCKING VOlTAGE SUPPLY 

* TO GATE TRIGGER CIRCUIT 

Fig. 17 - Circuit used to measure turn-off time 
(to), half-sine-wave pulse. 



__________________________ Silicon Controlled Rectifiers 

~( 

2N3654,2N3655,2N3656,2N3657,2N3658,S7412M 
Vox 

VOLTAGE 
AHODE.CATHODE 

ON·STATE 
OJRflEHT 

I 
I 
I 
I I 
~ ___ t, __ .----.I 
I 
I 

--IRX 

JO-- 'l2SS·4316 

Fig. 18 - Relationship between off-state voltage, 
reverse voltage, on-state current, and 
reverse current showing reference 
points for specification of turn-off 
(t,), half-sine-wave pulse. 

AM81ENT TIMPERATUR£ (T,)-II( 

Fig. 19 - Heat sink guidance. 
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Silicon Controlled Rectifiers ___________________________ _ 

2N3668-2N3670, 2N4103 File Number 116 

12.S-A Silicon Controlled Rectifiers TERMINAL DESIGNATIONS 

For Low-Cost Power-Control and Power-Switching 
Applications 

Features: 

• Low switching losses 
• High dildt and dvldt capabilities 
• Low leakage currents, both forward and reverse 
• Low forward voltage drop at high current levels 
• Low thermal resistance 

CATHODE 
ANODE 

(FLANGE) 

JEDEC TO-204AA 

RCA 2N3668*, 2N3669*, 2N3670*, and 2N4103* are ali-dif­
fused, three-junction, silicon controlled-rectifiers (SCR's). 
They are intended for use in power-control and power­
switching applications requiring a blocking voltage capabil­
ity of up to 600 volts and a forward-current capability of 12.5 
amperes (rmsvalue) or8amperes (average value) at acase 
temperature of 80°C. 

The 2N3668 is designed for low-voltage powersupplies, the 
2N3669 for direct operation from 120-volt line supplies, the 
2N3670 for direct operation from 240-volt line supplies, and 
the 2N4103 for high-voltage power supplies. 

The 2N3668, 2N3669, 2N3670 and 2N4103 SCR's employ 
the hermetic JEDEC TO-204AA package. 

'Formerly Dev. Types TA2621, TA2598, TA2618, and TA2775, respectively. 

Absolute-Maximum Ratings, for Operation with Sinusoidal A C Supply Voltage at a Frequency between 50 and 400 
Hz, and with Resistive or Inductive Load 
RATINGS CONTROLLED-RECTIFIER TYPES UNITS 

2N3668 2N3669 2N3670 2N4103 
Transient Peak Reverse Voltage 

(Non-Repetitive), vRM(non-rep) .............................. 150 330 660 700 
Peak Reverse Voltage (Repetitive), VRM (rep) .................. 100 200 400 600 
Peak Forward Blocking Voltage (Repetitive), v'BOM(rep) ........ 100 200 400 600 
Forward Current: 
For case temperature (T c) of +80°C 
Average DC value at a conduction angle of 180°, IFAV •••••••• 8 8 8 8 
RMS value, I'RMs .......................................... 12.5 12.5 12.5 12.5 
For other conditions, (See Fig. 4) 

Peak Surge Current, i'M (surge): 
For one cycle of applied voltage ............................. 200 200 200 200 

For one cycle of applied principal voltage 
60 Hz (sinusoidal), Tc = 80°C ............................... 200 200 200 200 
50 Hz (sinusoidal), Tc = 80°C ............................... 170 170 170 170 

For more than one cycle of applied voltage ................... See Fig. 1 See Fig. 1 See Fig. See Fig. 1 
Fusing Current (for SCR protection): 
TJ = -40 to 100°C, t = 1 to 8.3 ms, 12t ........................ 170 170 170 170 

Rate of Change of Forward Current, dildt . . . . . . . . . . . .. . . . . . . . . 200 200 200 200 
V'B = VBOO (min. value) 
IGT = 200 mA, 0.5 ns rise time 

Gate Power': 
Peak, Forward or Reverse, for 10 ns duration, PGM ... .... ... . . 40 40 40 40 
(See Figs. 7 and 9) 

Average, PGAV . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.5 0.5 0.5 0.5 
Temperature: 
Storage, Tstg" ••....•••••••.••••••••••••.•........•.••.••••• -40 to +125 -40 to +125 -40 to +125 -40 to +125 
Operating (Case), Tc ....................................... -40 to +100 -40 to +100 -40 to +100 -40 to +100 

, Any values of peak gate current or peak gate voltage to give the maximum gate power is permissible. 
·Temperature reference point is within 1/8 in. (3.17 mm) of the center of the underside of unit. 
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_____ - ____________________ Slllcon Controlled Rectifiers 

2N3668-2N3670, 2N4103 
ELECTRICAL CHARACTERISTICS 
Characteristics at Maximum Ratings (unless otherwise specified), and at Indicated Case Temperature (Tc) 

CHARACTERISTICS 

2N3H8 

Min. Typ. 

Peak Repetitive Blocking Voltage. 

V"""M 
At Te = +1OO°C ........•.....•......• 100 -

Peak Blocking Current. al Te = +1oo°C: 
Forward, I""" ........................ - 0.2 
Vo = VOAOM 
Reverse, IROM •• , .••• , ••••.••••••••.•.• - 0.05 
V. = V.ROM 

Forward Voltage Drop, v. 
At a Forward Current of 25 amperes and 
aTe = +25°C (See Fig. 2) ............. - 1.5 

DC Gate-Trigger Current, lOT: 
At Te = +25°C (See Fig. 9) ............ 1 20 

Gate-Trigger Voltage, VGT: 
AI Te = +25°C (See Fig. 9) ............ - 1.5 

Holding Current, iHO: 
AITe=+25°C ....................... 0.5 25 

Critical Rate of Applied Forward Voltage, 
Critical dv/dt .... , ...........•........ 10 100 
V.o",Vsoo(min. value), exponenlial rise, 

Te =+1oo°C 
Turn-On Time, I •• 
(Delay Time + Rise Time) - 1.25 

Vo = VOAOM h = 8 amperes, 
IG = 200 mA, 0.1 /Is rise time, 
Te = +25°C 

Turn-Off Time, toft, (Reverse Recovery 
Time + Gate Recovery Time) .......... - 20 

i. = 8 amperes, 50 ns pulse width, 
dv •• /dt = 20 v//IS, 
di,/dt = 30 AI/IS, IGT = 200 mA, 
Te = +80°C 

Thermal Resislance, 
Junction-to-Case ..................... - -

C.GtSE TEMPEAAll.If'E·ao- c 
LOAO-RESISllY! 
REPETITIVE PEAK REVERSE VOLTAGE &RMt~.MAXIMUM-4tATEO VALUE 
AVEAAGE FORWARD cuAMNT (IMy).,.XIMUM·RATEO VALVE 

l~~----~~~--~~'~~H+ 
1. 11Op...~~~~4-

U20f-~'~'" 
Ii 80 

~ 

~ 40 

f------~~--4-+~ . .. 
.q 

Me •• 

-

2 

1 

1.8 

40 

2 

50 

-

-

50 

1.7 

10 100 1000 
SUAGE CURRENT DURATtON-CVCU!;S 

Fig. 1 - Peak .ur,. cu"ent VI, .urge 
current duration. 

CONTROLLED-RECTIFIER TYPES 

2N3669 

Min. Typ. 

200 -

- 0.25 

- 0.1 

- 1.5 

1 20 

- 1.5 

0.5 25 

10 100 

- 1.25 

- 20 

- -

2N3670 

Me •. Min. Typ. Max. 

- 400 - -

2.5 - 0.3 3 

1.25 - 0.2 1.5 

1.8 - 1.5 1.8 

40 1 20 40 

2 - 1.5 2 

50 0.5 25 50 

- 10 100 -

- - 1.25 -

50 - 20 50 

1.7 - - 1.7 

100. ::c" ::.' 
::;;:·:;:;:::5:::::: 
::.: ::;: :::; ::;,' 

Min. 

600 

-

-

-

1 

-

0.5 

10 

-

-

-

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

2N4103 

Typ. 

-

0.35 

0.3 

1.5 

20 

1.5 

25 

100 

1.25 

20 

-

····r'" 
;:;:: : 

Max. 

-

4 

3 

1.8 

40 

2 

50 

-

-

50 

1.7 

INSTANTANEOUS FORWARD VOLTAGE DROP (vF)-VOLTS 

UNITS 

volts 

mA 

mA 

volts 

mA (de) 

volts (de) 

mA 

volts/ 
micro-
second 

micro-
seconds 

micro-
seconds 

°C/W 

92CS~12931 

Fig. 2 - Instantaneous forward current vs. 
instantaneous forward voltage drop. 
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Silicon Controlled Rectlflers ______ - ___________________ _ 

2N3668-2N3670, 2N4103 

""RAGE FOAWARO CURflENT (IF/INI-AlllPEAES 

Fig. 3 - Power disSipation vs. forward current. 

Fig. 5 - Natural-cooling operation guidance 
chart. 

Fig. 4 - Maximum allowable case temperature 
vs. average fo;ward current. 

1000 FEET PER MHJTE MRALLEL TO 

r __ .;:. 0-::.::.'-'""",=; !~Oft 
AMGLE -180-

CONTROLLED RECTIFIER USING HEAT -SINK COMPOUN) * 
HEAT SINK 1/16" - THICK COPPER WITH A MAT - a..ACIC 

Clf D. 

INCOMING AIR TEIllPERATURIE _ ·C 

Fig. 6 - Forced-air cooling operation 
guidance chart. 

*Dow Corning 340 Silicon Heot Si~k Compound. 0' Equivalent. 
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_________________________ Slilcon Controlled Rectifiers 

2N3668-2N3670, 2N4103 

CURRENT (lGT)-AMPERES 
92CS-13tiR2 

Fig. 7 - Turn-on tima vs. gate current. 
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SUlcon Controlled Rectltlers __________________________ _ 

2N3870-2N3873, 2N3896-2N3899, S6420 Series File Number 578 

35-A Silicon Controlled Rectifiers TERMINAL DESIGNATIONS 

Featurea: 

• High di/dt and dv/dt capabilities 
• Low on-state voltage at high current levels 
• Low thermal resistance 

Voltage 
Package 

Press-Fit 
Stud 
Isolated-Stud 

100V 
Types 

2N3870 
2N3896 
S6420A 

200 V 
Types 

2N3871 
2N3897 
S6420B 

400 V 
Typel 

2N3872 
2N3898 
S64200 

These RCA types are all-diffused, silicon controlled rectifi­
ers (reverse-blocking triode thyristors) designed for power 
switching, power control, and voltage regulator applica­
tions and for heating, lighting, and motor speed-control 
circuits. 

600 V 
Typel 

2N3873 
2N3899 
S6420M 

2N3870-73 

CATHODE 

88420S.rI •• 

MAXIMUM RATINGS, Absolute-Maximum Values: 

'NON-REPETITIVE PEAK REVERSE VOL TAGE:j: 

2N3870 
2N3896 
88420A 

Gate Open ................•.•..........•..•.. , VASOM 150 
'REPETITIVE PEAK REVERSE VOL TAGE:j: 

Gate Open .................................... VARO" 100 
'REPETITIVE PEAK OFF-STATE VOLTAGE:t: 

GateOpen .•.....•..•........................• VOAOM 100 
ON-STATE CURRENT: 

Tc = 65°Ct, conduction angle = 180°: 

2N3871 
2N3897 
88420B 

330 

200 

200 

RMS ......................................... I"A"sl _________ _ 
'Average .........••..•........••............•• I"AVI _________ _ 

PEAK SURGE (NON-REPETITIVE) ON-STATE 
CURRENT: I~M 
For one full cycle of applied principal voltage 
'60 Hz (sinusoidal) .......•..••......•.....•••....••• _________ _ 
50 Hz (sinusoidal) .......•.........•••...•••........ _________ _ 

RATE OF CHANGE OF ON-STATE CURRENT 
VD=VDAO". IGT=2oo mAo t, = 0.5 /1s ...•....••••... di/dt _________ _ 

FUSING CURRENT (for SCR protection): 
TJ = -40 to 100°C. t = 1 to 8.3 ms ................. 121 _________ _ 

GATE POWER DISSIPATION': 
Peak Forward (for 10 /1S max., See Fig. 7) ......... PGM _________ _ 

2N3872 
2N3899 
88420D 

660 

400 

4QO 

35 
22 

350 
300 

200 

300 

40 
Peak Reverse .................................. PAGM ________ _ See Fig. 8 
Average (averaging time = 10 ms max.) .......... PCIAVI _________ _ 0.5 

'TEMPERATURE RANGE#: 
Storage ........................................ T ... ________ _ -40 to 125 
Operating (Case) ................................ Tc ________ _ -40 to 100 

TERMINAL TEMPERATURE (During soldering): TT 
For 10 s max. (terminals and case) ................... _________ _ 

'In accordance with JEDEC registration data filed for the JEDEC (2N-series) types. 
Fhese values do not apply if there is a positive gate signal. Gate must be open or negatively biased. 
tT c = 60° for isolated-stud package types . 

225 

• Any product of gate current and gate voltage which results in a gate power less than the maximum is permitted. 
# Temperature measurement point is shown on the DIMENSIONAL OUTLINE. 

2N38 .... 99 

2N3873 
22N3899 
88420M 

700 V 

600 V 

600 V 

A 
A 

A 
A 

A//lS 

A2s 

W 

W 

°C 
°C 

°C 
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___________________________ Slllcon Controlled Rectifiers 

2N3870-2N3873, 2N3896-2N3899, S6420 Series 

ELECTRICAL CHARACTERISTICS 

At Maximum Ratings Unless Otherwise Specified and at Indicated Case Temperature (T CI 

LIMITS 

CHARACTER ISTIC SYMBOL 
FOR ALL TYPES 

Unless Otherwise Specified 
UNITS 

II 
MIN. TYP. 

Peak Off·State Current: 

MAX. I 

I 

(Gate open, TC = 1oo°CI 

Forward Current (lOOMI at Vo = VOROM 100M I 
Reverse Current (lROMI at VR = VRROM 

or 
2N3870, 2N3896, S6420A •.••....•..• - 0.2 2* 
2N3871, 2N3897, S6420B ........•... IROM - 0.25 2.5* mA 
2N3872, 2N3898, S64200 .••••....... - 0.3 3* I: 
2N3873,2N3899,S6420M, 

il 
Instantaneous On-5tate Voltage: I 

iT = 69 A (peak). T C = 25°C - - 1.85* V 
I~ .......... vT 
ji iT = 100 A (peakl, T C = 25°C .......... - 1.7 2.1 

DC Gate Trigger Voltage: II 
I ~ 

Vo = 12 V (del. RL = 30 n, TC = -40°C VGT - 1.5 3* V I, 

Vo = 12 V (del, RL = 30 n, TC = 25°C - 1.1 2 
For other case temperatures ............. See Fig. 10 

DC Gate Trigger Current: 
Vo = 12 V (del, RL = 30 n, TC = -40°C - 46 80· 
Vo = 12 V (del, RL = 30 n, TC = 25°C IGT 1 25 40 mA 
For other case temperatures ............. See Fig. 9 

I-Instantaneous Holding Current: 
Gate open, 
TC = 25°C ....................... iHO 0.5 30 70 mA 
For other case temperatures ............. See. Fig. 6 

Gate Controlled Turn·On Time: 
(Delay Time + Rise Timel 
For Vo = VOROM' IG= 200 mA, tr = 0.1 IlS, tgt IlS 
IT = 30 A (peakl, TC = 25°C (See Fig. 11 & 13) - 1.25 2 

Circuit Commutated Turn-Off Time: 
Vo = VOROM, iT = 18 A, pulse duration 
= 50 IlS, dvldt = 20 V IllS, -di/dt tq I.lS 
= -30 A/lls, I G = 200 mA, T C = 80°C 
(See Fig. 14) . " .................. - 20 40 

Critical Rate of Rise of Off·State Voltage: 
VO= VOROM, exponential voltage rise, dvldt VlI.lS 
Gate open, TC = 100°C (See Fig. 15) 10 100 -

Thermal Resistance, Junction·to-Case: 
Steady·State 

Press·fit & stud types ............... ROJC - - 0.9* °CIW 
Isolated·stud types . . . . . . • . . . • . . . . . . - - j 

*In accordance with JEDEC registration data filed for the JEDEC (2N·series) types. 
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Silicon Controlled Rectlflers ________________________ _ 

2N3870-2N3873, 2N3896-2N3899, S6420 Series 

Fig. 1 - Power dissipation vs. on-state current. 

LOAD: RESISTIVE 
RMS ON-STATE CURRENT [IT(RMSI]z 35 A 

AT SPECIFIED CASE TEMPERATURE 

AVERAGE OR RMS ON-STATE CURRENT [I.TtAV) OR IT(RM5I] -A 

92CM-ZOO82 

Fig. 2 - Maximum allowable case temperature 
vs. on-state current for press-fit and 
stud types. 

we "tV\ GATE CONTROL MAY BE LOST 

~ I ~_t--+_t+r-_t~~~~~~I~:DS~~~~D~~~~'tNT ;'2 ,1'\ 60Hl INTERVAL. 

II.! ~ ;,OO~ , tJ OVERLOAD MAY NOT 8E 
~... ~ ~ REPEATED UNTIL JUNCTION 
Z~ "'" '" TEMPERATURE HAS RETURNED 

i~ 200 I " ~~T~~E~~r~:TATE 

;::~ 50'~ .. " 
~~ ~o~=t===t=tjj~~~::r:~~~~::~~~~ ~'r ~ 
~~ 

4 •• 10 4 &. as 
SURGE CURRENT DURATION - FULL CYCLES 

Fig. 3 - Peak surge on-state current vs. surge 
current duration. 
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___________________________ Sllicon Controlled Rectifiers 

2N3870-2N3873, 2N3896-2N3899, S6420 Series 

Fig. 4 - Maximum allowable case temperature 
vs. on-state current for isolated-stud 
types. 

SiCS' 19869 
CASE TEMPERATURE (Tel-DC 

Fig. 5 - Instantaneous on-state current vs. on­
state voltage. 

Fig. 6 - DC holding current vs. case 
temperature. 

92SS·4118AI 
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Silicon Controlled Rectlflers ________________________ _ 

2N3870-2N3873, 2N3896-2N3899, S6420 Series 

698 

CASE TEMPERATURE ITc I-·C 
92CS-19870 

Fig. 7 - DC gate trigger current (forward) vs. 
case temperature. 

CASE TEMPERATURE (TC )_·c 
92CS·1981, 

Fig. 8 - DC gate trigger voltage (forward) vs. 
case temperature. 

Vo 

oj --- ------ --- -----
I 

/..-- Oi/O. 

I 

92eS-1706'S 

Fig. 10 - Rate of ~hange of on-state current 
with time (defining di/dt). 

o 0.2 0.4 0.. 0.8 1.2 1.4 

DC GATE TRIGGER CURRENT lIGTI-A 

Fig. 9 - Gate-controlled turn-on time vs. gate 
trigger current. 

I 
I I 

Vo I I 
I I 

o_LL ____ i_J: __ -
I I 1 
1 I 1 
I I 1 

TI_~" : 1 I 90'110 POINT 

ITM I I I 
o_L.L __ 1-.1----

~.o++_.r 
t---.,. --1 
1 

I~: vGT I 

o_L ,:::I~.:o~____ -
92CS-13366R2 

Fig. 11 - Relationship between off-state voltage, 
on-state current, and gate trigger voltage showing 
reference points for definition of turn-on time (t.,). 



___________________________ Slllcon Controlled Rectifiers 

2N3870-2N3873, 2N3896-2N3899, S6420 Series 

ID 

I \t ~ 
I I 'I 

92SSo3881 

Fig. 12 - Relationship between instantaneous 
on-state current and voltage showing 
reference points for definition of 
circuit commutated turn-off time 
(t.). 

CRITICAL d./dl ~ 

,-. 

1!.'063~ dl . I 

I-RC 92CS-13365R3 

Fig. 13 - Rate of rise of off-state voltage with 
time (defining-critical dv/dt). 
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Silicon Controlled Rtk:tlflers __________________________ _ 

2N6394-2N6398 File Number 891 

12-A Silicon Controlled 
Rectifiers 
For Power Switching, Power Control, 
and Ignition Applications 

Features: 
• High dv/dt capability 
• Low thermal resistance 
• Low on-state voltage at high current levels 

TERMINAL DESIGNATIONS 

92CS-39968 

JEDEC To-220AB 

The RCA-2N6394 to 2N6398. inclusive. are all-diffused sil­
icon controlled rectifiers (reverse-blocking triode thyris­
tors) designed for switching ac and dc currents. 

The TO-220AB package provides easy package mounting 
and low thermal resistance allowing operation at high case 
temperatures and permitting reduced heat-sink size. 

MAXIMUM RATINGS, Absolute-Maximum Values: 2N6394 
75 
75 
50 
50 

2N6395 2N6396 2N6397 
·VOSOMt·· ••.•• · .••••• · •.••.•.....••......•.....•.. 
VOSOMt····················· ••.• ··· ••• ···· ••• ··· •• 

·VORDMt ........•.•.....•••..••••....••••...••.•..• 
·VORDMt .•.•.••...•..•......•.....•................ 

125 
125 
100 
100 

h'OMSI (Te = 90°C. 8= 180°) .••••....•.....••..•... ___________ _ 
hSM: For one full cycle of applied 

250 
250 
200 
200 
12 

principal voltage 6O-Hz:j: •.....•........•.••.•.. __________ _ 125-
50-Hz:j: ....................... __________ _ 105 

For more than one full cycle of applied 
principal voltage •..••••...••.••..••••...•••... __________ _ See Fig. 4 

di/dt: 
Vo = VORDM• IGT = 80 rnA. t. = 0.11JS (See Fig. 13) •... ___________ _ 100 
12t: 
TJ = -40 to 125°C. t = 1 to 8.3 ms ................•. ___________ _ 65 
PGM-: 
Peak forward for lOI'S max. 16# 
Peak reverse .•.•..•...•..••.•.••••..•..••.•...... __________ _ See Fig. 7 

"PO(AV)·: 

Averaging time = 8 ms maximum •....•......•••... ___________ _ 0.5 
IGM: (forward) .....•••..•••......••....•••.....•.. ___________ _ 2 

·T ................................................. __________ _ -40 to 150 
·Te ............................................... ----------- -40 to 125 
TT: ••...•..•..•...••••..••••....•••....••..••••... 
During soldering for 10 s maximum 

(terminal and case) ...••.....••....•••..•••.•. ___________ _ 250 

• In accordance with J EDEC registration data format (JS-22. RDF-l) filed for the JEDEC (2N series) types. 

t These values do not apply if there is a positive gate signal. Gate must be open or negatively biased. 

:j: At h'OMSI = 12 A and Te = 90°C. 

• JEDEC registration value is 100 A at Te = 90°C. 
• Any product of gate current and gate voltage which results in a gate power less than the maximum is 

permitted. 

# JEDEC registered value is 10 W. 

450 
450 
400 
400 

2N6398 
650 V 
650 V 
600 V 
600 V 

A 

A 
A 

AIl'S 

A2s 

W 

W 
A 
°C 
°C 

°C 
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____________________________ Sllicon Controlled Rectifiers 

2N6394-2N6398 

ELECTRICAL CHARACTERISTICS 

At Maximum Ratings Otherwise Specified and at Indicated Case Temperature (T C) 

LIMITS 

CHARACTERISTIC FOR ALL TYPES 

MIN. TYP. MAX. 

100M or I ROM: 
Vo = VOROM or VR = VRROM' TC = 125°C. ....... . 

vT: 
iT = 24 A (peak), T C = 25°C (See Fig. 5) ........... . 

iHO: (See Fig. 10) 
TC = 25°C ................................... . 
TC = -40°C ................................. . 

dv/dt: 

Vo = VOROM' exponential voltage rise, TC = 125°C 
(See Fig. 15) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 50 

IGT (See Fig. 8) 
VO= 12V(de), RL =50n, TC=250C ............. . 
Vo = 12V (de), RL =50 n, TC = -40°C ........... . 

V GT: (See Fig. 9) 
Vo = 12V (de), RL = 50 n, TC = 25°C ............. . 
Vo = 12V (de), RL = 50 n, TC= -40°C ............ . 

VGRO: 
Vo = VOROM' T C = 125°C ...................... 0.2 

tg( 
Vo = VOROM' iT = 24 A (peak), IGT = 200 mA, 
t r = 0.02 !1S, TC = 25°C (See Figs. 12 & 14) ......... . 

tq: 
Rectangular Pulse 

Vo = VOROM' iT = 12 A, pulse duratioh = 50 !1S, 
dv/dt = 50 V/!1s, -di/dt = -10 A/!1s, IGT = 80 mA 
at turn·on, VR = 20 V minimum, VGK = 0 V at 
turn-off, T C = 75°C (See Fig. 16) ............. : .. . 

~x ....................................... . 
~~ ....................................... . 

0.1 

1.7 

10 

8 

0.7 

35 

2* 

2.2* 

35 
60* 

30 
60* 

1.5 
2.5* . 

2* 

75 

2* 

50* 

UNITS 

mA 

v 

mA 

V/!1s 

mA 

v 

v 

!1s 

!1s 

°C/W 

* In accordance with JEDEC registration data format (JS-22, RDF-l) filed for the JEDEC (2N series) types. 
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Silicon Controlled Rectlfl .... __________ ---"_ ....... ______ ...... _____ _ 

2N6394-2N6398 

ON-STATE CURRENT [IT(RMS)' :IT(DC)' OR I'r(AV)1-A 

Fig. 1 - On-state power dissipation VB. 
on-state current. 

92(5-2'.,,0 

ON-STATE CURRENT [:t.nRMS).:IT(DC)' OR :IT(AV)j-A 

Fig. 3 - Maximum allowable ambient temperature 
VS. on-state current - no heat sinking. 

I 
INSTANTANEOUS ON-STATE VOLTAGE (WTJ-V "2e1-~1H 

Fig. 5 - Instantaneous on-state current vs. 
Instantaneous on-statll voltage. 

tlCS-"'" 
.STA1E .QIIMIrf [IT __ ).lT(DC)'OII :IT(AV)j -II 

Fig. 2 - Maltllllum allowable case temperature VB. 
on-state cUII'Mt. 

I 4 - -10 tOI ____ tlOll-FUL~ C'/CI.lS .. ",-IO'" 

Fig. ~ - Allowable peal! surge on-sta" current VB. 
surge duration. 

92CS-2679! 

Fig. II - DC Gate trlflr/¥ current VB. _ temperature. 
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___________________________ Slllcon Controlled Rectifiers 

> 

._ ••••• :" ,j;.: ::.;: PRINCIPAL DC VOLTAGE·12V· .. "00 .:~ ,,:. ::: ..... LOAD-SOD, RESISTIVE 

I 2.5.' 
0:-

.... .... ...: T~IG~ER!':I:G::MO~~:' r.2!l"~~ 

! 

o I I I 
L--_~5~OO'..L· -25 6- -';2'-5-'---.!5nO-'---,j75;-.!..-,1"'0"'o--'--;1"'2'5 

CASE TEMPERATURE (TC)_·C 

92C5-26794 

Fig. 7 - DC Gate trigger voltage vs. case temperature. 

1500 

ft'· . o .. 
25 

+ ...... ...... -:.+- -f--'--

50 75 100 125 
CASE TEMPERATURE (Tc )_OC 92C$-26796 

Fig. g - Critical of rise of off·state voltage vs. case 
temperature. 

Vo 

oJ_-- ---~~- ~-- -~~--
f,.-dl/dl 

I 

O.51TM 

o~--_L~ -;..-~ ____________ _ 
~ :-tl 

Fig. 11 - Rate of change on·state current with 
time (defining di/dt). 

2N6394-2N6398 

CASE TEMPERATURE (TC)-"C 
92C5-26795 

Fig. 8 - Instantaneous holding current vs. case 
temperature. 

-~--l' ~.-

o 100 200 300 
DC GATE TRIGGER CURRENT (IGT)-A 92C5-26797 

Fig. 10 - Typical gate'controlled turn·on time vs. gate 
trigger current. 

Fig. 12 - Relationship between off·state voltage, on· 
state current, and gate· trigger voltage show· 
ing reference paints for definition of turn·on 
time (t •• ). 
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2N6394-2N6398 

*"0.63+ 
,. RC 

Fig. 13 - Rate of rise of ofl-state voltage with 
time (defining critical dv/dt). 

~IR 
I --I 1--1" VD 1 l-t-'q -----I ~'----f VT I I It .""" 

~'I 
929S-3881 

Fig. 14 - Relationship between instantaneous on-state 
current and voltage, showing reference points 
for definition of circuit-commutated turn­
off time (10.). 
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___________________________ Silicon Controlled Rectifiers 

File Number 892 2N6400-2N6404 

16-A Silicon Controlled 
Rectifiers 
For Power Switching, Power Control, and 
Ignition Applications 

Features: 

• High dv/dt capability 
• Low thermal resistance 
• Low on-state voltage at high current levels 

TERMINAL DESIGNATIONS 

92CS-39968 

JEDEC To-220AB 

The RCA-2N6400 to 2N6404, inclusive, are all-diffused sil­
icon controlled rectifiers (reverse-blocking triode thyris­
tors) designed for switching ac and de currents. 

The TO-220AB package provides easy package mounting 
and low thermal resistance, allowing operation at high case 
temperatures and permitting reduced heat-sink size. 

MAXIMUM RATINGS, Absolute-Maximum Values: 2N6400 2N6401 2N6402 2N6403 
"VRsout........................................... 75 125 250 
VOSOMt........................................... 75 125 250 

"VRRout........................................... 50 100 200 
"VDROMt........................................... 50 100 200 
h'RMs) (Tc = 100°C, 8 = 180°) ...................... ___________ _ 16 
ITsM: For one full cycle of applied principal 

"voltage 60-Hz* ................................... ___________ _ 160 
50-Hz* ................................... ___________ _ 135 

For more than one full cycle of applied 
principal voltage .............................. __________ _ See Fig. 4 

di/dl: 
VD = VDROM, lOT = 80 mA, t, = 0.1 ps (See Fig. 13) ..•. ___________ _ 100 
121: 
TJ = -40 to 125°C, t = 1 to 8.3 ms .................. ___________ _ 100 
PGM-: 
Peak forward for lOps max. 16# 
Peak reverse ..................................... __________ _ See Fig. 7 

*PGfAV'-: 
Averaging time = 8 ms maximum .................. ___________ _ 0.5 
IGM: (forward) .................................... ____________ _ 2 

"T ................................................. __________ _ -40 to 150 
"Tc ............................................... __________ _ -40 to 125 
TT: ....•••....••...•.••.•••..••..•.••..••...•...•. 
During soldering for 10 s maximum 

(terminal and case) ........................... ___________ _ 250 

" In accordance with JEDEC registration data format (JS-22, RDF-l) filed forthe JEDEC (2N series) types. 

t These values do not apply if there is a positive gate signal. Gate must be open or negatively biased. 

* At ITiRMs) = 16 A and Tc = 100°C. 
- Any product of gate current and gate voltage which results in a gate power less than the maximum is 

permitted. 

# JEDEC registered value is 10 W. 

450 
450 
400 
400 

2N6404 
650 V 
650 V 
600 V 
600 V 

A 

A 
A 

Alps 

A2s 

W 

W 
A 
°C 
°C 

°C 

___________________________________________________________________ 705 



Silicon Controlled Rectifiers _________________________ _ 

2N6400-2N6404 
ELECTRICAL CHARACTER!STICS 

As Maximum Ratings Unless Otherwise Specified and at Indicated Case Temperatura (TCI 

LIMITS 

CHARACTERISTIC FOR ALL TYPES UNITS 

MIN. TYP. MAX. 

100M or IROM: 
Vo = VOROM or VR = VRROM, TC = 12SoC - 0.1 2- mA 

vT: 
iT = 32 A (peak). T C = 2SoC (See Fig. 5) ......... - 1.4 1.7- V 

iHO: (See Fig. 10) 
TC = 25°C •••••••••••••••••••••••• 0 ••••• 0. - 10 3S 

mA 
TC= -400C .0 ••••••••••••••••••••••• ' •••••• - - 60-

dv/dt: 
Vo = VOROM, exponential voltage rise, TC = 12SoC 

(See Fig. 13) .............................. SO - - Vlp.s 

IGT: (See Fig. 8) 
Vo = 12 V (de), RL = SO n, TC = 2SoC .......... - 8 30 

mA 
VO= 12V (de), RL = son, Tc= -400C ......... - - 60-

VGT: (See Fig. 9) 
Vo = 12 V (de), RL = SO n, TC = 2SOC .......... - 0.7 1.S 

V 
Vo = 12 V (de), RL = 50 n, TC= -400C ......... - - 2.S-

VGRO: 
VO=VOROM,TC=12SoC ................... 0.2 - - V 

t91: 
Vo = VOROM, iT = 32 A (peak), IGT = 200 mA, 
t r = 0.02 ps, TC = 2SoC (See Figs. 13 & 14) ....... - - 2- ps 

tq: 
Rectangular Pulse 
Vo = VOROM, iT = 16 A, pulse duration = 5Op.s, 
dv/dt = 50 VIps, -di/dt = -10A/ps, IGT = 80 mA 
at turn·on, VR = 20 V minimum, VGK = 0 V at 
turn·off, T C = 7SoC (See Fig. 16) .....•........ - 3S 7S ps 

ROJC···································· .'. - - 1.S-
°CIW 

ROJA····································· . - - SO· 

*'n accordance with JEDEC registration data format IJS·22, RDF·l) filed for the JEDEC (2N series) types. 
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2N6400-2N6404 

• I 
;:. 
!!:. 

~ .. 
f 
0; 

r:l 15 
II: ... 
~ 

10 .. ... 
Ii .. .. 
I 

Z 
0 

Fig. 1 - On-state power dissipation vs. 
on-state current. 

CURRENT WAVEFORM' SINUSOIOAL ,i 
~ 

LOAO' RESISTIVE OR INOUCTIVE 

I 
CONDUCTION ANGLE (,): 180· 
CASE TEMPERATURE' MEASURED AS ... SHOWN ON DIMENSIONAL OUTLINE 

:It' 
"I " . ':::'-' ~- t t+t 

~ I~ _I 

~~ I 
./',,:± 
m~ 

0~18O" 
~ '4'.r,. CONDUCTION 

~ei "'~ 
ANGLE,' 

-iii .... ..... 
1I" 

o 5 10 15 20 

ON-STATE CURRENT [InRMS).:IT(DCI' OR :IT(AV)]~~S_26.gl 

Fig. 2 - Maximum allowable case temperature vs. 
on-state current. 

LOAD! RESISTIVE II I CASE TEMPERATURE (Tc)"IOO·C 
RMS ON-STATE we CURRENT [IT(RMSI)"6A II I ~J..'60 -:0 "- GATE CONTROL MAY BE LOST .... DURING AND IMMEDIATELY 

Ittil FOLLOWING SURGE-CURRENT ... - '- ~ INTERVAL 11:1- OVERLOAD MAY NOT BE REPEATED ~~ 120 

j~ 100 
" I' ~:J'~E~J4R~gNwTf:.:E~~~~~~-

... '" ,.... ~TATE RATEDI jLUE 
" ... !§~ 8 
"0- ....... r--.... i'- ;;!?.,,~ 
!t 
.. 0 I rl9.::::t--.. 

40 

II ,.....: 
2( I t 

41 6B,0 468'022 4 • B0Q3 

SURGE CURRENT DURATION-FULL CYCLES .92CS-26803 

Fig. 4 - Allowable peak surge on-state current vs. 
surge duration. 

0.5 I I. 2 2.5 
ON-STATE CLRRENT [XT(RMS). IT(OC}'OR :IT(AVI] "~S-26102 

Fig. 3 - Maximum allowable ambient temperature 
vs. on-state current - no heat sinking. 

o ~ I ~ 2 ~ 

INSTANTANEOUS ON-STATE VOLTAGE (vTI-V 
92tS-KI04 

Fig. 5 - Instantaneous on-state current vs. 
instantaneous on-state voltage. 
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2N6400-2N6404 

~~ ... .::::: .. :.:.:.:: .... 
101--+'-+-'=t"-+-"±~~':: rY;'/C~"L"-· . ..c.F. .. + .. :-::1=~E'1 

100 1215 -50 -25~' 0 25 50 75 
o .... :.r.;;. 

CASE TEMPERATURE (TC)-OC 92C$-26793 

Fig. 6 - DC gate trigger current vs. case temperature. 

60 :". 
. ................... -. 
. ':-::: .::: :::::!;;!l! 

i rol--t~~:~·~~~~~~·t·~·~~···~~~··· 
~ 101~+"+: :.;.' . ""'f-' '..c' 'f-S~' ':'I'~~:"t lr~Y;:!!i~1!!"~L'~t.-~:"';:+.:.:.::~:t: :':-,::;Ji ':':::':':~;1o::':':·:+';3:~ 
~ 

o 
-so -25 0 25 50 75 100 125 

CASE TEMPERATURE (Tcl-oc 
92CS-26195 

Fig. 8 - Instantaneous holding current VS. case 
temperature. 

o 100 200 300 
DC GATE TRIGGER CURRENT (IGT)-A 92CS-26797 

Fig. 10 - Typical gate:controlled turn-on time vs. gate 
trigger current. 

-25 0 25" 50 .. 75··-L~'--'--'1"'25· 
CASE TEMPERATURE (TC)-·C 92CS-26794 

Fig. 7 - DC gate trigger voltage vs. case temperature. 

25 50 75 100 125 
CASE TEMPERATURE (Tc )_OC 

92CS-26796 

Fig. 9 - Critical rate of rise of off-state voltage vs. case 
temperature. 

fL oj --- ------ --- -----

-r--- : 

~dl/dt 
I 

0.51TM I 

o- ___ L_ -L---------------
~ :-" 9iCS-I3363ft4 

Fig. 11 - Rate of change of on-state current with 
time (defining dlldt). 
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___________________________ Silicon Controlled Rectifiers 

';t = td + tr 

2N6400-2N6404 

CRITICAL dv/dl ~ 

'" 

*"O.63 -iL 
t= ftC 92CS·13365R3 

Fig. 12 - Relationship between off-state voltage, 
on-state current, and gate-trigger volt­
age showing reference pOints for defi­
nition of turn-on time (t •• ). 

Fig. 13 - Rate of rise of off-state voltage with 
time (defining critical dv/dt). 

~R 
, --I 1-'" Yo -1 I--t"-'. -I ~'---.p YT I ,It ..... 
~" 

9255-3881 

Fig. 14 - Relationship between instantaneous on-state 
current and voltage, showing reference points 
for definition of circuit-commutated turn-off 
time (t.). 
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Silicon Contro"ed Rectlflers __________________________ _ 

C106 Series 

4-A Sensitive-Gate Silicon 
Controlled Rectifiers 
For Power-Switching and Control Application 
Features: 

• 3.5-A(rms) on-state current ratings 
• 2o-A peak surge capability 
• Glass-passivated chip for stability 
• Formed-lead options available 

The RCA-C106 series of sensitive-gate silicon controlled 
rectifiers are designed for switching ac and dc currents. The 
types within the series differ in their voltage ratings; the 
voltage ratings are identified by S4ffix letters in type 
designations. 

These SCR's have microampere gate-current requirements 
which permit operation with low-level logic circuits. They 

MAXIMUM RATINGS, Absolute-Maximum Values: 

File Number 1005 

TERMINAL DESIGNATIONS 

r" 
92CS-39968 

JEDEC TO-220AB 

can be used for lighting, power-switching, and motor-speed 
controls, and for gate-current amplification for driving large 
SCR's. 

All types in the series utilize the JEDEC-TO-202AB (RCA 
VERSATAB) plastic package. 

VRRM: } RGK = 1000 n, T c= -4010 110°C..................... 50 
VORM 

v 
100 200 300 400 500 600 700 800 

RGK = 10000, Te= -40 10 110°C .........••...••.•.... 
IT(AvdT c = 45°C) .•....•.....•.......•...••.....•.••. __________ 2.2 A 
IT(RMSdT c = 45° C) •......•.•...•.•................... 3.5 A 
IT(DCdT c = 70°C) ••.••...•............. . . . . . . . . • • . . . . 2.6 A 
ITS": 

For one cycle of applied principal vollage, T e = 45° C 
60 Hz (sinusoidal) .............•.....•...••....... 
50 Hz (sinusoidal) ..•....•.....•.........•...•.... 

IGM(I= lOpS) •••••••••••••••••••••••••.•.••••••••.•• 
VGRM ......••.....•..••......•....••.......•..•.... 
di/dl: 

VOM = VORM, IG = 1 mA, 1,= 0.5pS, T c = ll00C .......... . 
1'1 [AI Teshown for IT(RMSI1: 

t= 10ms ...........•....•••...•.....••........... 
8.33 ms •••.•..••..........•................... 
1 ms ..•••......•....•......................... 

POM (For lOpS max.) ..•.............................. 
PG(AVI (Averaging lime = 10 ms max.) ................... . 
T,tg ••••••••••••..••••••••...•••••••••••.••.••••.•• 
Tc······· ..•• · ••••••......................•.•..... 
T T (During soldering for 10 s max.) •.............••....• 

20 A 
---------18.5 A 
_________ 0.2 A 
__________ 6 V 

--________ 100 AlpS 

----------1.77 A's 
----------1.67 A's 
----------0.82 A's 
__________ 0.5 W 
__________ 0.1 W 

________ -4010+150 °c 
________ -4010+110 °c 
__________ 250 °c 
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ELECTRICAL CHARACTERISTICS 

CHARACTERISTIC 

I OAOM or I AAOM: 

Vo = V OAM or VA = VAAM, RGK = 1000 n 

Tc= 25°C ..................................... . 

Tc= 110°C .................................... . 

VT: 

For iT= 4 A and Tc= 25°C (See Fig. 7) 

iH : 

RGK = 1000 n, Vo= 12 V, IT(INITIAL) = 50 mA, Tc = 25°C: 

ILx: 

RGK = 1000 n, Vo = 12 V, Tc = 25°C: 

(lGT = 200 f.J.A) ..................... . 

dv/dt: 

V 0 = V DAM, R GK = 1000 n, Exponential rise, T c = 11 0° C 

IGT: 

V 0 = 12 V dc, RL = 30 n, T c = 25° C: 

For other case temperatures ....................... . 

VGT: 

Vo= 12 V dc, RL = 30 n, Tc= 25°C 

For other case temperatures ....................... . 

tg,: 

tq: 

Vo= VOAM, iT= 1 A, RGK = 1000n, 

IG = 1 mA, Rise Time = O.lf.J.s, Tc = 25°C 

V 0 = V DAM, iT = 1 A, R GK = 1000 n 2. 

Pulse Duration = 50 f.J.s, dv/dt = 5 V If.J.s, 
di/dt =-10 A/f.J.s, IGT= 1 mAatturn-on, Tc= 110°C ... 

Silicon Controlled Rectifiers 

LIMITS 

FOR ALL TYPES 
UNLESS 

OTHERWISE 
SPECIFIED 

Min. Typ. Max. 

- 0.1 10 
- 10 100 

- 1.25 2.2 

- 1.7 3 

1.8 4 

8 

30 200 

(See Fig. 12) 

- j 0.51 0.8 

(See Fig. 13) 

1.7 

65 

8 
60 

C106 Series 

UNITS 

f.J.A 

V 

mA 

mA 

V/f.J.s 

f.J.A 

V 

f.J.s 

°C/W 
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Silicon Controlled Rectlflers ________________________ _ 

C106 Series 

I 
i~ 

;~,~.T :~~ .. ~I :i~g~, 

1U 
o·~lao· 

COPClUCTlON 
ANGLE,S 

,AVER~G£ OR, DC ON,-STA:E' CUR,RENT ?T'A~I OR ~T(OCI:-A , 

o 157 3.14 471 628 7ae 
RMS ON-STATE CURRENT [lTIRMS,)-A 

92CS-29203 

Fig. 1 -. Power dissipation as a function of average 
dc, or fms on-state current. 

0.511.522.533.544.5 
DC ON-STATE CURRENT [IT(DC)]-A 

92CS-29205RI 

Fig,. 3 - Maximum allowable case temperature as a 
function of dc on-srare current for CI06 
series. 

"""It SWGLE-HALF-SINE-WAVE PULSE (NON-REPETITIVE -REAPPLIED BLOCKING VOLTAGE-O 

'" 6 IGT-' mA SQUARE PULSE, 10,... DURATION -
~ CASE TEMPERATURE (TC)-25-C 

4 

IIII ~ I--r-.... -c 
~I 2 
i='i ........... UNSAFE-AREA ;: .. 
~~IOO ........... OF OPERATION 

'f!2; 8 
r--. ~~ • -'" 

y\7.K~ I "I .......... ",:> 
4 i!" 

iil SURGE SAFE-AREA 

l! CURRENT OF OPERATION 

II' 2 - ~ 

1111 
--I ~ 

PULSE 
10 DURATION 

0.01 4 • 4 • 2 8 0 .1 2 8 I 4 
• 810 

SURGE CURRENT PULSE DURATION - m. 
9ZCS-34276 

Fig. 5 - Surge capability without reapplied 
blocking volrage for all series. 

r 
"U140 .. 

CURRENT WAVEFORM: SINUSOIDAL 
LOAD: RESISTIVE OR INDUCTIVE 
CONOUCTION ANGLE(BI-IBO· 
CASE TEMPERATURE MEASURED AS 

SHOWN ON DIMENSIONAL OUTLINE 

II 
o '-·.,--U80. 

CONDUCTION 
ANGLE,' 

'I1'E 2 
AMBIENTT P. 

I 2 ! 4 
AVERAGE ON- STATE CURRENT (IT(Ay~-A 

1~7 ! 3.'14 ' 4.~i ! 62a 7Ae 
RMS ON-STATE CURRENT [IT(RMS)]-A 

'2C$~29204RI 

Fig. 2 - Maximum allowable case remperature as a 
function of average or fms on-state current. 

wi 
E-;,,,,,,"-+-+--HH .. ., 
~~ 
",-

~i oot..-+--+-+-1H-"'T 

!~ 
!~I~-~~~~~~---r-r~--r-+-+-H 
"i!5 

o 
468 468 

10 100 4 6 1000 

SURGE CURRENT DURATION - FULL CYCLES 
92:CS·Z9212R1 

Fig. 4 - Peak surge on-srare current as a function 
of surge current duration. 

~ 1008 

iii • :> 

" 4r--

! 2 
5! 
~c 

~1M)8 
~ .... r 4 

i 
iil 2 

~ 
0.1 

Fig. 6 

.10 

~ ,.-:-lJ. . ~ 
r-- .... ("4i;~ 41 ""4Iii 

1~~~J"" 2 .. 

~, r--... !.l. 
~':c 

" '!I<~E. I~~ 
1..,,\\'iI~ 6 !;i!:1 

II! . ~ 
" ;! 

2 ~ 

AT TC SHOWN FOR IT(RMS) "'-I ••• 4 6'10 

TIME (U-1'I1 NCS-OllaRI 

Peak surge on-srare current and fusing 
current as a function of time. 
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__________________________ Slllcon Controlled Rectifiers 

c ., CASE TEMPERATURE 

I 
eTC)·2S-C ./ 

~ ,,-
• Ii / 

! I • • 
~ ... • 

~ • , 
I z 

0.1. 0 

i • • I i! • 
~ 
~O·0I8 

a 0.5 I 1.5 2 2.5 3 
INSTA~TANEOUS ON-STATE WLTAGE (YTI- Y 

.. ca-212141t1 

Fig. 7 - Maximum instantaneous on·state current 
as a function of on·state voltage. 

CASE TEMPERATURE 1Tcl--C 

Fig. 9 - DC holding current as a function of case 
temperature . 

~ 
10. =~;S~:T~~".:A·12V 

S CASE TEMPERATURE\Tc'aZ&-<: 

~ · I 
i · 
I I · · § · I 
= 

, 
:0 

0.1 . 6 '10 
, . • e' 000 

, . . e 1000 

GATE PULSE DURATION -,.., 92(S-191'" 

Fig. 1 1 - Maximum gate trigger voltage as a function 
of gate pulse duration for types in the 
C t 06 series. 

C106 Series 
I. 

f 10~------~------+_--~--+_~~ 
J: 

• I 0 

GATE-TO-CATHODE R£SISTANCE (R.-A 
Mel-19'» 

Fig. 8 - DC holding current as a function of gate· 
cathode resistance for the Ct06 series . 

oo~ DC OFF-STATE VOLTAGE (Yol= 12V 

1- · LOAD RESISTANCE IRLI"30.o. 
CASE TEMPERATURE ITCls;z&°C 

~ · 
to 

I 'I ......... 
~ I 

i 00: 
~ • 
5 · !I ....... 

"""-:0 

i · 
I . . . . 10 

, . . . 000 
, . . e 0000 

GATE PULSE DURATION -,.., 

Fig. to - Maximum gate trigger current as a function 
of pulse duration for types in the Ct 06 
series. 

CASE TEMPERATURE ITel-oC 

Fig. 12 - DC gate trigger current as a function of 
case temperature for Ct 06 series. 
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Silicon Controlled Rectifiers _________________________ _ 

C106 Series 

CASE TEIlflERATURE 'Tel ~·c 
'2CS-198!!8A1 

Fig. 13 - Gate trigger voltage 8$ a function of 
case temperature. 
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_____________________________ Silicon Controlled Rectifier. 

File Number 1173 C122 Series 

8-A Silicon Controlled 
Rectifiers 
For Power Switching, Power Control 

Features: 

• High dv/dt capability 
• Glass-passivated chip 
• Shorted-emitter gate-cathode construction 
• Low thermal resistance 

The RCA-C122 series types are medium-power silicon con­
trolled rectifiers designed for switching ac and dc currents. 
These devices can switch from the off-state to the on-state 
when both the anode and gate voltages are positive. Nega­
tive anode voltages make these devices revert to the block­
ing state regardless of gate-voltage polarity. 

The TO-220AB package provides easy package mounting 
and low thermal resistance, allowing operation at high case 
temperatures and permitting reduced heat-sink size. These 
SCR's can be used in lighting and motorspeed controls and 
power-switching systems. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

V RROMA, V DROM" •••••••••••••••••••••••••••••••••••• 

IT(RMS) (T c = 75°C, 8 = 180°) ........................ . 
ITSM 

For one full cycle of applied 
principal voltage 40o-Hz ......................... . 

6o-Hz ........................ . 
50-Hz ........................ . 

For more than one full cycle of applied 
principal voltage ............................... . 

di/dt 
VD = VDROM 

IGT =80mA,tr =0.5J.1S ........................... . 
I't 

T J = -65 to 100°C, 
t=1t08.3ms .................................. . 

PaM- (for 10 J.IS max.) ............................. . 
PG(AV)- (averaging time = 10 ms max.) ............... . 
T"g .............................................. . 
Tc .............................................. . 
TT 

During soldering for 10 s maximum 
(terminal and case) ............................. . 

TERMINAL DESIGNATIONS 

~ 
92CS-39968 

JEDEC T0-220AB 

C122F C122A C122B C122C C122D C122E C122M 

50 100 200 300 400 500 600 
8 ______________ _ 

_______________ 200 ______________ _ 
_______________ 100 ______________ _ 

85 _______ _ 

________ See Fig. 3 ______ _ 

_____________ 100 ________ _ 

40 ______ _ 
16 _________ _ 

_________ 0.5 _______ _ 
______ -65 to +150 ________ __ 
_______ -65 to +100 ________ __ 

_________ 250 ______ _ 

ll.These values do not apply if there is a positive gate signal. Gate must be open or negatively biased. 
-Any values of peak gate current or peak gate voltage which result in equal or lower power are permissible. 

V 
A 

A 
A 
A 

A/J.IS 

A's 
W 
W 

°C 
°C 

°C 
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Silicon Controlled ReCtifiers ___________________________ _ 

C122 Series 
ELECTRICAL CHARACTERISTICS 

At Maximum Ratings Unless Otherwise Specified and at Indicated ease Tempereture IT CI 

• I 
I 
;; . 
ii ., 
I .. :: 
0: .. 
~ 

CHARACTERISTIC 

100M or IROM 
Vo = VOROM or VR = VRROM, Te = +100oC 

vT 
iT = 16 A, TC = +250 C 
For other values of iT ........................ 

IGT 
Vo = 12 V 10C),·RL = 30 n 
T C = +250 C ........ : ....................... 
For other case temperatures ................... 

VGT 
Vo = 12 V (DC), RL = 30 n 
TC = +250 e ............................... 
For other case temperatures 

iHO 
TC = +260 C ......... , ...................... 
For other case temperatures ................... 

dv/dt 
Vo = VOROM Exponential voltage rise 
TC = +l000C (See FiJI. 12) 

t'eo = VOROM' iT = 4.6 A, iT = 2 A 
IGT = 80 mA, 0.1 /.ls rise time 
TC = +250 C (See Fig. 10) 

t 
"0 = VOROM' iT = 2 A.tp = 50 lAS 
dv/dt = 200 VIlAS. di/dt = -10 AlIAS 
IGT = 200 mA at tON, TC = +760 C (See Fig. 13) 

Rue 

RBJA 

RIIS ON-STATE CURRENT [rTCRMsij-A 92SS~4163RI 

Fig. 1 - Power dissipation vs. on·state current. 

LIMITS 
FOR ALL TYPES 

Except as Specified UNITS 
Min. Typ. Max. 

- 0.1 0.5 mA 

- 1.46 1.83 V 
___ See Fig. 5 ----. 

-I 10 115 mA 
___ See Fig. 6 ----. 

-I 1." 11.6 V 
___ See Fig. 7 ___ 

-I 20 130 mA 
___ See Fig. 8 ---.. 

10 100 - VIlAS 

- 1.6 2.5 lAS 

- 10 36 IIoS 

- - 1.8 

75 OC/W - -

CURRENT WAVEFORM: SINUSOIDAL 
LOAD: RESISTIVE OR INDUCTIVE 
CONDUCTION ANGLE: leo-
CASE TEMPERATURE: MEASURED AS 

SHOWN ON DIME.StONAL OUTLINE 

nlS':' .. RI 

Fig. 2 - Maximum allowable case temperature vs. 
on-state current. 
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o 
~/ Ht--+-l-+tH+tI--+-H+t1+ll 
.,. ... . .. 

I 10 100 1000 
NUIIBER OF FUU CYCLES IN SURGE DURATION 

HLS-IHIRS 

Fig. 3 - Allowable peak surge on-state current vs. 
surge duration. 

IIST.NTA.fOUS ON-STATE VOLTAGE("TI-V 

92C5-25719 

Fig. 5 - Instantaneous on-state current vs. 
on-state voltage. 

CASE TEMPERATURECTC)--C NSS-"14RI 

Fig. 7 - DC gate-trigger voltage vs. case temperature. 

Silicon Controlled Rectifiers 

C122 Series 
a reASE TEMPERATURE «TC ) .. IOO·C • • 
4 

~7 2 

~il .. ., . 
~5 : 
z ... 
Oz 
~~ 2 .... 
'0:' a::uIO 
~~ 8 
~~ 6 
i3t? 4 
0.15 

2 

1 

10 I 2 

• Z 

• !2 
.l"7;s", (J4 1 1 I~ t; .. 

4 

~S/~..I 2 ... 
0 

1t4VE) .. 0. 

: ~ 
4 ~~ 
2~ ... 
10015 • .. 

S\"E"'~~ · !i 4 u 

1.2,~1 .. 
z 

2 in -I 1 1 
:> 

10 
.. 

6 8 I 2 4 6 8'0 4 6 a.oo 
TIME-t hns) 

92.CS-31582 

Fig. 4 - Peak surge on-state current and fusing 
current as a function of time. 

PRINCIPAL DC VOLTAGE al2V 
: LOAD ~ 30n, RESISTIVE 

c I TRIGGERING MODE: FORWARD . , 
§ 

CASE TEMPERATURE ITcl--C 

Fig. 6 - DC gate-trigger current vs. case temperature. 

CASE TEMPERATURE ITcl--C 92CS-2S121 

Fig. 8 - Holding current vs. case temperature. 
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C122 Series 

718 

,1 000 

.. I 
!lOCI .. -; 

ii:~ 

*! 400 .... .... 
=~ 

""" ;;Ii! 
!I .. I' 

~E 200 

~ .00 

0 
20 40 60 60 .00 

CASE TEMPERATURE (TC)-·C IZCS-26722 

Fig. 9 - Critical rate of rise of off-state voltage 
vs. case temperature. 

VD 

o-L-- ----_________ _ 
I--- di/di , 

O.51TM 

o- ___ l __ 1- ______________ _ 
~ i--tl 92CS-B:563R4 

Fig. 11 - Rate of change of on-state current with 
time (defining dildt). 

'I. 
! 

o 

50 .00 .50 IlCS-IIOHRI 
DC GATE TRIGGER CURRENT (16T)- iliA 

Fig. 10 - Gate-control/ed turn-on time vs. gate 
trigger current. 

CRITICAL dv/dl "y 

" 

.!!!.'063~ dl . I 

till RC 92CS-13365R3 

Fig. 12 - Rate of rise of off-state voltage with 
time (defining critical dvldt). 

9255-3881 

Fig. 13 - Relationship between instantaneous on­
state current and voltage, showing 
reference pOints for measurement 
of circuit-commutated turn-off 
time (tq). 



_____________________________ Silicon Controlled Rectifiers 

File Number 654 

4-Ampere Sensitive-Gate 
Silicon Controlled Rectifiers 
For Power Switching and Control Applications 
Features: 
• Microampere gate sensitivity 
• 600-V capability 
• 35-A peak surge capability 
• Low thermal resistances 
• Surge capability curve 

The 52060 and 52061 series are sensitive-gate silicon con­
trolled rectifiers designed for switching ac and dc currents. 
The SCR's are divided into two different series according to 
gate sensitivity. The types within each series differ in their 
voltage ratings; the voltage ratings are identified by suffix 
letters in the type designations. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

S2060, S2061 Series 

TERMINAL DESIGNATIONS 

92CS-39968 

JEDEC TO-220AB 

These thyristors have microampere gate-current require­
ments which permit operation with low-level logic circuits. 
All types in each series utilize the JEDEC TO-220AB 
package. 

S20600 S2060Y S2060F S2060A S20608 S2060C 820600 S2060E S2060M 
S20610 S2061Y S2061F S2061A S20618 S2061C S20610 S2061E S2061M 

NON-REPETITIVE PEAK REVERSE VOLTAGE 
Roo = 1000 n, T c = -40 to 125· C ................ VRSXM 

NON-REPETITIVE PEAK OFF-STATE VOLTAGE 
RGO = 1000 n, Tc = -40 to 125·C •.......•..•..... VDSXM 

REPETITIVE PEAK REVERSE VOLTAGE 
RGK = 1000 n, Tc = -40 10 125·C .•...•.......... VRRXM 

REPETITIVE PEAK OFF-STATE VOLTAGE 
RGK = 1000 n, Tc = -40 10125·C •......•...•.... VDRXM 

ON-STATE CURRENT: 
Conduclion angle = 180·, Tc = 100·C 

Average ac value ••••..•.•....•............••.. InAvI 
RMS value .•...••••...•...................... h.RMsI 

DC operalion • . . • . • . . . . . . . . . . . . . . . . . . • . • . . . • . . . .. InDCI 
PEAK SURGE (NON-REPETITIVE) ON-STATE 
CURRENT 

For one cycle of applied principal vollage 
60 Hz (sinusoidal) ..................•....••..... hSM 

For more than one cycle of appl ied 
principal vollage ........•........................ IGFM 

PEAK GATE CURRENT (I ~ 10 psec) ................ 10FM 
PEAK GATE REVERSE VOLTAGE ............••.... VG.M 
RATE OF CHANGE OF ON-STATE CURRENT: 

VOM = VDROM, lOT = 1 rnA, I, = 0.5 ps, 
Tc = 110·C ..••••••.....•.•••................... di/dt 

GATE POWER DISSIPATION: 
PEAK FORWARD (for 10 IlS max.) •.....•...••..... PGM 
AVERAGE (averaging lime = 

10 ms max.) .••••.........•......•.•.....•......... PO•AVI 
TEMPERATURE RANGE: 

Storage ••......••••.....•.........•.•.•..•....... T ... 
operaling (case) .••...•....•...........••......... Tc 

TERMINAL TEMPERATURE (During soldering): 
For 10s max ...........••...••••............•...... TT 

25 50 75 125 

15 30 50 100 

250 400 500 600 700 V 

200 300 400 500 600 V 

2.5 A 
4 A 

2.75 A 

35 A 

See Fig. 5 
0.2 A 
6 V 

100 A/IlS 

0.5 W 

0.1 W 

-4010 +150 ·C 
-4010+110 ·C 

250 °C 
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Silicon Controlled Rectifiers ___________________________ _ 

52060, 52061 Series 
ELECTRICAL CHARACTERISTICS 

CHARACTERISTIC 

PEAK OFF..sTATE CURRENT: 

Forward, Vo = VORXM' RGK = 1000 n 
TC ·250C •••••••. 
TC=125°C 

Reverse, VcB • VRRXM' RGK = 1000 n 
TC=25 C ..•••... 
TC = 125°C 

INSTANTANEOUS ON·STATE VOLTAGE: 
For iT = 4 A and TC = 25°C (See Fig. 14) 

DC GATE TRIGGER CURRENT: 
Vo = 12 V (del, RL = 30 n, TC = 25°C: 

S2060Series 
S2061 Serie. 

For other case temperature •• 

OC GATE TRIGGER VOLTAGE: 
VO =12V(dcl, RL =30n,TC =250C 

For other case temperatures . 

INSTANTANEOUS HOLDING CURRENT: 
RGK -1000 n, Vo -12 V,IT (lNITIALI = 50 mA, TC = 25°C: 

S2060 Series 
S2061 Series 

LATCHING CURRENT: 
RGK = 1000 n, Vo = 12 V, TC = 25°C: 

S2060 Series (I GT = 200 pAl, 
S2061 Series (lGT = 500 pAl 

CRITICAL RATE OF RISE OF OFF·STATE VOLTAGE: 
Vo = VORXM' RGK = 1000 n, 
Exponential rise, T C· 1250 C 

GATE-CONTROLLEO TURN-ON TIME: 

Vo = VORXM' iT = 1 A, RGK = 1000 n, 

IGT - 1 mA, rise time = 0.1 ,.s, T C = 25°C 

CIRCUIT COMMUTATEO TURN-OFF TIME: 
Vo = VORXM' iT = 1 A, RGK -1000 n, 
Pulse Duration = 50 ,.., dv/dt = 5 V I,.., 
di/dt = -10 AI,.., IGT = 1 mA at turn on, TC - 125°C 

THERMAL RESISTANCE: 
Junction-to-Case * 
Junction-to-Ambient • 

SYMBOL 

ICRXM 

IRRXM 

"T 

IGT 

VGT 

iH 

iL 

dv/dt 

t91 

tq 

R6JC 

R6JA 

LIMITS 

FOR ALL TYPES 
UNLESS 

UNITS 
OTHERWISE 
SPECIFIED 

MIN. TYP. MAX. 

- 0.1 10 

- 10 100 
,.A 

- 0.1 10 

- 10 100 

- 1.25 2.2 V 

- - 200 ,.A - - 500 

-
See Figs. 9 & 10 

- I OS I 0.8 V 

See Fig. 12 

- 1.7 3 mA 

- 3.9 6 
-

- 1.8 4 mA 

- 2.5 8 

-

V/,.s 
5 8 -

,.s 

- 1.7 2S 

,.. 
- 30 100 

- - 3.5 °CIW 
- - eo 
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Silicon Controlled Rectifiers 

S2060, S2061 Series 

65 CURRENT ~FORM' SINUSOIDAL 
LOAD, RESISTIVE OR INDUCTIVE 
CONDUCTION ANGLE -ISO' 
CASE TEMPERATURE MEASURED AT POINT INDICATED 
ON DIMENSIONAL OUTLINE 
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Fig. 1 - Maximum allowable case temperature vs. on-state-current 
for both series. 
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Fig. 2 - Maximum allowable ambient temperature vs. on-state cur­
rent for both series. 

Fig. 3 - Power dissipation vs. rms-on-state current for both series. 
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Fig. 4 - Power dissipation vs. dc on-state current for both series. 
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Fig. 5 - Peak surge on-state current vs. surge-current duration for 
both series. 
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S2060, S2061 Series 
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Fig. 6 - Surge capability without reapplied blocking voltage for 
both series. 
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Fig. 8 - Maximum gate trigger voltage vs. gate pulse duration for 
types in the S2060 series. 
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Fig. 7 - Maximum gate trigger current vs. gate pulse duration for 
types in the S2060 series. 

CASE TEMPERATURE (TC1-OC 
92CS-J9834RI 

Fig. 9 - DC gate trigger current vs. case temperature for S2060 
series. 

CASE TEMPERATUREITCI-'C 
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Fig. 10 - DC gate trigger current vs. case temperature for S2061 
series. 
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Fig. 13 - DC holding current VB. ca.e temperature for the S2060 
.. ries. 

52060,52061 Series 
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Fig. 12 - Gate trigger voltage VS. case temperature for all series. 

IOe CASE TEMPERATURE .. -ITC)'Z5"C / ./ I 4 

/ V ~ 2 .. f / z 
'" • 0: • !§ • U 

4 

~ 
f---~ '" !c 2 f: f-~~/ 

~ l- i/ z 0.' 0 • 
~ • 
'" 4 

II z 
;! 

2 

~ 
"' 00. 
~ 

o 05 1.5 Z 2.5 3 

.NSTANTANEOUS ON-S1llTE VOLTAGE (YT)-V 
9ZCS-19841 

Fig. 14 - Instantaneous on-state current vs. on-state voltage for 
both series . 
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826008,826000,82600M,82600N 

High Voltage, Medium Current Silicon 
Controlled Rectifiers 
For Power Switching, Power Control and Ignition Applications 
Features: 
• BooV, 125 Deg. C TJ Operating 
• High dv/dt and di/dt Capability 
• Low Switching Los{1es 
• High Pulse Current Capability 
• Low Forward and Reverse Leakage 
• Sipos Oxide Glass Multilayer Passivation System 
• Advanced Unisurface Construction 
• Precise Ion Implanted Diffusion Source 

File Number 1693 

TERMINAL DESIGNATIONS 

Low-Profile TO-205 

The 52600 series are high voltage, medium current silicon 
controlled rectifiers designed for switching AC and DC 
currents. The types within the series differ in their voltage 
ratings: the voltage ratings are identified by suffix letters in 
the type designations. 

All types utilize the low-profile TO-205 package. 

These Thyristors feature an advanced unisurface construc­
tion with a multilayer glass passivation system for improved 
reliability performance at high junction operating tempera­
tures. Their dv/dt, di/dt capability and low switching losses 
make them suitable for applications such as lighting, power­
switching, motor speed control and crowbars. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

VORM ....•..............................•........... 
VRRM ....•...............•...•.....•..............•. 
IT (RMS) (Tc = 65°C) ..•.............................. 
IT (av) (Tc = 65°C, 8= 180 Oeg.) ...........•........... 
ITSM (for 1 full cycle) ................................ . 
di/dt ...•......•.•...............•.•..•..••.....•.•... 
12T (at 8.3 ms) ................................•••...... 

(at 1.5ms) ....................................... . 
PGM (for 1 Cps max.) ................................. . 
PG (av) (Averaging time 10ms max.) ...........•........ 
TStorage ........................................... . 
TJ .................................................. . 

S2600B S2600D 

200 400 
200 400 

S2600M 

600 

600 
7 

4.5 
100 
200 
40 
30 
15 
0.5 

-65 to 150 
-65 to 125 

S2600N 

800 V 

800 V 
A 
A 
A 

Alps 
A2s 
A2s 
W 
W 
·c 
·C 
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--------____________________ Silicon Controlled Rectifiers 

82600B, 826000, 82600M, 82600N 
ELECTRICAL CHARACTERISTICS, at Case Temperature (Td = 25°C Unless Otherwise Specified 

LIMITS 

CHARACTERISTIC SYMBOL S2600 FAMILY UNITS 

MIN. TYP. MAX. 
Repetitilre Peak Forward and Reverse Blocking Current 

Rated VDRM and VRRM. Gate Open IDROM - - 50 pA 
atTC = 125°C IRROM - - 2 mA 

Forward "On State" Voltage 
VTM - 1.B 2.6 V 

ITM =30A 
Gate Trigger Current (de) 

VD = 12 Vdc IGT - 10 15 mA 
RL = 30 Ohms 

Gate Trigger Voltage (de) 
VD = 12 Vdc. RL = 30 Ohms VGT - 1 1.5 V 
VD = VDRM. RL = 500 Ohms. TC = 125°C 0.2 - -

Holding Current 
IH - 15 - mA 

VD = 12 Vdc. IT (initial) = 200mA 
Critical Rate of Rise of Off-State Voltage 

(Exponential Waveform) 
TC = 125°C. Gate Open. VD = VDRM dv/dt - - - VipS 
S26008.S2600D - 150 -
S2600M - 125 -
S2600N - 75 -

Turn-On Time 
IT = 2A. VD = VDRM tgt - 1.2 - pS 
IG = BOmA 

Turn-Off Time 
VD = VDRM. TC = 75°C. dv/dt = 20V/pS 

tq - 65 - pS 
IT = 2A for 50 pS. di/dt = 10AlpS 
IG = BOmA at Turn-On 

Thermal Resistance 
Junction to Case R8JC - - 7 °C/W 
Junction to Ambient R8JA - - 150 

VD-12V 
1.6 

YO-.2Y 

4 

--- -- ---r---... • ............. .........., 

:-------r-,. 
'" ~ 
~ 
~ 

---r---r------
0.9 

0.6 

0.4 

0.2 

- -50 -25 25 50 75 100 125 -75 -50 - 0 25 50 5 100 125 
Jl.WCTION TEMPERATURE ITJ) -dage JUNCTION TEMPERATURE (T J) -dage 

I ........ ......... 

Fig. 1 - Typical Gate Trigger Current Vs. Temperature Fig. 2 - Typical Gate Trigger Voltage Vs. Temperature 
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S2600B, S2600D, S2600M, S2600N 
a IT INITIAL -20OIIA 

\ 
2 1"-

"" "" ~ I ........... 
I-- -............ -

- -50 -25 25 50 75 100 125 
JUNCTION TEMPERATURE (TJ) -degC 

I ......... 

Fig. 3 - Typical Holding Current Vs. Temperature 

AVERAGE ON STATE CURRENT 
PDS28OAS1 

Fig. 5 - Maximum Power Dissipation Vs. Average Current 

12 0 

10 
O~ 
0 
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0 

0 

0 

0, 10 

r--. 

5 

0 

1 2 5 
/ 

§ 
0 

/ 

II 
7 

/ 

----
V 

0.2 0.4 0.6 O.B 1.2 1.4 1.8 1.8 
ON STATE VOLTAGE (vTl-V 

""""'AS. 
Fig. 4 - Typical On State Voltage Vs. Current 

AT INDICATED CONO eTI0N ANGLES 

~120~~~~------~------~-----+------~ . 
v 
I g 110 

~100~-----+~L-~~~~~~-----+------~ 
:> 

~ 90~----~----~~~~~~~~----~ 
~ 
~ 80~-----+------4-------~~~-+~~D-C~ 

~ 70~----~--~-----4--~~~--~ 
180 

600~----~------~----~~----~'------~ 
AVERAGE ON STATE CURRENT (lTov)-A 

TCS260ASt 

Fig. 6 - Maximum Case Temperature Vs. Average Current 

FREOUENCY 60 HZ . 

----
100 1000 

NUMBER OF CYCLES OF SURGE DURATION 
ISS280ASl 

Fig. 7 - Peak Surge Current Vs. Duration 
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File Number 1627 

High Voltage, M"edium Current Silicon 
Controlled Rectifiers 
For Power Switching, Power Control 
Features: 
• 800V, 125 deg. C TJ Operating 
• High dv/dt and di/dt Capability 
• Low Switching Losses 
• High Pulse Current Capability 
• Low Forward and Reverse Leakage 
• Sipos Oxide Glass Multilayer Passivation System 
• Advanced Unisurface Construction 
• Precise Ion Implanted Diffusion Source 

The S2700, series are high voltage, medium current silicon 
controlled rectifiers designed for switching AC and DC 
currents. The types within the series differ in their voltage 
ratings: the voltage ratings are identified by suffix letters in 
the type designations. 
All types utilize the JEDEC TO-213AAITO-66 package. 

These Thyristors feature an advanced unisurface construc­
tion with a multilayer glass passavation system for im­
proved reliability performance at high junction operating 
temperatures. Their dv/dt, di/dt capability and low switch­
ing losses make them suitable for applications such as 
lighting, power-switching, motor speed control and crow­
bars. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

VORM .............•.•••.•..........•...•.................••....•. 
VRRM ........•...•............................................... 
IT (RMS) (Tc=95°C) •............••......••..............•...••... 
IT (av) (Tc=95°C,II=1S0 Oeg.) ....................•....•........... 
ITSM (for 1 full cycle) ...•......................................... 
di/dt .....•.......••.............•.............•................... 
12T (at S.3ms) ........•....••...•.............................•.... 

(at 1.5ms) ...............................••......•...•......... 
PGM (for 1 OilS max.) •••..•................................••....•• 
PG(av) (Averaging time 10ms max.) .................••............. 
TSTORAGE .......................••.•••...•..................... 
TJ .........................•...........................•.......... 

S2700D, S2700M, S2700N 

S27000 

400 
400 

TERMINAL DESIGNATIONS 

CATHODE ANODE 
(FLANGE) 

JEDEC TO-213AA 

S2700M S2700N 

600 SOO 
600 SOO 

5 
3.2 
100 
200 
40 
30 
15 
0.5 

-65 TO 150 
-65 TO 125 

V 
V 
A 
A 
A 

Alils 
A2S 
A2S 

W 
W 

°C 
°C 

727 



Silicon Controlled Rectifiers ___________________________ _ 

S2700D, S2700M, S2700N 
ELECTRICAL CHARACTERISTICS, at Case Temperature (Tc = 25°C) unless otherwise specified 

CHARACTERISTIC 

Repetitive Peak Forward and Reverse Blocking Current 
Rated VORM and VRRM, Gate Open 

atTC= 125°C 

Forward "On State" Voltage 
ITM =30A 

Gate Trigger Current (de) 
VO = 12Vdc 
RL=300hlns 

Gate Trigger Voltage (de) 
VO = 12Vdc, RL =30 Ohms 
VO = VORM, RL =500 Ohms, TC = 125°C 

Holding Current 
VO = 12 Vdc, IT (initial) = 200 mA 

Critical Rate of Rise of Off-State Voltage 
(Exponential Waveform) 
TC = 125°C, Gate Open, VO = VORM 
S27000 
S2700M 
S2700N 

Turn-On Time 
IT = 2A, VO = VORM 
IG=80mA 

Turn-Off Time 
VO = VORM, TC = 75°C, dv/dt = 20V//.Is 
IT = 2A for 50/.lS, di/dt = 10A//.Is 
IG = 80mA at Turn-On 

Thermal Resistance 
Junction to Case 
Junction to Ambient 

VD-12V 

'" "'" ~ '" -I-----r--
75 -50 250255075 

JUNCTION TEMPERATURE (TJ)-degC 
100 125 

1CS2"'" 

Fig. 1 - Typical Gate Trigger Current VB. Temperature 

SYMBOL 

10ROM 
IRROM 

VTM 

IGT 

VGT 

IH 

dv/dt 

tgt 

tq 

R8JC 
R8JA 

s 
~ 1.6 
::; 
~ 1.4 

~ 
3. 1.2 

{; , 
~ 
III 0.8 

~ 0.6 
g 
D! 0 .... 

~ 
~ 0.2 

~ °75 
~ 

LIMITS 

S2700 FAMILY UNITS 

Min. Typ. Max. 

- - 50 /.IA 
- - 2 mA 

- 2 2.8 V 

mA 
- 10 15 

- 1 1.5 V 
0.2 - -

- 15 - mA 

- - -
- 175 - V/.IS 
- 150 -
- 100 -

- 1.2 - /.IS 

- 65 - /.IS 

- - 5 °C/W 
- - 40 

vo_, 

-t--

---i"""---
I 

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

...... 

50 25 25 SO 75 100 125 
JUNCTION TEMPERATURE (T J)-degC 

VCS270AS1 

Fig. 2 - Typical Gate Trigger Voltage VB. Temperature 
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Fig. 3 - Typical Holding Current vs. Temperature 
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Fig. 5 - Maximum Power Dissipation vs. Average Current 
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Silicon Controlled Rectifiers 

S27000, S2700M, S2700N 

35 

30 

25 / 
20 I 

/ 
15 

10 L 
/ 

---V 
'b.o 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0 

ON STATE VOLTAGE (VT)-V 
VTS27CW>1 

Fig. 4 - Typical On State Voltage vs. Current 
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AVERAGE ON STATE CURRENT (ITcv)-A 
TCS270ASl 

Fig. 6 - Maximum Case Temperature vs. Average Current 

FREQUENCY 60 HZ -

-
100 1000 

NUMBER OF CYCLES OF SURGE DURATION 
1SS271W11 

Fig. 7 - Peak Surge Current vs. Duration 
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Silicon Controlled Rectifiers ___________________________ _ 

S2800 Series 

1o-A Silicon Controlled Rectifiers 
For Power Switching, Power Control 

Features: 

• 8ooV, 125 Deg. C TJ Operating 
• High dv/dt and di/dt Capability 
• Low Switching Losses 
• High Pulse Current Capability 
• Low Forward and Reverse Leakage 
• Sipos Oxide Glass Multilayer Passivation System 
• Advanced Unisurface Construction 
• Precise Ion Implanted Diffusion Source 

The S2800 series are high voltage. medium current silicon 
controlled rectifiers designed for switching AC and DC cur­
rents. The types within the series differ in their voltage rat­
ings: the voltage ratings are identified by suffix letters in the 
type designations. 

All types utilize the JEDEC TO-i220AB package. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

File Number 890 

TERMINAL DESIGNATIONS 

~
GATE 

'~~~'loll ]: C·oo
• 

TOP VIEW CATHODE 

92CS-39968 

JEDEC TO-220AB 

These Thyristors feature an advanced unisurface construc­
tion with a multilayer glass passavation system for improved 
reliability performance at high junction operating tempera­
tures. Their dv/dt. di/dt capability and low switc~ing losses 
make them suitable for applications such as lighting. power­
switching. motor speed control and crow-bars. 

S2800F S2800A S2800B S2800C S2800D S2800E S2800M S2800S S2800N 

VORM, VRRM •••••••••••••••••••••••••••••• 

ITIRMS)(Tc=100·C, 8= 180·) ....•.......•. 
ITSM (for 1 full cycle) ...................•. 
di/dt .................................. . 
I'T (at 8.3 ms) .......................... . 
PGM (for 10115 max.) ..................... . 
PG1AV) (Averaging time 10ms max.) •........ 
T Storage ............................ . 
TJ •••••••••••••••••••••••••••••••••••••• 

T T (During soldering): 
For 10 s max. terminals and case) ..•.... 

50 100 200 300 400 
10 

100 
100 
40 
16 

0.5 
-65 to +150 
-65 to +125 

250 

500 600 700 800 V 
A 
A 

AJlls 
A's 

W 
W 
·c 
·c 

·c 
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S2800 Series 
ELECTRICAL CHARACTERISTICS 
At Maximum Ratings Unless Otherwise Specified. and at Indicated Case Temperatures (T cl 

CHARACTERISTIC 

IOAOM or IAOM 
Vo = VOAOM or VA = VAAOM' Tc = +125°C 

vT 

iT = 30 A. Tc = +25°C 
For other values of iT .............................................. . 

IGT 
Vo = 12 V (DC). RL = 30 n 
Tc=+25°C ....................................................... . 
For other case temperatures 

VGT 

Vo = 12 V (DC). RL = 30 n 
Tc = +25°C ....................................................... . 
For other case temperatures 

IHO 

Tc = +25°C ....................................................... . 
For other case temperatures ........................................ . 

dv/dt 

t., 

tq 

Vo = VOAOM. Exponential voltage rise 
Tc = +125°C (See Fig. 11) 

S2800F ......................................................... . 
S2800A ......................................................... . 
S28008 ......................................................... . 
S2800C ......................................................... . 
S2800D ......................................................... . 
S2800E ......................................................... . 
S2800M ........................................................ . 
S2800S ......................................................... . 
S2800N ......................................................... . 

Vo = VOAOM• iT = 2 A 
lOT = 80 mAo 0.1 ps rise time 
Tc = +25°C (See Fig. 9) 

Vo= VOAOM• iT= 2A. tp= 50fJ.S 
dv/dt = 200 VlfJ.S. di/dt = -10 A/fJ.S 

IGT= 200 rnA at tON' Tc = +75°C (See Fig. 12) 

ReJc 

LIMITS 

ForAn Types 
Except as Specified 

Min. Typ. Max. 

0.1 2 

1.7 2 
See Fig.4 -

- I. 8.1 
_SeeFig.5 

15 

- I. 0.9 -' 1.5 _ SeeFig.6_ 

I. 10 J 20 
See Fig. 7 

100 
75 
50 
40 
30 
25 
20 
15 
15 

1.6 2.5 

10 35 

2 

60 

UNITS 

mA 

V 

mA 

V 

mA 

'V/fJ.S 

°CIW 

________________________________________________________________ 731 



Silicon Controlled Rectifiers __________________________ _ 

S2800 Series 

RMS ON-STATE CUARENT [rTCRMsij-A 
92SS-4163RI 

Fig. 1 - Power dissipet/on VB. on-stata currant. 

~~/ f\t--H-t1H+1Itt-

.. 8. " 6 8 
, 10 100 1000 
NUMBER OF FULL CYCLES IN SURGE DURATION 

92LS-13!iIR6 

Fig. 3 - Allowable peak surge on-state current vs. 
surge duration. 

c • I 

§ 

PRINCIPAL DC VOLTAGE al2Y 
. LOAD ~ !QQ. RESISTIVE 

TRIGGERING MODE: FORWARD 

. ~~~: 
:W: ',in 
ii:n 

CASE TEMPERATURE ITe,-aC 

92SS-3983Rt 

Fig. 5 - DC gate-trigger current vs. case 
temperature. 

CURRENT WAVEFORM: SINUSOIDAL 
LOAD: RESISTIVE OR INDUCTIVE 
CONDUCTION ANGLE: '10· 
CASE TEMPERATURE: MEASURED AS 

SHOWN ON DIMENSIONAL OUTLINE 

24681012 

MRNiE OR RMS ON-STATE CURRENT [IT(NlI OR IT(RMII]-A 

HC,.te7UIU 

Fig. 2 - Maximum allowable case temperature 
vs. on-state current. 

Ii 
I! 

~B~~'i 
~ ~ ~ ~ 

ii" 

INSTANTANEOUS ON-STATE VOLTAGE(vTI-V 

Fig. 4 - Instantaneous on-state current vs. on-state 
voltage. 

PRINCIPAL DC VOLTAGE -12V 

: ~~gG=E~~N~1 ~~~I:~:::'~WARD 

2' 

CASE TEMPERATUREITCI--C 

Fig. 6 - DC gate-trigger voltage vs. case temperature. 
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c • 
1 
~ 
z .. .. .. 
~ 
u .. 
z 

~ 
u 

" 

CASE TEMPERATURE (Tcl--C 

Fig. 7 - Holding current vs. case temperature. 

I} 

Ii 
I~ 

'gt=td+ t , 

~""POINT 
VD 

o ' 

.;:;- JOO,"POI.· 
0·' 

"'d'" ",, 
.. 'at ... 

~/;,;; v:0~ ;.~ 

I 
DC GATE TRIGGER CURRENT (lGTI- mA 

HC5-I905IRI 

Fig. 9 - Gate-control/ed turn-on time vs. 
gate trigger current. 

.!!!.=O.631 
dt t 

t a RC 92CS-13365R3 

Fig. 11 - Rate of rise of off-state voltage with 
time (defining critical dvldt). 

S2800 Series 

o 
20 40 60 80 

CASE TEMPERATURE (TCI--C 
100 

Fig. 8 - Normalized critical rate of rise of off-state 
voltage vs. case temperature. 

TL o-L _______________ _ 

-f -- - : 

I 

VOl'" 
I 

O.5I TM I 

o----L- I-~---------------
--l r--tl 9i2CS-I3363R4 

Fig. 10 - Rate of change of on-state current 
with time (defining dildt) . 

Fig. 12 - Relationship between instantaneous 
on-state current and voltage. showing 
reference paints for measurement of 
circuit-commutatad turn-off time (tq). 
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53700 Series File Number 308 

5-A Silicon Controlled Rectifiers 
For Inverter Applications 

F.atures: 
• 6OOV, 125·C TJ operating 
• High dvldt and di/dt capability 
• Low switching losses 
• High pulse-current capability 
• Low forward and reverse leakage 
• SIPOS oxide glass multilayer passivation system 
• Advanced unisurface construction 
• Precise ion-implanted diffusion source 

TERMINAL DESIGNATIONS 

1IC1-."" 
80TTQMVIEW 

JEDEC TG-213AA 

The RCA-S3700-series types are all-diffused, silicon con­
trolled rectifiers (reverse-blocking triode thyristors) de­
signed for inverter applications such as ultrasonics, 
choppers, regulated powersupplies; induction heaters, and 

fluorescent lighting. These types may be ulled at frequen­
cies up to 25 kHz. 

The S3700 series employ a hermetic JEDEC TO-213AA 
package. 

MAXIMUM RATINGS, Absolute-Maximum Values: 
Non-repetitive peak reverse voltage:. 

Gate Open .....•.....................................•.. '" VROOM 
Non-repetitive peak off-state voltage:. 

Gate Open. . ........ . . ....• . . . ...... . . .. . ..... . ... . . . ...... V_ 
Repetitive peak reverse voltage:. 

Gate Open . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . V"""" 
Repetitive peak off-state voltage:. 

Gate Open ................................................. V_ 
On-state current: 

Tc =85°Ci conduction angle = 180·: 
RMS ..•..•••...•.••..•.....•••......••.••••.•••••.•.••••••• ITCRMlI 

Average. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . !teAvl 
For other conditions 

Peak surge (non-repetitive) on-state current: I ..... 
For one full cycle of applied principal voltage, T c = 85° C 

60 Hz (sinusoidal) 
50 Hz (sinusoidal) 

For more than one full cycle of applied principal voltage 
Rate of change of on-state current 

VD = VDRDM, lar = 50 rnA, t, = 0.1 p.s .......................... di/dt 
Fusing current (for SCR protection): 

TJ = -40 to 100·C, t = 1 to 8.3 ms •... . ... .. .. ... . ..... . .. .... Izt 
Gate power dissipation:-

Peak Forward (for 10 p.s max., See Fig. 7). .... . . .... . ......... PQM 
Peak Reverse (for 10 p.s max., See Fig. 8) . . . . . . . . . . . . .. . . . . . •. PRGM 
Average (averaging time = 10 ms max;) •........ ,............ PalAvl 

Temperature Range:t 
Storage ................................... '................. T ... 
Operating (Case) ......... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . T c 

Pin Temperature (During soldering): 
At distances;::: 1/32 In. (0.8 mm) from seating plane 
for 10 s max. ............................................... T. 

837008 83700D 

300 SOD 

300 500 

200 400 

200 400 

5 
3,2 

See Figs. 3 & 4 

80 
85 

See Fig. 5 

200 

25 

13 
13 

0.5 

-40 to 150 
-40 to 125 

225 

• These values do not apply if there Is a positive gate signal. Gate must be opeh or negatively biased. 
- Any product of gate current and gate voltage which results in a gate po_r lesa then the maximum is permitted. 
t For temperature measurement reference point, see DlmansionalOutline. 

83700M 

700 V 

700 V 

600 V 

600 V 

A 
A 

A 
A 

A/p.s 

A 

W 
W 
W 

·C 
·C 

·C 
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S3700 Series 
ELECTRICAL CHARACTERISTICS 
At Mlximum Ratingl Unl ... OthBrwise Specified and at Indicated c.e Temperature (TCI 

CHARACTERISTIC 

Peak Off·State Current: 
(Gate open, T C = 125· C) 

Forward Current (100M) at Vo = VOROM ........ 
Reverse Current "ROM) at VR = VRROM ... . ... 

Instantaneous On·State Voltage: 
iT = 30 A (peak). TC = 25·C .................. 
For other conditions ......................... 

Instantaneous Holding Current: 
Gate open, TC = 25·C ........................ 

Critical Rate of Rise of Off·State Voltage: 
Vo = VOROM' exponential voltage rise, 
Gate open, TC = 125·C ......... .............. 

DC Gate Trigger Current: 
Vo = 12 V (de). RL = 30 n, T C = 25°C . . . . . . . . . . 
For other conditions . . . . . . . . . . . . . . . . . . . . . . . . . 

DC Gate Trigger Voltage: 
Vo = 12 V (de). RL = 30 n, TC = 25°C ........... 
For other conditions ........ ................. . 

Gate Controlled Turn·On Time: 
(Delay Time + Rise Time) 
For VOX = VOROM, IGT = 300 mA, tr = 0.1 IlS, 

IT = 2 A (peak). TC = 25°C (See Fig. 10) .......... 

Circuit Commutated Turn·Off Time: 
VOX = VOROM. iT = 2 A, pulse duration = 50 ~s, 
dv/dt = 100 V/~s, -di/dt = -10 A/~s, IGT = 100 mA, 
"GT = 0 V (at turn·off). TC = SOoC (See Fig. 13) .... 

Thermal ReSistance: 
Junction,to·Case .............................. 
Junction-to·Ambient • . . . . . . . . . . . . . . . . . . . . . . . . . 

CURREHT.iYE~.iiNuiOiDiLT r "j 
LOAD. RUISTIVEOR IIIIUCTIVE ~: +; -+, +++-+.;+--H 
C~UCTIONAIIGLE.lI(JD ! 

~ IO~-+t+_!r---j 1'---t::-+-+-+'+++1 
~ .--+--t-t--.;-.;+ !-H1Ilrl++-H-+-j 

~ :~~~m#: -~--: -~-t-: -l.-+--++'-t---l!J 
-'---- . T I . Ii; . 
'---;--'- T-+---j"" i ! 1 
.~i !.lll .:J':: 1.11 , . 

AVERAGE ON-STATE CURRENTrI1T(AV)~_A 

Fig. I-Power dissipation vs. average 
on-state current. 

SYMBOL 

100M 
IROM 

vT 

'HO 

dv/dt 

IGT 

VGT 

tgt 

tq 

RIIJC 
RIIJA 

LIMITS 

FOR ALL TYPES UNITS 
Except II 5plcified 

MIN. TYP. MAX. 

- 0.5 3 
mA - 0.3 1.5 

- 2.2 3 V 
See Fig. 6 

- 20 50 mA 

100 250 - V/p.s 

- 15 40 mA 
See Fig. 7 

.13.5 - 1.8 V 
See Fig. 7 

- 0.7 - ~s 

4 6 ~s 

- 4 8 OCIW 
- - 40 oCIW 

Fig. 2-Dissipation VI. repetition rate. 
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S3700 Series 
CASE TEMPERATURE PRIQRTO SURGE.60·C 
,-DAD' RESISTIVE 
REPETITIVE PEAI(R[V[RSE VQLTAGEIYRROt.lll' 

AVE~~~~~::~~[E~U~ARLEuNET [ITIAVI)'MAXIMUM 

1 

4 'e 10 100 4 6 6 1000 

SURGECURRENTOURATION-CYCL[S 

Fig. 3-Maximum allowable case temperature Fig. 4-Maximum allowable ambient temperature Fig. 5-Peak surge on·state current vs. 
surge-current duration. VI. on-state current. VI. average on-state current. 

IIfSTMlTMlEOUS ON-nATE VOLTAGE I'TI-V 

Fig. 6-lnstantaneous on-state current 
vs. on'state voltage. 

A[VERSE GATE CUAAENT 116"'-.1, 

Fig. 8-Reverse·gate voltage VI. reverse-gate current. 

, . 
000 

, . 
01 10 

GAYHO-CATIIODECURRENTIIGTI-A 

Fig. 7-Gate-trigger characteristics and 
limiting conditions for determination 
of permissible gate-trigger pulses. 

DC GATE-TRIGGER CURRENTiIGTJ-A 

Fig. 9-Turn-on time vs. gate-trigger current. 
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File Number 1306 S4060 Series 

1 D-Ampere Sensitive-Gate 
Silicon Controlled Rectifiers 
For Power Switching and Control Applications 
Features: 

• Microampere gate sensitivity 
• 800-V capability 
• 10-A (rms) on-state current ratings 
• 120-A peak surge capability 
• Low thermal resistances 
• Surge capability curve 

TERMINAL DESIGNATIONS 

~
GATE 

't.\~"lo II J: ::~' 
TOP VIEW CATHODE 

92CS-39968 

JEDEC TO-220AB 

The 84060 series' are sensitive-gate silicon controlled rec­
tifiers designed for switching ac and dc currents. The types 
within the series differ.in their voltage ratings; the voltage 
r{ilings are identified by suffix letters in the type designa­
tions. 

These thyristors have microampere gate-current require­
ments which permit operation with low-level logic circuits. 
They can be used for lighting, power-switching, and motor­
speed controls, and for gate-current amplification for driv­
ing larger 8CR's. 

All types utilize the JEDEC TO-220AB package. 'Formerly the RCA Dev. No. TA84060 series. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

S4060U S4060F S4060A S4060B S4060C S4060D S4060E S4060M S406011 S4060N 

VRRXM 

25 200 800 RGK= 1000n.Tc=-40to 125°C •. 
VORXM 

50 100 300 400 500 600 700 V 

RGK = 1000 n, T c = -40 to 125°C .. 
hCRMSI 

Conduction angle = 180°, 
Tc = 103°C .••...............••.... ______________ _ 10 A 

hSM 

For one cycle of applied principal 
voltage 60 Hz (sinusoidal) ..•...... ______________ _ 120 A 
For more than one cycle of 
applied principal voltage .......... ____________ _ See Figs. 5, 6 

IGFM 
(t= 1OpSec) ......••..••...•..... _____________ _ 0.2 A 

VGAM •••••••••••••••••••••••••••••• ---------------- 6 V 
dildt 

VOM = VOAOM, IGT = 1 mA, 
t, = 0.5/1, Tc = 110·C ......••.... --------------­ 100 Aps 

PGM 
(for10/lsmax.) .....••.••........ ______________ _ 0.5 W 

PGIAVI 

(averaging time = 10 ms max.) ••.. ______________ _ 0.1 W 
T .................................. _____________ _ -40 to +150 °C 
Tc .••••••...........••.••......•.. -------------­ -40 to +125 °C 
TT .......................•........ 

For 10 s max ........•..•••..•.••.. ______________ _ 250 °C 
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S4060 Series 
ELECTRICAL CHARACTERISTICS 

LIMITS 
FOR ALL TYPES 

UNLESS 
OTHERWISE 

CHARACTERISTIC SPECIFIED UNITS 
MIN. TYP. MAX. 

IOAxM, Vo = VOAXM, RGK = 1000 ° 
Tc = 25°C - 0.4 50 
Tc = 125°C - 50 500 

IAAxM, VA - VAAXM, RGK - 1000 ° pA 

Tc = 25°C - 0,4 50 

Tc = 125°C - 50 500 

VT 
For iT = 30 A and Tc = 25° C (See Fig, 4) - 1,55 2,3 V 

IGT 
Vo = 12 V (de), RL = 300, Tc = 25°C: - - 200 pA 

For other ease temperatures See Fig, 8 
VGT 

L~·:~.l Vo= 12 V (de), RL = 300, Tc= 25°C - 1,5 V 
For other ease temperatures 

iH 
RGK = 10000, Vo = 12 V, IT ClNITIAL. = 150 mA, 
T c = 25° C: (See Fig. 9) - 3.5 - mA 

iL 

RGK = 10000, Vo = 12 V, Tc = 25° C: 
(IGT = 200 pA) - 1.8 - mA 

dv/dt 

Vo = VOAXM, RGK = 10000, - 4.0 - Vips 
Exponential rise, Tc = 125°C (See Fig, 10) 

tg, 
Vo = VOAXM, h = 1 A, RGK = 10000, 
IGT = 1 mA, rise time = 0.1 ps, Tc = 25° C - 1,7 - ps 

Iq 

Vo = VOAXM, iT = 1 A, RGK = 10000, 
Pulse Duration = 50 ps, dv/dt = 2 Vips, 
di/dt = - 10 Alps, IGT = 1 mA at turn on, Tc = 125°C - 50 - ps 

R8Jc - - 2,0 
°CIW 

R8JA - - 60 
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'0 

ilRRXM ~I: 

'R-':.:::j:~1 ;;;;;;;~~~§::rt~:_'o 
: : 16RXM I 'VOSXM 

VRSXM ---l ,.. VRRXM I R I 
VORXM 

'~2CS-2'~3F, 

Fig. 1 - Typical volt-ampere characteristics. 

RMS ON- STATE CURRENTI"·,.u.,I-·. 

92CS-33931RI 

Fig. 3 - Maximum allowable case temp. vs. 
RMS on-state current. 

4 6 8 10 • •• 
NIMBER OF FULL cYCLES IN SURGE DlJIATION 

12CS-!39!? 

Fig. 5 - Allowable paak surge on-state cur­
rent vs. surge duration. 

CASE TEMPERATURE (Tc)-OC 
92CS-33936 

Fig. 7 - Gate trigger voltage VS. case 
temperature. 

S4060 Series 

92CS-33930 RMS ON-STATE CURRENTII,,,.u.oI-·. 

Fig. 2 - Power dissipation VB. rms on-state 
current. 

I 
92CS-33935 INSTANTANEOUS ON-STATE VOLTAGE (VTI-Y 

Fig. 4 - Instantaneous on-state current vs. 
on-state voltage. 

~'OOO: ::;~~~;I:~~~':~~~~~~~~E PULSE _ 

!;( 1 IGT =1 mA SQUARE WAVE PULSE, 10f'1 DURATION = 
~ CASE TEMPERATURE tTcl-I03°C 
~ 8r--- --ir 5p..".-+-+-+4+-I--++++-+--t-t-t-l 
~~ 41---+~,-+-+~-+-r-~T--i-~~H 
~!:! "" 
~~ 3i---t-~~+-i---t+++-~~~-Y 
I~ 

~§ ~ I :u~~ r. ,i---t-+-t-l+-f-""---'kl-tl ,_n~r 
~ I-+-D:;':~N 

100 
at 4 6 a I 4 8 810 4 6 8100 

SURGE CURRENT PULSE DURATION- ms alCS- 3!91SRI 

Fig. 6 - Surge capability without reapplied 
blocking voltage. 

CASE TEMPERATURE (Tcl-·C 
92CS-33934RI 

Fig. 8 - DC trigger current V8. case 
temperature. 
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54060 Series 

CASE TEMPERATURE (Tcl-"C 
92CS-!3929RI 

Fig. 9 - DC holding current vs. case 
temperature. 

Yo 

oJ_-- ------ --- -----

-f - - - : 

I f-.- dl/dt 

I 

O.51 TM I 

o----l- -L---------------
-: l-'I 

92CS-f3~3A4 

Fig. 11 - Rate of change of on-state current 
with time (defining dildt). 

~'I 

GATE-CATHODE RESISTANCE (RGK'-Iooon 

70 

20 40 60 80 100 
CASE TEMPERATURE (TCI--C 

92cs-3:s.n 

Fig. 10 - Critical rate-of-rise of off-state volt­
age vs. case temperature. 

Yo 

CRITICAL d,/dl ~ 

'" 
r 

'0 

1 '" .3 .... OF '0 

o - - -/~~ _______ 1 __ _ 
r---I~ 

*.O.63~ 
t= RC 92cS-15365A3 

Fig. 12 - Rate of rise of off-state voltage with 
time (defining critical dvldt). 

92S5-3881 

Fig. 13 - Relationship between instantaneous 
on-state current and voltage, show­
ing reference points for measure­
ment of circuit-com mutated turn-off 
time [tq ). 
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File Number 1051 

5-A Silicon Controlled Rectifiers 
For Inverter/Regulator Applications 

Features: 

• BOOV, 125 deg. C TJ Operating 
• High dvldt and dildt Capability 
• Low Switching Losses 
• High Pulse Current Capability 
• Low Forward and Reverse Leakage 
• Sipos Oxide Glass Multilayer Passivation System 
• Advanced Unisurface Construction 
• Precise Ion Implanted Diffusion Source 

The RCA-S5800 series are all-diffused silicon controlled 
rectifiers (reverse-blocking triode thyristors) intended for 
high-speed switching applications such as power inverters, 
switching regulators, and high-current pulse applications. 
They feature fast turn-off, high dv/dt, and high di/dt charac­
teristics and may be used at frequencies up to 25 kHz. 

All types in the series utilize the JEDEC TO-220AB (VERSA­
WATT) plastic package. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

VAAO'" •.•...•.•.•••....•....•.•.................. 
VOAOM'" ••••..•..••..•.••.....•....•..........•.... 
IT(AMS) (T c = B5· C, t,/t2 = 0.5) ........................ . 
IT(AV) (T c = 85· C, t,lt, = 0.5) •...............•.......... 
ITSM: (For one full cycle of applied principal voltage) 

60-Hz (sinusoidal) .•••...•...••......•...••....••.. 
50-Hz (sinusoidal) ...••.••....•....•.....••....•... 
For more than one cycle of applied principal voltage 

di/dt: (See Fig. 8)VOM = VOAOM, IGT = 500 mA, 
I'T [At T c shown for IT(RMS)]: 

t=10ms .•....•...•...•.••.•.•....•.........••.. 
8.3 ms ...•.•...•.••.....••...•...........•... 
1 ms ........................................ . 

For other time values .•.••.....•...•.•...•.•...••.. 
PGM: Peak forward for 10 J.IS max. . .................... . 
PAGM: Peak reverse for lOps max. . .....•............... 
PG(AV): Averaging time = 10 ms max .......•...•.....••.. 
Tstg •••••••••••••••••••••••••••••••••••••••••••••• 

Tc .............................................. . 
T T (During soldering for 10 s maXimum, terminals and case). 

S5800B 
200 
200 

S5800C 
300 
300 

85800 

TERMINAL DESIGNATIONS 

~ 
92CS-39968 

JEDEC T0-220AB 

558000 S5800E S5800M S5800S S5800N 
400 500 600 700 800 V 
400 500 600 700 800 V 

5 A 
3.2 A 

80 A 
75 A 

See Fig. 3 
200 A/J.IS 

28 A'S 
26 A'S 
13 A2s 

See Fig. 4 
13 W 
13 W 

0.5 W 
-40 to 150 ·C 
-40 to 125 ·C 

225 ·C 

"'These values do not apply if there is a positive gate signal. Gate must be open or negatively biased. 
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S5800 
ELECTRICAL CHARACTERISTICS 
As Maximum Ratings Unless Otherwise Specified and at Indicated Case Temperature (TC) 

CHARACTERISTIC 

IDROM: 
VD = VDROM, Te = 125°C 

IRROM: 
VR = VRROM, Te = 125°C 

VT: 
ITM = 30 A (peak), Te = 25°e: (See Fig. 5) 

iH(l 
e = 25°e 

dv/dt: (Linear) (See Fig. 9) 
VD = VDROM, TC = 80°C 

IGT: ° 
VD = 12 V dc, RL = 30 n, Te = 25 e 

VGT: 
V D = 12 V dc, R L = 30 n, T C = 25° C 

tgt: . (See Fig. 10) 
V~ = VDRqM'~T =08 A (peak), IGT= 300mA, 
tr - 0.1 Ils, C - 25 C 

tq: (See Figs. 7, 11, 12) 
Yo Sine Wave 
VD = VD~OM' pulse duration = 50 IlS, 
dv/dt = 1 0 VIlls, -di/dt = -10 AIlls, IGT = 100 mA 
at t.urn on, V G.K = 0 V at turn off, T C = 100· C: 

iT=4A 

iT= 8A 

ROJC 

PEAK ON-STATE CURRENT (ITMI-A 

Fig. 1 - Maximum allowable case temperature as a 
function of peak on-state current. 

LIMITS 

FOR ALL TYPES UNITS 

Min. Typ. Max. 

- 0.5 3 
mA 

- 0.3 1.5 

- 2.3 4 V 

- 20 - mA 

- 250 - VIlls 

- - 40 mA 

- 1.2 2.5 V 

- 0.7 - IlS 

- 4.4 -

IlS 
- 4.7 6 

- - 2.2 °CIW 

I 
PEAK ON-STATE CURRENT (ITM)-A 

Fig. 2 - Average on-state power dissipation as a 
function of peak on-state current. 
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100 CASE TEMPERATURE PRIOR TO SURGE- 85°C 

r-- ~~~~~~~~~~~:K REVERSE VOLTAGE (VRROMJ" 

80 r- AV~:~~~U~NR!;i~~A~~RENT [tT(AV»)..,MAX1MUM 
~ RATEO VAlUE 

i 
'"i 60 

F ~ 
0- ~ Z 
~ 40 

~ 
20 

"":::::~ 
(0", 1= 

0 
2 4 . , 2 4 S, 2 4 S, 

10 102 103 
SURGE CURRENT DURATION-CYCLES 

Fig. 3 - Peak surge on-state current as a function 
of surge duration. 

.. 
I 

;::. 

I 2 3 4 
INSTANTANEOUS ON-STATE VOLTAGE (vrl-V 

Fig. 5 - Instantaneous on-state current as a function 
of instantaneous on-state voltage. 

PULSE-SrNE-WAVE DURATION-SO"s 
CRITICAL RATE OF RISE OF OFF-STATE 

VOLTAGE (dvldt)·rooVl".. 
iy-4AORBA 
CASE TEMPERATURE (Tel-nOc 
tq(Y"VeKI 
tq(Y-OI 

TYPICAL RANGE OF NORMALIZED tq 

-. -4 -3 -2 -I 

NEGATIVE-GATE BIAS VOLTAGE (VGR)- V 

• o 

Fig. 7 - Normalized turn-off time as a function of 
negative-gate bias Voltage. 

S5800 

0.1 4 6 B r " 6 8 ro 
TIME (tl-ms 

Fig. 4 - Peak surge on-state current and fusing 
current as a function of time. 

o CASE TEMPERATURE (T ). 2SoC 

01 
o 0.2 0.4 0,6 0.8 

DC GATE-TRIGGER CURRENT (10T)-A 

Fig. 6 - Gate-control/ed turn-an-time as a 
function of gate current. 

TL oJ--- ------ --- -----
, 
V d1/dt 

I 

Fig. 8 - Rate of change on-state current with 
time (defining di/dt). 
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$5800 

.!!.~ 
d, , 

92CS-27876 

Fig. 9 - Linear rate of rise of off-state voltage 
with time (definIng dv/dt). 

I 
I I 

Vo I I 

o_L:_ ---:-1 ---
I I I 
I I I 
I 1 I -r:790%PCMNT 

'TM I 1 I 

0-1 -{- - 1-<- --­

~ 'd i" t--
1-- ' •• _ 

I 

VGT '~' o-l I-,~%~~~--- -
92CS-13366R2 

Fig. 10 - Relationship between off-state voltage, 
on-state current, and gate-trigger voltege 
showing reference points for definition 
of turn-on time (t.,), 

FORWARD CURII£NT CIRCUIT 

+ 

LINEAR dv/dt CIRCUIT 

'q'"'rr+',r I 
IIv/d'l 

Vox 

";Id'~ 

: ----t-o 

F' ___ -"~.l-t VRX VRXM 

,:,---1.....::::.--1 
I 
1 
I 
I 
,------0 

1 
1 

- ..... -11--- tg, ---t 
1 

-', ----I 9255-4374 

Fig. 11 - Relationship between off-state voltage, 
reverse vo/tagr., on-state current, and 
reverse current showing reference 
points defining turn-off time (tq). 

+ 

*FOR ADDlnONAL INFORMATION 
OM GATE TRIGGER CIRCUITS, ETC. 
REFER TO JEDEC STANDARD 
No.7 SECTION 6.204.2. 

SUPPLY 
VOLTAGE 

IllS 

Fig. 12 - Circuit used to measure turn-off time (t q)' 
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File Number 1628 S60000, S6000M, S6000N 

High Voltage, Medium Current Silicon 
Controlled Rectifiers 
For Power Switching, Power Control, and Motor Speed Control 
Features: 
• 800 V, 125 Deg. C TJ Operating 
• High dv/dt and di/dt Capability 
• Low Switching Losses 
• High Pulse Current Capability 
• Low Forward and Reverse Leakage 
• Sipos Oxide Glass Multilayer Passivation System 
• Advanced Unisurface Construction 
• Precise Ion Implanted Diffusion Source 

TERMINAL DESIGNATIONS 

92CS-3996B 

JEDEC TO-220AB 

The 56000 series are high voltage, medium current silicon 
controlled rectifiers designed for switching AC and DC 
currents. The types within the series differ in their voltage 
ratings: the )loltage ratings are identified by suffix letters in 
the type designations. 

These Thyristors feature an advanced unisurface construc­
tion with a multilayer glass passivation system for improved 
reliability performance at high junction operating tempera­
tures. Their dv/dt, di/dt capability and low switching losses 
make them suitable for applications such as lighting, power­
switching, motor speed control and crowbars. 

All types utilize the JEDEC TO-220AB package. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

S6000D S6000M S6000N 

VDRM ........... .......... .... ......... .......... ........ ....... 400 600 800 V 

VRRM ......... ........ ... ............... ........... .... ......... 400 600 800 V 

IT (RMS) (T c = 900 C) ............................................ . 16 A 

IT (av) (Tc = 90°C, 6 = 180 Deg.) .................................. . 10 A 

ITSM (for 1 full cycle) ............................................ . 160 A 

di/dt ............................................................ . 200 A/JJS 

12T (at 8.3 ms) ................................................... . 100 A"s 

(at 1.5ms) .................................................. .. 75 A"s 

PGM (for 10ps max.) ............................................ .. 16 W 

PG (av) (Averaging time 10ms max.) ............................... . 0.5 W 

T Storage ....................................................... . -65 to 150 ·C 
TJ .............................................................. . -65 to 125 ·C 
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Silicon Controlled Rectifiers ___________________________ _ 

860000, 86000M, 86000N 
ELECTRICAL CHARACTERISTICS, al Case Temperature (Tc) = 25°C Unless Otherwise Specified 

CHARACTERISTIC 

Repetitive Peak Forward and Reverse Blocking Current 
Rated VDRM and VRRM, Gate Open 

atTC = 125°C 
Forward "On State" Voltage 

ITM = 100A 
Gate Trigger Current (dc) 

VD=12Vdc 
RL = 30 Ohms 

Gate Trigger Voltage (dc) 
VD = 12 Vdc, RL = 30 Ohms 
VD = VDRM, RL = 500 Ohms, TC = 125°C 

Holding Current 
VD = 12 Vdc, IT (initial) = 300mA 

Critical Rate of Rise of Off-State Voltage 
(Exponential Waveform) 
TC = 125°C, Gate Open, VD = VDRM 
S6000D 
S6000M 
S6000N 

Turn-On Time 
IT = 10A, VD = VDRM 
IG = 100mA 

Turn-Off Time 
VD = VDRM, TC = 75°C, dv/dt = 20V/pS 
IT = 2A for 50 IlS, dildt = 10A/IlS 
IG = SOmA at Turn-On 

Thermal Resistance 
Junction to Case 
Junction to Ambient 

~ 
~ 2 
II! 
II! a 
ffi 1 

" ~ 

"'" 
"""" ~ ~ 

............. r--....... I--

V012V -

I--
~ o 75 50 25 25 50 75 100 125 -

JUNCTION TEMPERATURE (TJ)-degC 
IGS~1 

Fig. 1 - Typical Gate Trigger Current Vs. Temperature 

1.6 

1.4 

1.2 

S 1 
~ 
~ 0.8 

~ 
B O.B 
> 
II! 8 0.4 

~ 0.2 

SYMBOL 

IDROM 
IRROM 

VTM 

IGT 

VGT 

IH 

dv/dt 

tgt 

tq 

R8JC 
R8JA 

- r--

LIMITS 

S6000 FAMILY UNITS 

MIN. TYP. MAX. 

- - 50 pA 
- - 2 mA 

- 2 2.4 V 

- 20 30 mA 

- 1 1.5 V 
0.2 - -

- 30 - mA 

- - - VipS 
- 175 -
- 150 -
- 100 -

- 1.5 - pS 

- 65 - pS 

- - 2.2 °C/W 
- - 60 

V012V -

r--. ---...... 

-------

- -
~ 
Ci °_75 50 25 0 25 50 75 100 125 

JUNCTION TEUPERATURE (TJ)-degC 

Fig. 2 - Typical Gate Trigger Voltage Vs. Temperature 
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860000, 86000M, 86000N 
IT(lNITIAL =JOOmA 

"\ 
"'-

"-

"'" ~ ............. --------r---
0 75 - -50 -25 25 50 75 100 125 

JUNCTION TEMPERATURE (TJ)-degC 

Fig. 3 - Typical Holding Current Vs. Temperature 

18 

16 

~, 14 

12 
z 
o 
~ 10 

~ B 
i5 

~ 
~ 
n. 

AT INDICATED CONDUCTION ANGLES 

/ 180 
12D 

9D 1/ DC 

6DI~ V /' 
0. V V 

ta 0-V 

~ ~ Y' 
A~ 

~ ""'" 1 10 11 12 
AVERAGE ON STATE CURRENT (ITClv)-A 

Fig. 5 - Maximum Power Dissipation Vs. Average Current 

180 

« 160 
I 

~140 
~ 

~ 120 
~ 
~ 

5 '00 
w 

~ 80 

~ 60 

4D 

~ 

-

20 1 

"'-

I-

"'-., 

10 

100 

90 

< 80 

/ 
/ 

I g 70 

~ 
60 ~ 

~ 
~ 50 
~ 
0 

~ 
40 

30 

z 
20 0 

/ 
V 

/ 
/ 

/ 
10 

V 
0 0 0.2 0.4 0.6 O.B 1 1.2 1.4 1.6 loB 

ON STATE VOLTAGE (vr)-V 

Fig. 4 - Typical On State Voltage Vs. Current 

130 

o 
l'20 
I g 

w 110 
~ 

~ 
~ 100 
:> 
~ 
w 
B 90 

80 

AT INDICATED CONDUCTION ANGLES 

r--.-~ 

~ ~ ~ -..... 
"\ ~ ~ ~ ~ "-

9~ 0-, ......... DC 

;'0 ""- 180 

a 1 2 4 10 11 12 

AVERAGE ON STATE CURRENT (ITQv)-A 
TCSElOQAS1 

Fig. 6 - Maximum Case Temperature Vs. Average Current 

FREQUENCY 60 HZ ~ 

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

1DO 1000 
NUMBER OF CYCLES OF SURGE DURATION 

Fig. 7 - Peak Surge Current Vs. Duration 
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Silicon Controlled Rectifier. 

S6493M File Number 247 

Silicon Controlled Rectifier For 
High-Current Pulse Applications TERMINAL DESIGNATIONS 

Features: 
• Up to 900 A peak pulse on-state current 
• 300 W maximum average dissipation 
• On-state current of 35 A (rms value) 

The RCA-S6493M* is an all-diffused silicon controlled 
rectifier (reverse-blocking triode thyristor) designed 
especially for use in radar pulse modulators, inverters, 
switching regulators, and other applications requiring a 
large'ratio of peak to average current. JEDEC TO-20BAA 

It is especially constructed for rapid spread of forward 
current over the full junction area to achieve a high rate of 
change of forward current (di/dt) capability and low 
switching dissipation. 

* Formerly RCA Type No. 86431 M. 

MAXIMUM RATINGS. Absolute-Maximum Values: 

VRaOU A ..••••••••..••..•.....••.....••.....••••.•..••••..•••...•.•...........•...•.•.............. 
VD80MA ••••••••••••••••••••••••••••.••••••••••••••••••••.••••••••.•••••••••••••••••.•••••••••.•••• 
VRROUA ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

VDROMA ••••••••••••••••••••.•••••.••.••••••••••••••.•••••••••••••••••••••••.•••...••••.•••••••••.• 
ITIRU8I(Tc=65°C,8=1SO·C) ...................................................................... .. 
hu (pulse) 

Tc= 65°C, See Figs. 1 and 2 ...................................................................... . ,", 
TJ =-65t0125·C,t=1 to 8.3 ms ................................................................. .. 

PDlAVI (T c = 65· C, See Fig. 3) ...................................................................... .. 

P"M • 
Peak (Iorward or reverse) lor 10 liS maximum ..................................................... .. 

PGIAYJ • 

Averaging time = 10 ms maximum ................................................................ . 
T .................................................................................................. . 
Tc ................................................................................................ . 
TT 

During so'dering lor 10 s maximum (termlna's and case) •••.••.••••••..••••••.••••••.••••••.•••••••• 
T. 

Recommended .................................................................................. . 

Maximum (DO NOT EXCEED) ................................................................... . 

A These values do not apply II there is a positive gate signal. Gate must be open or negatively biased . 

700 
700 
SOO 
800 
35 

900 

2000 
30 

40 

1 
-65 to 150 
-65 to 125 

225 

i 35 
0.4 

IO~7 
• Any product 01 gate current and gate voltage which results in a gate power less than the maximum is permitted. 

V 
V 
V 
V 
A 

A 

A"s 
W 

W 

W 
·C 
·C 

·C 

In-Ibl 
kgf-m 
In-Ibf 
kgf-m 
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.. 
11 .. 

§ 900 
~ 
~ 800 

""" ~ 100 

! .00 

~ 
500 

~ 
100 

w 300 

~ 200 

~ 100 
II! 

0.1 

S6493M 
ELECTRICAL CHARACTERISTICS 

At Maximum Ratings Unless Otherwise Specified and at Indicated Case Temperature (T C) 

CHARACTERISTIC 

100M or IROM: 
Vo = VOROM or VR = VRROM, TC= 125°C 

VTO) 
ITM(pulse) = 600 A, t = 2/.1s, T C = 65°C (See Fig. 4) 

iHO: 
TC=25°C 

dv/dt: 

Vo = VOROM, exponential voltage rise, 
TC = 125°C (See Fig. 8) 

IGT IT C = 25°C) 

VGT (TC = 25°C) 

tgt: 

Vo = VOROM' iT = 30 A (peak). IGT = 200 rnA, 

tr = 0.1 /.IS, T C = 25°C (See Figs. 5 and 9) 

tq: 
Rectangular Pulse 

V OX = V OROM, iT 18 A, pulse duration = 50/.ls, 

dv/dt = 20 V//.Is, - di/dt = -30 A//.Is, IGT = 200 rnA 
at turn-on, TC = 80°C (See Figs. 10 and 11) 

ROJC 

TC 65'C 

10 
TIME-ps 

100 1000 10000 

92LS-I896Rl 

11 
z 
Q 
!;; .. 
;;; 
U) 

Q .. 
~ 
or 
z 
0 

LIMITS UNITS 

MIN. TYP. MAX. 

- 2 10 rnA 

- - 19 V 

0.5 20 70 rnA 

20 50 - V//.Is 

1 25 80 rnA 

- 1.1 2 V 

- 1.25 - /.Is 

/.IS 

- 20 40 

- - 2 °CIW 

~~~i :Ti~ES (Tel•65"C '"" 
FRI~M !EG"NI\!glg ,r{~~RI:NT PUL,SE 

..., ~~y,,,. 
/ t:".;y, 

I::, I 1/ 1/ / 
T I .I r)' '/ 

,'" 1 'j V. V- ii": ~I~i 
t"1~ :1. " ,', .. I:" 

,,- :: 
,.'" 1 :: . .. : .. , ::: ': 

PEAK PULSE ON-S'?ATE ~~REN~ [ITM
1OOO (PULSEI]-A 

92CS-26~9 

Fig. 1 - Peak pulse on-state current vs. time. Fig. 2 - On-state dissipation vs. peak pulse on-state current and 
time. 
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Silicon Controlled Rectifiers 

S6493M 
NOTE'ON-STATE AND REVERSE 

LOSSES INCLUDED 

02!5!10751OO12. 
CASE TEMPERATURE (TC)-OC 

Fig. 3 - Dissipation dereting curve. 

I." 
DC GATE TRIGGER CURRENT UGTI-A 

Fig. 5 - Gate-control/ed turn-on time vs. gate trigger current. 

~ 
"'3000 : 
~2000 
~ 

1000 

IT ,1TM 

-t!.J.- fnLSEI 

I 
1+ PULSE-.:r 

I\Y WIDTH 
(PW) 

t\' 1\ I 
~ '" Jw.\ •• l 

r-..; 

"" NOTE I 1'--- j.... FOR 30WAVERAGE ON-
STATE DISSIPATION AT 
TC·65"C Tr (REVERSE DISSIPATION 

'fT INCIUD~DI I I 
200 400 600 800 

PEAl( PULSE ON-STATE CURRENT [rTM(PULSE1]-A 

92LS-I898RI 

Fig. 7 - Peak pulse on-state current as a function of repetition 
rate, half sine wave pulse. 

Fig. 4 - Initial on-state voltage characteristics. 

200 400 600 

PEAK PULSE ON-STATE CURRENT [ITM(PULSEI1-A 

Fig. 6 - Peak pulse on-state current as a function of repetition 
rate, rectangular pulse. 

dv _ Vo 
dT- O.63 , 

t· RC 92CS-13365R3 

Fig. 8 - Rate-of-rise off-state voltage with time (defining dv/dt). 
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____________________________ Silicon Controlled Rectifiers 

Fig. 9 - Rfl/ationshlp bfltwflfln off-statfl voltagfl, on-statfl current, 
and galfl triggflr voltage showing rflferflncfl pOints for 
definition ottum-on time (t •• ). 

FORWARD CURRENT CIRCUIT 

SUPPLY 

~~GE ~II + 

+ 

LINEAR dv/dt CIRCUIT 

IqlO"I+lgr 

I 
I 
I 

--1---+-- 'g' ---t 
I 

1---" ----I 

S6493M 

------0 

n5S-43J4 

Fig. 10 - Relationship bfltwflen off-state voltage, reversfl voltage, 
on-state current, and rflverse current showing refflrencfl 
points dflfining turn-off time (t.), rectangular pulse. 

REVERSE CURRENT 
CIRCUIT 

DEVICE 
UNDER 
TEST 

+ 

*FOR ADDITIONAllHFORMATION 
ON GATE TRIGGER CIRCUITS. ETC. 
REFER TO JEDEC STANDARD 
No.7 SECTION 6.204.2. 

SUPPLY 
VOLTAGE 

II~ 

9255-4375 

Fig. 11 - Circuit used to mflasurfl turn off-time (t.), rflctangu/ar 
pulse. 
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Trlacs 

2N5441-2N5446, T6420 Series File Number 593 

40-A Silicon Triacs 
TERMINAL DESIGNATIONS 

Features: 
• dildt capability = 100 Alps 

MTI 

• Low switching losses 
• Low on-state voltage at high current levels MT2 

• Low thermal resistance 

~ 200Y 400Y eOOY 
Package Types Types Typel 

92CS-2773'RI 

2N5441-43 

Press-Fit 2N5441 2N5442 2N5443 
T6420 Series 

Stud 2N5444 2N5445 2N5446 

Isolated-Stud T6420B T6420D T6420M 

RCA triacs are gate-contrOlled, full-wave silicon ac switches. 
They are designed to switch from an off-state to an on-state 
for either polarity of applied voltage with positive or 
negative gate-triggering voltages. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

2N5444-46 

For Operation with Sinusoidal Supply Voltage at Frequencies up to 50160 Hz and with resistive or Inductive Load 
2N5441 2N5442 2N5443 
2N5444 2N5445 2N5446 

• REPETITIVE PEAK OFF-STATE VOLTAGE ., VO""M T6420B T6420D T6420M 
Gate Open, T, = -65 to l00·C .................................... . 

RMS ON-STATE CURRENT (Conduction angle = 360· C), ITIRMOI 
Case temperature 

T c = 70· C (Press-fit types) ..................................... . 
Tc = 65·C (Stud types) ........................................ . 
Tc = 6O·C'(lsolated-stud types) •..••••..•••..•••..•••••.•••••••. 

For other conditions ••••••...••••.•••••..••••..•••..•••••.••••••.. 
PEAK SURGE (NON-REPETITIVE) ON-STATE CURRENT, IrSM 

For one cycle of applied principal voltage 
60 Hz (sinusoidal) •••.•••••••••..•••••.•••••••••••••••••••••••• 
50 Hz (sinusoidal) .•••••••••.••••••••••..•••..••••..•••.. , .•••• 

For more than one cycle of applied principal voltage •••.•••••••.•••• 
RATE OF CHANGE OF ON-STATE CURRENT, dl/dt 

VOM = VO""M, IGT = 200 rnA, t. = 0.1 pS (See Fig. 12) ................. . 
FUSING CURRENT (for Triac Protection), I't 

T, = -65 to 110·C, t = 1.25 to 10 ms .............................. .. 
• PEAK GATE-TRIGGER CURRENT ., IGTM 

For 1 pS max. • .................................................. . 
• GATE POWER DISSIPATION 

200 400 

40 
40 
40 

See Fig, 3 

300 
265 

See Fig. 4 

100 

450 

12 

Peak (For 10 pS max., IGTM:5 4 A, PGM .............................. ______ _ 40 
Average, PG •• v, ................................................... ______ _ 0.75 

• TEMPERATURE RANGE A 
Storage, T ........................................................ _____ _ -65 to 150 
Operating (Case). Tc ............................................. _____ _ -65 to 110 

• TERMINAL TEMPERATURE (During Soldering), T. 
For 10 s max. (terminals and case) ................................ ______ _ 225 

STUD TORQUE, 7S 

Recommended •••••••••.•.•••••.••.••••.••••.•••.•.••.••••••• " .••• ______ _ 35 
Maximum (DO NOT EXCEED) ••.••.••••.••.•.•••.••••..•••••••••• ______ _ 50 

• In accordance with JEDEC registration data format (JS-14, RDF2) flied for the JEDEC (2N-Series) types. 
• For either polarity of main terminal 2 voltage (VM .. ) with reference to main terminal 1. 
• For either polarity of gate voltage (VG) with reference to main terminal 1. 
A For temperature measurement reference point, see Dimensional Outline 

600 V 

A 
A 
A 

A 
A 

AlpS 

A's 

A 

W 
W 

·C 
·C 

·C 

in-Ib 
in-Ib 
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Trlacs 

2N5441-2N5446, T6420 Series 
ELECTRICAL CHARACTERISTICS 
At Maximum Ratings Unless Otherwise Specified and at Indicated Case Temperature IT cl 

CHARACTERISTIC 

Peak Off·State Current:' 
Gata open, TJ ~ 11<tC, VOROM Max. rat.d value ..... 

Maximum On-state Voltage:· 
For iT = l00A (peak), TC = 25°C ...............•.. 
For iT = 56 A (peak), T C = 25°C .•.....•.......•... 

DC Holding Current:' 
Gata open, Initial principel current = 500 mA (dc), Vo = 12V: 

TC = 25"C ...............•...••.........•.... 
TC = -65"C .................................. . 
For other case temperatures ..................... . 

Critical Rate of Rise of Commutation Voltage:' 
For Vo = VOROM,IT(RMS) = 40 A, commutating 
di/dt = 22 Alms, gate un.nergized, (See Fig. 13): 

TC = 7<tC (Pr ... ·fit types) ...•.................. 
= 65"C (Stud types) ....................... . 
= 6O"C (lsolated .. tud types) ................. . 

Critical Rate of Rise of Off·State Voltage:' 
For Vo = V DROM' exponential voltage rise, gate open, 
TC = 11<tC: 

2N5441 , 2N5444, T6420B •••••••••••••••••••••• 
2N5442. 2N5445, T6420D •••••••••••••••••••••• 
2N5443, 2N5446, T6420M ••••••••••••••••••••• 

DC Gate·Trigger Current:'· Mode VMT2 VG 
For Vo = 12 V (dc) 1+ positive positive 

RL = 30 n 111- negative negative 
TC = 25°C 1- positive negative 

111+ negative positive 

Mode VMT2 VG 
For Vo = 12 V (de) 1+ positive positive 

RL = 30 n 111- negative negative 

TC = -65"c 1- positive negative 
111+ negative positive 

For other case temperatures 

DC Gata·Trigger Voltage:'· 
For Vo = 12 V (de), RL = 30 n, 

TC = 25"C ................................ .. 

SYMBOL 

IOROM 

dv/dt 

dv/dt 

= -65"c ................................. VGT 
For other case temperatures •••...................... 
ForvO = VOROM,RL = 125n,TC = 11<tC 

Gate-Controlled Turn~On Time: 
(Delay Tim. + Rise TIme) 
For Vo = VOROM,IGT = 200 mA, tr = 0.1 "s, 
iT = 60 A (peak), T C = 25"C (See Figs. ,0 & 14) 

Thermal Resistance, Junction~to-CaS8: 
Staady-5tat. 

Press·fittypes ................................ . 
Stud types ..•......•..•.............•......... 
Isolated .. tud types ........................... ' .. . 

Transient (Press·fit & stud types) .................... . 

LIMITS 

FOR ALL TYPES 
UNLESS OTHERWISE 

SPECIFIED 

MIN. 

5' 
5' 
5 

60' 
30' 
20' 

0.2 

TYP. 

0.2 

1.7 
1.5 

25 

See Fig. 6 

30 
30 
30 

200 
150 
100 

15 
20 
30 
40 

See Figs. 7 & 8 

1.35 
1.S 

See Fig. 9 

1.7 

See Fig. 11 

MAX. 

4' 

2 
1.S5' 

60 
100' 

50 
50 
BO 
SO 

125' 
125' 
240-
240' 

2.5 
3.4-

3 

O.S-
0.9' 

1 

• In accordanee with JEDEC registration data format (JS-14, RDF 2) filed for the JEDEC (2N-Series) types. 

• For either polarity of main terminal 2 voltage (VMT2) with reference to main terminal 1. 
• For either polarity of gate voltage (VG) with reference to main terminal 1. 

UNITS 

mA 

V 

mA 

v/"s 

mA 

V 

°CIW 
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2N5441-2N5446, T6420 Series 

+x OUADRANT 
NOI 

MAIN TERMINAL 2 
POSITiVE 

92I.S-2214R5 

Fig. 1 - Principal voltage-currant characteristic. 

CURRENT WAVEFORM: SINUSOIDAL ! 
LOAD: RESISTIVE OR INDUCTIVE 
CONDUCTION ANGLE ~ 360· 
CASE TEMPERATURE: MEASURED AS 

SHOWN ON DIMENSIONAL OUTLINES 

110 
CONDUCTIONIoNGLE 

"I +'m'rTT 

PRESS-FIT TYPfS '.::fit: 

STUD~ 

ISOLATED-STUD TYPES 

10 20 30 40 

FULL CYCLE RMS ON-STATE CURRt:NT [IT'RMS~ - A 
~ 92LS - 2255R3 

Fig. 3 - Maximum allowable case temperatura vs. on-state currant. 

CASE TEMPERATURE ITC'· .. ·c 

Ufb. 
I~ ,t~,~, 

E·'i l~:. 
:1,,::7'::I·t 

INSTANTANEOUS ON-STAT VOlTAGE !VT)"-V 
!POSITIVE OR NEGATIVE) 92LS-22M1R2 

Fig. 5 - On-state currant vs. on-stage voltage. 

CONDUCTION ... Gl[ 

-'I ""m 

FULL-CYCLE RMS ON-STATECURRENT['ITtRMSl]-A 
92LS-2256RI 

Fig. 2 - Power diSSipation vs. on-state currant. 

~~~D~~:~~~~V~URRENT [IT(RMSJ = 40 A AT 

~ 300 
SPECIFIED CASE TEMP. , 

~! 
III I IIIII 

f GATE CONTROL MAY BE LOST 
DURING AND IMMEDIATELY FOLLOWING 

~. 250 SURGE CURRENT INTERVAL. 

~1 f- '~~ OVERLOAD MAY NOT BE REPEATED 
UNTIL JUNCTION TEMPERATURE HAS 

i= ~200 RETURNED TO STEADY-STATE 

I~~ I---
RATED VALUE. I; I. ~ 

-

I---
50,., 60Hz 

. ..(, .. 

r' 
~ • 
~ 

1 468 10 468 102 4 6:'<T 
SURGE CURRENT DURATION -FULL CYCLES 92LS-2257R3 

Fig. 4 - Peak surge on-state currant vs. surge current duration. 

92CS-III200RI 

Fig. 6 - DC holding currant vs. case temperature. 

756 ______________________________________________________________ ___ 



-------___________________________ Trlacs 

2N5441-2N5446, T6420 Series 

-70 -60 -50-40 -30-20-10 a 10 20 30 40 
CASE TEMPERATURE tTc I-·C CASE TEMPERATlH: (TC)--C 

92CS-~201 

Fig. 7 - DC gate-trigger current vs. case temperature (1+ & 
111- modes). 

Fig. 8 - DC gate-trigger current vs. case temperature U- & 111-
modes). 

50 100 150 200 250 300 3tH) 400 450 

CASE TEMP£RATURE (Tc'-OC DC GATE-TRIGGER CURRENT tIGTI-",A 

92C5-15202FII 

Fig. Ii - DC gate trigger voltage vs. case temperature. Fig. 10 - Turn-on time vs. gate-trigger current. 

~ 100 III I !I 
w~ II' J.tr 
~~ 

80 
,; I' V , ... 
II ' ,/ ~~ 

~ffi 
~ t;;jO 

60 

~~ V ! 
~" V i '!I ! z, 
~~ 40 , 

I' I ~, I I wz 
V !! ~o 

I i 20 

I il" 'l! I 

0 lUi ill 
2 4 , . 2 4 . . 2 4 , . 

10-3 10-2 10-1 I 
TIME AFTER APPLICATION OF RECTANGULAR POWER PULSE-SECONDS 

92L$-2263RI 

Fig. 11 - Transient junction-to-case thermal reistance vs. time for 
press-fit and stud types. 
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2N5441-2N5446, T6420 Series 

Vo 

oJ--- ------ --- -----, 
V dlldt 

I 

92CS-17063 

Fig. 12 - Rate of change of on-state current with time (defining 
di/dt). 

Fig. 13 - Relationship betwesn supply voltaga andprincipa/currsnt 
(inductive load) showing rsference pOints fordeflnition of 
commutating voltage (dv/dt). 

I 
I I 

Vo : I 

o-LL- ___ l ___ _ 
I I 
I 1 

I 1 

: 1 tlr' I 1 1 ..... 90% POINT 
ITM I I 

o-i~--- 1-1---
I..-..- td I, 1 t 
I I I r 

:--- tgt--i 

I 

92LS-2410R2 

Fig. 14 - Relationship between off-state voltage, on-state current, 
and gate-trigger voltage showing reference points for 
definition of turn-on time (t .. ). 
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--------------______________________ Trlacs 

File Number 414 2N5754-2N5757 

2.S-A Silicon Triacs 
Features: 
• Gate sensitivity - 25 mA 
• di/dtcapability-100A/ps 
• Low switching losses 

TERMINAL DESIGNATIONS 

• Low-on-state voltage at high current levels 

~ lOGY 20GY 40GY 80GY 
Package Typel Typel Typel Typel 

Modified TO-205 2N5754 2N5755 2N5756 2N5757 

These RCA triacs are gate-controlled full-wave silicon ac 
switches that are designed to switch from an off-state to an 
on-state for either polarity of applied voltage with positive 
or negative gate triggering voltages. 

MODIFIED TO-205 

The gate sensitivity of these triacs permits the use of 
economical transistorized control circuits and enhances 
their use in low-power phase control and load-switching 
applications. 

MAXIMUM RATINGS, Absolute-Maximum Values: 
For operation with sinusoidal supply voltage at frequencies up to 50/60 Hz and with resistive or inductive load 

, VDOOM l!. 
Gate open, TJ = -65 to 100·C ••••.•.•••.•.••.•.•..••••••.• 

ITiRMS' (8 = 360·C) 
Tc=70·C ••••.•••.••••..•••..•..•••••.•••••••••••••••••. 
For other conditions ..••...•••••••••••.•••••••••••••••••• 

haM 
For one cycle of applied principal voltage, at current 
and temperature shown above for ITfRMOI 

60 Hz (sinusoidal) •••••.••••••• , •.•••••••••.••.••••.•• 
50 Hz (sinusoidal) ••••..••••••...•••••••••••.•.••••••• 

For more than one cycle of applied principal voltage ••••••• 
dildt 

V D = VDROM, lOT = 50 mA, t, = 0.1 ps ...................... '" 
I"t [At Tc shown for ITfRMS'] 

t = 20 ms .••.••••.••.•••...••••••.••••.•••••.••••.••.•••• 
t=2.5ms .............................................. . 
t = 0.5 ms .............................................. . 
For other time values ................................... . 

* IOTM • 

For1 ps max ..••••.••...•••..••••••.•••••.•••••.••••••••• 
PaM 

Peak (For 1 /1s max., lOT S; 1 A (peak) •.••.•••••••.••••••• " 
'POIAV' - Tc = 70·C •...••.•••....•.••••••••.•••••.••..••••... 

T.=25·C ......................................... . 
*T.ta ••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

'Tc ....................................................... . 
TT 

During soldering for 10 s maximum at distance;:: 1/16 in. 
(1.56 mm) from seating plane ........................... .. 

For Notes See Electrical Characteristic Chart 

2N5754 2M5755 2N5756 2N5757 

100 200 400 600 

________ 2.5 _______ _ 

________ See Figs. 2, 3, 4 ______ _ 

_________ 25 ________ _ 
_________ 21 ________ _ 

________ See Figs. 5, 6 _______ _ 

_________ 100 ________ _ 

________ 4.3 _______ _ 
_________ 2 ________ _ 

________ See Fig. 6 _______ _ 

_________ 10 ________ _ 

_________ 0.15 ________ _ 
_________ 0.05 ________ _ 
________ -65 to 150 _______ _ 
________ -~t0100 _______ _ 

_________ 225 ________ _ 

v 

A 

A 
A 

Alps 

A"s 
A"s 
A"s 

A 

w 
w 
w 
·C 
·C 

·C 
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2N5754-2N5757 
ELECTRICAL CHARACTERISTICS, At Maximum Rating, Unl .. , Otllerwl .. Specified and at 
Indicated C .. e Temperature (T c) 

LIMITS 

CHARACTERISTICS ALL TYPES 

IIIN. TYP. 

IOROM A 

Gate open, TJ = 100·C, VORDM = Max. rated value - 0.2 

VTMA (See Fig. 7) 

iT = 10 A (peak), Tc = 25·C - 2.2 

iT = 3.5 A (peak), Tc = 25·C - -
IHoA (See Fig. 8) 

Gate open, Initial principal current = 150 mA (de), Vo=12 V 

Tc = 25·C - 6 

Tc = -65·C - 20 

dv/dt (Commutating) A 

Vo = VOROM, IflRMS) = 2.5A commutating di/dt = 1.33 Alms, 

gate unenergized, Tc = 70· C 0.5 -
dv/dt (Off-State) A 

Vo = VORDM, exponential voltage rise, gate open, Tc = 100·C 10 100 

IOTA. 

Vo = 12 V dc, RL = 30 n, Tc = 25·C 
Mode VMT2 Vo 

1+ positive positive - 5 
111- negative negative - 5 
1- positive negative - 10 

111+ negative positive - 10 

Vo = 12 V dc, RL = 30 n, T c = -65· C 

Mode VMT2 Vo 

1+ positive positive - 30 

111- negative negative - 30 

1- positive negative - 40 

111+ negative positive - 40 

VoTA • (See Fig. 10) 

Vo = 12 V dc, RL = 30 n, Tc = 25·C - 0.9 

Vo = 12 V dc, RL = 30 n, Tc = -65·C - 1.5 

Vo = VOROM, RL = 125 n, Tc = 100·C 0.2 -
to. 

Vo = VOROM, 10 = 60 mA, t, = 0.1 ps, iT = 10 A (peak) Tc = 25·C - 1.8 

RBJC 

Steady-State - -
RBJA 

Steady-State - -

IIAX. 

0.75 

2.6 

1.8 

35 

82· 

-

-

25 

25 

40 

40 

60· 

60· 
100 • 

100 • 

2.2 

3· 

-

2.5 

8.5 

150 

• In accordance with JEDEC registration data format JS-14, RDF-2 - flied for the JEDEC (2N-Series) types. 
A For either polarity of main terminal 2 voltage (VMT2) with reference to main terminal 1 . 
• For either polarity of gate voltage (Vo) with reference to main terminal 1. 

UNITS 

mA 

V 

mA 

VIps 

VIps 

mA 

V 

ps 

·C/W 
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Fig. 1 - Power dissipation vs. on-state current. 

FUl.L-CYCLE RMS ON-STATE CURRENT [ITIRMS1]-A 

92L.S- 2097R4 

Fig. 3 - Maximum allowabla ambiant temperature vs. on-state 
current. 

i:! 
I! 
Z 

SI.JIPLY FR£Qt.ENCY-!5OI6O Hz 

~cir.~~ [1TIRM8)]-2.5A 
CASE TEMPERATURE ITc)-1O-C 

~-:- GATE CONTROL. MAY BE LOST DURING AND-
>- IMMEDIATELY FOLLOWING SURGE CURRENT -
g~ \. INTERVAL. 

OV£RLOAD MAY NOT BE REPEATED UNTIL 
~~ \. .JUNCTION TEMPERATURE HAS RETURNED TO 
II!" "-

STEADY - STAT[ RATED VALUE 

~w " .:-.... ..... I I _"! 

r " I 
,:-t-!:?", 

i 50Hz--. L'"'-• I 
I I , . . . , . , . 

10 102 
, . , . 

SURGE CURRENT DURATION-FULL CYCLES 
92CS-1573I1U 

Fig. 5 - Peak surge on-state current vs. surge-current duration. 

Trlacs 

2N5754-2N5757 
CURR£NT WAVEFORM' SINUSOIDAL Pl r'" LOAD: RESISTIVE OR INOUCTIVE 
CONDUCTION ANGLE (1':360-
CASE TEMPERATURE (Te)'MEASURED 

AS SHOWN ON DIMENSIONAL OUTLINE '00· ' .... 
~ .. '00 

I ~~T:""":NGI_E('1 

H .. ~'!i 
itc 10 

" U 
=~ 

10 

• eo 

FULL-CYCLE RMS ON-STATE CUARENT [:rTIRMS1]-A !l2L5-UA 

Fig. 2 - Maximum allowable case temperature vs. on-state current. 

CURRENT w.wEFORM: SINUSOIDAL @ iT'" LOAD: A£SISTN£ OR INIK.CTfV£ 
CONDUCTtoN ANGLE (B):HC)e 

:'~~ 

I 
"ATSINIC.Tt:-.-
ATURf IllUtuRED ON 
.. AT SINk"'-RIQM 

=~ 
CAS( CAP. 
LEAD UENGTH -," 

i! 80 
MOUNTING @A+, .... @ 

~; 70 I'ORDlVICI:SCIl.DIW£D 
C w ON v.--ntac a:wra 

;t- Ie :mOUNTING "AT SHe. TEMPER-

@ ATURE .,t,S\MEO ON 
teAT SMC ~ FROM 

C CASf UP • • LEAD LENGTH 'I~ 

o 0.5 I 1.& 2 2., :s 
FULL-CYCI.E RMS ON-STATE CURRENT [XT(RMS)]-A 92LS-1390AS 

Fig. 4 - Maximum allowable heat-sink temperature vs. on-state 
current. 

"""I AT TC SHOWN FOR Xj'RMS) 

• 
-c 
~ I I ~,fl~ V w 
0-- ~..r -a .... 

~ 
!!I c Iro- 2 

~J .,ll 
~~ .... 

~~IOO I !Ell 
;:;a 8 J"~..:, i~ 5w • l( 8 a~ :a 4 KOire!fJI"E"J .,0-

4 iI:i Ii 
COl 

'1'1'---
~a.. .,' a.ZS 

2 2 

-'0 .01 
4 , . , • • • 10 

2 4 

TIME (f)-tn. 92CS-21'UO 

Fig. 6 - Peak surge on-state current and fusing current vs. time. 
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2N5754-2N5757 

o I , • 

POSITIVE OR NEGATIVE INSTANTANEOUS 
ON- STAU VOLTAGE (Ill I-V 

Fig. 7 - On-state current vs. on-state voltage. 

CASE TEMPERATURE Itc. _·c 

Fig. 9 - DC gate-trigger current VB. case temperature. 

CASE TEMPERATURE (Tel-*<: 

Fig. 8 - DC holding current (positive or negative) vs. case 
temperature. 

TRIGGERING MODES: ALL 
PRINCIPAL DC VOlTAGE -12 V 
LOAD· 3O.n. RESISTIVE 

CASE TEMPERATURE (Tc}--C 

Fig. 10 - DC gate-trigger voltage vs. case temperature. 
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____________________________________ Triac. 

File Number 1084 2N6342A-2N6349A Series 

12-A Silicon Triacs TERMINAL DESIGNATIONS 

For Power Control and Power-Switching Applications 

Features: 

• BOOV, 125 Deg. C TJ Operating 
• High dv/dt and dildt Capability 
• Low SWitching Losses 
• High Pulse Current Capability 
• Low Forward and Reverse Leakage 
• Sipos Oxide Glass Multilayer Passivation System 
• Advanced Unisurface Construction 
• Precise Ion Implanted Diffusion Source 

The 2N6342A-2N6349A series triacs are gate-controlled full­
wave silicon switches utilizing a plastic case with three 
leads to facilitate mounting on printed-circuit boards. They 
are intended for the control of ac loads in such applications 
as motor controls, light dimmers, heating controls, and 
power-switching systems. 

These devices are designed to switch from an off-state to an 

MAXIMUM RATINGS, Absolute-Maximum Values: 

'VOAOM- T J = -40 to 110°C .......................... . 
ITIAMS) T c = 80° C, 8360° ........................... . 

For other conditions ............................. . 
ITSM 

For one cycle of applied principal voltage 
60 Hz (sinusoidal), T c = 80° C ......... . 
50 Hz (sinusoidal), T c = 80° C ................... . 

For more than one cycle of applied principal voltage ... . 
dildt 

VO= VOAOM, IGT= 200 mA, t,= 0.1 ps ............... . 
12t IAt T c shown for ITIAMS)' half-sine wave]: 

t= 10ms ...................................... . 
= 2.5 ms ..................................... . 
= 0.5 ms ..................................... . 
=lt08.3ms ................................. .. 

'IGT..-
For 1 ps max. . ................................. . 

'PGM (For 1 /1s max., ,GTM::o 4 A ...................... . 
*PG(AV) ••••••••••••.•.•...•••.••••••••••••••••••••. 

* Tstg ••••••••••••••••••••••••••••••••••••••••••••• 

'Tc ............................................. . 
'T T During soldering for 10 s max. . ................... . 

'In accordance with JEDEC registration data format JC-22 RDF-2. 

TOP VIEW 

92CS-39970 

JEDEC TO-22DAB 

on-state for either polarity of applied voltage with positive or 
negative gate triggering voltages. They have an on-state 
current rating of 12 amperes at a T c of BO° C and repetitive 
off-state voltage ratings of 200, 400, 600, and 800 volts. The 
plastic package design provides not only ease of mounting 
but also low thermal impedance, which allows operation at 
high case temperatures and permits reduced heat-sink size. 

2N6342A 
2N6346A 

200 

2N6343A 
2N6347A 

2N6344A 
2N6348A 

400 600 
12 

See Figs. 5 

120 
113 

See Fig. 6 

100 

64 
40 
23 
40 

4 
20 
0.5 

-40 to 150 
-40 to 110 

230 

2N6345A 
2N6349A 

800 V 
A 

A 
A 

Nps 

A's 
A's 
A's 
A's 

A 
W 
W 

°C 
°C 
°C 

-For either polarity to main terminal 2 voltage (VMT2) with reference to main terminal 1. 
-For either polarity to gate voltge (V G) with reference to main terminal 1. 
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2N6342A-2N6349A Series 
ELECTRICAL CHARACTERISTICS 
At Maximum Ratings Unless Otherwise Specified, and at Indicated Temperatures 

CHARACTERISTIC 

IOROMe T J = 110°C, VOROM = Max, rated value 

vTMe iT = 17A (peak), Tc = 25°C 

IHOe 
Gate open, Initial principal current = 200 rnA 

Vo = 12V, Tc = 25°C 
= -40°C 

dv/dte (Cornrnutating) 

Vo = VOROM' ITM = 17A, di/dt = 6.5A/rns. 
Tc = 80°C 

dv/dte (Off-State) 

Vo = VOROM' Tc = 100°C 
2N6342A, 2N6346A .............................................. 
2N6343A,2N6347A .............................................. 
2N6344A, 2N6348A .............................................. 
2N6345A, 2N6349A .............................................. 

IGTe. Vo = 12V (de), RL = 1000 
Mode VMT2 VG 

1+ + + 

Tc = 25°C 111- - -
1- + - (2N6346A-49A only) 

111+ - + (2N6346A-49A only) 

1+ + + 

Tc = -40°C 111- - -
1- + - (2N6346A-49A only) 

111+ - + (2N6346A-49A only) 

vGTe. Vo = 12V (de), RL = 1000 
Mode VMT2 VG 

1+ + + 

Tc = 25°C 111- - -
1- + - (2N6346A-48A only) 

111+ - + (2N6346A-48A only) 

1+ + + 
Tc = -40°C 111- - -

1- + - (2N6346A-49A only) 
111+ - + (2N6346A-49A only) 

Vo = V OROM' RL = 10K 0 
1+ + + 

T J =110°C 111- - -
1- + - (2N6346A-49A only) 

111+ 1- + (2N6346A-49A only) 

tg, 
Vo = VOROM' IGT = 120rnA, t, = 0.1 f.lS, iT = 17A (peak), 

Tc = 25°C 

RBJC 

"In accordance with JEDEC registration data format JC-22 RDF2. 

eFor either polarity of main terminal 2 voltage (VMT2) with reference to main terminal 1 . 
• For either polarity of gate voltage (V G) with reference to main terminal 1. 

LIMITS 

For All Types 
Except as Specified UNITS 

Min. Typ. Max. 

- - 2 rnA 

- 1.3 1.75 V 

- 6 40 rnA 

- - 75 

- 5 -

V/f.lS 
100 300 -

75 250 -
60 200 -
30 70 -

-
- 6 50 
- 10 50 
- 6 75 

- 25 75 
rnA 

- - 100 

- - 100 

- - 125 

- - 125 

- 0.9 2 
- 1.1 2 
- 0.9 2.5 

- 1.4 2.5 

- - 2.5 

- - 2.5 

- - 3 V 

- - 3 

0.2 - -
0.2 - -
0.2 - -

0.2 - -

- 1.5 2 f.lS 

- - 2 °CIW 
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____________________________________ Triac. 

Fig. 1 - Principal voltage-current characteristic. 

6 "'CQNOUCTION ANGLE 

CURRENT WAVEFORM:SINUSOIDA 
LOAD:RESISTIVE OR INDUCTIVE 
CONDUCTION J\NGlE(').360· 
CASE TEMPERATURECTC)oIIO·C 

2468101214 

FULL-CYCLE RMS ON-STATE CURRENT [ITCRMStl -9~CS-3036S 

Fig. 3 - Power dissipation as a function of rms 
on-state current. 

110 CURRENT WAVEFORM,SINUSOIDAL 
LOAD. RESISTIVE OR INDUCTIVE 

~ CONDUCTION ANGLE(B);360· 

~~ 100 TEMPE~~ci~:E O~E~~~~~~O:~l 
r--+----'''''''~2'!oi'''''~f-0UTLINE-+-_l 

~~ 
~~ 
~-~,f--~--~-~-~~~~~~~ 

~ 
Lo~'·r 
! .....j. 
:! 
" 8"CONDUCTION ANGLE 

70 
o 2 4 10 14 

FULL-CYCLE RMS ON-STATE CURRENT [Ir(RMSU -A 92CS-30363 

Fig. 5 - Maximum allowable case·temperature as a 
function of rms on-state current. 

2N6342A-2N6349A Series 

20 

9" CONDUCTION ANGLE 
I I 

CURRENT WAYEFORM:SINUSOIDAL 
LOAD:RESI5TIVE OR INDUCTIVE 
CONDUCTION ANGlEC,I.3&O· 
CASE TEMPERATURE (TC)-IIO·C 

4 6 B 10 12 14 

FULL-CYCLE AVERAGE ON-STATE CURRENT [IT(AV)]-9~C5_303G4 

Fig. 2 - Power dissipation as a function of average 
on-state current. 

~ULL-C~CLE A~ERAGE f>N-STA¥E CURRI~NT [I~~AV)]_~4 
92CS-30372 

Fig. 4 - Maximum allowable case-temperaturtl 
as a function of average on-state current. 

GATE CONTROL MAY BE 
lOST DURING AND IMMEDIATELY 
FOLLOWING SURGE CURRENT 

2 INTERVAL. 

~i OVERLOAD MAY NOT BE 
REPEATED UNTIL JUNCTION 

~l TEMPERATURE HAS RETURNED 

~f =--f-

ro STEAOY STATE RATED VALUE 

,I-
i!5 Z 

6~ zt! 
-0: 
"':> • ;0;- r.;;; oW 

~~ 6 
.j' I-

",l- I .. ., 
"" "Ii SUPPLY FREQUENCY: SOI60 Hz SINE WAVE 

4 LOAD RESISTIVE 
CASE TEMPERATURE (TC)-BO·C 

• RMS ON· STATE CURRENT [ITIRMSI}12A 

2 6 10 
SURGE CURRENT DURATION-FULL CYCLES 

92CS-303&6 

Fig. 6 - Peak surge on·state current as a function 
of surge cu"ent duration. 
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2N6342A-2N6349A Series 

1000. AT TC SHOWN FOR IT(RMS~~ ~I---'f .. f. .. ~~f. ."'" 
0 

4 {\l"~I.~1 4 -e ... 
~I <~ .. '(~uLU ... 

!.! • ... - ,.. >N i=! 2 2 !!Ie 
~ ... "~E-t-- 1<1 ... !: ~C) If ... ~N 
~~IOO IO!Z!: 

8 ~ ~ z'" • 
i~ 6 
I< ... 

~~ 
~t; 
... ' 
"li 

-0 

'" !: ... 
z ... 
I< 
I< 

" u 

~ 
oJ 

~ 
0 ... 
'" :::; 
e 
'" I< 

~ 

6 ~ l-
u1;l 

4 4 ~ ~ 
~CL 

2 2 

10 I 
2 4 •• 2 4 o 0 

I 10 
2 • 

TIME (')-me 92CS-303!58 

Fig. 7 - Peak surge on-state current and fusing 
current as 8 function of time. 

3 

1\ 
INITIAL ON- STATE CURRENT (IT)II 200mA 

2 

'\ 

"-I ...... 
• ...... 

......... 0 

.......... ..... 
• 
• -60 -40 -20 0 20 40 60 80 100 120 I 

CASE TEMPERATURE (TC)--C 92CS-303Ge 

Fig. 9 - Normalized holding current as a function 
of case temperature. 
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3 PRINCIPAL DC VOLTAGE _ 12 V 
LOAD-loon RESISTIVE 
TRIGGERING MODES .ALL 

2 

""'-""--I 

• --• 

• 
-60 -40 -20 20 40 60 so 100 120 140 

CASE TEMPERATURE (TC)--C 92CS-30370 

Fig. 11 - Normalized gate trigger voltaga as a 
function of case temperature. 
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POSITb~~ S~:T~E.;t~~X:E 1(~s;f!:!.rtNEoUS 92C8-30367 

Fig. 8 - On-state current as a function of on-state 
voltage. 

• PRINCIPAL DC VOlTAGE=12V 

t. lDAO .. IOOn RESISTIVE 
TRIGGERING MODES: All !: 2---... 
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Fig. 10 - Normalized gate trigger current as a 
function of case temperature. 
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Fig_ 12 - Normalized transient thermal resistanCe 
as a function of time_ 
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2N6342A-2N6349A Series 

SUPPLY 
VOLTAGE 

._-, , , 

PRINCIPAL 
VOLTAGE I COMMUT ATING 

I dv/dt 

I 
I , 

92LS-2409R4 

Yo 

o J_ ----------------

0-

9ZCS-17063 

Fig. 13 - Relationship between supply voltage and 
principal current (inductive load) showing 
reference points for definition of commu­
tating voltage (dvldt). 

Fig. 14 - Rate-of-change of on-state current 
with time (defining dildt). 

tit· td + t, 

Fig. 15 - Relationship between off-state voltage, 
on-state current, and gete-trigger voltage 
showing reference points for definition. 
of turn-on time (tg,J. 
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BTA20 Series File Number 1298 

6~A Silicon Triacs TERMINAL DESIGNATIONS 

For Power-Control and Power-Switching Applications 

Features: ~GATE 

"~~'loll ] -~ ~~ • BOOV. 125 Deg. C TJ Operating 
• High dv/dt and di/dt Capability 
• Low Switching Losses 
• High Pulse Cummt Capability 
• Low Foniiar(J and 'Reverse Leakage 
• Sipos Oxide G!ass Multilayer Passivation System 
• Advanced Unisurface Construction 
• Precise Ion Impianted Diffusion Source 

The RCA BTA2D-series triacs are gate-controlled fUll-wave 
silicon switches utilizing a plastic case with three leads to 
facilitate mounting on printed-circuit boards. They are 
intended for the control of ac loads in such applications as 
motor controls. light dimmers. heating controls. and power­
switching systems. 

These devices are designed to switch from an off-state to an 
on-state for either polarity of applied voltage with positive or 
negative gate-triggering voltages. They have an on-state 

MAXIMUM RATINGS, Absolute-Maximum Values: 

VOROM-, Gate open, T J = -65 to 125·C ••••••••••••••••. 
ITCRMS)' T c = 75·C, 8 = 360" ......................... . 
IT8M (for 1 full cycle) 60 Hz (sinusoidal) ••••••••••••••••• 

50 Hz (sinusoidal) ............. .. 
di/dt 

VO= VOROM, IG = 200 mA, t, = 0.1 ps 
(See Fig. 11) ................................... . 

121 (See Fig. 10) 
1=20ms ...................................... . 
t=2.5ms .................................... .. 
1=0.5ms ..................................... . 

IGT~ 
Forlpsmax .................................. .. 

PGM (For 1 ps max., IGTM S 4 A ..................... .. 
PGCAV) •••••••••••••••••••••••••••••••••••••••••••• 

Tstgt ...•••.•••••••••••••••••••••••••••••••••••.. 
Tct ............................................ . 
T T (During Soldering): 

For 10 s max. (terminals and case) •••••••••••••••••• 

TOP VIEW MTI 
92CS-39970 

JEDEC TO-220AB 

current rating of 10 amperes at a T c of 75° C and repetitive 
off-state voltage ratings of 200, 300, 400, 500, 600, and 800 
volts. 

These devices are characterized 1+, 111- gate-triggering 
modes only and should suit a wide range of applications 
that employ diac or anode on/off triggering. 

All these types are supplied in the JEDEC TO-220AB VER­
SAWATT plastic package. 

BTA20C BTA20D BTA20E BTA20M BTA20N 
300 400 500 600 800 V 

6 A 
80 A 
75 A 

70 Alps 

40 A2s 
20 A2s 
11 A2s 

4 A 
16 W 

0.35 W 
-65 to 150 ·C 
-65 to 125 ·C 

22(5 ·C 

-For either polarily of main terminal 2 voltage (VMT2) with reference to main terminal 1. 
-For eilher polarily 10 gale voltage (V G) with reference to main terminal 1. 
tFor temperature measurement reference point, see Dimensional Outline. 
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BTA20 Series 
ELECTRICAL CHARACTERISTICS. At Maximum Ratings Unless Otherwise Specified, and at Indicated Temperature 

CHARACTERISTIC 

IOAo..-

Gate open, T J = 125° C, V OAOM = Max. rated value 

VT..-

iT = 30 A (peak), T c = 25° C (See Fig. 6) .............................. . 

IHo-
Gate open, Initial principal current = 150 mA (de) 

Vo= 12V, Tc= 25°C ............................................ . 
For other case temperatures ....................................... . 

dv/dt (Commutating)-
Vo = VOROM, IT(AMS) = 6 A, 

commutating di/dt = 3.2 Alms, 
gate unenergized, T c = 80° C (See Fig. 11) ......................... . 

dv/dt-
Vo = V OROM, exponential voltage rise, gate open, 

Tc= 100°C: 
BTA20C ..................................................... . 
BTA20D ..................................................... . 

IGT-· 

BTA20E 
BTA20M 
BTA20N 

vo= 12 V (de) 
RL = 300 

Mode 
1+ 

Tc=25°C 111-
For other case temperatures 

VGT-· 

Vo= 12 V (de). RL = 300, 

VMT2 
positive 

negative 

VG 
positive ..... . 

negative ..... . 

T c = 25°C .........•............................................. 
For other case temperatures ....................................... . 

LIMITS 

For All Types 
Unless Otherwise Specified 

Min. 

2 

40 
30 
20 
15 
10 

Typ. 

0.1 

2 

100 
See Fig. 7 

10 

275 
250 
225 
150 
50 

25 

25 
See Fig. 9 

1 1.51 
See Fig. 5 

Max. 

2 

3 

80 

80 

4 

VO= VOAOM, RL = 1250, Tc= 100°C ................................... 0.2 

tgt 

For Vo = V OAOM, IG = 80 mA, t,= 0.1 /15, 
iT= 10 A (peak), T c = 25°C (See Fig. 13) 1.6 2.5 

2.2 

60 

-For either polarity of main terminal 2 voltage (VMT2) with reference to main terminal 1. 
-For either polarity of gate voltage (VG) with reference to main terminal 1. 

UNITS 

mA 

V 

mA 

Vips 

V//15 

mA 

V 
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BT A20 Series 

Fig. 1 - Principal voltage-current characteristic. 

~ 
Ii 
I!i 

~ 
B 100 

CURRENT WAVEFORM: SINUSOIDAL 
LOAD: RESISTIVE OR INDUCTIVE 
CONDUCTION ANGLE: S60· 

i 90 i'"'-~,*,ill'I' 
~ 
.. 80 

I 
10 

RMS ON-STATE CURRENT [IT(RMS~-A 

Fig. 3 - Allowable case temperature vs. on-state 
current. 

PRINCIPAL DC VOLTAGE. 12V 
LOAD ;3011, RESISTIVE 
TRIGGERING MODES: I+,IU-

.; .' ,. 

-75 -50 25 
CASE TEMPERATURE (Tel - °e 

Fig. 5 - DC gate-trigger voltage vs. case 
temperature. 

25 

FULL- CYCLE RMS ON-STATE CURRENT~T(RMS)J-A 

92CS-24846 

Fig. 2 - Power dissipation vs. on-state current. 

SUPPLY FREQUENCY: SO/60 Hz SINE WAVE JJ W LOAD: RESISTIVE 
CASE TEMPERATURE lTel : BO°C JJ W 100 
RMS ON-STATE CURRENT [IT RMS)J; 6A .. 

I GATE CONTROL. MAY BE LOST 

"i CURING AND IMMEDIATELY 

Eso FOLLOWING SURGE CURRENT 

""'-
INTERVAL. 

;: OVERLOAD MAY NOT BE RE-
PEATED UNTIL JUNCTION z 

I' TEMPERATURE HAS RETUR NEO ! 60 f' ... TO STEADY-STATE 

c... 
RATED VALUE. 

~ 

I"'-
601HZ 

~ 

Z40 ..... 
b 

0 50Hz --;--
20 

0 
4 " 6 B " 6 8 (> 8 

10 100 1000 
SURGE CURRENT DURATION-FULL CYCLES 

92CS _24841Rt 

Fig. 4 - Peak surge on-state current vs. surge 
current duration. 

I 
INSTANTANEOUS ON-STATE VOLTAGE {vT1-V 

(POSITIVE OR NEGATIVE) 

92CS-24842 

Fig. 6 - On-state current vs. on-state voltage. 
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CASE TEMPERATURE (Te) - °c 

92CS-24843RI 

Fig. 7 - DC holding current vs. case temperature. 

CASE TEMPERATURE ITel _oC 

92CS-24844RI 

Fig. 9 - DC gate-trigger current (for 1+ and /11-
triggering modes) vs. case temperature. 

VD 

oJ --- -------__ -___ _ 

-r --- : 

I 
/--01/01 

I 

O.51TSM I 

o-- __ L_ -L---------------
~ t-t, 

92CS-170n 

Fig. 11 - Rate of change of on-state current with 
time (defining di/dt). 

Trlacs 

BT A20 Series 

~ 
g 
~ 

!. 1250 

o~ 1000 
1';> 

~~ 750 "'::: 
~ > 0;:: 
~ 500 : 
~ 250 
>-
'" u 

OFF-STATE VOLTAGE (\ID)-VDROM 
GATE OPEN 

20 40 60 eo 
CASE TEMPERATURE (Te) - °c 

100 

92SS-3907RI 

Fig. 8 - Critical rate-of-rise of off-state voltage 
vs. case temperature. 

• • -.. 
~I 2 

!:""i 
~ ~IOOO 
~t! : 
,>-
ZZ 4 
0"' zO: _0: 

2 w" "'u !§ .. 
cnti 100 
,,>- • .. '" • .,' 
''is 4 

2 

10 

01 

AT Te SHOWN FOR ITIRNS) 8 

• 

2 ••• 

• .. 
2 !,! 

>. "'N 
100"" .- • llil ",~~E'- 6 ""N" 

s,,,E • >-H z_ 

f'\~ i:!z 
2 a::2 

~(( 
,,>-
uhj 

10 ~~ 
8 ~f 

I slNe .. ~"E" 
to "-

I t 
I 

2 

2 • • • 2 ••• 10 
TIME (t)- ms 

100 
9ZCS-:s5743 

Fig. 10 - Peak surge on-state current and fusing current vs. time. 

Fig. 12 - Relationship between supply voltage 
and principal current (inductive load) 
showing reference points for definition 
of commutating voltage (dv/dt). 
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BT A20 Series 

tgt = td + tr 

I 

I 
I I 

VD I I 

0-1-:- ---:-r ---
I I I 
I I I 
I 1 I 1:----1£1 90% POINT 

'TM I 1 I 

0_1 i- - 1--1---­

r- 'd i t,:­

tc-tgt---t 

1 ':'-, __ -
VGT 

l I~IO% POINT 

0-
9~CS-13366R2 

Fig. 13 - Relationship between off-state voltage, 
on-state current, and gate-trigger 
voltage showing reference paints for 
definition of turn-on time (t g')' 

AC INPUT 
VOLTAGE 

C1 

C2 

R1 

R2 

R3 

SNUBBER 
NETWORK Cs 
FOR6A 
(RMS)·,N-
DUCTIVE RS 
LOAD 

RFI CF· 
FILTER LF· 

RCA TRIACS 

SNUBBER NETWORK FOR INDUCTIVE 
LOADS OR WHEN COMMUTATING VOLTAGE 
(dv/dtJ CHARACTERISTIC IS EXCEEDED. 

92CMw 35742 

120 V 240 V 240 V 
80 Hz 60 Hz 50 Hz 
0.1 pF O.1IlF 0.1 pF 
200 V 400 V 40Civ 
0.1 pF O.1pF 0.1 pF 
100 V 100 Y 100 V 

1~~~O ~!O ~:Jl 
2.2 kO 3.3 kO 3.3 kO 
'oW 'hW 'oW 

15 kO 15 kO 15 kO 
'oW VaW 'oW 

0.068 pF 0.1 pF 0.1 pF 
200 V 400 V 400 V 

1.2 kO 1 kO 1 kO 
'oW 'oW 'oW 

0.1 pF O.1pF 0.1 pF 
200 V 4COV 40QY 

100 pH 200 H 200 
BTA20D :~~~~ BTA20C BTA20E 

-For other RMS current values refer to RCA Application 
Note AN·4745. 

-Typical value' for lamp dimming circuits. 

Fig. 14 - Typical phase-control circuit for lamp 
dimming, heat control, and universal­
motor speed control. 
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File Number 1299 BTA21 Series 

a-A Silicon Triacs TERMINAL DESIGNATIONS 

For Power-Control and Power-Switching Applications 

Features: 

-f#.~ 
• BOOV, 125 Deg. C TJ Operating 
• High dv/dt and di/dt Capability 
• Low Switching Losses 
• High Pulse Current Capability 
• Low Forward and Reverse Leakage 
• Sipos Oxide Glass Multilayer Passivation System 
• Advanced Unisurface Construction 
• Precise Ion Implanted Diffusion Source 

The RCA BTA21-series triacs are gate-controlled full-wave 
silicon switches utilizing a plastic case with three leads to 
facilitate mounting on printed-circuit boards. They are 
intended for the control of ac loads in such applications as 
motor controls, light dimmers, heating controls, and power­
switching systems. 

These devices are designed to switch from an off-state to an 
on-state for either polarity of applied voltage with positive or 
negative gate-triggering voltages. They have an on-state 

MAXIMUM RATINGS, Absolute-Maximum Values: 

VOROM", Gate open, T J = -65 to 125°C •••.•.•••••••••.• 
IT(RMS)' T c = 75°C, 8 = 360° ......................... . 
ITSM (for 1 full cycle) 60 Hz (sinusoidal) .........•....... 

50 Hz (sinusoidal) ..••..•..••.••••• 
di/dt 

Vo = V OROM, IG = 200 mA, t,= 0.1 J1S 
(See Fig. 10) •................••..•••.••.••••••.• 

12t (See Fig. 9) 
t=20ms ...................................... . 
t=2.5 ms 
t = 0.5 ms .•.••......•.•••.••••.•.••.••••.•••••• 

IGTM-
For 1 ps max .••••.••.•..•..............••....... 

PGM (For 1 J1S max., IGTM os 4 A ...................... . 
PG(AV) •••••••••••••••••••••••••••••••••••••••••••• 

T"gt ........................................... . 
Tct ............................................ . 
T T (During Soldering): 

For lOs max. (terminals and case) ................. . 

MTt 

92CS-39970 

JEDEC TO·220AB 

current rating of 10 amperes at a Tc of 75°C and repetitive 
off-state voltage ratings of 200, 300, 400, 500, 600, and 800 
volts. 

These devices are characterized for 1+, 111- gate-triggering 
modes only and should suit a wide range of applications 
that employ diac or anode on/off triggering. 

All these types are supplied in the JEDEC TO-220AB VER­
SAWATT plastic package. 

BTA21C BTA21D BTA21E BTA21M BTA21N 
300 400 500 600 600 V 

8 A 
100 A 
94 A 

70 Alps 

55 A2s 
27 A2s 
16 A'S 

4 A 
16 W 

0.35 W 
-65 to 150 °C 
-65 to 125 °C 

225 °C 

"For either polarity of main terminal 2 voltage (VMT2) with reference to main terminal 1. 
-For either polarity to gate voltage (V G) with reference to main terminal 1. 
tFor temperature measurement reference point, see Dimensional Outline. 
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BTA21 Series 

ELECTRICAL CHARACTERISTICS, At Maximum Ratings Unless Otherwise Specified, and at Indicated Temperature 

CHARACTERISTIC 

IOAO..-

Gate open. T J = 125°C. VOROM = Max. rated value 

VT..-

iT = 30 A (peak). T c = 25°C (See Fig. 6) ............................. .. 

IHO-
Gate open. Initial principal current = 150 mA (de) 

vo=12V.Tc=25°C ............................................ . 
For other case temperatures ....................................... . 

dv/dt (Commutating)-

vo = V OAOM• IT(AMS) = 10 A. 
commutating di/dt = 4.44 Alms. 
gate unenergized, T c = 75° C (See Fig. 11) 

dv/dt-
v 0 = V OAOM, exponential voltage rise. gate open. 

Tc= 100°C: 
BTA22C ..................................................... . 
BTA22D ..•.....................•............................. 
BTA22E .......................•............................•. 
BTA21M ..................................................... . 
BTA21N .................•......•...•......................... 

IGT-· 
Mode 

1+ 
VMT2 

positive 
VG 

vo= 12 V (de) 
RL = 30 n 
Tc= 25°C 111-
For other case temperatures 

positive ..... . 

negative negative ..... . 

VGT-· 
Vo = 12 V (de). RL = 30 n. 

Tc=25°C ...................................................... . 
For other case temperatures •....................................... 

Vo = VOAOM• RL = 125 n. T c = 100°C .................................. . 

tgl 

For Vo = V OAOM• IG = 80 mA, tr = 0.1 /.ls. 

iT = 10 A (peak). T c = 25°C (See Fig. 12) 

RB.JC 

-For either polarity of main terminal 2 voltage (VMT21 with reference to main terminal 1. 
-For either polarity of gate voltage (V G) with reference to main terminal 1. 

LIMITS 

For All Types UNITS 
Unless Otherwise Specified 

Min. Typ. Max. 

0.1 2 mA 

1.7 2 V 

100 mA 
See Fig. 6 

2 10 VI/.lS 

mA 

V 

2.2 

2.2 
°C/W 

60 
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Fig. 1 - Principal voltage-current characteristic .. 

RMS ON-STATE CURRENT [lTIRMSU-:acS_taOt7RI 

Fig. 3 - Maximum allowable case temperature 
vs. on-state current. 

PRINCIPAL DC VOLTAGE al2V 
LOAD =30 n., RESISTIVE 
TRIGGERING MODES': 1+,111-

-7' -'0 -2' 
CASE TEMPERATURE ITel - ·C 

25 

92CS-M845R1 

Fig. 5 - DC gate-trigger voltage vs. case 
temperature. 

Trlacs 

BTA21 Series 

FULL- CYCLE RMS ON-STATE CURRENT[ITI~~~t:'~OI8R2 

Fig. 2 - Power dissipation vs. on-state' current. 

120 

c 
-I 

~~KlO 
i2:! 
~ffi 80 

~~ 
~a 60 
I!!~ 
!i~ :-r 40 
CZ 
~o 

20 

SUPPLY FREQUENCY 50/60 Hz SINE WAVE 
LOAD; RESISTIVE 
CASE TEMPERATURE (TCI=80·C 

r- RMS ON-STATi !"RRENT [1T(rr~·8A . 
~ Ij GATE CONTROl. MAY BE LOST 
~ DURING AND IMMEDIATELY 

" 60Hz ~~~~~'r~N~UE~~L 
.... ~~ ~~I~~rNOTBERE-,., TIL JUNCTION 

r--.... T URE HAS RE-
~ STEADY-STATE 

'''; RATE UE 

50Hz """-0;:::-:: ---
• 6 8 2 4 • 8 

10 100 2 • • 8 
1000 

SURGE CURRENT DURATION- FULL CYCLES 

92CS-33756 

Fig. 4 - Peak surge on-state current vs. surge 
current duration. 

CASE TEMPERATURE {Tel _·C 

Fig. 6 - DC holding current vs. case 
temperature. 

92CS-24S43RI 
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BTA21 Series 

776 

~ 
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tc '" ~ 
~! 1000 
~> 
01 
"'-I~ 7"" 
~ . 
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~ 
l!OO 

~ 200 

~ 0 

OFF-STATE VOLTAGE (Vo)aVORe .. 
GATE OPEN 

40 80 80 100 

HSS-1I07RI 

Fig. 7 - Critical rate-of-rise of off-state voltage 
vs. case temperature. 
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I 

• 4 • • TIME (t)- ms 
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HeS-33157 

Fig. 9 - Peak surge on-state current and fUSing 
current as a function of time. 

Fig. 11 - Relationship between supply voltage 
and principal current (inductive load) 
showing reference points for definition 
of commutating voltage (dv/dt). 

CASE TEMPERATURE (TC) _oC 
92CS.24844RI 

Fig. 8 - DC gate-trigger current (for 1+ and 111-
triggering modes) vs. case temperature. 

Vo 

o-L-------- --- -----

-f - - - : 

I 

:--'"1" 
I 

O.51rSM I 

o----l- -L---------------
-l r-tl 

92CS-17083 

Fig. 10 - Rate of change of on-state current with 
time (defining di/dt). 

tgt· td + tr 

92CS-13366R2 

Fig. 12 - Relationship between off-state voltage, 
on-state current, and gate-trigger 
voltage showing reference points for 
definition of turn-on time (t.,). 



___________________________________ Triac. 

,..---, , , 
: LF 

: Rs , 
I 

lcs 
I 

L..r-..J 
SNUBBER NETWORK FOR INDUCTIVE 

LOADS OR WHEN COMMUTATING VOLTAGE 
(dv/dtl CHARACTERISTIC IS EXCEEDED. 

AC INPUT 120 V !o40H~ VOLTAGE 10Hz 
C1 ~: ~ 
Cz 0.1pF 0.1 pF 

100 V 100 V 
R1 1'::'0 ~:,o 
RZ 2.2 kIl 3.3 kIl 

V.W V.W 
R3 15 kCl 15 kCl 

'hW V.W 
SNUBBER 
NETWORK Cs O.-"F 0.1pF 
FOR8A 200 V 400 V 
(RMS)" IN-
DUCTIVE RS 1.Z kCl HO 
LOAD V.W 'hW 

o.1pF o.1pF 
RFI Co" 200 V 400 V 
FILTER L 100 200H 

RCATRIACS BTA21C 
BTA210 
8TA21E 

·For other AMI currant val .... refer 10 RCA Application 
Nole AN-4745. 

-Typical VII ..... for lamp dimming dreul ... 

92CM-5S758 

Z40V 
50Hz 

~ 
o.1pF 
100 V 

~:,o 
3.3 kO 
V.W 

15 kCl 
V.W 

0.1pF 
400 V 

1 kCl 
'hW 

o.1pF 
400 V 

200 
BTAl1D 
BTAl1E 

Fig. 13 - Typical phase-control circuit for lamp 
dimming, heat control, and universal­
motor speed control. 

BTA21 Series 
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BTA22 Series File Number 1300 

10-A Silicon Triacs TERMINAL DESIGNATIONS 

For Power-Control and Power-Switching Applications 

Features: 

.~~ • BOO V, 125 Deg. C TJOperating 
• High dv/dt and di/dt Capability 
• Low Switching Losses 
• High Pulse Current Capability 
• Low Forward and Reverse Leakage 
• Sipos Oxide Glass Multilayer Passivation System 
• Advanced Unisurface Construction 
• Precise Ion Implanted Diffusion Source 

The RCA BTA22-series triacs are gate-controlled full-wave 
silicon switches utilizing a plastic case with three leads to 
facilitate mounting on printed-circuit boards. They are 
intended for the control of ac loads in such applications as 
motor controls, light dimmers, heating controls, and power­
switching systems. 

These devices are designed to switch from an off-state to an 
on-state for either polarity of applied voltage with positive or 
negative gate-triggering voltages. They have an on-state 

MAXIMUM RATINGS, Absolute-Maximum Values: 

TOP VIEW MTI 

92CS-39970 

JEDEC TO-220AB 

current rating of 10 amperes at a Tc of 75°C and repetitive 
off-state voltage ratings of 200, 300, 400, 500, 600, and 800 
volts. 

These devices are characterized for 1+, 111- gate-triggering 
modes only and should suit a wide range of applications 
that employ diac or anode on/off triggering. 

All these types are supplied in the JEDEC TO-220AB VER­
SAWATT plastic package. 

BTA22B BTA22C BTA22D BTA22E BTA22M BTA22N 
VOAOM-. Gate open. T J = -65 to 125°C .............. . 200 300 400 500 600 800 
ITIAMS)' T c = 75° C. 8 = 360° ...................... . 

10 ________________ _ 

ITSM (for 1 full cycle) 60 Hz (sinusoidal) ............. . 
____________________ 110 __________________ __ 

50 Hz (sinusoidal) ............. . 
____________________ 103 __________________ __ 

dildt 
VO= VOAOM. la= 200 rnA, t,= 0.1 JlS 
(See Fig. 13) ................................ . 70 

I't (See Fig. 11) 
t=20ms ................................... . 66 
t= 2.5 ms ................................... . 33 
t=0.5 ms ................................... . 19 

laTJI 
For 1 liS max ................................. . 4 

PaM (For 1 liS max .. laTM :S: 4 A .................... . 16 
PaIAV) ........................................ . 0.35 
Tstgt ......................................... . -65 to 150 
Tct ......................................... . -65 to 125 
T T (During Soldering): 

For 10 s max. (terminals and case) ............... . 225 

-For either polarity of main terminal 2 voltage (VMT2) with reference to main terminal 1. 
-For either polarity to gate voltage (Va) with reference to main terminal 1. 
tFor temperature measurement reference point, see Dimensional Outline. 
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BTA22 Series 
ELECTRICAL CHARACTERISTICS, At Maximum Ratings Unless Otherwise Specified, and at Indicated Temperature 

CHARACTERISTIC 

IDROM-

Gate open, T J = 125° C, V DRaM = Max. rated value 

VTM-
iT = 30 A (peak), T c = 25°C (See Fig. 6) .............................. . 

IHO• 
Gate open, Initial principal current = 150 mA (de) 

vD=12V,Tc=25°C ............................................ . 
For other case temperatures ....................................... . 

dv/dt (Commutating)-
VD = V DROM, IT(RMS) = 10 A, 

commutating di/dt = 4.44 Alms, 
gate unenergized, T c = 75°C (See Fig. 14) 

dv/dt-

v D = V DRaM, exponential voltage rise, gate open, 
Tc=100°C: 

BTA22B ..................................................... . 
BTA22C ..................................................... . 
BTA22D 
BTA22E 
BTA22M 
BTA22N 

I -. GT Mode 
1+ 

VMT2 

positive 
VG 

VD= 12 V (de) 

RL = 30 ° 
Tc= 25°C 111-

1-
111+ 

For other case temperatures 

negative 
positive 
negative 

positive ..... . 

negative ..... . 
negative ..... . 
positive ..... . 

VGT-· 
VD = 12 V (de). RL = 30 0, 

T c = 25°C ...................................................... . 
For other case temperatures ....................................... . 

VD=VDROM, RL = 1250, Tc= 100°C ................................. .. 

tgt 

ForvD= V DROM, IG= 80 mA, t,= 0.1 p.s, 
iT = 10 A (peak), T c = 25°C (See Fig. 5) ........................... .. 

"For either polarity of main terminal 2 voltage (VMT2) with reference to main terminal 1. 
-For either polarity of gate voltage (V G) with reference to main terminal 1. 

LIMITS 

For All Types 
UNITS 

Unless Otherwise Specified 

Min. Typ. Max. 

0.1 2 mA 

1.7 V 

15 mA 
See Fig. 7 

4 10 V/f./S 

100 300 
85 275 
75 250 V/f./S 
65 225 
60 200 
10 50 

10 25 

20 30 
mA 

20 60 
30 60 

See Figs. 9 & 10 

[1.251 2.5 V 
See Fig. 12 

0.2 

1.6 /J.s 

2.2 
°C/W 

60 

________________________________________________________________ 779 



Trlacs __________________________________ _ 

BTA22 Series 

Fig. 1 - Principal voltage-current characteristic. 

CURRENT WAVEFORM: SINUSOtDAL 
LOAD: RESISTIVE ()lit INDUCTIVE 
CONDUCTION ANGLE: 360· 

RMS ON-STATE CURRENT [ITCRMS)]-A 92CS-33749 

Fig. 3 - Maximum allowable case temperature 
vs. on-state current. 

DC GATE-TRIGGER CURRENT {.IGTI-mA 

nCS-11062 

Fig. 5 - Turn-on time vs. gate-trigger current. 

CONDUCTION ANGl.E 

~ 91 + eUI 

FULL-CYCLE RMS ON-STATE CURRENT [I.T(RMS~-A 
92CS-337f10 

Fig. 2 - Power dissipation vs. on-state current. 

120 

20'~_+--4_4_~--+_~~-++-_+--~4_~ 

4 6 8'0 2 4 6 8'00 2 4 6 8'000 

SURGE CURRENT DURATION- FULL CYCLES 

92CS-337f11 

Fig. 4 - Peak surge on-state current vs. surge 
current duration. 

VOlTAGEeVT)-V 
92CS-33752 

Fig. 6 - On-state current vs. on-state voltage. 
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I'NT'AC ON- STATE ,u •• ,. '"IOU"'" 

-III 

I 
~SE ~.~ .... " .U"' ·c' 

t2CS-33753 

Fig. 7 - DC holding current vs. case 
temperature. 

-60 -40 -20 0 20 40 
CASE TEMPERATURE (TC)-OC 

60 

92CS-33154RI 

Fig. 9 - DC gate-trigger current (for 1+ and 111-
triggering modes) vs. case temperature. 

I~ AT TC SHOWN FOR ITIRMS) 00 

• I T,I .... ~~ - • ,I s\t\E. 

-" 4 

~ 
• 

~I r-- tl 

g~ 2 
~~ 

.r"'s",,~ 2 '" 1 
~!:! e:: 
1>- I l.SllVc~ >-~ 
~ffi 100 "'~VE"I I-- 10 z_ 

~~ 8 I-- 8 i~ .. " • 6 at; .,,' "' .. .. ~ 
~!ii • • Zo 
~t; ~g: .. ' 
":5 2 2 

10 I 
2 6 • 2 • • • 10 

2 4 

TIME (t) - ms 
92CS-33748 

Fig. 11 - Peak surge on-state current and fusing 
current as a function of time. 

BT A22 Series 

~ 
g .. 
!;; 1250 

~~ 1000 

~}. 
~~ 750 
~ > oc: .. 500 

~ 

~ 250 

5 

OFF-STATE VOLTAGE (V01=VOROM 
GATE OPEN 

20 40 60 80 
CASE TEMPERATURE (TC)-·C 

100 

92SS-3907RI 

Fig. 8 - Critical rate-of-rise of off-state voltage 
VS. case temperature. 

CASE TEMPERATURE (Tcl-·C 
92SS-3909R2 

Fig. 10 - DC gate-trigger current (for 1- and 111+ 
triggering modes) vs. case temperature. 

PRINCIPAL DC VOLTAGE-12Y 
LOAD -30ft, RESISTIVE 
TRIGGERING MODES: ALL 

-7' -50 -2' 
CASE TEMPERATURE (Tel _·C 

o 2. 

92SS-3916R2 

Fig. 12 - DC gate-trigger voltage vs. case 
temperature. 
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BT A22 Series 

VD 

oJ--------- --- -----
I 

I-- .'/d! 
I 

ITSM 

-f - - - : 
O.5ITSM I 

o----L- -L---------------
~ I-tl 

Fig. 13 - Rate-of-change of on-state current with 
time (defining di/dt). 

I 
I I 

VD I I 

o-L:- ---:-r ---
I I I 
I I I 
I I I !:---jr-' 90% POINT 

ITM I I I 

o-Li- - 1-+.---­
r- td itrt­
j--,.,-----i 
I ,:---,.----.... 

VGT 
I I :.v 10% POINT 

0-1.. 
92CS-13366R2 

Fig. 15 - Relationship between off-state voltage, 
on-state current, and gate-trigger 
voltage showing reference pOints for 
definition of turn-on time (t gr). 

Fig. 14 - Relationship between supply voltage 
and principal current (inductive load) 
showing reference points for definition 
of commutating voltage (dv/dt). 

AC INPUT 
VOLTAGE 

C1 

C2 

R1 

R2 

R3 

SNUBBER 
NETWORK Cs 
FOR10A 
(RMS)OIN-
DUCTIVE RS 
LDAD 

RFI CFo 
FILTER LFo 

RCATRIACS 

SN~BBER NETWORK FOR INDUCTIVE 
LOADS OR WHEN COMMUTATING VOLTAGE 
(dv/d') CHARACTERISTIC IS EXCEEDED. 

92CM-337~!S 

120 V 240 V 240 V 
60 Hz 60 Hz so Hz 

~: 0.1pF ~ .00 V 
0.1 pF 0.1pF 0.1 pF 
100 V 100 V 100 V 

100 kO 200 kO 250 kO 
',W 'hW ',W 

2.2 kO 3.3kO 3.3 kO 
'hW 'hW 'hW 

15kO 15 kO 15kO 
'hW 'hW 'hW 

0.088 pF O.1IJF 0.1 pF 
200 V 400 V 400 V 

1.2 kO 1 kO 1 kO 
'loW 'hW 'loW 

O.1pF 0.1 pF 0.1 pF 
200 V 400 V 400 V 

100 pH 200 pH 200 pH 
BTA22B BTA22D BTA22D 
BTA22C BTA22E BTA22E 

° For other RMS current values refer 10 RCA Application 
Note AN-4745. 

-Typical valuel tor 'amp dimming circuit •. 

Fig. 16 - Typical phase-control circuit for lamp 
dimming. heat control, and universa/­
motor speed control. 
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File Number 1301 BTA23 Series 

12-A Silicon Triacs TERMINAL DESIGNATIONS 

For Power-Control and Power-Switching Applications 

Features: ~GATE 

"&W~'lO[[ J± .. ~ ~.n • BOOV, 125 Deg. C TJ Operating 
• High dv/dt and di/dt Capability 
• Low Switching Losses 
• High Pulse Current Capability 
• Low Forward and Reverse Leakage 
• Sipos Oxide Glass Multilayer Passivation System 
• Advanced Unisurface Construction 
• Precise Ion Implanted Diffusion Source 

The RCA BTA23-series triacs are gate-controlled full-wave 
silicon switches utilizing a plastic case with three leads to 
facilitate mounting on printed-circuit boards. They are 
intended for the control of ac loads in such applications as 
motor controls, light dimmers, heating controls, and power­
switching systems. 

These devices are designed to switch from an off-state to an 
on-state for either polarity of applied voltage with positive or 
negative gate-triggering voltages. They have an on-state 

MAXIMUM RATINGS, Absolute-Maximum Values: 

TOP VIEW MTI 

92CS-39970 

JEDEC T0-2203AB 

current rating of 10 amperes at aTe of 75° C and repetitive 
off-state voltage ratings of 200, 300, 400, 500, 600, and 800 
volts. 

These devices are characterized for 1+, 111- gate-triggering 
modes only and should suit a wide range of applications 
that employ diac or anode on/off triggering. 

All these types are supplied in the JEDEC TO-220AB VER­
SAWATT plastic package. 

BTA23B BTA23C BTA23D BTA23E BTA23M BTA23N 
VOROM", Gate open. TJ = -65 to 125"C .•............. 
ITIRMS). T c = 70" C. 8 = 360" •••..••.....•......•... 
ITSM (for 1 full cycle) 60 Hz (sinusoidal) ............. . 

50 Hz (sinusoidal) ............. . 
dildt 

VO= VOROM, IG= 200 mA, t,= 0.1 Jis •..•......•..• 
1"1: (See Fig. 14) 

t=20ms ................................... . 
t = 2.5 ms ............••.......•..•..•..••.... 
t=0.5ms ...........•......•...•.••.•..••.... 

IGT..-
For 1 JiS max .••••.•••......................... 

PGM (For 1 JiS max .. IGTM :54 A .................... . 
PGIAV) ••••••••••••••••••••••••••••••••••••••••• 

T"gt ......................................... . 
Tct ......................................... . 
T T (During Soldering): 

For 10 S max. (terminals and case) .•..•..•.•.•.•.. 

200 300 

"For either polarity of main terminal 2 voltage (VMT2) with reference to main terminal 1. 
-For either polarity to gate voltage (V G) with reference to main terminal 1. 
tFor temperature measurement reference point. see Dimensional Outline. 

400 500 600 800 V 
12 A 

115 A 
108 A 

70 A/Jis 

73 A's 
36 A's 
20 A's 

4 A 
16 W 

0.2 W 
-65 to 150 "C 
-65 to 125 "C 

225 "C 
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BTA23 Series 

ELECTRICAL CHARACTERISTICS, At Maximum Ratings Unless Otherwise Specified, and at Indicated Temperature 

CHARACTERISTIC 

IORO..-
Gate open, T J = 125° C, V OROM = Max. rated value 

VT..-

iT = 30 A (peak), T c = 25° C (See Fig. 6) .............................. . 

IHo-
Gate open, Initial principal current = 150 mA (de) 

vo=12V,Tc=25°C ............................................ . 
For other case temperatures ....................................... . 

dvldt (Commutating)-
Vo = VOROM, ITIRMS) = 10 A, 

commutating di/dt = 4.44 Alms, 
gate unenergized, T c = 75° C (See Fig. 15) ......................... . 

dvldt-
Vo = VOROM, exponential voltage rise, gate open, 

Tc= 100°C: 
BTA23B .....................................••............... 
BTA23C ..................................................... . 
BTA23D ..................................................... . 
BTA23E ..................................................... . 
BTA23M ..................................................... . 
BTA23N ..•..•.....•.....•...•.•.•............................ 

IGT-· 
Mode VMT2 

positive 
VG 

positive ...... vo= 12 V (de) 
RL = 30n 
T c = 25° C 111- negative negative ...... 

For other case temperatures ..........................•....•........ 

1-
111+ 

For other ease temperatures 

positive 
negative 

negative .... .. 
positive ..... . 

VGT-· 
Vo = 12 V (de), RL = 30 n, 

Tc= 25°C ....................................................... . 
For other case temperatures ......•................................. 

Vo = VOROM, RL = 125 n, T c = 100°C .................................. . 

tgt 
For Vo = VOROM' IG = 80 mA, t,= 0.1 ps, 

iT= 10 A (peak), T c = 25°C (See Fig. 13) 

-For either polarity of main terminal 2 voltage (VMd with reference to main terminal 1. 
-For either polarity of gate voltage (V G) with reference to main terminal 1. 

LIMITS 

For All Types 
UNITS 

Unless Otherwise Specified 

Min. Typ. Max. 

0.1 2 mA 

1.6 V 

15 mA 
See Fig. 7 

4 10 Vips 

100 300 
85 275 
75 250 Vips 
65 225 
60 200 
30 70 

10 25 

20 30 
mA 

20 60 
30 60 

See Figs. 10 & 11 

ll.25 2.5 V 
See Fig. 12 

0.2 

1.6 Jl.S 

2.2 
°C/W 

60 
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-v-~~~b==1c::=t_=::~=--+V 

Fig. 1 - Principal voltage-current characteristic. 

<.> 
" 

~ 

CURRENT WAVEFORM: SINUSOIDAL 
LOAD: RESISTIVE OR INDUCTIVE 

~~~CTION ANGLE : :3~r 

.~~c 

RMS ON-STATE CURRENT 

Fr~lr 
I 0 180' J'600 

CONDUCTION ANGLE 

=91 + 9111 

-A 
92CS-33745 

Fig. 3 - Allowable case temperature as a 
function of on-state current. 

Fig. 5 - Oscilloscope display of commutating 
dv/dt. 

BT A23 Series 
141 ~U""EN1 WAY :FOOM: SINUSOIDAL 
I ~gJ ,"ST' .. ~. I~~~IV' 

6 B 10 12 14 
FULL-CYCLE RMS ON-STATE CURRENT [IT(RMS)]-A 

92CS-33744 

Fig. 2 - Power dissipation as a function of on-state current. 

140 

120 

rJl l°O 

E~ 
~; 80 

~i5 
~~ 60 .... 
"'>-
~;! 40 .... 
><' 

~~ 20 

0 

SUPPLY FREQUENCY 50/60 Hz SINE WAVE 

~~'~~nn I 
CASE TEMPERATURE (TC)=80·C 

I- RMS ON-STA] rRRENT [~TI~M~)1·'2A.I. I 1..J 
~ GATE CONTROl. MAY BE LOST 

DURING AND IMMEDIATELY _ 
.~ FOLLOWING SURGE " ~lHZ CURRENT INTERVAL. 

_ ~i~~~~T~~j~~t~I~~E-_ 
~ !q~{!~J;~RE ~s RE-" T .EC STEADY-STATE r-... RATE VALUE 

OOH • ,,~ 

~ 

t"---. 

2 • 6 • • 10 6 8100 4 6 81000 
SURGE CURRENT DURATION- FULL CYCLES 

92C$-33746 

Fig. 4 - Peak surge on-state current as a 
function of surge current duration. 

Fig. 6 - Oscilloscope display for measurement 
of gate-contrOlled turn-on time (t gf)' 
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I 2 
POSITIVE OR NEGATIVE INSTANTANEOUS ON-STATE VOLTAGE (VT)-V 

92CS·33747 

Fig. 7 - On-state current vs. on-state voltage. 

~ 
~ 
g 
... 
;! 1250 

~~ 1000 
~> 
0 I 
'"-"'- 750 .. ~ 
~ > 
o~ 

~ 
500 

~ 250 ... 
1> 

OFF-STATE VOLTAGE tVO)"VOROM 
GATE OPEN 

20 40 60 80 

CASE TEMPERATURE (Tc)- "C 

100 

92SS-3907RI 

Fig. 9 - Critical rate-of-rise of off-state voltage 
as a function of case temperature. 

CASE TEMPERATURE (TC)- "C 92SS-3909R2 

Fig. 11 - DC gate-trigger current (for 1- and 111+ 
triggering modes) vs. case temperature. 

)-"C 
92C$-33],5' 

Fig. 8 - DC holding current for either direction 
of on-state current vs. case 
temperature. 

CASE TEMPERATURE ITC1_oC 

92SS-390BR2 

Fig. 10 - DC gate-trigger current (for 1+ and 111-
triggering modes) vs. case temperature. 

PRINCIPAL DC VOLTAGE = 12V 
LOAD = 3O.!l. RESISTIVE 
TRIGGERING MODES: ALL 

o 
-75 -50 -20 

CASE TEMPERATURE ITel - ·c 

25 

92SS-3916R2 

Fig. 12 - DC gate-trigger voltage vs. case 
temperature. 
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BT A23 Series 

• 
4 

-" ~I 2 
1--

E 11000 
~~ 8 

"'- • ,I-
z" 4 
0" z'" -'" .. " .,u 2 

"' .. ijI~ I • ~~ • 
o.i!l 4 

2 

I 

'2CS-I7082 

---
AT Tc SHOWN FOR IT(RMSI • • 

4 

.,' 
2 ~ >: 

... ~~' 
IOO~<t 

• ",I v*'r • ~: 
4 o-H z-

"z ~s.(JJI 
2 ~~ 

'~",,"el uf.l 
100t-

2 4 •• 2 4 •• 10 
TIME (t)-ml 

2 

• zo 
6 ~! 
4 

2 

I 
4 •• 100 

92CS-33748 

Fig. 13 - Turn-on time vs. gate-trigger current. 
Fig. 14 - Peak surge on-state current and fusing 

current as a function of time. 

RFI FILTER 
R2 C r------l 

~~ RCA I 
LOAD 

A&\~ 
LF I 

~ 
I 

RlI, 
TRIAC I 

1 At: INPUT 
(SEE I CF 

I VOLfGE TABLE I I 
R3 D I I 

I 

~ 
L _____ .:..J 

'f 
FOR INDUCTIVE LDADS 

DIAC CONNECT POINTS C' AND 
R, D' TO TERMINALS C AND 
If2W D. RESPECTIVELY 

C, C2 120v 

C. 0.068 "F/200V 

B C'I 
R, 1.2 Kn 

Ii 

AC 
RFI FILTER 

INPUT C, C2 R, R2 R3 LF* CF* 
VOLTAGE (typ.) (typ.l 

120V 0.1"F 0.1"F 100 K.!l 2.2 K.!l 15K.!l 
100"H 0.1"F 

60 Hz 200 V 100V %oW %OW %OW 200V 

240 V 0.1"F 0.1"F 250 K.!l 3.3 K.!l 15 K.!l 
200"H 0.1"F 

50 Hz 400 V 100V 1W %oW %oW 400 V 

240 V O.l"F 0.1"F 200 K.!l 3.3K.!l 15 K.!l 
200"H 

O.l"F 
60 Hz 400 V 100V 1W %oW %oW 400 V 

*Typical values for lamp-dimming circuits. 

Fig. 15 - Typical phase-control circuit for lamp 
dimming. heat control, and universa/­
motor speed control. 

240 V 

0.1 "F/400V 

I Kn 

RCA 
TYPES 

BTA23B.C 

BTA23D.E 

BTA23D.E 

92CS-33761 
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MAC15, MAC15A Series File Number 1086 

1S-A Silicon Triaes 
Three-Lead Plastic Types for Power-Control 
and Power-Switching Applications 
Features: 
• BODV, 125 Deg. C TJ Operating 
• High dv/dt and dildt Capability 

TERMINAL DESIGNATIONS 

• Low Switching Losses 
• High Pulsa Current Capability 
• Low Forward and Reverse Leakage 
• Sipos Oxide Glass Multilayer Passivation System 
• Advanced Unisurface Construction 
• Precise Ion Implanted Diffusion Source 

TOP VIEW 

-~.~ 
MTI 

92CS-39970 

The RCA-MAC15 and MAC15A series triacs are gate-con­
trolled full-wave silicon switches utilizing a plastic case with 
three leads to facilitate mounting on printed-circuit boards. 
They are intended for the control of ae loads in such appli­
cations as motor controls, light dimmers, heating controls, 
and power-switching systems. 

These devices are designed to switch from an off-state to an 
on-state for either polarity of applied voltage with positive or 
negative gate triggering voltages. They have an on-state 
current rating of 12-A at T c = 95° C and 15-A at T c = 80° C 
and repetitive off-state voltage ratings, of 200, 400, 600, and 
800 volts. 

The plastic package design provides not only ease of 
mounting but also low thermal impedance, which allows 
operation at high case temperatures and permits reduced 
heat-sink size. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

VDROM"TJ=-40t0125°C ••..••.•••.•...•.•••..••••••. 
IT(RMS) 8 = 360°: 

MAC15-4 
MAC15A-4 

200 

MAC15-6 
MAC15A-6 

400 

JEDEC TO-220AB 

MAC15-8 
MAC15A-8 

600 

MAC15-10 
MAC15A-10 

800 

Tc=95°C •••••..•.••••••..•.•....•....••..•••••. 
= BOoC .••••..••.•••...••••.•••••...••••.•••.. 

_________________ 12 ______________ ___ 
____________________ 15 __________________ _ 

For other conditions ••..••••.•..•••.•.••••.••..•••. _________________ See Fig. 3 ______________ _ 

ITSM: 
For more than one full cycle of applied principal voltage, 
at current and temperature shown above for IT(RMS): 

60 Hz (sinusoidal) •••.•..•..•.•.•..•..•••.•••••••. 
50 Hz (sinusoidal) .•.•••..•.••...••••..••••..••••• 

For more than one cycle of applied principal voltage ...•.• 
di/dt: 

VD=VDROM,IGT=200mA.t,=0.1J1S ................. . 
IGTM-

For 1 ps max . ...•••••..•••••••••.••••.•.•.••••.••. 
PGM (For 1 J1S max., IGTM :s 4 A) ........................ . 
PGfAVI •••••••••••••••••••••••••••••••••••••••••••••• 

Tstg ••••••••••••••••••••••••••••••••••••••••••••••• 

Te ••••.••••.•.•...••..•.•..•••.••••.•••••.••..•.•• 
T T (During soldering for 10 s max.) ••..•...••.•.....••.•. 

"For either polarity of main terminal 2 voltage (VMT2l with reference to main terminal 1 . 
• For either polarity Df gate voltage (V G) witll reference to main terminal 1. 

150 
140 

See Fig. 4 

100 

2 
20 

0.5 
-40 to 150 
-40 to 125 

230 

v 

A 
A 

A 
A 

Alps 

A 
W 
W 

°C 
°C 
°C 
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MAC15, MAC15A Series 
ELECTRICAL CHARACTERISTICS 
At Maximum Ratings Unless Otherwise Specified, and at Indicated Temperatures 

LIMITS 

CHARACTERISTIC 
For All Types 

UNITS 
Except as Specified 

Min. Typ. Max. 

IDROM-
VDROM = Max. rated value, TC = 125°C - - 2 mA 

vTM-
T C = 25°C, iT = 21 A (peak) - 1.3 1.6 V 

IHO-
Gate open, Initial principal current = 200 mA (de) 
vD = 12 V, TC= 25°C - 6 40 mA 

dv/dt- (Commutating) 
vD = VDROM, iT = 21A (peak) 
di/dt = 8 Alms, T C = BOoC - 5 - V/lls 

IGT- vD = 12 V (de), RL = 100 n 
TC = 25°C Mode VMT2 VG 

1+ + + - - 50 
111- 50 

mA - - - -
1- + - MAC15A series only - - 75 

111+ - + MAC15A series only - - 75 

VGT- vD = 12 V (de), RL = 100 n 
TC = 25°C Mode VMT2 VG 

1+ + + - 0.9 2 
111- - - - 1.1 2 

1- + - MAC15Aseries only - 0.9 2.5 
111+ - + MAC15A series only - 1.4 2.5 V 

TC = 110°C vD = VDROM, RL = 10 kn 
1+ + + 0.2 - -

111- - - 0.2 - -
1- + - MAC15A series only 0.2 - -

111+ - + MAC15Aseriesonly 0.2 - -

tgt 
vD = VDROM, IGT = 120 mA, tr = O.llls, iT= 17A (peak), 
TC = 25°C - 1.5 2 IlS 

ROJC - - 2 °CIW 

• For either polarity of main terminal 2 voltage (VMT2) with reference to main terminal 1 . 

• For either polarity of gate voltage (V G) with reference to main terminal 1. 
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MAC15, MAC15A Series 

790 

-v +v 

Fig. 1 - Principal voltage-currBnt characteristic. 

FULL CYCLE RMS ON-STATE CURRENT [IT(RMSI]-A 
92CS-30426 

Fig. 3 - Maximum allowable ClIse-temperature as a 
function of on-state current. 

0.4 o.e 1.2 1.8 2.4 2.8 3.2 3.6 4.4 
POSITIVE OR NEGATIVE INSTANTANEOUS 

ON-STATE VOLTAGE hT)-V 92CS-30428 

Fig. 5 - On ... tate current as a function of on-state 
voltage. 

CURRENT WAVEFORM: SINUSOIDAL 
LOAD: RESISTIVE OR INDUCTIVE 

:.: 28 CONDUCTION ANGLE (Sh 360· 
I CASE TEMPERATURE (TC)= lIo·e 

~24 
~ 
f 20 

in 
~ 16 

,- CONDUCTION ANGLE 

ffi 
~ 12 

~ • ... 
~ 

90· 
60· 

30· 

10 12 14 16 18 

FULL CYCLE RMS ON-STATE CURRENT [IT(RMSI]-;2:S_3cM27 

Fig. 2 - Power dissipation 8S a function of on-state 
current. 

1000 SUPPLY FREQUENCY: GATE CONTROL MAY BE 

• !SDI6O Hz SINE WAVE t- LOST DURING AND 
LOAD RESISTIVE IMMEDIATElY FOLLOWING 

6 CASE TEMPERATURE t- SURGE CURRENT INTERVAL. 
-c (Tel" 80· C OVERLOAD MAY NOT BE 

RMS ON -STATE CURRENT REPEATED UNTIL JUNCTION ~I >=- 4 [tTIOMSI] -15A I-- TEMPERATURE HAS 
~iJi RETURNED TO STEADY-
~ ... STATE RATED VALUE 
~!:! 
~ffi 2 00: Zo: 
-" 
~ "'u 

~~ 6Ol1r 
:Itt; 100 
co So Hz 

• ~~ -.;; 

• 
40 

2 • • • 
SURGE CURRENT DURATION - FULL CYCLES 

,2CS-30433 

10 

Fig. 4 - Peak surge on-state current as a function of 
surge current duration. 

4 INITIAL ON- STATE CURRENT lIT) -200 mA 

c 
E 

\ ... 1 
~o 2 
... % 

"-c" ,,-
~~ 

~ 3l:! 
... 0: 
>" i=u I 

"" ~i • ~ "I'-... 
g • ............ 

I'-
0.· -60 40 - -wow ~ 60 60 00 ~ ~ 

CASE TEMPERATURE(TC)--<: '2CS-a0432 

Fig. 6 - DC holding current BS a function of case 
temperature. 



4 PRINCIPAL DC VOLTAGE" 12 V 
LOAD .. 100 .0, RESISTIVE 
TRIGGERING MODES; ALL 

0: 

g 2 

~1; 
r---... ... !:! 

!:il- l'-,"2 

t'-.. ,,~ 
~§ I ........ -'u .. .......... 
:E • ........... 0: 
0 
2 • "" 

0.' 

I' 

- -~ ~ ~ 0 ~ ~ ~ ~ ~ ~ ~ 
CASE TEMPERATURE (Tel-.C 

92CS·30431 

Fig. 7 - Normalized gate trigger current as a function 
of case temperature. 

0.02 

0.1 2 468, 2. 468'0 Z 46100 Z 4 eroooz 4'3000 
TIME(tl-ml 

9ZCS-a042' 

Fig. 9 - Normalized transient thermal resistance 
as a function of time. 

Vo 

oJ--- ------ --- -----

92CS-11063 

Fig. 11 - Rate-of-change of on-state current 
with time (defining dildO. 

Trlacs 

MAC15, MAC15A Series 
4 PRINCIPAL DC VOLTAGE" 12 V 

I- LOAD" 100 .n, RESISTIVE 
5" TRIGGERING MODES: ALL 

~ 2 a 
i r---... t--~ r-.. ... 

I 
~ ........ r-f... 
" • ::l ............ t---:J .. • :E 

~ 
n., 

-60 -40 -20 0 20 40 60 80 100 120 140 
CASE TEMPERATURE (Tel _·C 

92CS-30430 

Fig. 8 - Normalized gate trigger voltage as a function 
of case temperature. 

SUPPLY 
VOLTAGE 

---, 
I 

I 

PRINCIPAL 
VOLTAGE 

d.,/dt 
. 92lS-2409R4 

Fig. 10 - Relationship between supply voltage and 
principal current (inductive load) showing 
reference points for definition of commu­
tating voltage (dvldt). 

I 
I 

Vo I I 

0-1-:- -- -:-r ---
I I I 

T:7L90~ PQNT 
'TM I 1 I 

o-L.{- - 1-.1-- --­

r-'d i":-­
j---',.--t 

o~r~-
l2e5-1''''' 

Fig_ 12 - Relationship between off-state voltage, 
on-state current, and gate-trigger voltage 
showing reference points for definition 
of turn-on time (tgrJ. 
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Trlacs ____________________________________ _ 

SC14.1, SC146 Series 

6-A and 10-A Silicon Triacs 
Three-Lead Plastic Types for Power-Control 
and Power-Switching Applications 
Features: 
• 800 Ii, 125 Deg. C TJ operating 
• High dv/dt and di/dt capability 
• Low switching losses 
• High pulse current capability 
• Low forward and reverse leakage 

File Number 1167 

TERMINAL DESIGNATIONS 

• Sipos oxide glass multilayer passivation system 
• Advanced unisurface construction 
• Precise Ion implanted diffusion source 

~GATE 

'~"loll}:r ~~ 
TOP VIEW MTI 

The RCA-SC14l and SC146 series triacs are gate-controlled 
full-wave silicon switches. 

These devices are designed to switch from an off-state to an 
on-state for either polarity of applied voltage with positive or 
negative gate triggering voltages. They have an on-state 
current rating of 6-A at Tc = 75°C (SC14l series) and lD-A 
at T c = 80° (SC146 series) and repetitive off-state voltage 
ratings, of 200, 400, 500, 600, and 800 volts. 

All devices utilize the JEDEC TO-220AB (VERSAWATT) 
plastic package. 

MAXIMUM RATINGS. Absolute-Maximum Values: 

VOROM" TJ = -40 to 125°C .••.•••.••••....•••...••.•.•• 
ITeRMS' 8 =:: 360° : 

ForSC141 series, Tc= 75°C ••..••••••.•••..•••••.••• 
For SC146 series, T c = 6QO C •.•.•••.••.•••...•••••.•• 
For other conditions ••.•••••....••.•..••..••••••.•• 

ITSM: 
For one full cycle of applied principal voltage, 
at current and temperature shown above for IT (RMS~ 

60 Hz (sinusoidal) ......•••...•••••••••••••••••.•• 
50 Hz (sinusoidal) ••••••.••••..•••.•.•••••.•••••.• 

For more than one cycle of applied principal voltage .•.••• 
di/dt: 

Vo = VOROM, la = 200 mA, t. = 0.1 JJS .••••••••••••.•.••• 
12 t [At Tc shown for ITIRMSI, half-sine wave]: 

t=10ms •.••..••••••...••••.••••••••••..•..•••• 
2.5ms ...................................... . 
0.5ms ...................................... . 

IGTM-

For 1 JJS max. . ..•.•••••••••.••••••••.•.••••.••.••• 
PaM (For 1 JJS max., laTM :::; 4 A) ........................ . 
PGIAVI •••••••••••••••••••••••••••••••••••••••••••••• 

T"" .............................................. . 
Tc .•.••••••••..•••••••••..•.•••••••••••••.•••••••• 
TT (During soldering for 10 s max.) •.•••.••••.••..••••••. 

SC141B SC141D 
SC146B SC146D 

200 400 

SC141 Series 
80 
75 

SC141 Series 
25 
17 
10 

"For either polarity of main terminal 2 voltage (VMT2) with reference to main terminal 1. 
"For either polarity of gate voltage (Vo) with reference to main terminal 1. 

92CS-599TO 

JEDEC TO-220AB 

SC141E SC141M SC141N 
SC146E SC146M SC146N 

500 600 800 V 

6 A 
10 A 

See Fig. 4 

SC146 Series 
120 A 
110 A 

See Fig. 5 

70 A/JJS 
SC146 Series 

70 A2s 
45 A2s 
25 A2s 

4 A 
10 W 

0.5 W 
-40 to 125 ·C 
-40 to 125 

230 ·C 
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SC141, SC146 Series 
ELECTRICAL CHARACTERISTICS 
At Maximum Ratings Unless Otherwise Specified, and at Indicated Temperatures 

LIMITS 

CHARACTERISTIC For All Types 
Except as Specified 

UNITS 

Min. Typ. Max. 

IOROM-

VOROM = Max. rated value, T C = 25°C - - 0.1 mA 
= 125°C - - 0.5 

.~ ... 
vTM-

T C = 25°C, iT = 8.5 A (peak SC141 series - - 1.83 
= 14 A ~peak) SC146 serie.s 1.65 V - -

IHO-

Gate open, initial principal current = 500 mA (de) 
Vo = 12 V, TC = 25°C - - 50 

= -40°C - - 100 

IL-
RGK = lOOn, tw = 50f.ls, tr = tf= 5f.1s, f = 1 kHz, mA 
TC = 25°C Mode VMT2 VG 

1+ + + - - 100 
111- - - - - 100 

1- + - - - 200 

TC= -40°C 1+ + + - - 200 
111- - - - - 200 

1- + - - 400 

dv/dt- (Com mutating) 
Vo = VOROM, IT(RMS) = Max. rated value, 
dildt = 3.2 Alms, TC = aooc SC141 series 4 - -
di/dt = 5.4 Alms, TC = BOoC SC146 series 4 - - V/f.ls 

dv I dt- (Off -State) 
Vo = VOROM, TC = 100°C, Exponential voltage rise 
SC141 series 30 100 -
SC146 series 100 250 -

IGT- Vo = 12 V (de) 
TC = 25°C RL-n Mode VMT2 VG 

100 1+ + + - - 50 
100 111- - - - - 50 mA 

50 1- + - - - 50 

TC=-40°C 50 1+ + + - - 80 
50 111- - - - - BO 
25 1- + - - - 80 

VGT- Vo = 12 V (de) 
TC=25°C RL-n Mode VMT2 VG 

100 1+ + + - - 2.5 
100 111- - - - - 2.5 
sO 1- + - - - 2.5 V 

TC=-40°C 50 1+ + + - - 3.5 
50 111- - - - - 3.5 
25 1- + - - - 3.5 

____________________________________________ ~ ________________ 793 
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SC141, SC146 Series 

~ 

ELECTRICAL CHARACTERISTICS (Cont'dl 
At Maximum Ratings Unless Otherwise Specified, and at Indicated Temperatures 

LIMITS 

CHARACTERISTIC 
For All Types 

UNITS 
Except as Specified 

Min. Typ. Max. 

VGD-

vD=VDROM' RL = lH2, TC = 100°C (For all 
triggering modes) 0.2 - - V 

tgt 
= 80 mA, tr = 0.1 !J.s, iT = 25 A (peak), vD=VDROM,IG 

TC=25°C - 1.6 2.5 !J.s 

Thermal Characteristics 

ROJC 
~(;141 series - - 3.0 
SC146 series 2.2 

ROJA - - 75 
°C/W 

ROJC(ac)* 
During ac current conduction SC141 series - - 2.22 

SC146 series - - 1.5 

• For either polarity of main terminal 2 voltage (V MT2) with reference to main terminal 1. 
• For either polarity of gate voltage IV G) with reference to main terminal 1. 
• This characteristic is useful in the calculation of junction-temperature rise above T C for ae current 

conduction and applies for a 50 or 60 Hz full sone wave of current. It can be calculated with the 
following formula: 

T J(max.) - T C 
Apparent thermal resistance = -'--'---

PT(AV) 

where: T J(max.) == maximum junction temperature 

T C = case temperature 
= average on-state power 

92LS-2214A7 

Fig. 1 - Principal voltage-current characteristic. 

RMS LIMIT :1 
SCl46 SERIES 

~ 

I 

f 
il 
~ 
~ 
E 

~ 
~ 
ffi 
il 

i 
i 

20 

15 

10 
RMS 
LIMIT 
SCI41 SERIES 

RMS O~-STATE CU'~RENT [I.T(I~MSj1-A 20 
~ 92CS-31336 

Fig. 2 - Power dissipation as a function of on-state 
current for SC141 series. 

SCI41 SERIES 

~ 
'I • 11 
~ 

i 0 
o 5 10 15 20 

RMS ON-STATE CURRENT [ITcRMsll-A 
92CS-31335 

Fig. 3 - Power di .. ipation as a function of on-state 
current for SC146 series. 

o 
o 2:3 4 5 6 7 8 10 

RMSON-STATE CURRENT [I.TIRMSil-A 
92CS-31334 

Fig. 4 - Maximum allowable case-temperature as a 
function of on~state current for 
SC141 series. 
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;3 

~90 

Ls .. 
2 
i 80 

i a 
o 

SCl46 SERIES 

234567810 
RMS ON-STATE CURRENT [ITCRMSU- A ,2CS-3t337 

Fig. 5 - Maximum allowable case·temperature 
as a function of on-state current for 
SC146 series. 
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Fig. 7 - Peak surge on--state current and fusing 
current as a function of time for 
SC141 series. 
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Fig. 9 - Peak surge on-otBte current and fusing 
current as a function of time for 
SC146 series. 

~o. 

SC141, SC146 Series 
-;w 

110 

_ 100 

~ .. 
~19O 

~~ 
.. H 

~~70 -.. 
w .. 

"" .. " 
iiil~ 
!~50 
o.! 

30 

120 

SUPPLY FREQUENCY: 50/60 Hz SINE WAVE 
LOAD RESISTIVE 
RMS ON-STATE CURRENT [IT(RMSil-
RATED VALUE AT SPECIFIED CASE 

TEMPER(Ti RE , TC I 
I I I 

lA)E CONTJL MAY B~ I I 

0-
LOST DURING AND IMMEDIATELY 
FOLLOWING SURGE CURRENT 
INTERVAL. 

~ OVERLOAD MAY NOT BE 

t'-.. REPEATED UNTIL JUNCTION 

~ 
I- TEMPERATURE HAS RETURNED 

TO STEADY-STATE RATED VALUE 

- ~, ~ 
"';::~f'-... 

2 4 • • 10 
2 4 • • 100 

SURGE CURRENT DURATION-FULL CYCLES 
92CS-3I'54 

Fig. 6 - Peak surge on-state current as a 
function of surge current duration 
for SC141 series. 

SUPPLY fREQUENCY: 50/60 Hz SINE WAVE 
LOAD RESISTIVE 110 

1,\60"' RMS ON-STATE CURRENT [rT(RMSU= 
_ 100 RATED VALUE AT SPECIFIED CASE 

!l! .. \, TEMPERATURE, TC 

El90 

~~ rsoHz "-
~t!:i80 

'" ~;: 
Zffi70 -.. 

r--. w .. 
"" §u60 GATE CONTROL MAY BE ~ 
~~ LOST DURING AND IMMEDIATELY 

~~5C FOLLOWING SURGE CURRENT 
INTERVAL. ............ 

o.!4Q OVERLOAD MAY NOT 8E 1""-_ 
REPEATED UNTIL JUNCTION 
TEMPERATURE HAS RETURNED 

30 TO STEADY- STATE RATED VALUE. 
2 4 • • 2 4 • • 10 100 

SURGE CURRENT DURATION-fULL CYCL.ES 
92CS-303!52 

Fig. 8 - Peak surge on-stats current as a 
function of surge current duration 
for SC146 series. 

~!~RI~~~~~~~5~UESQ~I~ 4[ 
10 WATTS MAX IMUM fOR 10 -
MICROSECONDS PULSE WIOTH : 

o 025 

o 05 I 1.5 2 2.5 3 35 
POSITIVE OR NEGATIVE DC GATE- TRIGGER CURRENT (I:G-r-A 

92CS-303''3 

Fig. TO - Gate pulse characteristics for all 
. triggering modes. 
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SC141, SC146 Series 
MIa JUNCTION TEMPERATURE (T J ) _·c 

c • ./. 1 4 

l/ .. .. • ;: / z 

i iO• a • 
// 

~ • fr ~ • 
~ , // 
a a • _j"oc 
Z • 
~ 2 

/, +I'OOoc 

Iii /I 3!!: nl 

~ ~ ~ ~ ~ u u ~ " U 
INSTANTANEOUS ON-STATE VOLTAGE 1V-rl-;:cs_ 31338 

Fig. II - On-state current as a function of on-state 
voltaga for SCI41 series. 
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U 
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_3< 
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CASE TEMPERATURE {Tel-DC 
92CS-30356 

Fig. 13 - DC holding current as a function of case 
temperature. 
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1 
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Fig. 15-- Peak gate triggar current as a function of 
gate pulse width. 
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92CS-31339 

Fig. 12 - On-state current as a function of on-state 
voltaga for SCI46 series. 
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Fig. 14 - DC gate triggar current as a function of 
case temperature. 
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Fig. 16 - DC gate-triggar voltaga as a function of 
case temperature. 
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Fig. 77-- Thermal impedance as a function of sine­
wave current cycles. 

Vo 
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I 

/--dl/dt , 

92CS-17063 

Fig. 79 - Rate-of-change of on·state current 
with time (defining dildt). 
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SC141, SC146 Series 
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I I 
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I 

Fig. 78 - Relationship between supply voltage and 
principal current (inductive load) showing 
reference points for definition of commu­
tating voltage (dvldt). 
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Fig. 20 - Relationship between off-state voltage. 
on-state current, and gate-trigger voltage 
showing reference points for definition 
of turn·on time (tgrl. 
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T2300, T2301, T2302 Series File Number 911 

2.S-A Sensitive-Gate Silicon Triacs 
Modified TO-205 Package for AC Power Switching 
Features: 

• BOO V, 125 Deg. C TJ Operating 
• High dv/dt and di/dt Capability 
• Low Switching Losses 
• High Pulse Current Capability 
• Low Forward and Reverse Leakage 
• Sipos Oxide Glass Multilayer Passivation System 
• Advanced Unisurface Construction 
• Precise Ion Implanted Diffusion Source 

The RCA-T2300, T2301 , T2302, series triacs are gate-controlled 
fUll-wave silicon ac switches that are designed to switch 
from an off-state to an on-state for either polarity of applied 
voltage with positive or negative gate triggering voltages. 

The gate sensitivity of these triacs permits the use of eco­
nomical transistorized control' circuits and enhances their 
use in low-power phase-control and load-switching 
applications. 

MAXIMUM RATINGS, Absolute-Maximum Values: 
3 rnA Gate 
4mAGate 

10 rnA Gate 

VORo~:TJ=-40to125°C .............................. . 
ITIRMS': T c = 95° C ••..•••••..•••••••••..••..•.••••.••••. 

For other conditions ................................. . 
ITSM: For one cycle of applied principal voltage 

60 Hz (sinusoidal) ...•••••..••..•..••..•..••..••..••.• 
50 Hz (sinusoidal) •••..•••••...••••..•••••.•••.•.•..•• 
More than one cycle of applied principal voltage .••••..•••.• 

di/dt: Vo= VOROM, IG= 50 mA, t,= 0.1 ps •••..••.••..•...••• 
121 [At Tc shown for ITIRMS']: 

t=20ms .......................................... . 
=2.5ms ......................................... . 
=0.5ms ......................................... . 

T2300F 
T2301F 
T2302F 

50 

T2300A 
T2301A 
T2302A 

100 

TERMINAL DESIGNATIONS 

Modified TO-205 

T2300B T2300D T2300M T2300N 
T2301B T2301D T2301M T2301N 
T2302B T~D T2302M T2302N 

200 400 600 BOO 
2.5 

See Figs. 3.4,5 

25 
21 

See Figs. 6,7 
100 

4.3 
2 

IGTM·: For 1 /.IS max. • ••••.•••.••.•••••••••••.••.••.••.•• 
__________________ 1 ______________ ___ 

PGM: Peak (For 1 ps max., IOTM 5 1 A(peak) .••...••••.•••••. 
POIAV,: 

Tc=60°C ......................................... . 

i;~ ~:~~o:~: : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 
T~: 

During soldering for 10 s maximum 
at distance;:: 1116 in. {1.58 mm) from seating plane 

__________________ 10 ________________ __ 

__________________ 0.15 ______________ ___ 
__________________ 0.05 ______________ ___ 
________________ -40 to 150 ______________ __ 
________________ -40 to 125 ______________ __ 

__________________ 225 ______________ __ 

AFar either polarity of main terminal 2 voltage (VMTV with reference to main terminal 1. 
-For either polarity of gate voltage (V G) with reference to main terminal 1. 
-For temperature measurement reference paint, see Dimensional Outlines. 

V 
A 

A 
A 

Alps 

A's 
A'S 
A's 

A 
W 
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T2300, T2301, T2302 Series 
ELECTRICAL CHARACTERISTICS 
At Maximum Ratings Unless Otherwise Specified and at Indicated Case Temperature (T C) 

LIMITS 

CHARACTERISTIC 
FOR ALL TYPES 

Except as Specified 
Min. Typ. Max. 

IOROMA: 
Gate open, TJ = 12SoC, VOROM = Max. rated value - 0.2 0.75 

VTM'"': 
iT=10 A(peak), T C=250 C - 1.7 2.2 

IHO·: (S99 Figs. 9 & 10) 
Gate open, Initial principal current=150 mA (de). 

vO=12 V. Tc=250 C 
(T2300. T2301 {series) - 2 5 
(T2302 I series) - 7 15 

dv/dt (Commutating)A: (S99 Fig. 14) 

vO=VOROM. IT(RMS)=2.5 A. commutating di/dt=1.33 Nms. 
gate unenergized. T C= 70° C 0.5 - -

dv/dt (Off·state)A: 

vO=VOROM. exponential voltage me. gate open. 
Tc = 11S0C(T2300. T2301 series) 3 5 -

T c = 12So C (T2302 series) 6 10 -

IGTA.: (See Figs. 11 & 12) 
vO= 12 V de. R L =30 n. T C=250 C 

Mode VMT2 VG 

1+ positive positive 

T2300 series - 1 3 
T2301 series - 1 4 

T2302 series - 3.5 10 

111- negative negative 

T2300 series - 1 3 
T2301 series - 1 4 

T2302 series - 3.5 10 

1- positive negative 
T2300 series - 2 3 
T2301 series - 2 4 

T2302 series - 7 10 

111+ negative positive 
T2300 series - 2 3 
T2301 series - 2 4 

T2302 series - 7 10 

VGTA.: (S99 Fig. 13) 

vO= 12 V de. R L =30 n. T C=250 C - 1 2.2 

vO=VOROM. RL=125U. Tc=12SoC 0.15 - -

tgt' (See Fig. 16) 

vO=VOROM. IGT=60 mAo t r=O.l /1s, iT=10 A(peak). 
TC=250 C - 1.8 2.5 

ROJC: 
Steady·state - - 8.5 

RO JA: 

(T2300 Series) - - 150 

.. For either polanty of main terminal 2 voltage (VMT2) with reference to main terminal 1. 

• For either polarity of gate voltage (V G) with reference to main terminal 1. 

UNITS 

mA 

V 

mA 

V//1s 

V//1s 

mA 

V 

/1S 

°C/W 
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T2300, T2301, T2302 Series 

Fig. 1-Principal voltage-current characteristic. 

1 

FULL-CYCLE RMS ON-STATE CURRENT [ITIRMS1]-A 

Fig. 3-Maximum allowable case temperature vs. 
on-state current. 

CURRENT WAVEFORM: SINUSOIDAL 
LOAD: RESISTIVE OR INDUCTIVE 
CONDUCTION ANGLE (,}-360· 

FU7L-CYCLE RMS ON-STATE CURRENT [ITtRMSJ] ;~S-1987R4 

Fig. 5-Maximum allowable ambient temparature 
vs. on-state current for T2302 series. 

2 

FUll-CYCLE RMS ON-STATE CURRENT IT(RMS)-A 

Fig. 2-Power dissipation vs. on-state current. 

1 
FULL-CYCLE RMS ON-STATE CURRENT [ITIRMS)]-A 

Fig. 4-Maximum allowable heat·sink temperature 
vs. on-state current for T2300, T2301, 
T2302 series. 
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Fig. 7- Peak surge on·state current and 
fUSing ,current vs. time. 

CASE TEMPERATURE (Tc)--C 92L5-117M2 

Fig. 9- DC holding current (positive or negative) 
vs. case temperature for T2300, T2301 
series. 

Fig. 11-Gate-trigger current vs. case temperature 
for T2300, T2301 Series. 

Trlacs 

T2300, T2301, T2302 Series 

POSITIVE OR NEGATJVE INSTANTANEOUS ON-STATE VOLTAGE (vT)-V 

"LS-ltl2R5 

Fig. 8- On·state current vs. on-state voltage 
for all series. 

CASE TEMPERATURE ITC'--C '2LS-I916RI 

Fig. 10-DC holding currant (positive or negative) 
vs. case temperature for T2302 
series. 

I I 
POSITIVE OR NEGATIVE GATE-TRIGGER CURRENT (IGT)-mA 

Fig. 12-Gate-trigger current vs. case temperature 
for T2302 series. 
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T2300, T2301, T2302 Series 

802 

'2ll-lnIR2 

Fig. 13-Gate-trigger voltage vs. case temperature. 

-,' 

Fig. 15-Re/ationship between supply voltage 
and principal current (inductive load) 
showing reference paints for definition 
of commutating voltage (dv/dt). 
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Fig. 14-Rate-of-change of on-state current with 
time (defining dildt). 
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Fig. 16-Re/ationship between off-state voltage, 
on-state current, and gate-trigger voltage 
showing reference paints for definition 
of turn-on time (tg,). 
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File Number 1042 T2320, T2322, T2323, T2327 Series 

2.S-A Sensitive-Gate Silicon Triacs TERMINAL DESIGNATIONS 

For AC Power Switching 

Features: 

• BOOV, 125 Deg. C TJ Operating 
• High dv/dt and di/dt Capability 
• Low Switching Losses 
• High Pulse Current Capability 
• Low Forward and Reverse Leakage 
• Sipos Oxide Glass Multi/ayer Passivation System 
• Advanced Unisurface Construction 
• Precise Ion Implanted Diffusion Source 

The RCA-T2320, T2322, T2323 and T2327, series triacs are 
gate-controlled fu II-wave silicon ac switches that are de­
signed to switch from an off-state to an on-state for either 
polarity of applied voltage with positive or negative gate 
triggering voltages. The gate sensitivity of these triacs per­
mits the use of economical transistorized or integrated cir-

MAXIMUM RATINGS, Absolute-Maximum Values: 
3mAGate 

10 mA Gate 
25 mA Gate 
5mAGate 

VOROM4 (Gate Open, T J = -40 to 125° C) ...•..••..••..... 
IT(RMS) (T c = 95° C) ......•.•........•••....•.•..•.... 
h'"MOI (TA = 25° C) ........•........•.•....•.•...••.. 
ITSM (for 1 full cycle) .....•.....•.••....•..•..•••..... 
di/dt: •.........•....••••...........•....••....•... 
I't [At T c shown for IT(RMS)] (Half-sine wave): 

t=20ms •...•.....••......•....••.....••..•..•.. 
= 2.5 ms •.•.••.••.•..•.........••....•...•...... 
=0.5 ms ..••.•••••.•............•.•.•......••..• 

For other time values •.............•••.........••.•• 
IGTM" (For 1 /l.S max.) •...•.•••.....••..........••...•. 
PGM (for 1 /l.S max.) ....•.•.......••......•........... 
PG(AV) (Averaging time 10ms max.) ...••......•..•....... 
T Storage .....••••..••..•••.•...•••.•.•...••.....•. 
TJ •••••••••••••••••••••••••••••••••••••••••••••••• 

T,.-: 
During soldering for lOs maximum at distance 
'" 1/16 in. (1.58 mm) from seating plane •••.••...••....• 

TERM 4 

.,& IY'R: 
TOP VIEW (ff 

TERM 3 2 I 

92CS~34t49 

JEDEC TO-202AB 

cuit control circuits and enhances their use in low-power 
phase-control and load-switching applications. 

All types in each series utilize the JEDEC-TO-202AB (VER­
SATAB) plastic package. 

T2320A T2320B T2320D T2320E T2320M T2320N 
T2322A T2322B T2322D T2322E T2322M T2322N 
T2323A T2323B T2323D T2323E T2323M T2323N 
T2327A T2327B T2327D T2327E T2327M T2327N 

100 200 400 500 600 800 
2.5 A 
1 A 
25 A 

100 Alps 

3.4 A's 
1.7 A's 

A's 
See Fig. 5 

1 A 
10 W 
0.1 W 

-40 to 150 °C 
-40 to 125 °C 

225 °C 

4For either polarity of main terminal 2 voltage (VMT,) with reference to main terminall. 
·For either polarity of gate voltage (V G) with reference to main terminal 1. 
-For temperature measurement reference point, see Dimensional Outlines. 
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T2320, T2322, T2323, T2327 Series 
ELECTRICAL CHARACTERISTICS 
At Maximum Ratings Unless Otherwise Specified and at Indicated Case Temperature (T cl 

CHARACTERISTIC 

IOROMA: 
Gate open, T J= 125°C, VOROM = Max. rated value ...................... 

VTMA: 

iT = 10 A (peak), T c = 25°C T2322, T2322, T2327 series 
iT = 10 A (peak), Tc = 25°C T2323 series 

IHoA: 
Gate open, Initial principal current = 150 mA (de), 

Vo = 12 V, Tc = 25°C ............................................... 
dv/dt (Commutating) A: 

Vo = VOROM' IT(RMs) = 2.5 A, commutating di/dt = 

1.33 Alms, gate unenergized, T c = 95° C .............................. 

dvldt (Off-state) A: 

VO = VOROM' exponential voltage rise, gate open, 

Tc = 125°C ....................................................... 
IGTA.: (See Fig. 7) 

Vo = 12 V dc, RL = 30 n, T c = 25° C 
Mode VMT2 VG 

1+ positive positive 
T2320 series 

T2322 series 
T2323 series 
T2327 series 

111- negative negative 

T2320 series 
T2322 series 

T2323 series 
T2327 series 

1- positive negative 
T2320 series 

T2322 series 

T2323 series 
T2327 series 

111+ negative positive 
T2320 series 

T2322 series 
T2323 series 

T2327 series 

VGTA.: (See Fig. 8) 
Vo = 12 V dc, RL = 30 n, T c = 25° C 

Vo = VOROM, RL = 125 n, Tc = 125°C 

t9,: (See Fig. 11) 

Vo = VOROM' IG = 60 mA, t, = 0.1 p.s, 
iT = 10 A (peak), Tc = 25°C .......................................... 

ROJC 

ROJA 

"'FOr either polarity of main terminal 2 voltage (VMT2) with reference to main terminal 1. 
-For either polarity of gate voltage (V G) with reference to main terminal 1. 

LIMITS 

For All Types 
Except as Specified 

Min. Typ. Max. 

- 0.2 0.75 

- 1.7 2.2 

- 1.7 2.6 

- 15 30 

1 4 -

10 100 -

- - 3 
- - 10 
- - 25 
- - 5 

- - 3 
- - 10 
- - 25 

- - 5 

- - 3 
- - 10 

- - 40 
- - 5 

- - 3 
- - 10 

- - 40 

- - 5 

- 1 2.2 
0.15 - -

- 1.8 2.5 

- - 8 

- - 80 

UNITS 

mA 

V 

mA 

VIpS 

mA 

V 

pS 

·CIW 
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I 

FULL-CYCLE AMS ON-STATE ClfiIRENT [IT(RMSI]-A 

Fig. 1 - Power dissipation as a function of on-state 
current. 

FULL-CYCLE RMS ON-STATE CURRENT [ITIRMSI]-A 

Fig. 3 - Maximum allowable temperature as 
as function of on-state current 
for T2323. 
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Fig. 5 - Peak surge on-state current and fUSing 
current as a function of time. 

Triac. 

T2320, T2322, T2323, T2327 Series 

FULL-CYCLE RMS ON-STATE CURRENT (:ITIRMS)]-A 

Fig. 2 - Maximum allowable temperatul//a"ira74R' 

function of on-state current for 
T2320, T2322, and T2327. 

I I 
)0 4 6 8102 

SURGE CURRENT DURATION-FULL CYCLES 

92C$-IS73IRI 

Fig. 4 - Peak surge on-state current as a function 
of surge-current duration. 

CASE TEMPERATURE (TC'·25-C 

o " 20 
POSITIVE OR NEGATIVE INSTANTANEOUS ON-STATE 

CURRENT (lTI-A 

Fig. 6 - On-state current vs. on-state voltage. 
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T2320, T2322, T2323, T2327 Series 
4 PRNeIPAL DC VOLTAGE-12V 

LOAO.30A. RESISTIVE 
NORMALIZED TO THE ~·c VALUE 

-eo -20 25 50 15 100 
CASE TEMPERATURE (TCI-OC 

Fig. 7 - Gate-trigger current vs. case temperature. 

PRINCIPAL DC VOLTAGE .,2 V 
LOADo3QQ. RESISTIVE 
NORMALIZED TO THE 25°C'VALUE 

50 -25 25 50 75 
CASE TEMPERATURE (TC)-OC 

100 

Fig. 8 - Gate-trigger voltage vs. case temperature. 

_.' 

Fig. 10 - Relationship between supply voltage 
and principal current (inductive load) 
showing reference points for definition 
of commutating voltage (dv/dt). 

Vo 

oJ-_______________ _ 

-f ---

I 

t-- d1/c1t , 

O.51TSM 

o----L- -+---------------
-l 1-'1 82CS-'70.3 

Fig. 9 - Rate-of-change of on-state current with 
time (defining di/dt). 

tot· td + tr 

I 
I I 

Vo I I 

o-L:- -- -:-r ---
I I I 
I I I 
I 1 I 

r:-..J2i90% POINT 
ITM I 1 I 

o-L.i- - 1-.1----­
r- Id i l ,:­

!---lgl--1 
I 

~:---,---..... 
VGT 

I I ~ 10% POINT 
0-1. 

92CS-1336SR2 

Fig. 11 - Relationship between off-state voltage. 
on-state current. and gate-trigger voltage 
showing reference points for definition 
of turn-on time (t gl). 

806 ______________________________________________________________ __ 



__________________________________________________________________________ Trlacs 

File Number 615 T2500 Series 

High Voltage, 6-A Silicon Triacs TERMINAL DESIGNATIONS 

For Power-Control and Power-Switching Applications 

~ Features: 

• 800V, 125 Deg. C TJOperating 
• High dvldt and dildt Capability 
• Low Switching Losses 
• High Pulse Current Capability 
• Low Forward and Reverse Leakage 
• Sipos Oxide Glass Multilayer Passivation System 
• Advanced Unisurface Construction 
• Precise Ion Implanted Diffusion Source 

The T25DO-series are gate-controlled full-wave silicon triaes 
utilizing a plastic case with three leads to facilitate mounting 
on printed-circuit boards. They are intended for the control 
of ac loads in such applications as motor controls, heating 
controls, relay replacement, solenoid drivers, static switch­
ing, and power-switching systems. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

VORM- •••••••••••••••••••••••••••••••••••••••••••• 

h(RMS) (T c = 105· C) •••••••••••••••••••••••••••.•.•.• 
ITSM (for 1 full cycle) 60 Hz ••.•...•....•....•........ 
di/dt .....•••..••••••.••••••..•.•....•...•........ 
I"T (at 8.3 ms) .••.•...••••.•.•.•.....•........•.... 
Ian'" ............................................ . 
PaM (for 10ps max.) ...•••...••.....••...•••...•.... 
Pa(AV) (Averaging time 10ms max.) ..•••...•••........ 
TStorageA ....•.•...•.....•••..••.•...•.•...••... 
Tc ••••...••••••...•.•..•..•...........•.......... 
T T (During soldering): 

For 10 s max. (terminals and case) ....•........... 

<C~J"'loll ]s#~' 
TOP VIEW MTt 

92CS-39970 

JEDEC TO-220AB 

These devices are designed to switch from an off-state to an 
on-state for either polarity of applied voltage and with posi­
tive or negative gate triggering voltages. They have an on­
state current rating of 6 amperes at aTe of 80° C. 

All types utilize the JEDEC TO-220AB package. 

T2500B T2500D T2500M T2500N 

200 400 600 800 V 
6 A 

60 A 
70 Alps 
18 A's 

4 A 
16 W 

0.2 W 
-65 to 150 °c 
-65 to 125 °c 

225 ·C 

-For either polarity of main terminal 2 voltage (VMT2) with reference to main terminal 1 . 
• For either polarity of gate voltage (Va) with reference to main terminal 1. 
AFor temperature measurement reference point, see Dimensional Outline. 
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T2500 Series 
ELECTRICAL CHARACTERISTICS 
At Maximum Ratings and at Indicated Case Temperature (T ) Unless Otherwise Specified c 

CHARACTERISTIC SYMBOL 

Peak Off-State Current:' 
Gate open, TJ = 125°C, VOROM = Max. rated value IOROM 

Maximum On-State Voltage: 
, 

For iT = 30 A (peak), T c = 25°·C .......................... vTM 

DC Holding Current:' 
Gate open, Initial principal current = 150 mA (DC), Vo = 12V: 

Tc = 25°C ...............•.....•...........•.•....•.. IHO 
For other case temperatures .......................... 

Critical Rate-of-Rise of Commutation Voltage: 
, 

For Vo = VOROM' ITIRMS) = 6 A, Commutating 
di/dt = 3.2 Alms, and gate unenergized 
At Tc = BOoC ........................................ dv/dt 

Critical Rate of Rise of Off-State Voltage: 
, 

For Vo = VOROM ' exponential voltage rise, and gate open 
At Tc = 125°C 

T2500B ..............••...•.........•.•... 
T2500D .................................. 

dv/dt T2500M .................................. 
T2500N .................................. 

For other case temperatures ............................ 

DC Gate-Trigger Current:' t 
Forvo = 12 V (dc), RL = 300 

Tc = 25°C, and specified triggering mode: 
1+ Mode: VMT2 positive, VG positive ............•... 

IGT 111- Mode: V MT2 negative, VG negative ............... 
1- Mode: VMT2 positive, VG negative ............... 
111+ Mode: V MT2 negative, VG positive ................ 
For other case temperatures .............................. 

DC Gate-Trigger Voltage:' t 
For Vo = 12 V (DC) and RL = 30 0 

Tc=25°C •................................•......... 
For other case temperatures .......................... VGT 

Forvo = VOROM' RL = 1250, Tc = 125°C 

Gate-Controlled Turn-On Time: 
(Delay Time + Rise Time) 
For Vo = VOROM ' IG = 160 mA, t, = 0.1 ps, 
iT = 10 A (peak), Tc = 25°C (See Fig. 15) ................. !", 

Thermal Resistance: 
Junction-to-Case ••..............•...•....•••...•.•..•• R8jc 

Thermal Resitance: 
Junction-to-Ambient •.......•....•.••....•............• RAJA 

'For either polarity of main terminal 2 voltage (VMT2) with reference to main terminal 1. 
tFor either polarity of gate voltage (V G) with reference to main terminal 1. 

LIMITS 

For All Types 
Unless OlhelW/se Specified 

Min. Typ. Max. 

- 0.1 2 

- 1.7 2 

- 15 -
See Fig. 5 

- 10 -

100 300 -
75 250 -
60 200 -
40 100 -

See Fig. 6 

- 10 25 
- 20 30 
- 20 60 
- 30 60 

See Figs. 7 & 8 

- 1.25 2.5 
See Fig. 9 

0.2 - -

- 1.6 -

- - 2.7 

- - 60 

UNITS 

mA 

V 

mA 

VIps 

VIps 

mA 

V 

ps 

°e/W 
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Fig. 1 - Power dissipation VS. on-state current. 

SUPPLY FREQUENCY' ~016O Hz SINE WAVE 
LOAD'RESISTIVE 
CASE TEMPERATURE ITCI • 105'C 
RMS ON-STATE CURRENT [ITIRrSlr'6 A 

GATE jJTROL IMAy B~ Lbs+ 
DURING AND IMMEOIATELY 
FOLLOWING SURGE CURRENT 
INTERVAL. 
OVERLOAD MAY NOT BE RE-
PEATED UNTIL JUNCTION 
TEMPERATURE HAS RETURNED 

~ TO STEADY-STATE 
~ RATfO VALUE . 
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-
4 •• 2 

10 

:::-

• 6 • 
100 

4 6 • 1000 
SURGE CURRENT DURATION-FULL CYCLES 

92CS-20962RI 

Fig. 3 - Peak surge on-state current vs. surge current duration. 

U 
0 

CASE TEMPERATURE (T cl - °c 
92SS-3906RI 

Fig. 5 - DC holding current for either direction of on-state 
current vs. case temperature. 

TrlaC8 

T2500 Series 

o 2 4 • • 

RMS ON-STATE CURRENT [IT(RIIS~':'A 

UCI-IDNI.' 

Fig. 2 - Allowable caslI temperature VB. on-state current. 

CASE TEMPERATURE (Tcl o 25'C 

I 1.5 2 2.~ 3 

POSITIVE OR NEGATIVE INSTANTANEOUS ON-STATE YOLTAGE(vTI-V. 
9ZCS-I502IRI 

Fig. 4 - On-state current vs. on-state voltage. 
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Fig. 6 - Critical rate of rise of off-state voltage VB. Casll 
temperaturll. 
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T2500 Series 
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PRINCIPAL DC VOLTAGE-12V 
LOAD· 3O.n.. RESISTIVE 

CASE TEMPERATURE (Tcl _·C 

92SS-390aRl 

Fig. 7 - DC gate-trigger current (for 1+ and 111- triggering 
modes) vs. case temperature. 

, 
..J> 
~I 
i~ 
0: .. 
w> 
1--

~~ ..... 
:E!:; 

*~ ~ 
co 

PRINCIPAL DC VOLTAGE· 12V 
LOAD • 30 n.. RESISTIVE 

3 TRIGGERING MODES: ALL 

2 

-711 -50 -211 
CASE TEMPERATURE (Tcl - ·c 

o 25 

9255- 3916RI 

Fig. g - DC gate-trigger voltage VB. case temperature. 
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Fig. 8 - DC gate-trigger current (for 1- and 11/+ triggering 
modes) vs. temperature. 
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Fig. 10 - Typical turn-on time vs. gate-trigger current. 
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SUPPLY 
VOLTAGE 

---, , , 

PRINCIPAL 
VOLTAGE 

92LS-2409R4 

Fig. 11 - Oscilloscope display of commutating dv/dt. 

T2500 Series 

I 
1 1 

Vo I I 

o-l-L--_J ____ -
I I 
I I 
I I 
: 1 

I I LI 1'90% POINT 
ITM I 1 

o-t~--- 1-1---
'--- Id • I .1 I 
1 I 1 r 

:--- lal ----t 
I 

!h....-----
VGT : 

0-
L I ~IO% POINT 92LS-2410RZ 

Fig. 12 - Oscilloscope display for measurement of gate-controlled 
turn-on time (tg,). 

___________________________________________________________________ 811 



Trlacs ________________________________________________________________________ __ 

T2700 Series File Number 351 

High Voltage, 6-A Silicon Triacs 
For Power-Control and Power-Switching Applications 

Features: 

• BooV, 125 Deg. C TJ Operating 
• High dv/dt and di/dt Capability 
• Low Switching Losses 
• High Pulse Current Capability 
• Low Forward and Reverse Leakage 
• Sipos Oxide Glass Multilayer Passivation System 
• Advanced Unisurface Construction 
• Precise Ion Implanted Diffusion Source 

TERMINAL DESIGNATIONS 

9i!.CS-21?19 

JEDEC TO-213AA 

positive or negative triggering voltages to the gate. RCA T2700-series devices are gate controlled fUll-wave sil­
icon triacs. They are intended for the control of ac loads in 
applications such as heating controls, motor controls. light 
dimmers. and power-switching systems. 

These triacs are designed to switch from an off-state to an 
on-state condition for either polarity of applied voltage with 

The T2700B. D. M, and N are hermetically sealed types hav­
ing an on-state current rating of 6 amperes at a case 
temperature of +75° C and repetitive off-state voltage ratings 
of 200. 400. 600. and 800 volts, respectively. 

MAXIMUM RATINGS, Absolute-Maximum Values: 
T2700B T2700D T2700M 

VORMe •••••••••••••••••••••••••••••••••••••••••••• 200 
I TIRMS) (T c = 100° C), ................................ . 
I TSM (for 1 full cycle) 60 Hz ......................... . 
dildt ........•.................................... 
FT (at 1.25 to 10 ms) .............................. . 
IGTM• ••••••••••••••••••••••••••••••••••••••••••••• 

PGM (for 1 ps max.) ..••....................•........ 
PGIAV) (Averaging time 10ms max.) .................. . 
T Storage ....................................... . 
Tc .............................................. . 
T T (During soldering): 

For 10 s max. (terminals and case) ............... . 

400 

-For either polarity of main terminal 2 voltage (VMT2) with reference to main terminal 1. 
-For either polarity of gate voltage (V G) with reference to main terminal 1. 
"'For temperature measurement reference point. see Dimensional Outline. 

600 
6 

100 
100 
50 

4 
16 

0.2 
-65 to 150 
-65 to 125 

225 

T2700N 

800 V 
A 
A 

Alps 
A's 

A 
W 
W 

°C 
°C 

°C 
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T2700 Series 
ELECTRICAL CHARACTERISTICS 
At Maximum Ratings and at Indicated Case Temperature (T ) Unless Otherwise Specified c 

CHARACTERISTIC SYMBOL 

Peak Off-State Current' 
Gate open, T J ; 125°C, VOROM ; Max. rated value IOROM 

Maximum On-State Voltage: 
. 

For iT; 30A (peak), Tc; 25°C .......................... VTM 

DC Holding Current' 
Gate open, Initial principal current; 150 mA (DC), vo; 12V: 

Tc; 25°C ........................................... IHO 
For other case temperatures .......................... 

Critical Rate-of-Rise of Commutation Voltage: 
. 

For Vo ; VOROM' IT(RMs) ; 6 A, Commutating 
di/dt ; 3.2 Alms, and gate unenergized 
At Tc; +100°C ....................................... dv/dt 

Critical Rate of Rise of Off-State Voltage: 
. 

For Vo ; VOROM ' exponential voltage rise, and gate open 
AtTc ;125°C 

T2500B ................................... 
T2500D .................................. 

dv/dt 
T2500M ................................... 
T2500N .................................. 

DC Gate-Trigger Current·t 
For vo; 12 volts (dc), RL ; 30 n, 

Tc; +25°C, and Specified Triggering Mode: 
1+ Mode: V MT2 positive, V G positive ................ 
111- Mode: VMT2 negative, VG negative ............... 
1- Mode: V MT2 positive, VG negative ............... IGT 
111+ Mode: V MT2 negative, V G positive ................ 
For other case temperatures .............................. 

DC Gate-Trigger Voltage:' t 
For vo; 12 V(DC), RL ; 30 n 

Tc; 25°C ........................................... 
For other case temperatures .......................... VGT 

For vo; VOROM ' RL ; 125 n, Tc; 125°C 

Gate-Controlled Turn-On Time: 
(Delay Time + Rise Time) 
For vo; VOROM ' IG; 160 mA, t,; 0.1 ps, 
iT; 10 A (peak), Tc; 25°C (See Fig. 15) ................. tg, 

Thermal Resistance: 
Junction-to-Case (Steady-State) ........................ ReJA 
Junction-to-Case (Transient) ........................... 

'For either polarity of main terminal 2 voltage (VMT2) with reference to main termtnal1. 
tFor either polarity of gate voltage (VG ) with reference to main terminal 1. 

LIMITS 

For All Types 
Unless Otherwise Specified UNITS 

Min. Typ. Max. 

- 0.1 4 mA 

- 1.8 2.25 V 

- 15 30 mA 
See Fig. 5 

3 10 - Vips 

30 150 -
20 100 -

Vips 
15 70 -
10 50 -

- 15 25 
- 20 30 
- 25 40 mA 
- 25 40 

See Figs. 7 & 8 

- 1 2.2 

See Fig.9 V 
0.2 - -

- 2.2 - ps 

- - 4 °CIW 
Slle Fig. 10 
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Triac. 

T2700 Series 
CURRENT WAVEFORM : SI NUSOIDAL : ;': r:=s:; i:l'E f;" ~ 
LOlID : RESISTIVE 
CONDUCTION ANGLE' 360' ;~~~::..: .-

~~ :a~ ~~~-~ ;~: #:~ t~H ;"?"t ~ ~-t 

, ... • + I: EB: +t!: .. -";' -. 

~ 7~~~ .' ';q:ji-iffimI"fi1=d'. 

I : ~ ~t~ ;;~ ml ;m:m ~[; ,If t~::: 
I 4 ~EE:gl$gg:rmI;t" ; . 

3 ilirg~IfP "~!-: d~ riff, :11 I ~t$jl~~Ftm ~ili Hi ;: 
~ ~~ "F :;:j :ftilfi"Y !:1: 
01234567 

FULL-CYCLE RMS ON-STATE AMPERES [I t(r ... il 
92LS-l33OR3. 

Fig. 1 - Power dissipation vs. on-state current. 

SUPPLY FREQUENCY: SQ/60 Hz SINE WAVE II II LOAD: RESISTIVE 

100 
~~E 01:'~~~W~~~R~W~ [t~~~~il' 6 A 11111 

-'" 1"""'- GATE CONTROL MAY 8E LOST WI 

E~ " " ~~~~O~~~D J~~~~I~~~~~NT 
~ ~80 INTERVAL. 
11.- i' OVERLOAD MAY NOT 8E RE-
W .... PEATED UNTIL JUNCTION a:z 

~O HI'? tgMn:::ci~~~T~~~ RETURNED 'W 
~ ~60 ,~ RATED VALUE. Z::> _0 

W'" 
50H':" ...... 

~ ~40 
~ "', 

:':2 

"'0 
'" 11. 20 

0 
468 468 468 

10 100 1000 
SURGE CURRENT DURATION-fULL CYCLES 

Fig. 3 - Peak surge on-state current vs. surge current duration. 

"0 J 125 

:l 
~OO 
~ 

-75 

INITIAL ON-STATE MILLIAMPERES'150 

-50 -25 o 25 

CASE TEMPERATURE ITCI-"C 
92L$-2413RI 

Fig. 5 - DC holding current for either direction of on-state 
current vs. case temperature. 

CURRENT WAVEFORM: SINUSOIDAL 
LOAD: RESISTIVE OR INDUCTIVE 
CONDUCTION ANGLE' 360" 
TEMPERATURE IS MEASURED ON BASE ,Rn 

AT POINT MIDWAY BETWEEN LEADS 

"' III 

'" u~ 
~I 
01-

'" u ;,'" 
0-
...l" 
...lll: 

... " ,.. 
::I ... ,,11: 
::I"' - .. 
x::I ... ., 
::I,.. 

125 

115 

105 

95 

o 18<Y'\JJ360' 

CONDUCTION ANGLE 
.81 + 8 m 

o I 2 3 4 5 6 7 

RMS ON-STATE CURRENT [rT IRMSlj-A 

92LS-f337R4 

Fig. 2 - Allowable case temperature vs. on-state current. 
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",­,..'" ",,,, 
Zit: -., 
",11. 

'" 0 
Z 
0 
0 

'" '" 0 
a: 
u 
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0 

W 
::I 
;:: 
z 
~ 
Z 
it: 
:::> ,.. 

I CASE ITCI '25'C 

POSITIVE OR NEGATIVE INSTANTANEOUS 
ON-STATE VOLTS IVT' 92LS-2412RI 

Fig. 4 - On-state current vs. on-state voltage. 

4 

0 20 40 60 80 100 120 140 160 

DC GATE-TRIGGER MILLIAMPERES IIGTI 

92LS-134BR2 

Fig. 6 - Typical turn-on time vs. gate-trigger current. 
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~ 

= :3 125 

15 
Q. 

~ 100 
:::; ... 
= 75 
~ 
I 50 
I­... 
~ 
" 25 g 

PRINCIPAL DC VOLTS -12 
LOAD -3011, RESISTIVE 
TRIGGERING MODES, 1+ AND III-

-75 -so -25 o 
CASE TEMPERATURE eTc) - "C 

9255-3783 

Fig. 7 - DC gate-trigger current (for 1+ and 111- triggering 
modes) vs. case temperature. 

-;'3 

! 
'" !:i 
g 

I. 
~ 

PRINCIPAL DC VOLTS - 12 
LOAD - 3011, RESISTIVE 
TRIGGERING MODES, ALL 

-75 -25 o 
CASE TEMPERATURE (Tc )-'C 

25 

92LS-1413R2 

Fig. 9 - DC gate-trigger voltage vs. case temperature. 

j ., ... 
f5 125 .. 
:E 
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3 100 
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" " ;;: 
l- so ... 
~ 
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0 

25 

PRINCIPAL DC VOLTS. 12 
LOAD - 30 II, RESISTIVE 
TRIGGERING MODES, I-ANDIn+ 

T2700 Series 

"'''I.t, ~II", 
T)'P/C"L 

-75 -50 -25 0 211 
CASE TEMPERATURE ITcl--C 

'2SS-1184 

Fig. 8 - DC gate-trigger current (for 1- and 111+ triggering 
modes) vs. case temperature. 
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468 468 468 
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TIME AFTER APPLICATION OF RECTANGULAR POWER PULSE -SECONDS 
92L5-2407RI 

Fig. 10 - Transient thermal resistance (junction-to-case vs. time). 
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T2700 Series 

SUPPlY 
VOLTAGE 

---" , 

PRINCIPAL 
VOLTAGE 

92LS -2409A2 

Fig. 11 - Oscilloscope display of commutating dv/dt. Fig. 12 - Oscilloscope display for measurement of gate-controlled 
turn-on time (tg,). 
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File Number 1314 T2800, T2802 Series 

High Voltage, 8-A Silicon Triacs TERMINAL DESIGNATIONS 
For Power-Control and Power-Switching Applications 
Features: ~GATE 

"a~"l 0 II :F-i !"' • 800 V, 1250eg, C TJ Operating 
• High dvldt and dildt Capability 
• Low Switching Losses 
• High Pulse Current Capability 
• Low Forward and Reverse Leakage 
• Sipos Oxide Glass Multilayer Passivation System 
• Advanced Unisurface Construction 
• Precise Ion Implanted Diffusion Source 

These RCA triacs are gate-controlled full-wave silicon 
switches utilizing a plastic case with three leads to facilitate 
mounting on printed-circuit boards. They are intended for 
the control of ac loads in such applications as motor 
controls, light dimmers, heating controls, and power­
switching systems. 

These devices are designed to switch from an off-state to an 
on-state for either polarity of applied voltage with positive 
or negative gate-triggering voltages. 

MAXIMUM RATINGS. Absolute-Maximum Values: 

VOROM" (Gate Open, T J = .as to 125· C) .............. . 
IT(RMS): T c = 105· C .............................. . 
irSM (For one cycle of applied principal voltage): 

60 Hz (sinusoidal), Tc = 105· C .................... . 
50 Hz (sinusoidal), Tc= 105·C .................... . 
For more than one cycle ........................ . 

di/dt: Vo= VDROM, IG= 200 mA, t,= 0.1 ps ..•..•.•..... 
12t (At T c shown for IT(RMS)): 

t=20ms ..................................... . 
=2.5ms .................................... . 
=0.5 ms .................................... . 

IGTMt .......................................... . 
PGM: (for 1 ps max .. IGTM 54 A) ..................... . 
PG(AV) •••••••••••••••••••••••••••••••••••••••••• 

Tstg •••••••••••••••••••••••••••••••••••••••••••• 

Tc ............................................ . 
TT During soldering for 10 s max. (terminals and case) .. . 

T2800A 
T2802A 

100 

TOP VIEW MTt 

92CS-39910 

JEDEC T0-220AB 

The T2802 series triacs are characterized for 1+, 111- gate­
triggering modes only and should suit a wide range of 
applications that employ diac or anode onloff triggering. 

All series employ the plastic JEDEC TO-220AB package. 
The plastic package design provides not only ease of 
mounting but also low thermal impedance, which allows 
operation at high case temperatures and permits reduced 
heat-sink size. 

T2800B T2800C T2800D T2800E T2800M T2800N 
T2802B T2802C T2802D T2802E T2802M T2802N 

200 300 400 500 600 800 V 
8 A 

100 A 
85 A 

See Figs. 2 
70 Alps 

55 A2s 
28 A2s 
16 A2s 
4 A 

16 W 
0.35 W 

-65 to 150 ·C 
-65 to 125 ·C 

225 ·C 

"For either polarity of main terminal 2 voltage (V"T') with reference to main terminal 1. 
tFor either polarity of gate voltage (VG) with reference to main terminal 1. 
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T2800, T2802 Series 
I, 

ELECTRICAl. CHARACTERISTICS 
At Maximum Ratings Unless Otherwise Specified and at Indicated Temperature 

LIMITS 

, For All Types 
CHARACTERISTIC SYMBOL Unless Otherwise Specified UNITS 

Min. Typ. Max. 

Peak Off-State Current:' 
Gate open, TJ = 125°C, VOROM = Max. rated value IOROM - 0.1 2 mA 

Maximum On-State Voltage:' (See Fig. 4) 
For iT = 30 A (peak), Tc = 25°C .......................•.. VTM - 1.7 2 V 

DC Holding Current:' 
Gate open, Initial principal current = 150 mA (de), 
Vo = 12 V, Tc = 25°C, T2800 series 

IHO 
- 15 30 mA 

T2802 series - 20 60 
For other case temperatures ..............•............... See Fig. 5 

Critical Rate-of-Rise of Commutation Voltage:'t 
For VD = VOROM' IT(RMS) = 8 A, commutating di/dt = 4.3 Alms, dvldt VIps 

gate unenergized, T c = 105° C ......................... 4 10 -

Critical Rate-of-Rise of Off-State Voltage: 
, 

For Vo = VOROM ' exponential voltage rise, and gate open, 
Tc= 125°C 

T2800B, T2802B ..................................... 100 300 -
T2800C, T2802C .................................... 85 275 -
T2800D, T2802D .................................... 

dvldt 
75 250 - VIps T2800E, T2802E •.................................... 65 225 -

T2800M, T2802M .................................... 60 200 -
T2800N, T2802N .................................... 40 100 -

DC Gate-Trigger Current:':j: 
For VD = 12 V (de), RL = 30 n, Tc = 25°C 

Mode VMT2 VG 
1+ positive positive T2800 series - 10 25 

T2802 series 
1m 

- 25 50 
mA 111- negative negative T2800 series - 15 25 

T2802 series - 25 50 

t- positive negative T2800 series only - 20 60 
lIi+ negative positive T2800 series only - 30 60 

For other case temperatures See Figs. 6 & 7 

DC Gate-Trigger Voltage:' :j: 

.1 1.25.1. For Vo = 12 V (de), RL = 30 n, Tc = 25°C .................. VGT - 2.5 V 
For other case temperatures See Fig. 8 & 9 

For Vo = VOROM, RL = 125 n, Tc = 125°C 0.2 - -
Gate-Controlled Turn-On Time: 

For Vo = VOROM ' 1m = 80 mA, t, = 0.1 f./S, 
iT = 10 A (peak), Tc = 25°C ............................. tot - 1.6 2.5 ps 

Thermal Resistance: 
RlIJc - 2.2 

Junction-to-Case ..•..........................•........ -
Junction-to-Ambient ................................... RIIJA - 60 

°C/W -
'For either polarity of main terminal 2 voltage (VMT2) with reference to main terminal 1. 
tVariants of these devices having dv/dt characteristics selected specifically for inductive leads are available on special order; for additional 
information, contact your RCA Representative or your RCA Distributor. 

:j:For either polarity of gate voltage (VG) with reference to main terminal 1. 
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ANTIPARALLEL DIODE FORWARD-\Q.TAGE , 

Fig. 1 - Maximum allowable case temperatu}~~~'b'rf-"State 
current. .. 
~::~~=o::-

f 10 

CONDUCTION ANGL~: ~~TIVE 

;r 
~ • III i 
I 

6 1;'0: . !~ rS,r I '''-:;~ 

! 
. : 

I"'i. 

~ 2. 

'0 100' V'W , 
CONDUCTION ANGL.E ! 

-9, + eUI ! , 
10 

FULL- CYCLE RMS ON-STATE CURRENT~T(~t=-1~O'8R2 

Fig. 3 - Power dissipation vs. on-state current for T2800, T2802 
series. 

CASE TEMPERATURE tTel _·C 12CS-34124 

Fig. 5 - DC holding current vs. case temperature for T2800, 
T2802. 

CASE TEMPERATURE tTcl-OC 
92C$-34IZ,AI 

Fig. 7 - DC gate-trigger current (for 1+ end 11/- triggering 
modes) vs. case temperature for T2800, T2802 series. 

Trlacs 

T2800, T2802 Series 

.. , 
10 100 

SURGE CURRENT DURATION-fULL CYCLES 

9ZCS-249!55RI 

Fig. 2 - Peak surge on-state current vs. surge current duration 
for T2800, T2802 series . 

POSITIVE OR NEGATIVE INSTANTANEOUS ON-STATE YOL.TAGE(v.rJ-V 

Fig. 4 - On-state current vs. on-state voltage for T2800, T2802 
series. 

CASE TEMPERATURE tTC1-·C 

Fig. 6 - DC gate-trigger current (for 1- and 11/+ triggering 
modes) vs. case temperature for T2800, T2802 series. 

PRINCIPAL DC VOL.TAGe-IZY 
LOAD ~30.n.. RESISTIVE 

;, TRIGGERING MODES: ALL. 

o 
-1' -00 -25 

CASE TEMftERATURE fTcl _·C 
os 

t2CS-34IZIRI 

Fig. 8 - DC gate-trigger voltage vs. case temperature for T2800, 
T2802 series. 
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T2800, T2802 Series 

Fig. 9 - Turn-on time vs. gate-trigger current for T2800, T2802 
series. 

''ilt. td + f, 

I 
I I 

Vo I I 

o-L:- -- -:-r ---
I I I 
I I I 
I I I 

1:---1£1"'90% POlNT 
'TM I I I 

0-1 -J- - 1-.1---­
r- td it, \­
t--- t gt----i 

I 

t~: VGT 

l t :.--10% POINT 
0- - - ------ -

92CS-13366R2 

Fig. 11 - Relationship between off-state voltage, on-state cur­
rent, and gate-trigger voltage showing reference paints 
for definition of turn-on time (tg,). 

-,' 

ftCS-34129 

Fig. 10 - Typical critical rate-of-rise of off-state voltage VB. case 
temperature for al/ series. 

Vo 

oJ--------- ___ _ 
ITSM 

I I-- Ol/clt 

I 

0.51TSM 

o----L- -l----------------
-1 I-tl 

t2CS-170es 

Fig. 12 - Rate-of-change of on-state current with time (defining 
di/dt.). 

NOTES 

1. Curve defines temperature rise of either junction 
above case temperature for equal-amplitude 
symmetrical sine wave current at 50 and 80 Hz. 

2. Curve considers junction tem~rature measured 
immediately after the final cvcle of current. 

3. ~~~:ii~:Jy:~ro;:'a¥!'J ~af~:~cT~:~ ~urrent 
is reduced or maintained at RMS value. 

4. For more than 100 cycles of s:urrent the case tempera­
ture rise must be observed and used in calculating the 
total junction temperature. 

5. Junction temperature rise above case is defined as 
apparent transient thermal impedance times 
average conduction power dissipated during full 
cycle conduction. 

6. ~l8"Et~~r~:,~~:~a!: ~~3~!t~~~ ~~eC:r;;.~:ristics 
table. 

Fig. 13 - Relationship between supply voltage and principal 
current (inductive load) showing reference paints for 
definition of commutating voltage [dv/dt]. 
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File Number 300 

15-Ampere Silicon Triacs 
For Phase-Control and Load-Switching Applications 

Features: 

• BOOV, 125 Deg. C TJ Operating 
• High dv/dt and di/dt Capability 
• Low Switching Losses 
• High Pulse Current Capability 
• Low Forward and Reverse Leakage 
• Sipos Oxide Glass Multilayer Passivation System 
• Advanced Unisurface Construction 
• Precise Ion Implanted Diffusion Source 

The RCA T4700 Series are gate-controlled full-wave ac sil­
icon switches. They are designed to switch from an off-state 
to a conducting state for either polarity of applied voltage 
with positive or negative gate triggering. 

These devices are intended for the control of ac loads in 
applications such as space heater, oven and furnace con­
trols, motor controls, and lamp loads. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

REPETITIVE PEAK OFF-STATE VOLTAGE:-

T4700B 

Gate Open ..•••••.••..••.••.•••.•••.•.•••.•.•.•.. VOROM 200 
RMS ON-STATE CURRENT: 

T c = 95· C, conduction angle = 360· •••••..•••.••••••.• 
PEAK SURGE (NON-REPETITIVE) ON-STATE CURRENT: 

For one full cycle of applied principal voltage 
60 Hz (sinusoidal) •...•.......••.............•.•.. 

For one full cycle of applied principal voltage 
(50-Hz, sinusoidal) •.•..•••••..•••..•••..••••.•.•• 

For more than one full cycle of applied voltage .••••••.•• 
PEAK GATE-TRIGGER CURRENT: 

For 1 fJS max. . ...•....•..••.•..••••..•.....•...... 
FUSING CURRENT (for triac protection): 

TJ = -40 to 100·C, t = 1.25 to 10 ms ••....•••.•••••.•.•• 
GATE POWER DISSIPATION: 

Peak- (for 1 fJS max. and IGTM = :s 4 A) •..•••..•••....•• 
Average (averaging time = 10 ms max.) ••.•••.......••• 

TEMPERATURE RANGE:8 
Storage ••..•.•••.•..•••.•..••..••••..•••..•.•••.. 
Operating (Case) ••••.•...••.•••..........•.•.•.•.. 

PIN TEMPERATURE (During soldering): 
At distances ~ 1132 in. (0.8 mm) from 

seating plane for 10 s max. 

1'1 

Tstg 

Tc 

-For either polarity of main terminal 2 voltage (VMT2) with reference to main terminal 1. 
-For either polarity of gate voltage (V G) with reference to main terminal 1. 
AFor temperature measurement reference point, see Dimensional Outline. 

T 4700 Series 

TERMINAL DESIGNATIONS 

JEDEC T0-213AA 

T4700D T4700M T4700N 

400 600 800 V 

15 A 

100 A 

85 A 
See Fig. 3 

4 A 

50 A's 

16 W 
0.45 W 

-40 to 150 ·C 
-40 to 125 ·C 

225 ·C 
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T 4700 Series 

ELECTRICAL CHARACTERISTICS 
At Maximum Ratings and at Indicated Case Temperature (T c> Unless Otherwise Specified 

CHARACTERISTIC SYMBOL 

Peak Off-State Current' 
Gate open, T J = 125°C, VOROM = Max. rated value IOROM 

Instantaneous On-State Voltage' 
For iT = 30A (peak), T c 25° C ............................ vT 

DC Holding Current' 
Gate open, Initial principal current = 150 rnA (DC), Vo = 12V: 

Tc = 25°C ........................................... IHO 
For other case temperatures .......................... 

Critical Rate of Applied Commutating Voltage' 
For Vo = VOROM' IT(RMs) = 15 A, commutating 

di/dt = 8 Alms, and gate unenergized 
AtTc=+95°C ....................................... dv/dt 

Critical Rate of Rise of Off-State Voltage' 
For Vo = VOROM ' exponential voltage rise, and gate open 

At Tc = 125°C 
T4700B ................................... 
T4700D .................................. 

dv/dt T4700M .................................. 
T4700N .................................. 

DC Gate-Trigger Current'. 
For Vo = 6 volts (de), RL = 12 ohms, 

T c = +25° , and Specified Triggering Mode: 
1+ Mode: VT2 is positive, V G is positive .............. 

1m 1- Mode: VT2 is positive, V G is negative ............. 
111+ Mode: VT2 is negative, V G is positive .............. 
111- Mode: VT2 is negative, V G is negative ............. 
For other case temperatures .............................. 

DC Gate-Trigger Voltage' • 
For Vo = 6 volts (de) and RL = 12 ohms 

At Tc = +25° ........................................ 
For other case temperatures .......................... VGT 

For Vo= VOROM, RL = 125 n, Tc = 125°C 

Gate-Controlled Turn-On Time 
(Delay Time + Rise Time) 
For Vo = VOROM ' IG = 160 rnA, t, = 0.1 ps, 
iT = 25 A (peak), Tc = 25°C ............................. tgt 

Thermal Resistance: 
Junction-to-Case ...................................... R9JC 

'For either polarity of main terminal 2 voltage (Vd with reference to main terminal 1. 
-For either polarity of 9ate voltage (VG ) with reference to main terminal 1. 

LIMITS 

For All Types 
Unless Otherwise Specified 

Min. Typ. Max. 

- 0.2 4 

- 1.6 2.0 

- 15 60 
See Fig. 5 

2 10 -

30 150 -
20 100 -
15 75 -
10 50 -

- 15 30 
- 35 80 
- 35 80 
- 15 30 

See Figs. ~ & 9 

- 1 2.5 

See Fig. 11 
0.2 - -

- 1.6 2.5 

- - 1.3 

UNITS 

mA 

V 

rnA 

Vips 

Vips 

rnA 

V 

ps 

°C/W 
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FULL-CYCLE RMS ON-STATE CURRENT 

92L5-2IJ9R'3 

Fig. 1 - Power dissipation curve. 
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2 
AT SPECIFIED CASE TEMP. I I II 

GATE CONTROL MAY BE LOST 
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Fig. 3 - Surge current rating chart. 

Fig. 5 - DC holding current characteristics for either 
direction of principal current. 

TriBes 

T 4700 Series 
CURRENT WAVEFORM ~ SINUSOIDAL 
LOAD· RESISTIVE OR INDUCTIVE 
CONDUCTION ANGLE .. 360 0 

TEMPERATURE IS1MEASURED ON BASE AT 
POINT MIDWAY BETWEEN LEADS. 
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92LS-2138R2 

Fig. 2 - Conduction rating chart (case temperature). 

INSTANTANEOUS ON-STATE VOLTAGE (vTl-v 
I POSITIVE OR NEGATIVE) 92LS-2142R2 

Fig. 4 - On-state characteristics for either direction of 
principal current. 

92CS-11Oe2 

Fig. 6 - Turn-on time vs. gate trigger current. 
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T 4700 Series 

1 
CASE TEMPERATURE lTel - 'C 

92lS-2212 

Fig. 7 - DC gate-trigger current characteristics for 1- and 11/+ 
modes. 

-10 0 

CASE TEII'ERATURE (Tel - 'C 
92LS-1749R2 

Fig. 9 - DC gate-trigger current characteristics for 1+ and 11/­
modes. 
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l 2 

PRINCIPAL DC VOLTS· 12 
LOAD·'2,Q. RESISTIVE 
TRIGGERING MODES: ALL 

50 -25 

CASE TEMPERATURE (TC )_·C 

25 

92LS-1413R2 

Fig. 11 - DC gate-trigger voltage characteristics. 

i 
I 

90% POINT 

VO"VOROM I I 

oj---------~---~-, 
I :: 

rGT 

0 1 -------

I I I 
I I I 

92LS-1342R3 

Fig. 8 - Waveshapes of t 91 characteristics test. 

SLPPLY 
VOLTAGE 

---I 
I 

'-- --' 

Fig. 10 - Waveshapes of commutating dv/dt characteristics. 
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File Number 1004 T6000, T6001, T6006 Series 

16-A Silicon Triacs 
For Power Control and Power-Switching Applications TERMINAL DESIGNATIONS 

Features: 

• BOOV, 125 Deg. C TJ Operating 
• High dv/dt and di/dt Capability 
• Low Switching Losses 
• High Pulse Current Capability 
• Low Forward and Reverse Leakage 
• Sipos Oxide Glass Multilayer Passivation System 
• Advanced Unisurface Construction 
• Precise Ion Implanted Diffusion Source 

The RCA-T6000" T6001 and T6006 series triacs are gate­
controlled full-wave silicon switches utilizing a plastic case 
with three leads to facilitate mounting on printed circuit 
boards. They are intended for the control of ac loads in 
such applications as motor controls, light dimmers, heating 
controls, and power-swi,ching systems. These devices are 
designed to switch from an off-state to an on-state for either 
polarity of applied voltage with positive or negative gate 
triggering voltages. They have an on-state current rating of 
16 amperes at aTe of 95° C. 

The T6001-series triaes are characterized for 1+, 111- gate 

MAXIMUM RATINGS, Absolute-Maximum Values: 

~GATE 

"a~" lOll Jsi ~~' 
TOP VIEW Mn 

92CS-39910 

JEDEC TO-220AB 

triggering modes only and should suit a wide range of 
applications that employ diac or anode on/off triggering. 
The T6006-series triacs are characterized for 1+ and 111+ 
gate-triggering modes only. They are intended for power­
control applications in which integrated-circuit zero-crossing 
switches, such as the RCA-CA3059 series, are used as the 
triac-triggering circuits. The T6006-series triacs .have gate 
characteristics which assure tht a CA3059-series integrated 
circuit can supply sufficient gate current to trigger them 
over their full operating temperature range. 

T6000B 
T6001B 
T6006B 

T6000D 
T6001D 
T6006D 

T6000M T6000N 
T6001M T6001N 
T6006M T6006N 

VOROM-:TJ=-65to 125°C ........ .................... 200 400 600 600V 
ITIRMS): T c = 95° C, \9 360° ........................... . 
ITSM: For one cycle of applied principal voltage 

60 Hz (sinusoidal), T c = sO° C ........... . ........ . 
50 Hz (sinusoidal), Tc= 8O·C ..................•... 

di/dt: vo= VOROM, IGT= 200 mA, t,= 0.1 J1S •••••••••.••••• 
I.t [At T c shown for IT1RMS)1: 

t= 10 ms •...........•........................... 
=4.25 ms .....•................................. 

laJ 
For 1 ps max. . •........•.............. ' ........... . 

PaM (For 1 ps max., IGTM ::; 4 A ........................ . 
PG1AV): ••••••••••••••••••••••••••••••••••••••••••••• 

Tstg ••••••••••••••••••••••••••••••••••••••••••••••• 

Tc··· ..............................•.............. 
T T (During soldering for 10 s max.) .................... . 

-For either polarity of main terminal 2 voltage (VMT2) with reference to main terminal 1. 
-For either polarity to gate voltge (Va) with reference to main terminal 1. 

16 A 

150 A 
140 A 
100 Alps 

100 A's 
49 A's 

4 A 
16 W 

0.5 W 
-65 to 150 ·C 
-65 to 125 ·C 

225 ·C 
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Trlacs ____________________________________ _ 

T6000, T6001, T6006 Series 
ELECTRICAL CHARACTERISTICS 
At Maximum Ratings Unless Otherwise Specified, and at Indicated Temperatures 

CHARACTERISTIC 

IOROM· 
TJ=125°C, VOROM = Max. rated value 

VTM- T6000, TSOO6 Series 
T6001 Series iT = 30 A (peak), Tc = 25°C 

IHO• 
Vo = 12 V, Tc = 25°C 

For other case temperatures 

T6000 Series 
T6001 Series 

dv/dt. 
Vo = V OROM' IT(RMS) = 1S A, di/dt = 8.5A/ms, 

Tc=95°C ...................................................... . 

dv/dt. 
Vo = VOROM' Tc = 125° C 

TSOOOB, T6001 B, T600SB ........................................ . 
T6000D, TS001 D, TSOOSD ....................................... . 
TSOOOM, T6001 M, TS006M ....................................... . 
T6000N, T6001 M, T600SM ....................................... . 

IGT•• 
vo=12V(de) 

Mode VMT2 VG 
1+ positive positive TSOOO series 

TS001 series 
T6006 series 

111- negative negative TSOOO series 
T6001 series 

RL = 30 n 
Tc = 25°C 

1- positive negative TSOOO series only .......... . 
111+ negative positive T6000 series only .......... . 

T6006 .................... . 
For other case temperatures 

t9' 

Vo = 12 v (de), RL = 30 n, Tc = 25°C 
T6001 1+ 111-
T6006 1+ 111+ 
T6000 all models 

Vo = VOROM, RL 125 n, Tc = 125°C ................................... . 
For other case temperatures ....................................... . 

Vo = VOROM' IGT = 80 mA, tr = 0.1 J.IS, iT = 25 A (peak), 
Tc=25°C ..................................................... .. 

R..,c 

-For either polarity of main terminal 2 voltage (VMT2) with reference to main terminal 1 . 
• For either polarity of gate voltage (VG ) with reference to main terminal 1. 

LIMITS 

For All Types 
Except as Specified UNITS 

Min. Typ. Max. 

0.1 1.2 mA 

1.4 1.75 
1.S 2.0 

V 

15 35 
20 

rnA 

See Fig. S 

4 10 VlJ.IS 

100 300 
75 250 V/J.IS 
SO 200 
30 70 

25 50 
SO 
45 rnA 

25 50 
80 

45 SO 
45 80 

45 
rnA 

See Figs. 7 & 8 

1.25 3.0 
1.25 1.5 V 
1.25 2.5 

0.2 
See Fig. 9 

1.S 

1.5 °C/W 

50 °C/W 
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FULL·CYCLE RNS ON· STATE CURRENT [IT(RMSil-A 

92CS-29271 

Fig. 1 - Power dissipation vs. on-state current. 

180 SUPPLY FREQUENCY: 50/60 Hz SINE WAVE 
i-- - LOAD: RESISTIVE 

CASE TEMPERATURE{TC)=95 D C _ .. 
150~ r-- RMS ON- STATE CURRENT [:InRMS1] = 16A ~I ... - R U -2 ..... r ... 120 

,~ 60 H. ~t:! 
'''' N1-... Zz '0", 
!il"' 90 -iii 11 .... ~ ~a 
ill!! GATE CONTROL MAY BE LOS !I:":::: 
,,~ 60 DURING AND IMMEDIATELY 

""" I=.. ~'? FOLLOWING SURGE CURRENT 
INTERVAL. z OVERLOAD MAY NOT BE 0 

30 REPEATED UNTIL JUNCTION 
TEMPERATURE HAS RETURNED 
TO STEADY - STArE RATED 

o VALUE. 
2 4 6 • 2 4 6 • 2 4 6 • 

10 IDa 
SURGE CURRENT DURATION - FULL CYCLES 

92CS- 29279RI 

Fig. 3 - Peak surge on-state current vs. surge 
current duration. 

Fig. 5 - On-state current vs. on-state Voltage. 

1000 

T6000, T6001, T6006 Series 

RMS ON-STATE CURRENT [IT{RMSi] - A 

92CS- 29278RI 
Fig. 2 - Maximum allowable case-temperature vs. 

on-state current. 

CASE TEMPERATURi (Tc )o9SD C ~. 

1000 's\"~ "'~"~'- "' -.. • 1."\ \~jI.\-f • 
!!;!I • • ~. E"i 4 t- 4 ~~ ... .. 
~~ ",I 

0-

i~ 
2 2 ~.:' ...... z-

I ~~ 
~a 1008 • a~ "'"' m!;,i 6 l"r · ~~ ~; 4 .... If>u« 4 

~ 0 "'-ve) 
2 

I 
2 

10 0.01 
4 •• 2 4 6 7 2 4 

10 

TIME (t)-ms 

92CS-292BOfH 

Fig. 4 - Peak surge on-state current and fusing­
current vs. time. 

CASE TEMPERATURE (Tcl-·C 

92CS-29282 

Fig. 6 - DC holding current vs. case temperature. 
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T6000, T6001, T6006 Series 

828 

Fig. 7 - DC gate-trigger current (for 1+ and 111-
triggering modes) vs. case temperature. 

2. 
CASE TEMPERATURE (TCI-·C 

Fig. 9 - DC gate-trigger voltage vs. case 
temperature for T6000 series only. 

~ 
OFF-STATE VOLTAGE IVo)-VOROM 
GATE OPEN 

~ g 

! 1250 

1000 
~ 

~ 100 

~ t"-P1C04l. 

: .00 

~ 200 

5 
20 40 60 80 

CASE TEMPERATURE !Tel-OC 
100 

Fig. 11 - Typical critical rate-of-rise of off-state 
voltage vs. case temperature. 

CASE TEMPERATURE (Te' _·C 

92CS-29284 

Fig. 8 - DC gate-trigger current (for 1- and 111+ 
triggering modes) vs. case temperature 
for T6ooo-series only. 

DC GATt-TRIGGER CURRENT 1I.m-I-mA 
ezc:S-11062 

Fig. 10 - Turn-on time vs. gate-trigger current. 

'" .. ' 
COMMUTATING 

dv/dt 

PRINCIPAL 
VOLTAGE 

Fig. 12 - Relationship between supply voltage and 
principal current (inductive load) showing 
reference pOints for definition of commu­
tating voltage (dv/dt). 
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fL J ----------______ _ 
, 

t--dl/dl 

I 

Fig. 13 - Rate-of-change of on-state current 
with time (defining di/dt). 

T6000, T6001, T6006 Series 
tot. td + I, 

Fig. 14 - Relationship between off-state voltage, 
on-state current, and gate-trigger voltage 
showing reference pOints for definition 
of tum-on time (t or). 
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T6401, T6411, T6421 Series File Number 459 

30-A Silicon Triacs TERMINAL DESIGNATIONS 

For Power-Switching and Power Control 

Features: 

- BOO V, 125 Deg. C TJ Operating 
_ High dv/dt and di/dt Capability 
_ Low Switching Losses 
_ High Pulse Current Capability 
_ Low Forward and Reverse Leakage 
- Sipos Oxide Glass Multilayer Passivation System 
- Advanced Unisurface Construction 
_ Precise Ion Implanted Diffusion Source 

PRESS-FIT TYPES 

T6401 SERIES 

STUD TYPES 

T6411 SERIES 

92CS-27735RI 

ISOLATED-STUD TYPES 

T6421 SERIES 

These RCA triacs are gate-controlled full-wave silicon ac 
switches. They are designed to switch from an off-state to an 
on-state for either polarity of applied voltage with positive or 
negative gate triggering voltages. 

tions such as heating controls, motor controls, arc-welding 
equipment. light dimmers, and power switching systems. 
They can also be used in air-conditioning and photocopy­
ing equipment. 

These triacs are intended for control of ac loads in applica-

MAXIMUM RATINGS. Absolute-Maximum Values: 
T6401B T6401D T6401M T6401N 
T6411B T6411D T6411M T6411N 
T6421B T6421 0 T6421M 

REPETITIVE PEAK OFF-STATE VOLTAGE:" 
Gate open, TJ = -50 t0125°C .............•....•..... VOROM 200 400 600 800 V 

RMS ON-STATE CURRENT (Conduction angle = 360°): 
Case temperature IT(RMS} 

T c = 90° C (Press-fit types) •.............•.......... 30 A 
= 85° C (Stud types) .......................... . 30 A 
= 80° C (Isolated-stud types) .................... . 30 A 

For other conditions ......................•......•. See Fig. 3 
PEAK SURGE (NON-REPETITIVE) ON-STATE CURRENT: iTSM 

For one cycle of applied principal voltage 
60 Hz (sinusoidal) ...•....•.•..•.....•...••.•....• 300 A 
50 Hz (sinusoidal) ......•......................... 265 A 

For more than one cycle of applied principal voltage ..... . See Fig. 4 
RATE-OF-CHANGE OF ON-STATE CURRENT: dildt 

VOM = VOROM, IGT = 200 mA, t,= 0.1 /.IS (See Fig. 13) ...... . 100 Alps 
FUSING CURRENT (for triac protection): 

TJ = -40 to 100°C, t = 1.25 to 10 ms ..•....•......•..... I't 450 Ns 
PEAK GATE-TRIGGER CURRENT:- IGTM 

For 1 /.IS max., See Fig. 7 ...............•............ 12 A 
GATE POWER DISSIPATION: 

PEAK (For 1 ps max., IGTM ::; 4 A, See Fig. 7) ........... . PGM 40 W 
AVERAGE ...•.•.................................. 

TEMPERATURE RANGE:'" 
PG{AV) 0.75 W 

Storage .•...•.••..•••.••....•..•.........•....... T stg -65 to 150 °C 
Operating (Case) .•..•................•............ Tc -65 to 100 °C 

TERMINAL TEMPERATURE (During soldering): TT 
For 10 s max. (terminals and case) ..........•......... 225 °C 

STUD TORQUE: 
Recommended ..•••....•.............•....•....... 35 in-Ib 
Maximum (DO NOT EXCEED) ...............•....... 50 in-Ib 

-For either polarity of main terminal 2 voltage (VMT2) with reference to main terminal 1. 
-For either polarity to gate voltage (V G) with reference to main terminal 1. 
"'For temperature measurement reference paint, see Dimensional Outline. 
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____________________________________ Triacs 

T6401, T6411, T6421 Series 
ELECTRICAL CHARACTERISTICS, At Maximum Ratings Unless Otherwise Specified. and at Indicated Temperature 

CHARACTERISTIC 

Peak Off-State Current:-
Gate open. TJ = 125·C. VOAOM = Max. rated value 

Maximum On-State Voltage:-
For iT = 100 A (peak). T c = 25·C ......................... . 

DC Holding Current:-
Gate open. Initial principal current = 150 mA (DC). Vo = 12V: 

T c =25·C ........................................... . 
For other case temperatures .......................... . 

Critical Rate-aI-Rise 01 Commulation Voltage:­
For Vo = VOAOM• IT(AMS)= 30 A. commutating 
di/dt = 16 Alms. gate unenergized (See Fig. 14): 

T c = 90· C (Press-fit types) ........................... . 
= 85· C (Stud types) .............................. . 
= 80· C (Isolated-stud types) ...................... . 

Critical Rate-ai-Rise 01 Off-State Voltage:-
For v 0 = V OAOM. exponential voltage rise. gate open. 
T c =125·C: 

T6401B. T6411B. T6421B ............................. . 
T6401D. T6411D. T6421D ............................. . 
T6401M. T6411M. T6421M ............................ . 
T6401N. T6411N ..................................... . 

DC Gate-Trigger Current:-· 
For Vo = 12 V (DC). 

RL = 30 n. 
T c =25·C 

For other case temperatures 

DC Gate-Trigger Voltage:-· 
For Vo = 12 V(DC). RL = 30 n. 

Mode 
1+ 

111-
1-

111+ 

VMT2 

positive 
negative 
positive 
negative 

VG 
positive 
negative 
negative 
positive 

T c = 25·C ......................................... . 
For other case temperatures ......................... . 

For Vo = VOAOM• RL = 125 n. T c = 100·C 

Gate-Controlled Tum-On Time: 
(Delay Time = Rise Time) 
Forvo= VOAOM. IGT= 200 mAo t,= 0.1 J1.S. 
iT = 45 A (peak). T c = 25· C (See Figs. 7 & 12) 

Thermal Resistance, Junction-to-Case: 
Steady-State 

Press-fit types ...•.................................... 
Stud ................................................. . 

Transient (Press-fit & stud types) ........................ . 

Thermal Resistance, Junction-la-Hex (Stud. See Dim. Outline): 
Steady-State (Isolated-stud types) ....................... . 

SYMBOL 

IOAOM 

dv/dt 

dv/dt 

-For either polarity of main terminal 2 voltage (VMT2) with reference to main terminal 1. 
aFor either polarity of gate voltage (V G) with reference to main terminal 1. 

LIMITS 

For All Types 
Unless Otherwise Specilled 

Min. 

3 
3 
3 

40 
25 
20 
10 

0.2 

Typ. 

0.2 

2.1 

25 
See Fig. 6 

20 
20 
20 

200 
150 
100 

50 

15 
20 

~O 
40 

See Figs. 8 & 9 

11.35 1 
See Fig. 10 

1.7 

Max. 

4 

2.5 

60 

50 
50 
80 
80 

2.5 

3 

- 0.8 
- 0.9 

See Fig. 2 

UNITS 

mA 

v 

mA 

V/Jl.S 

VIJ1.S 

mA 

v 

·C/W 
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T6401, T6411, T6421 Series 

,. 
I 

2 
0 
;: 
c ... 
iii ., 
is 
II: 
OJ ,. 
0 ... 
OJ 
co 
C 
II: 
OJ 

~ 

0 

CURRENT WAVEFORM, SINUSOIDAL 

i~l"m LOAD: RESISTIVE OR INDUCTIVE 
... ANGLE' 360' 

o "U' ,_ 

CON~~TI~~LE 

10 20 

FULL-CYCLE RMS ON-STATE CURRENT [ITtRMS~-A 
9288-3810 

Fig. 1 - Power dissipation vs. on-state current. 

CURRENT WAVEFORM: SINUSOIDAL 
LOAD: RESISTIVE OR INDUCTIVE 
CONDUCTION ANGLE' 360' 
CASE TEMPERATURE: MEASURED 
AS SHOWN ON DIMENSIONAL OUTLINES o 180· ~JJ360. 

, CONDUCTION ANGLE 

-'1 +'m 

PRESS-FIT TYPES 

STUD TYPES 

ISOLATED-STUD TYPES 

10 20 30 40 

FULL CYCLE RMS ON-STATE CURRENT [IT tRMSl] -A 
, 92SS-'82R' 

Fig. 3 - Maximum allowable case temperature VS. on-state 
current. 

I 1.5 2 
INSTANTANEOUS ON-STATE VOLTAGE tvTl-V 

tPOSITIVE OR NEGATIVEl 92SS-'8" 

Fig. 5 - On-state current vs. on-state voltage. 

832 

.. 
!!! 100 .. ~ 

!<ii3 V tio: 
1-' BO 

,/ ~~ 
"0: .... 
liij!: 

60 
Ie .. V- i 0., 

" 1-0 /' 21 
"0 40 01-

0:' ~ "z --0.0 
;:: 
° 20 z 
~ 

0 
468 468 468 

10-' 10-2 10-1 I 
TIME AFTER APPLICATION OF RECTANGULAR POWER PULSE-SECONDS 

.. 
I-

" 

92LS-2263RI 

Fig, 2 - Transient junction-to-case thermal resistance vs. 
time. 

LOAD, RESISTIVE 
RMS ON-STATE CURRENT [ITtRMSI]'30A AT 

SPECIFIED CASE TEMP • 
300 

IIIIIII II II \ 
~ "\. GATE CONTROL MAY BE LOST ~ .. 250 

" 
DURIt.iG AND IMMEDIATELY FOLLOWING 
SURGE CURRENT INTERVAL. 

OVERLOAD MAY NOT BE REPEATED 21 .... ~ 
~200 

UNTIL JUNCTION TEMPERATURE HAS 

~Hz 
RETURNED TO STEADY- STATE 

~~ RATED VALUE. 

~~ 15 ~ 

;1, 50Hz 

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

~ 
SO 

~ 

I 488 10 488 10, 

SURGE CURRENT DURATION -FULL CYCLES 92SS-3B15R2 

Fig, 4 - Peak surge on-state current vs. surge current 
duration. 

-30 -20 -10 0 10 20 
TEMPERATURE tTc )-'C 

92CS-IS200RI 

Fig. 6 - DC holding current vs. case temperature. 



____________________________________ Trlaes 

i 
\oJ ,. 
I-
Z 
0 
I 
z 
0: 
:::0 
I-
0 
\oJ 
...J 
...J 
0 
0: 
I-

is 
0 
I 

\oJ 

!< 
'" 

., 

c, 

0: 
\oJ 

4 

0 

81 
0: 
I-

~ 
g 

50 100 150 200 250 300 350 400 450 

DC GATE-TRIGGER CURRENT (IGTI-mA 
92LS-2266R2 

Fig. 7 - Turn-on time vs. gate trigger current. 

VOLTAGE' 12 V 
RESISTIVE 

CASE TEMPERATURE (Tc )_OC 

92CS-15201 

Fig. 9 - DC gate-trigger current vs. case temperature (1-
and 11/+ modes). 

·2 

I 
I 

RCA I 
TRIAC I AS 
(SEE I 
TABLE)' 

I 

: Cs 
I 
I 

Lr-_...J L _____ -.J 

SNUBBER NETWORK FOR INDUCTIVE 
LOADS OR WHEN COMMUTATING VOLTAGE 
Idw/dt) CHARACTERISTIC IS EXCEEDED. 

I­
Z 
\oJ 
0: 

T6401,T6411,T6421 Series 

-70 -60 -50 -40 -30 -20 -10 0 10 20 30 40 
CASE TEMPERATURE eTc I_DC 

92CS-I!5199 

Fig. 8 - DC gate-trigger current vs. case temperature (r' 
and 11/- modes). 

CASE TEMPERATURE ITc l-OC 

92CS-I!5202RI 

Fig. 10 - DC gate-trigger voltage vs. case temperature. 

ACINPUT l2IIV --VOLTAGE l1lIHz l1lIHz l1lIHz 

C, 0.1"" 0.1/E ~ 2IXIV 400V 

C2 ~~ 0.1,., o.l/E 
lC10Y ICIOY 

RI lOOKS) p:<S) 2IiOKS) 
11M lW 

R2 2i~ 3.3Idl 3.3KS) 
11M 11M 

R3 16KS) IlKS) IlKS) 
11M 11M 11M 

Cs ~ ~ o.l/E 
SNUBBER 400V 
NETWORK 

~':: ~':: 1000 Rs 11M 

CF' 0.1"" o.l/E 0.1,.. 
RFI 2IXIV 400V lION 
FILTER 

92CS·15203A4 LF' lCJC¥IH 2Oq.H 2GO/.fi 

Fig. 11 - Typical phase-control circuit for lamp dimming, heat 
control, and universal-motor speed control. 

RCATRIACS 
T64018 T64010 T8401D 
T8411B T",11D TM11D 
T8421a T64210 T8421D 

-Typical values for l.mp dimming circuits. 
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T6401, T6411, T6421 Series 

Fig. 12 - Relationship between off-state voltage, 
on-state current, and gate-trigger voltage 
showing reference pOints for definition 
of turn-on time (tg,). 

PRIHCIML 
CUftRENT 

I 
I , 

I COMMUTATING 
_ch/dt 

_.' 

Fig. 14 - Relationship between supply voltage 
and principle current (inductive load) 
showing reference points for definition 
of commutating voltage (dv/dt). 

fL J------------ -----
, 
V eil/• 

I 

Fig. 13 - Rate of change of on-state current 
with time (defining di/dt). 

MOUNTING CONSIDERATIONS 

Mounting of press-fit package types depends upon an 
interference fit between the thyristor case and the heat sink. 
As the thyristor is forced into the heat-sink hole, metal from 
the heat sink flows into the knurl voids of the thyristor case. 
The resultant close contact between the heat sink and the 
thyristor case assures low thermal and electrical resistances. 

A recommended mounting method shows press-fit knurl 
and heat-sink hole dimensions. If these dimensions are 
maintained, a "worst-case" condition of 0.0085 in. (0.2159 
mm) interference fit will allow press-fit insertion below the 
maximum allowable insertion force of 800 pounds. A slight 
chamfer in the heat-sink hole will help center and guide the 
press-fit package properly into the heat sink. The insertion 
tool should be a hollow shaft having an inner diameter of 
0.380 ± 0.010 in. (9.65 ± 0.254 mm) and an outer diameter of 
0.500 in. (12.70 mm). These dimensions provide sufficient 
clearance for the leads and assure that no direct force will 
be applied to the glass seal of the thyristor. 

The press-fit package is not restricted to a single 
mounting arrangement; direct soldering and the use of 
epoxy adhesives have been successfully employed. The 
press-fit case is tin-plated to facilitate direct soldering to the 
heat sink. A 60-40 solder should be used and heat should 
be applied only long enough to allow the solder to flow 
freely. 
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File Number 406 Zero-Voltage-Switched Types 

6-40 A, 200-600 V Silicon Triaes For Use 
With Ie Zero-Voltage Switches 
For Power-Control and Switching Applications at 50-60 Hz 
with RCA-CA3059 or CA3079 IC as Trigger Circuits 

The triacs listed below are gate-controlled full-wave ac 
switches intended for load-control applications. They are 
especially useful in ac circuits for heating controls (propor­
tional or on-off), lamp switching, motor switching, and a 
wide variety of other power-control applications. 

These devices have gate characteristics which assure that 
an RCA-CA3059 or CA3079 integrated circuit can supply 
sufficient drive current to trigger them over their full operat­
ing-temperature range (-40°C to +85° C). 

RATINGS AND CHARACTERISTICS 

The RCA-CA3059 and CA3079 are monolithic silicon inte­
grated-circuit zero-voltage switches which can operate 
directly from the ac line. They are designed to drive the triac 
gate directly and provide the gating signal at zero-voltage 
crossings for minimum radio-frequency interference. 

These triacs have rms on-state current ratings that range 
from 6 to 40 amperes, and repetitive off-state voltage ratings 
from 200 to 600 volts. They are supplied in a variety of 
packages. 

All types, at case temperature (Te) = 2soC,I+ and 111+ triggering modes,lJ..loT = 4S mA max., VOT = 1.S V max. 

Rep. Peak RMS On-State Typical DC Additional 
Off-State Current Holding Data 
Voltage h(RMS) Current at Shown In 

Type VDRDM at Ca.e Temp. 2soC,IHo Bulletin 
No. (V) (A) (OC) (mA) Peckage FIle No.· 

T2506B 200 6 105 15 615 
T2506D 400 6 105 15 

TO-220AB 
615 

T2506M 600 6 105 15 615 
T2506N 800 6 105 15 615 
T2706B 200 6 100 15 351 
T2706D 400 6 100 15 351 
T2706M 600 6 100 15 TO-213AA 351 
T2706N 800 6 100 15 351 
T2806B 200 8 105 15 1314 
T2OO6C 300 8 105 15 1314 
T2OO6D 400 8 105 15 TO-220AB 1314 
T2806M 600 8 105 15 1314 
T2806N 800 8 105 15 1314 
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Zero-Voltage-Switched Types 
RATINGS AND CHARACTERISTICS, Cont'd 
All typel, at ca .. temperature (Tc) = HOC, 1+ and 111+ triggering model, A lOT = 45 mA max., VGT = 1.5 V max. 

Rep. Peak RMS On-Stete Typical DC Additional 
OH-State Current Holding Data 
Voltage h(RMS) Current at Shown In 

Type VOROM at CaH Temp. 25°C,IHO Bulletin 
No. (V) (A) (OC) (mA) Package File No.· 

T4706B 200 15 95 15 300 
T4706D 400 15 95 15 

TO-213AA 
300 

T4706M 600 15 95 15 300 
T4706N 800 15 95 15 300 
T6406B 200 40 95 45 593 
T6406D 400 40 95 45 Press-fit 593 
T6406M 600 40 95 45 593 
T6407B 200 30 90 25 459 
T6407D 400 30 90 25 

Press-fit 
459 

T6407M 600 30 90 25 459 
T6407N 800 30 90 25 459 
T6416B 200 40 90 25 593 
T6416D 400 40 90 25 Stud 593 
T6416M 600 40 90 25 593 
T6417B 200 30 85 ~5 459 
T6417D 400 30 85 25 Stud 459 
T6417M 600 30 85 25 459 
T6417N 800 30 85 25 459 
T6426B 200 40 85 25 593 
T6426D 400 40 85 25 Isolated Stud 593 
T6426M 600 40 85 25 593 
T6427B 200 30 80 25 459 
T6427D 400 30 80 25 Isolated Stud 459 
T6427M 600 30 80 25 459 

Il.A triac driven directly from the output terminal of the CA3059 or CA3079 should be characterized for operation in the 1+ or 111+ 
triggering mode, i.e., with positive gate current (current flows into the gate for both polarities of the applied ac voltage). 

'Except for gate characteristics, data in these bulletins also apply to the types listed in this chart. 

Technical information on RCA-CA3059 and CA3079 is 
contained in bulletin File No. 490. 

For detailed application information, see Application Note 
ICAN-6182, "Features and Application of RCA Integrated 
Circuit Zero-Voltage Switches." 
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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, not only 
in terms of performance, operating conditions, and 
reliability, but also in terms of logistics and procurement. As 
a result of these requirements, the military services have 
jointly developed 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 manufactured: rather, they are 
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 Proce .. 

of devices for the majority of military equipment. These 
standards also cover a wide range of requirements for the 
manufacturer on such things as: 

(a) The procedure and requirements for a manufacturer to 
become certified to manufacture MIL-spec parts. 

(b) The requirements for qualifying parts. 
(c) Product-assurance provisions in such areas as quality 

control, inspection procedures, personnel training, 
cleanliness, failure analysis, and documentation. 

(d) Test methods and procedures. 
(e) Marking and identification of product. 
(f) Preservation and packing. 

JAN, JANTX, and JANTXV 
Solid-State Power Devices 
The major military sp£'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 for the familiar "JAN" type 
solid state devices. Detailed electrical speCifications are 
prepared as needed by the three military services and 
coordinated by the Defense Electronic Supply Center 
(DESC). 

1. Raw Material 
2. Factory 

Processing 
3. Internal Visual 

(for TXV only) 

Inspection Lot. 
Formed at Final 

A ... mbly 
Op.,aUon 
(S •• lIng) 

Lot_ Proposed 
For JAN 
Type. 

(Non-TX) 

Inspection Teat_ to 

VG::U~~D ~ 
Group 82 
Groupe3 

Revlewo' 
Group A,B. 
and C Data 

For Accept or 
Reject 
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Lot. Proposed 
torJANTX 
orJANTXV 

Type. 

100 Percent Process 
Condlllonlng4 
1. High Temp Storage 

~: l~~,:~S'::Ck r----
4. Hermetic S.al 

Tests 
5. Reve, .. Bias 

1. Group A Electrical Performance Test, Performed 
On a Lot Sample B •• , •. 

2. Group 8 Environmental, Mechanlcaland Llf. Tea', 
(Storage and Operating) PerformGd on 8 Lot S8111ple aull. 

3. Group C Environmental and Life Tnt, Performed on a 
Time Period Ba,I •. 

4. Te.t. Shall be Performed In the Order as Shown. 

100 Percent Power 
Conditioning' 
1. Mea.urement of 

SpecJfled Parameler. 
2. Bum-In 

3. ~:::I~t::;;:a:eter. r----
to Determine Delta 
and Olher Reject. 

4. Lot Rejection 
Criteria Based on 
Reject. from Burn-In 
Test 

Order of procedure diagram for JAN, JANTX, and JANTXV solid-state devices. 

1 
Preparatton 
for Delivery 

JAN 

Inspection Test. 
to Verify L TPD 

GroupA1 
Group 82 
Group C3 

Rnlew of Group A. 
Band C Data 
for Lot Accept 

or ReI_ct 

Preparallon for 
Delivery JANTX 

orJANTXV 
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__________________________ Hlgh-RellabllHy Power Devices 

Levels of reliability are defined by MI L-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 Clot 
sampling. JANTXV 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. 

QPL Approved Types 

JAN, JANTX, and JANTXV Devices 
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. 

The following tables list approved "QPL" types and types 
that are"in the process of testing preliminary to QPL 
approval by DESC, respectively. 

Custom high-reliability selections of RCA Power devices 
can also be supplied with similar process and power 
conditioning tests and delta criteria. 

RCA is presently qualified on the following devices. Prices and delivery quotations may be obtained from 
your local sales representative. 

Bipolar Power Transistors 

MIL-S 

Typel 195001 Package Polarity 

2N3439, 2N344O 368 TO-39 N-P-N 

2N3584, 2N3585 384 TO-66 N-P-N 

2N3879 526 TO-66 N-P-N 

2N5038, 2N5039 439 TO-3 N-P-N 

2N5302, 2N5303 456 TO-3 N-P-N 

2N5415S,2N5416S 485 TO-39 P-N-P 

2N5671, 2N5672 488 TO-3 N-P-N 
2N6032, 2N6033 528 TO-3 N-P-N 

2N6211-2N6213 461 TO-66 P-N-P 

2N6283, 2N6284 504 TO-3 N-P-N 

2N6306, 2N6308 498 TO-3 N-P-N 

2N6383-2N6385 523 TO-3 N-P-N 

2N6546, 2N6547 525 TO-3 N-P-N 

2N6648-2N6650 527 TO-3 P-N-P 

2N6671, 2N6673 536 TO-3 N-P-N 

2N6674, 2N6675 537 TO-3 N-P-N 

2N6676. 2N6678 538 TO-3 N-P-N 

SCR's 

MIL-S VOAM 

Typel 195001 Package (V) 

2N682 108 TO-48 50 

2N683 108 TO-48 100 

2N685 108 TO-48 200 
2N686 108 TO-48 250 

2N687 108 TO-48 300 

2N688 108 TO-48 400 

2N690 108 TO-48 600 

JANTXV Types Now Available 

The following bipolar types are now available in JANTXV form: 

2N6546TXV 

2N6547TXV 

2N6383TXV 

2N6384TXV 

2N6385TXV 

2N6648TXV 

2N6649TXV 

2N6650TXV 

2N6671TXV 

2N6673TXV 

2N6674TXV 

2N6675TXV 

PT 

(W) 

0.8 

35 

35 

140 

200 

0.75 

140 

140 

35 

175 

125 

100 

175 

85 

150 

175 

175 

ITfRMSJ 

(A) 

25 

25 

25 

25 

25 

25 

25 

2N6676TXV 

2N6678TXV 

2N5038TXV 

2N5039TXV 

2N5302TXV 

2N5303TXV 

Ie VeEO 

(A) (V) 

1 350 

2 300 

7 75 

20 90 
30 80 

1 300 

30 120 

50 120 

2 350 

20 100 

8 350 

10 80 

15 300 

10 80 

10 400 

20 400 

20 400 

VOT 

(V) 

3 

3 

3 

3 

3 

3 

3 

hFE 

Min. Ie (A) 

40 0.02 

25 1 

20 4 

20 12 

15 15 

30 0.05 

20 

10 

30 

1250 

15 

1000 

12 

1000 

10 

8 

8 

lOT 

(mA) 

35 

35 

35 

35 

35 

35 

35 

2N5671TXV 

2N5672TXV 

2N6283TXV 

2N6284TXV 

2N6306TXV 

2N6308TXV 

20 

50 
1 

10 

3 

5 

5 

5 

5 

10 

10 

fr 
(MHz) 

15 

15 

40 

60 
2 

15 

50 

50 

20 

8 

5 

20 

60 

20 

15 

15 

15 

dv/dt 

(VIps) 

20 

20 

20 

20 

20 

20 

20 
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Added Value Screening 

RCA Added Value Screening 

Many solid-state devices not yet covered by military 
specifications, because they are too new, offer the most 
recent technological advances or have special performance 
characteristics which offer advantages to the designer of 
high-reliability equipment. RCA cooperates with the users 
of such devices in establishment of high-reliability 
specifications pattern~d 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 
systems are made by the equipment contractor from the 
MIL-STD parts list as awards are received for electronic 
equipment. 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 
production lines, be established and tailored to the particular 
functional, reliability, and economic needs of the program. 
RCA Solid State Division has frequently used the resources 

of its laboratories, production, facilities, and expert technical 
staff to contribute to the success of such programs. 

All RCA 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 Table III. 

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. 

Group B and Group C tests will be performed when 
requested in accordance with MIL-S-19500. 

ADDED VALUE HIGH-RELIABILITY SCREENING 

MIL-STD-7S0 CLASS S CLASS V CLASS X 
SCREEN 

METHOD 
CONDITION 

REQUIREMENTS REQUIREMENTS REQUIREMENTS 

1. Internal Visual 2072 For transistors. 100% 100% --
2. High Temp Life 1032 24 hrs min at max 100% 100% 100% 

(LTPD) rated storage 

(stabilization bake) temp. 

3. Thermal shock 1051 No dwell is 100% 100% 100% 

(temp cycling) required at 25° C. 

Test condition C, 

20 cycles, t 

(extremes) > 10 

min. 

4. Constant 2006 Y, direction at 100% 100% 100% 

acceleration 11 20,000 G min 

except at 10,000 

G min for devices 

with power rating 

of> 10 watts at 

Tc = 25°C. The 1 

min hold time 

requirement shall 

not apply. 
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High-Reliability Power Device. 

Added Value Screening 

ADDED VALUE HIGH-RELIABILITY SCREENING (Continued) 

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 = 5x10-8 atm 

ccls except 

5x10-7 atm ccls 

for devices with 

internal cavity> 

0.3 cc. 

Gross Test condition A, Optional 100%41 100% 41 

C, 0, 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) 150°C (min) and 

minimum applied 

voltage as 

follows: 

Burn-in 1039 Transistors - 80% 100% 100% 100% 

(for transistors) (min) of rated 

Vee (bipolar), 

VGSIFETI. or 

VOS IFETl 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 within 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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Added Value Screening 

10. 

11. 

12. 

13. 

14. 

"11 
"21 

"31 
41 

ADDED VALUE HIGH-RELIABILITY SCREENING (Continued) 

SCREEN 
MIL-STD-750 

CONDITION 
CLASSS CLASS V CLASS X 

METHOD REQUIREMENTS REQUIREMENTS REQUIREMENTS 

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 

Final Electrical Test As specified. 100% 100% 100% 

Interim Electrical All interim and I nteri m electrical Interim electrical I nteri m 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. 

Hermetic Seal 1071 (Same as 5 on 100% Optional 41 Optional 41 

previous page) 21 

Fine 11 

Gross 

Radiography 2076 21 100% - -

External Visual 2071 To be performed 100% - -
Examination after complete 

marking. 

Omit fine leak seal test and constant acceleration test for double plug, non-internal cavity diode construction. 
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. 
Reverse-blocking test shall replace power burn-in for power rectifiers at 2: 1 0 amp rating atT c2: 1000 C and all thyristors. 
Fine and gross seal leak test for JANTX and JANTXV shall be performed in either block 5 or block 12. 
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RCA offers a variety of bipolar silicon power transistors in 
which special design and processing techniques are used 
to assure continued functional performance after exposure 
to specified dosages of neutron and gamma radiation. 

Types Package Polarity 

2N3879 TO-66 N-P-N 
2N5038 TO-204AA N-P-N 
2N5320 TO-39 N-P-N 

2N5322 TO-39 P-N-P 
2N5672 TO-204AA N-P-N 
2N6248 TO-204AA P-N-P 
2N6480 Radial N-P-N 
2N6673 TO-204AA N-P-N 
2N6688 TO-204AA N-P-N 

TA91 07 (Dev. Type) Radial N-P-N 

For all types except T A91 07, 
Gamma Intensity (RAD(Si/s) = 1 x 107 

Neutron Fluence (N/cm2 ) = 5 x 1013 

See Application Note AN-6320 for Data 

Neutron-Radiation Compensation 

In RCA radiation-resistant 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 com­
plete 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 
collector series resistance and the resulting higher satura­
tion voltage caused by exposure of the transistor to neu­
tron 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 
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 never V CEO). 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-

High-Reliability Power Devices 

Radiation-Resistant Power Transistors 

The following types are recommended forthose applications 
where radiation tolerance is a critical factor. Radiation 
tolerance is not covered by present slash (/) specifications. 
Device capabilities and system requirements are generally 
limited to a custom specification basis. 

hFE 

PT 

(W) Min. Ic(A) 

35 20 4 
140 20 12 
10 10 1 
10 10 1 

140 20 20 
125 5 10 
87 20 12 
150 10 5 
200 15 20 
87 50 8 

ForTA9107, 
Gamma IntenSity (RAD(Si)/s) = 1 x 10· 
Neutron Fluence (N/cm2 ) = 1 x 1014 

VCEO 

(V) 

75 
90 
75 
75 
120 
100 
100 
400 
200 
80 

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 RCA radia­
tion-resistant transistors, the distance from the base con­
tact to the farthest point of the base under the emitter is 
reduced to the minimum possible value to achieve a sub­
stantial increase in the gamma threshold level at which the 
secondary photocurrent starts. 

Design Example 
The RCA developmental transistor TA91 07 is an excel­

lent example of the radiation-resistance capability that 
can be achieved through the use of effective design tech­
niques. This transistor can operate satisfactorily after ex­
posure to neutron fluence levels of 1 x 1014 neutrons/cm2 

and can withstand a gamma dose rate of 1 x 108 rads 
(Si)/second before the onset of secondary photocurrent. 

The TA9107 has a collector-to-emitter voltage rating 
VCER of 100 volts and a post-radiation current capability of 
10 amperes. The width of the collector-to-base depletion 
region is only 0.7 mil, the doping concentration in the 
collector is 1 x 1015 atoms/cm2, and the width of the base is 
only about 8000 angstroms. The TA9107 employs a 
unique emitter deSign in which 32 emitter sites are inter­
connected by an expanded metallization system so that 
the maximum distance from the base contact to the center 
of the emitter is only 2 mils. 

Aluminum metallization 50,000 angstroms thick is used 
in the TA9107 to assure uniform current distribution in 
the emitter. A gold eutectic bond is used for collector 
mounting. 
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Radiation-Resistant Power Transistors 

TA9107 Capability 

CHARACTERISTIC PRE-RADIATION 
POST-RADIATION 

(5 x 1013 N/em2) 

VCEO 80V 80V 
Vceo 100 V 100 V 

VEBO 5.5V 5.5V 
hFE at Ic = 5 A, VCE = 2 V 80 10 
VCE(sat) at Ic = 8 A, hFe = 5 0.5 V 2V 
VBE(satl at Ic = 8 A, hFE = 5 1.35 V 1.5 V 
ISlb at 75 V for 100 lIS 60W 60W 
Es", L = 125 pH 0.3 mJ 0.3mJ 

Primary Photocurrent = 250 mA typo at 1 x 108 rad (Sil/second. 
Onset of Secondary Photocurrent occurs typically at 1.5 x 108 rad (Si)/second. 
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transistors. 

10 

• 
6 

2 

< I 
I 8 

Q. 6 

!:! 
I­
Z 

i 
g 
0 0 .1 

'" .. 

001 

2 

8 
6 

• 
2 

II TA9107 

/ 
'2N5038 ( 

V 

1 I 

/ / I 
! 

J / 
/ 

/ 

V V i 
I 

• 6 8 107 • 6 8 10' 
• 6 

GAMMA DOSE RATE (y 1- RADS(Si)/SECOND 
92CS-31217 

Photocurrent as a function of gamma dose rate for the TA9107 
and 2N5038 radiation-hardened power transistors. 

U4 ____________________________________________________________ __ 



Package Information 



Package Information ______________________________ ....... _ 

Dimensional Outlines 
TO-202AB 
VERSATAB 

• • H 

"-------;~==...--rTT.t 1l 
~~~~::~~:~ TERM.:5 2 I b 
POINT 

TEMPERATURE MEASUREMENT: 
1/16 In. (1.58 mm) from plastic encapsulation on either 
mounting flange (terminal No.4) or anode lead (terminal 
No.2) 
Notes: 
1: Package contour optional within dimensions specified. 
2: Lead dimensions uncontrolled in this zone. 

TO-202 MODIFIED 

Notes: 
1. Package contour optional within dimensions specified. 
2. Lead dimensions uncontrolled In this zone. 

SYMBOL 
INCHES MILLIMETERS 

NOTES 
MIN. MAX. MIN. MAX. 

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 

If>P 0.123 0.127 3.124 3.225 
Q 0.120 0.130 3.048 3.302 
Q, 0.039 0.050 0.990 1.270 
a, - 50° - 50° 1 

92CS-24062R6 
3: Controlling dimensions: inch. 

INCHES MILLIMETERS 

SYMBOL 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.Q18 0.026 0.457 0.660 
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, 0.220 0.260 5.588 6.624 
G2 - 0.09 - 2.285 
H 0.330 0.380 8.382 9.652 
L 0.390 0.450 9.906 11.43 
L, - 0.110 - 2.794 1.2 
Q, 0.039 0.050 0.990 1.270 
a, - 50° - 50°C 1 

92CS-39028Rl 
Note: 
1: Package contour optionat within dimensions specified. 
2: Lead dimensions uncontrolled in this zone. 

SYMBOL 

A 
b 
b, 
c 
E 
e, 
G, 
G2 

H 
L 
L, 
Q, 
a, 

INCHES MILLIMETERS 
I------,---+---,..-----l NOTES 

MIN. 

0.023 
0.045 
0.018 
0.130 
0.190 
0.220 

0.330 
0.390 

0.039 

MAX. 

0.05 
0.029 
0.055 
0.026 
0.150 
0.210 
0.260 
0.09 
0.380 
0.450 
0.110 
0.050 
50° 

MIN. 

0.584 
1.143 
0.457 
3.302 
4.826 
5.588 

8.382 
9.906 

0.990 

MAX. 

1.270 
0.736 
1.397 
0.660 
3.810 
5.334 
6.624 
2.285 
9.652 
11.43 
2.794 
1.270 
50° 

1,2 

92CS-39011 Rl 
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TO-203AA 
PRESS-FIT 6-, 10-, AND 15-A TRIACS: 
20- AND 35-A SCRs 

Notes: 

INSULATING 
MATERIAL 

TERMINAL No.2 

1:' Outline contour is optional within zone defined by tfJ D 
and G min. and H max. 

2: Straight knurl lurface. 

PRESS-FIT 
25-, 30-, AND 40-A TRIACS 

INSILATING 1iI~~~~E TERTAL NO.3 

NO.1 ~~-/ 
~ ~~- I~ 

+T """",,1' 
+0 I---G 

TERMINAL NO.2 L ==:/-SEATINGPLANE 

STUD 
6-, 10-, AND 15-A TRIACS; 20- AND 35-A SCRs 

ISOLATED-STUD 
25-,30-, AND 40-A TRIACS 

Note: 

ISOLATING MATERIAL 
«NOTE 21 

1: tfJW Is pitch diameter of coated threads. 

SEATtNG"-ANE 

REF: Screw-Thread Standards for Federal Services, 
Handbook H28, Part 1. Recommended Torque: 36 In.lbf 
(0.4 kgf-m). Maximum Torque: 50 in.lbf (0.57 kgf-m). 

Dimensional Outlines 

SYMBOL 
INCHES MILLIMETERS 

NOTES 
MIN. MAX. MIN. MAX. 

tfJD - 0.510 - 12.95 1 
tfJD. 0.501 0.505 12.726 12.827 2 
tfJD2 0.465 0.475 11.82 12.06 
G 0.330 0.380 8.39 9.65 
H - 0.800 - 20.32 
P 0.100 - " ". 2,46 

2 2.04 
Q 0.080 0.097 -

tfJT 0.065 0.090 1.66 2.28 3, 4 
tfJT. 0.035 0.068 0.89 1.72 

92CS-23.34R. 

3: Elongated hole in terminal is optional 
4: Contour and orientation of terminal 1 and terminal 2 are 

not defined. 
5: Terminal 1 to be shorter than terminal 2 for identlficetion. 

INCHES MILLIMETERS 
SYMBOL 

MIN. MAX. MIN. MAX. 
NOTES 

G - 0.380 - 9.65 
tfJD 0.501 0.510 12.73 12.95 
tfJD. - 0.505 - 12.83 1 
tfJD2 0.465 0.475 11.81 12.07 

H 0.825 1.000 20.95 25.40 
M 0.215 0.225 5.46 5.71 

tfJT, 0.058 0.068 1.47 1.73 
tfJT 0.138 0.148 3.51 3.75 

Note: 92CS-.5207R4 

1: Outer diameter of knurled surface. 

SYMBOL 

SYMBOL 

A 
tfJD 
tfJD, 

E 
F 
J 

tfJM 
M 
M, 
N 
N, 

tfJT, 
tfJT 
tfJT2 

W 

INCHES 
MIN. MAX. 

0.330 

0.544 
0.113 

0.220 

0.422 

0.058 
0.080 
1/4-28 

0.505 
0.544 
0.562 
0.200 
0.950 
0.249 
0.155 
0.453 
0.090 
0.068 
0.090 

UNF-2A 

INCHES 
MIN. MAX. 

0.673 
0.604 0.614 
0.501 0.505 
0.551 0.557 
0.100 0.185 

1.298 
0.220 0.249 
0.210 0.230 
0.200 0.210 
0.422 0.452 

0.090 
0.058 0.068 
0.138 0.148 
0.138 0.148 
114-28 UNF-2A 

MILLIMETERS NOTES 
MIN. MAX. 

8.40 

13.82 
2.87 

5.59 

10.72 

1.47 
2.03 

1/4-28 

12.80 
13.81 
14.28 
5.08 

24.13 
6.32 
3.94 

11.50 
2.28 
1.73 
2.29 

UNF-2A 

MILLIMETERS 
MIN. MAX. 

17.09 
15.34 15.59 
12.72 12.82 
13.99 14.14 
2.50 4.69 

32.96 
5.59 6.32 
5.33 5.84 
5.08 5.33 

10.72 11.48 
2.28 

1.47 1.73 
3.50 3.75 
3.50 3.75 

1/4-28 UNF-2A 
92CS-29311 R3 
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Dimensional Outlines 
TO-204AA/TO-3 

TO-204AA 
200-mll diameter pin I.olatlon 

+D 

1. 

l 
Notes: 

R 

R 

4>bl 

1: tf>b appl ... between L, and L Diameter Is uncontrolled 
InL,. 

TO-204AE 
141-mll diameter pin Isolation 

SYMBOL 
INCHES 

MIN. MAX. 
A 0.250 0.450 

~b 0.038 0.043 

~D - 0.875 

8 0.420 0.440 

81 0.205 0.225 
F - 0.135 

L 0.312 -
~p 0.151 0.161 
q 

.':"r=~ R 

R1 - 0.188 
s 0.655 0.675 

SYMBOL 
INCHES 

MIN. MAX. 
A 0.250 0.450 

tf>b 0.038 0.043 
tf>b, 0.200 NOM. 
tf>D 0.875 

8 0.420 0.440 
e, 0.205 0.225 
F 0.060 0.135 
L 0.312 0.500 
L, 0.050 
tf>P 0.151 0.161 
q 1.177 1.197 
R 0.495 0.525 
R, 0.131 0.188 
s 0.655 0.675 

MILLIMETERS 
NOTE 

MIN. MAX. 

6A 11.4 

0.966 1.092 

- 22.22 

10.67 11.17 

5.21 5.71 

- 3.42 

7.93 -
3.84 4.08 

30.15 BSC 

- -I· 13.33 
- 4.77 

16.64 17.14 

92CS-37249R' 

MILLIMETERS 
MIN. MAX. 
6.35 11.35 
0.96 1.092 

5.08 NOM. 
22.22 

10.67 11.17 
5.21 5.71 
1.53 3.42 
7.93 12.70 

1.27 
3.836 4.089 

29.90 30.40 
12.58 13.33 
3.33 4.77 

16.64 17.14 

NOTES 

2 
2 

92CS-32'02 

2: These dimensions should be measured at points 0.050 
In. (1.270 mm) to 0.055 In. (1.397 mm) below seating 
plane. When gage is not used, measurement will be 
made at seeting plane. 

SYMBOL 
INCHES MILLIMETERS 

NOTES 
MIN. MAX. MIN. MAX. 

A 0.250 J 0.450 6.4 111.4 
tf>b 0.057 0.063 1.45 1.60 
tf>b, 0.141 NOM. 3.58 NOM. 
tf>D - 0.875 - 22.22 

e 0.420 0.440 10.67 11.17 
8, 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 

tf>P 0.151 0.161 3.84 4.08 
q 1.187 BSC 30.15 BSC 
R 0.495 0.525 12.58 13.33 
R, 0.131 0.188 3.33 4.77 
s 0.655 0.675 16.64 17.14 

92CS-37523 

848 ______________________________________________________________ ___ 



________________________________ Package Information 

TO-20SAAITO-S 
TO-20SAD/TO-39 

Notes: 

TEMPERATURE 
MEASURING POINT 

1: This zone Is controlled for automatic handling. The 
variation In actual diameter within this zone shall not 
exceed 0.010 In. (0.254 mm). 

2: (Three leads) .pb. applies between I, and" . .pb applies 
between I. and I. Diameter Is uncontrolled In I,. 

"MOD. TO-20S" 

Note 1: Details of outline In this zone optional. 

"LOW-PROFILE TO-20S" 

Notes 
1: This zone is controlled for automatic handling. The 

variation In actual diameter within the zone shall not 
exceed .012 In. (.279 mm). 

2: (Three leads) .pb applies between seating plane and 
1.015 in. (25.78 mm) 

3: Measured from maximum diameter of the actual device. 
4: Leads having maximum diameter .021 In. (.533 mm) 

measured at the seating plane of the device shall be 
within .007 In. (.178 mm) of their true positions relative 
to the maximum-width tab. 

5: The device may be measured by direct methods or by 
the gage and gaging procedure described on gage 
drawing GS-1 of JEDEC publication 12E, May 1964. 

6: Details of outline In this zone optional. 
7: Tab centerline. 

Dimensional Outlines 

SYMBOL 
INCHES MILLIMETERS 

NOTES 
MIN. MAX. MIN. MAX. 

.pa 0.190 0.210 4.83 5.33 
A 0.240 0.260 6.10 6.60 

.pb 0.016 0.021 0.406 0.533 2 
.pb. 0.016 0.019 0.406 0.483 2 
.pO 0.350 0.370 8.89 9.40 
.pO, 0.305 0.335 8.00 8.51 

h 0.009 0.041 0.229 1.04 
j 0.028 0.034 0.711 0.864 
k 0.029 0.040 0.737 1.02 3 

L (TO-5) 1.500 1.750 38.10 44.45 2 
L (TO-39) 0.500 0.750 12.70 19.05 2 

I, - 0.050 - 1.27 2 
I. 0.250 - 6.35 - 2 
P 0.100 - 2.54 - 1 
Q 4 
a 45° NOMINAL - -
{3 90° NOMINAL - -

92C8-377.3 

3: Measured from maximum diameter of the actual device. 
4: Details of outline in this zone optional. 

SYMBOL 
INCHES MILLIMETERS 

NOTES 
MIN. MAX. MIN. MAX. 

.pa .190 .210 4.83 5.33 
A .240 .260 6.10 6.60 
.pb .017 .021 .44 .53 
.pO .335 .366 8.51 9.30 
.pO, - .330 8.13 8.38 

h .015 .035 .38 .89 
j .028 .035 .71 .89 
k .029 .045 .74 1.14 
I .975 1.025 24.76 26.03 
P .100 - 2.54 -
Q - - - - 1 
a 45° NOMINAL 
fj 50° NOMINAL 

92CS-37697 

SYMBOL 
INCHES MILLIMETERS 

NOTES 
MIN. MAX. MIN. MAX. 

A .160 .180 4.06 4.57 
.pb .017 .021 .432 .533 2 
.pO .335 .366 9.017 9.296 
.pO, .323 .335 8.204 8.51 

e .190 .210 4.83 5.33 
e, .100 TRUE POSITION 2.54 TRUE POSITION 4,5 
h .015 .035 .381 .889 
j .028 .035 .711 .889 5 
k .029 .045 .737 1.14 3,5 
L .985 1.015 25.02 25.78 2 
P .100 - 2.54 - 1 
Q - - - - 6 
r - .007 - .179 
a 42° 48° ...: - 5,7 

92C8-34150 

.cASE TEMPERATURE MEASUREMENT 
The specified temperature-reference point should be used 
when making temperature measurements. A low-mass tem­
perature probe or thermocouple having wire no larger than 
AWG No. 26 should be attached at the temperature refer­
ence pOint. 
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Dimensional Outlines 
TO-205AD/TO-39 
WITH FLANGE 

d 'h r"i 

1~, g 1dJ:' 
L JlDD ' 

3 LEADS/ t 
'b 

NOTES: 
1. True position. 
2. Tab centerline. 

TO-208AAlTO-48 
25-, 30-, AND 40-A TRIACS 

Note: 
1: tPW is pitch diameter of coated threads. 

REF: Screw-thread Standards for Federal Services, Hand­
book H28, Part I. Recommended Torque: 35 in.lbf (0.4 
kgf-m). Maximum Torque: 50 In-Ibf (0.57 kgf-m) • 

. ISOLATED STUD 
6-,10-, AND 15-A TRIACS; 20- AND 35-A SCRs 

WARNING: The ceramic used In these packages 
contains beryllium oxide. Do not crush, grind, or 
abrade these portions because the dust resulting 
from such action may be hazardous If Inhaled. Dis­
posal should be by burial. 

Notes: 
1: tPW Is pitch diameter of coated threads. 

REF: Screw-Thread Standards for Federal Services, 

INCHES MILLIMETERS 
NOTES SYMBOL 

MIN. MAX. MIN. MAX. 

A - 0.328 - 8.33 

8 0.240 0.260 6.10 6.60 

8 1 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 O.looT.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 -
Q 0.685 0.691 17.40 17.55 
Ql 0.559 0.565 14.20 14.35 
Q2 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 4So T.P. 1,2 

92C8-22333 

SYMBOL 
INCHES MILLIMETERS 

NOTES 
MIN. MAX. MIN. MAX. 

A 0.330 0.505 9.4 12.8 
tPD, - 0.544 - 13.81 

E 0.544 0.562 13.82 14.28 
F 0.113 0.200 2.87 5.08 
J 0.950 1.100 24.13 27.94 

tPM 0.220 0.249 5.59 6.32 
M 0.215 0.225 5.46 5.71 
N 0.422 0.453 10.72 11.50 
N, - 0.090 - 2.28 

tPT, 0.058 0.068 1.47 1.73 
tPT 0.138 0.148 3.50 3.75 
tPW 114-28 UNF-2A 1/4-28 UNF-2A 1 

92CS-'S208RS 

SYMBOL 
INCHES MILLIMETERS 

NOTES 
MIN. MAlt MIN. MAlt 

A - 0.673 - 17.09 
I/>D 0.604 0.61.4 15.34 15.50 
tPD, 0.501 0.505 12.72 12.82 

E 0.551 0.557 13.99 14.14 
F 0.100 0.185 2.50 4.69 
J - 1.055 - 26.79 

tPM 0.220 0.249 5.59 6.32 
M - 0.155 - 3.94 
M, 0.200 0.210 5.08 5.33 
N 0.422 0.452 10.72 11.48 
N, - 0.090 - 2.28 

tPT, 0.058 0.068 1.47 1.73 
tPT 0.080 0.090 2.03 2.29 
tPT2 0.138 0.148 3.50 3.75 
tPW 114-28 UNF-2A 1/4-28 UNF-2A 1 

92CS-23133R4 

Handbook H28, Part I. Recommended Torque: 35 In.lbf 
(0.4 kgf-m). Maximum Torque: 50 In-Ibf (0.57 kgf-m). 
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TO-213AAlTO-66 

Notes: 
1. Reier to applicable symbol lis!. 
2. Dimensioning and tolerancing per ANSI Y14.5 - 1973. 

TO-21BAC 

+p 'ft-
Dl 

l 
D2 S I~ L, 

L 

L Q 

Cl 

Notes: 
1: Tab outline optional within boundaries 01 dimensions E and R. 

2: Lead dimensions uncontrolled in Ll. 
3: Controlling dimensions: Inch. 

Dimensional Outlines 

INCHES MILLIMETERS 

SYMBOL MIN. MAX. MIN. MAX. NOTES 

A .250 .340 6.35 8.63 
(Jb .028 .034 .712 .863 

(JO - .620 - 15.74 3 
(JO, .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 -

(JP .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 IIanges. 
5. Controlling dimensions: inch. 

SYMBOL 
INCHES MILLIMETERS 

NOTES 
MIN. MAX. MIN. MAX. 

A .165 .200 4.191 5.080 

b .040 .063 1.016 1.600 
c .053 .065 1.346 1.651 

cl .018 .030 .457 .762 

0 A85 .505 12.319 12.827 

01 .395 .415 10.033 10.541 

02 .070 .090 1.778 2.286 

E .610 .640 15.494 16.256 1 

El .305 .320 7.747 8.128 

E2 .040 .060 1.01" 1.524 
e .205 .225 5.207 5.715 

e1 A20 .440 10.688 11.176 
L .500 .610 12.700 15.494 

Ll -. .125 - 3.175 2 

tfJP .157 .167 3.988 4.241 
Q .094 .126 2.388 3.200 
R .170 .190 4.318 4.826 

S - 0.60 - 1.524 
y .626 .670 15.900 17.018 

92C5-37698Rl 
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Dimensional Outlines 
TO-220AA 
VERSAWATT 

~bl 
~J1:b 

SEATING PLANE 

~ '2 l iJ@t4>PTERMINAL 
TERMINAL No.4 

No.3 r 
+ E 

TE~NAL -1 ~ 
No.1 L -1 f.-Q 

__ 0 ~ BOTTOM view 
NOTES: 

1. Tab contour optional within H1 and E. 
2. Position of lead to be measured 0.060 - 0.056 in. (1.270 -1.397 mm) 

below seating plane. 

TO-220AB 
VERSAWATT 

NOTES: 
1. PosIUon ollnd to be m ... ured 0.2511-0.255 In. 

(8.3stH.477 mm) lrom c ... . 

SYMBOL 

A 

·b 

bl 
c 
0 
E 
e2 
F 

Hl 
Jl 

L2 

L3 
</>p 

Q 

S 

SYMBOL 

A 

A1 
b 
b1 
C 
c 
D 

D1 
E 

• 
·1 
·2 
F 
H 

Hl 
H2 
J1 
L 

L1 
L2 
_P 

Q 

INCHES MILLIMETERS 
NOTES 

MIN. MAX. MIN. MAX. 

0.140 0.190 3.56 4.82 -
0.020 0.045 0.51 1.14 -
0.045 0.070 1.15 1.77 -
0.015 0.025 0.38 0.63 -
0.560 0.625 14.23 15.87 -
0.380 0.420 9.66 10.66 1 
0.190 0.210 4.83 5.33 2 

0.045 0.055 1.14 1.39 -
0.230 0.270 5.85 6.85 1 

0.080 0.115 2.04 2.92 -
- 0.050 - 1.27 -

0.360 0.422 9.15 10.71 -
0.139 0.147 3.531 3.733 -
0.100 0.120 2.54 3.04 -
0.580 0.610 14.74 15.49 -

92C8-37524Rl 

INCHES MILLIMETERS 
MIN. MAlt MIN. MAX. 

0.140 0.190 3.56 4.82 
O.OBO 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 0.36 0.63 
0.560 0.625 14.23 15.87 

- 0.100 - 2.54 
0.380 0.420 9.66 10.66 
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 0.562 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 
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TO-220AC 
VERSAWATT 

A +P 
A, 

11'>(. H2 

--.i 
f-02 b, 

C 

TOP VIEW 1---+1--0, 

NOTES: 

1. Position 01 lead to be measured 0.250-0.255 In. 
(6.350-6.477 mm) from case. 

HYBRID-CIRCUIT PACKAGE 

F 

f 
H 

1 
HI 

~ 

~ 1.3IMAX[ l.50h (33.31 !l2.n 
71 60 (TYP) 

(i8.0)MAX. .(i5.2)r --l .10 
11* , I (2.5) 

.20(5·1) --. , 
8 PLACES ROIl I: I 2.33 I 
---.1__ (59.2) I ,--L __ 

,36(9.1) -~§===;;=;!~!!!J 

.-----=~~=:::::~~ .1 H 275 
T .133 (3.38) DIA. --. 6.99) 

TYP .19(4.8) (TYP) 
2 PLACES 

.IOMIN. 
(2.5) 
2 PLACES 

92C8-37519 

Dimensional Outlines 

SYMBOL 
INCHES MILLIMETERS 

MIN. MAX. MIN. MAX. 

A 0.140 0.190 3.56 4.82 

A1 0.080 0.085 2.03 2.16 

b 0.020 0.045 0.51 1.14 
b1 0.045 0.070 1.14 1.77 

C - 0.125 - 3.18 

c 0.015 0.025 0.38 0.63 

D 0.560 0.625 14.23 15.87 

D1 - 0.100 - 2.54 

E 0.380 0.420 9.66 10.66 

e1 0.190 0.210 4.83 5.33 

e2 - 0.030 - 0.76 
F 0.045 0.055 1.14 1.39 

H 0.230 0.270 5.85 6.85 

H1 0.355 0.370 9.02 9.40 

H2 - 0.160 - 4.06 

H3 - 0.600 - 15.24 
J 1 0.080 0.115 2.04 2.92 

L 0.500 0.562 12.70 14.27 

L1 - 0.250 - 6.35 

L2 0.400 0.410 10.16 10.41 

tf>P 0.139 0.161 3.531 4.089 
Q 0.100 0.120 2.54 3.04 

92CS-34830R1 

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 • 
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Suggested Hardware and Mounting Arrangements 
TO-202AB 

HEXNUT~ 
LOCKWASHEA 

FLA,TWASHEA ~"'-
g.,~7H"I;(~au ..... ) ~~~ ~~.U'-1TOR LE . ~ 

T WASHER DF137A 
A.A: ~ <:S;) t,) INSULATING BUSHING 

SCREW,.... ~ D.375 

~ EDGE OF HEAT SINK 
(HEAT SINK THICKNESS " 
0.050 In.(1.27mm) MIN.) 

NotE: Mlldmum tofqu .. pplled 10 92CS-27777R1 
mounllng II .... II I In.-Ib (0.01 kgf-m) 

TO-204AA 
ZOO-mil diameter pin Isolation 

i--2 SCREWS, 4-40 

~- ',Il OF .. ". C-h MICA INSULATOR .. ., 

o HEAT SINK 

~
(CHASSIS) 

OF436A 
6 0 0 ~~;~~~~NSULATING 

~ 1.0.=0.120 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 WASHEAS@ 

2HEX.NUTS@ 

2S0LDEA LUG~ 
2HEX NUTS@) 

NOTE MAXIMUM TORQUE AI'I'LtED TO MOUNTING 
FLANGE IS8,n Ibs (0.09 kgf mJ 

92CS-33203 

TO-204AE 

ek 'SCREWS. 6·" 

DF238A ~MICAINSULATOR 
e e 

00 ae 6 HEAT SINK 

o 
I 49 0 DF37.F 

~ 2 NYLON INSULATING 
BUSHINGS 

'METAL .ASHERS @) } 
2 LOCK WASHERS @ 

2HEX.NUTS @ 
1 SOLDER LUG ~ 

2HEX.NUTS @ 

1.0. "0.156 (4.00) 
SHOULDER OIA. "0.250 
(6.40) MAX., 
SHOULDER THICKNESS 
"0.050 (1.27) MAX. 

92CS-22556R1 

TO-204AA 

i--2 SCREWS, 6-32 

C-h MICA INSULATOR .. ., ~- ',Il OF377. 

e HEAT SINK 

DF378F ~
(CHASSIS) 

o 0 2 NYLON INSULATING 
6 BUSHINGS 

~ I. D. = 0.156 in. (4.00 mm) 
SHOULDER DIA. = 0.250 In. 
(6.40 mm) MAX., 

2 METAL WASHERS SHOULDER THICKNESS 
@) = 0.050 in. (1.27 mm) MAX. 

2 LOCK WASHERS@, 

2HEX.NUTS@ 

2S0LDER LUG~ 
2HEX.NUTS@ 

NOTE MAXIMUM TORQUE APPLIED TO MOUNTING 
fLANGE IS 12,n 11>$ (014kgfm) 

92CS-22558R2 

TO-20SMA/TO-S 
TO-20SMD/TO-39 
WITH FLANGE 

~~'SC"WS"~O 
~ ~ 

DF063A 
c;> 0;0 CiiiiO:) MICA INSULA TOR 

S o~o S 

~HEATSlN' 

DF376G =;;Y 2 NY~ON INSULATING BUSHINGS 
1.0. -0.130 (3.30) 
SHOULDER DIA. = 0.218 (5.54) 
SHDULDE.R THICKNESS" 

2 METAL WASHERS ® 
2 LOCK WASHERS @ 

2HEX.NUTS@ 

Note: Maximum torque applied 
to mounting flange Is 
8 in.-Ib. (0.09 kgfm). 

n.Oso (1.27) MAX. 

92C8-22567E 
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________________________________ Package Information 

Suggested Hardware and Mounting Arrangements 

"LOW-PROFILE TO-205" 
WITH HEAT SPREADER 

ELECTRICAL TAPE-
NR114A 
SOLDER 

EPOXY· 
REFERENCE POINT FOA 
TEMPERATURE MEASUREMENT. 
(TOTAl THERMAL RESISTANCE FROM 
JUNCTION TO HEAT SINK" 10 DCIW) 

• Scotch brand electrical tape No. 27 (thermo setting one 
side), Minnesota Mining & Mfg. Co., St. Paul, Minnesota, 
or equivalent. 

• An epoxy such as Hysol Epoxy Patch Kit 6C, Hysol 
Corporation, Olean, N.Y. 14761, or equivalent. 

.& For heat-sink temperature measurement, the thermo­
couple (wire no larger than AWG No. 26) should be 
inserted in a small, shallow hole drilled in (but not 
through) the heat sink at the indicated temperature 
reference point. 

92CS-37671 

TO-213AAlTO-66 

i---, SCREWS •• ~, 
~DF031A w- _ .," ,.SULATOR 

~f:/e ~~;~~N~SULATONG.US",'GS ~1.D'''O.I56( •• OO) 
SHOULDER D14. ~ 
0.250 (6.40) MAX. 

2 METAL WASHERS @) ~~o~~~~ri !~'i.KNES$ ~ 
2 LOCk WASHERS @, 

2HEx.Nun@ 

I SOLDER LUG ~ 
2HEX.Hun~ 

92CS-22560R5 

TO-208AAlTO-48 
Including Stud and Isolated­
Stud Trlacs and SCRB 

~ """""'0 ~D_. e----MICA INSULATOR 

G HEATSINK 

6 .... " INSULATING BUSHING 
0---00 -0315,n IBOOmm) MAX 
~ THICKNESS-0062", 1153mmiMAX 

~~~SULATOR -~ 
~CONNECTOR 

LOCKWASHER"@ 

HEXNUle 

MaxImum klrqU8 50 In ·Ib 10.68 kgf·m) 

'OnlyhllnlwMntrequlNclforlsal8tad-8ludpaakalllll 

92CS-22566R1 

TO-218AC 

INTERLEAD I 
= 165 MILS NOM 

i...-----SCREW, 4-40 

DF547A 
MICA INSULATOR 
HOLE DIA = OOBB-Q093 IN 
(224-2.36 mm) 

HEAT SINK 
(CHASSIS) 

DF546A 
INSULATING SHOULDER WASHER 

~ID.=Q11BIN.(300mm) 

@) g~~ou~~~~ ~~~~ MAX METAL WASHER 

LOCK WASHER 

HEX NUT 

SOLDER LUG 

HEX NUT 

@ 
@ 

~ 

92CS-39566 
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S~ggested Hardware and Mounting Arrang,ments 

TO-220AA TO-220AB 

i--SCREW, 6·32 

~ NR231A 
~ RECTANGULAR METAL 

~ ;~!~:RSULATOR 
~

HOLEDIA.=O.,45.0.,4, in. e 13.66·3.56 mm) .. 
~

.. HEATSINK e ICHASSIS) 

DF378F 

INSU_LATING SHOULDER WASHER 

er--- ~·~ou~~~ I~'I~:~O mml 

METAL WASHER @) 0.250 in. 6.35 (mm) MAX. 

LOCK WASHER @ 

HEXNUT @ 
SOLDER LUG ~ 

HEXNUT @ 

NOTE MAXIMUM TORQUe APPLIeD TO MOUNTING 
FLANGEIS8." Ib.!O.09kgf·ml 

TO-220AC 

i--SCREW, 6·32 

92CS-40181 

~ NR231A 
~ RECTANGULAR METAL 

~ ;~;:SULATOR ~QHOLEDIA.=O.145.0.141m. e 13.66·3.58 mm) .. 
~

e HEATSINK e ICHASSIS) 

DF378F 

INSULATING SHOULDER WASHER 

er--- ~~O~~~~I~I~:~Omml 
METAL WASHER @) 0.250 in. 6.35 (mm) MAX. 

LOCK WASHER @ 

HEXNUT @ 
SOLDER LUG ~ 

HEXNUT ~ 
NOTE MAXIMUM TOROue APPLIED rOMOUNTING 
FLANGE.$8m Ib I009kg!ml 

92CS-39567 

i--SCREW, 6·32 

~ NR231A 
~ RECTANGULAR METAL 

~Q.. ~~:~~1:' .. ". e 13.68·3.56 mm) .. 
DF378F 

~
a HEATSINK e ICHASSIS) 

INSULATING SHOULDER WASHER 

e--- ~~o~~~~~I~·I~·~Omml 
METAL WASHER @) 0.250 in. 6.35 (mm) MAX. 

LOCK WASHER @ 

HEXNUT @ 
SOLDER LUG ~ 

HEXNUT @ 

NOTE MAXIMUM TOROUE APPLIED TO MOUNTING 
FLANGEIS8tn lb. (O.09kgfml 

92CS-39566 

POWER HYBRID CIRCUIT PACKAGE 

~-----2 Screws, 6-32 

DF293A ~ 
~~ 
~ 

DF293A Socket 

~-.-
@~----Melalw""'e, 

II!O!l.-~----- Lock walhe, 

~----- Hex, nul 

Note: Maximum torque applied 10 mounUng flange Is 
24ln-tb (0.3 kgl-m), 
DF293A Is a socket to enable simple connection 01 
Ihlsmodule. 

92CS-27782Rl 
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________________________________ Package Information 

TO-203AA 

Suggested Hardware and Mounting Arrangements 

PRESS-FIT 
6-,10-, AND 15-A TRIACS, 20- AND 35-A SCRa 

800 LB. (360 kg) MAX. 

92CS·37672 

PRESS-FIT TRIACS AND SCRs 
MOUNTING CONSIDERATIONS 

Mounting of press-fit package types depends upon an 
interference fit between the thyristor case and the heat 
sink. As the thyristor is forced into the heat-sink hole, 
metal from the heat sink flows into the knurl voids of the 
thyristor case. The resulting close contact between the 
heat sink and the thyristor case assures low thermal and 
electrical resistances. 

A recommended mounting method, Press-Fit (TO-203AA) 
or Press-Fit (25-, 30-, and 40-A triacs) shows press-fit 
knurl and heat-sink hole dimensions. If these dimensions 
are maintained, a "worst-case" condition of 0.0085 in. 
(0.2159 mm) interference fit will allow press-fit insertion 
below the maximum allowable insertion force of 800 
pounds. A slight chamfer in the heat-sink hole will help 
center and guide the press-fit package properly into the 
heat sink. The insertion tool should be a hollow shaft hav­
ing an inner diameter of 0.380 ± 0.010 in. (9.65 ± 0.254 
mm) for PF-1 package, and 0.410 ± 0.010 in. (10.41 ± 
0.254 mm) for PF-2 package and an outer diameter of 
0.500 in (12.70 mm). These dimensions provide sufficient 
clearance for the leads and assure that no direct force will 
be applied to the glass seal of the thyristor. 

The press-fit package is not restricted to a single mount­
ing arrangement; direct soldering and the use of epoxy 
adhesives have been successfully employed. The press-fit 
case is tin-plated to facilitate direct soldering to the heat 
sink. A 60-40 solder should be used and heat should be 
applied only long enough to allow the solder to flow 
freely. 

25-,30-, AND 40-A TRIACS 

100 L8. (380 kg) MAX. 

COPPER OR ALUMINUM HEAT SINK 

92CS-37073 

CASE-TO-HEAT SINK THERMAL 
RESISTANCE FOR DIFFERENT 
MOUNTING ARRANGEMENTS­
TRIACS AND SCRs 

Type of Mounling Thermal 
Package Employed Resistance·OC/W 

Stud & Directly mounted on heat sink 
Isolated- with or without the use of heat- 0.6 
Stud sink compound. 

Mounted on heat sink with a 
0004 to 0.006 in. (0.102 to 

Stud 0.152 mm) thick mica insulating 
washer used between unit and 
heat sink. 

Without heat sink compound 2.5 

With heat sink compound 1.5 

Press-fitted into heat sink. Mini-
mum required thickness of heat 0.5 
sink 0 1/8 In. (3.17 mm). 

Soldered directly to heat sink, 
Press-Fit (60-40 solder which has a melt-

ing point of 188°C should be 0.1100.35 
used. Heating time should be 
sufficient to cause solder to 
flow freely). 
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Lead Forms for RCA Plastic Power Packages 

TO-220 
VERSAWATT 

Lead Form 
No. 

6200 

6201 

6203 

6204 

6206 

TERM 
4 

MIN. rO'6~00T'025 0.500 

Outline 
Lead Form 

No. 

=::C}== leeel 
6226 

@[} 

LJ ff 6255 
92CS-37520 

g A 
§D 

6258 

~ Q 92C8-37518 

~ 6261 

. MAX. 

=::C:J----
92CS- 37521 

f f 
TERM 

2 

Outline 

P070MAXj1 
0.55 MAX1 --.l 
~L~ 

1---0.90 MINJ 0.200 

[0[[ ~ 
0.39S------; 

--0·640---
. '1 
~O.lr 

92CSw37510 

lOll ~ 
j -I 1=0.112 

0.300 -

~ 
92C$- 37509 

[Oil r= 
rO.58OJ 
~·rm O'r -- 0.230 

--p::: 
0·240 

92C5-37508 
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_______________________________ Package Information 

Lead Forms for RCA Plastic Power Packages 
TO-220 
VERSAWATT (Cont'd) 

Lead Form 
No. 

6263 

Outline Lead Form 
No. 

6265 

Outline 

0. 187l r--.i.. 
~o.leo 

~0.337C-

6264 

TO-202 
VERSATAB 

Lead Form 
No. 

Type 1 

Type 3 

Type 11 

0.IB7·l !-- _.~ 

~.0.125 
~-l 

0.33T!-- --i 

92C5-371505 

92C5- 37507 

+ 0·030 r o. e60-=-~02~g~ 

92C5- 37506 

TERM • ~I I ;0125 OIA I I--- O~,%O I 
031~ ~ C~===~!;::::=:J~--:;OO 
L II 0100~ 

! -r 

Outline 

~ 
0110 

- c· 0.090 

b,0340 REF 
0300 
0100 L c'OOBO 

T T 
~ 

• --l I--

PLASTIC j TERM !(I 
Top View 

Lead Form 
No. 

Type 12 

Type 32 

Outline 

l' b 

~ . 
0060 

.'0:030' 
b- 0 520 REF 

~' lb 
~ • 

0060 
0. 0030 

b' 0520 REF 
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Application Notes ________________________________ _ 

Application Note Abstracts 

Power Transistors 

AN-4509 •..•.......•••••.•. , ...•••.• 8 pages 
Compact 5-Volt Power Supplies Using High­
Voltage Power Transistors 

The use of low-<:ost, industrial-type, high voltage 
power transistors and fast-recovery rectif.ers to 
achieve size and weight reductions and efficiency 
imprQvernents in 5-volt dc 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 6O-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 Braakdown In 
Power Transistors 

The design of a non-destructive 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 ClIn he used to test 
devices with collector-<:urrent ratings up to 2.5 
amperes and sustaining collector-t.,..,mitter voltage 
[V CEo(sus)] ratings up to 300 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 thermal fatigue in silicon power 
transistors are analyzed, and a rating chart that 
makes it 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 determine the transistor operating conditions 
required to assure a desired thermakycling cap­
ability and to determine whether the thermal-<:ycling 
capability is adequate for the requirements of a given 
application. 

AN-6145 ............................ 8 pages 
A Test Set for Nondestructive Safe-Area 
Measurements Under High-Voltage, High­
Current CondlDons 

The determination of the safe-operating area of 
power transistors at high volt/ ampere products 
under pulsed 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 
Quantitative Measurement of Thermal-Cycllng 
Capability of Silicon Power 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 included along with 
actual test conditions for various power transistor 
types. Acoeleration 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 ........... ' ................ 6pages 
Real-Tlme'Controls oUi,llIccm PowarJJ'ranslstor 
RtU8blllty 

This Note compares the traditional, classical 
approach to the reliability ... ss\WInce testing of power 
transisto,;, with a newer classifio/ltion of testing: Real­
Time Control, R TC. The classical app<oach is com­
moldy referred to as Group B, and invoives a series of 
mechanical, environmental, and life stress tests. R TC 
involves a continuo~ systematic evaluation and 
control in "reat fime" of basic, potential failure 
mecnaQ,isms. It is an important supplement to a total 
program of reliability assurance. 

AN-628 I ............................ 6 pages 
Accurate Measurement of Sustaining Voltage of 
Power Transistors - A Puleed-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 
Power 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 descrihes a safe ... rea rating 
system for transistors and relates this system to self­
excited single-transformer, self..,xcited double trans­
former. and driven inver;ters eperating into resistive, 
capacitive, and inductive loads under both steady­
state and starting conditions. 

AN-6423 ............................ 8 pages 
Thirty-WaH (RMS) True Complementary -
Symmetry Audio Amplifier Using BDX33 and 
BDX34 Darlington Transistors 

Monolithic-silicon Darlington transistors de­
signed for low- and mediur!l-frequency power applica­
tions are especially suitable for audio-output 
applications. This Note describes the design and 
performance of an audio amplifier that incorporates 
such devices. 

AN-6425 ............................ 8 pages 
Automatic Analyzer for Determining Safe 
Operating Area of Power Transistors 

The safe operating area is one of the most 

important ratings of a powertransistor, yet only a f, 
methods exist to evaluate it. The method presented 
this Note allows description of the safe operating ao 
for both dc aqd pulse operation without subjectir 
the transistor to brea~own. BotnJl-p-n and p-n 
transistors in ~rmetic or plastic l)Jackages can I 
evaluated, all<1 the complete safe-area curve can I 
automatically described in a short time. 

AN-6605 ........................... 16 pal 
Application of RCA Power Davlce8 In Off.Un 
High-Frequency Inverter/Converter Circuits 

The current trend in power inverter, conven 
design is to use high-frequency switching techniqu 
and direct operation off the available utility lines (i.. 
110 or 220 volts). The use of higher operating fr 
q~ncies reduce the magnetic materials required ar 
the size of the mter capacitors. This Note discus", 
the use of RCA power transistors and SCR's i 
selected high-frequency inverter/ converter application 

AN-6624 ........................... 16 palll 
Voltage Limitations of Power Tranllstors 

This Note summarizes the primary factors thi 
determine the voltage limitations of power transistor 
used in common..,mitter circuits with typical base-to 
emitter circuit terminations. The material present .. 
defines terms and the various operating regions ofth. 
transistor as shown in typical volt-ampere charae 
teristics, develops the analytic relations defininl 
operation in each of the regions, and relates each ot 
the operating regions to the physical actions takilll 
plaoe within the transistor structure. 

AN-6679 ........................... 32 page. 
Theoretical Relationships In Capacitive­
Discharge Ignition Systems 

There has been both confusion and exaggeration 
conoeming the electrical performance of capacitive· 
discharge, or CD, ignition systems. The theoretical 
relationships developed in this Note allow the analy· 
sis of the fundamentals of this type of ignition system 
and an evaluation of the maximum performance 
levels attainable. Three types of systems, the diode­
clamped system, the free-ringing system (no diode 
clamp) and the free-ringing single-<:ycle system are 
analyzed and compared. 

AN-6688 ........................... 20 pages 
A Practical Approach to an Audlo-Ampflfler 
Design 

This Note discusses general considerations, design 
requirements, and performanoe for a 2O-watt, hi-Ii 
amplifier. 

AN-6741 ............................ 8 pages 
RCA 15-Ampere SwlIchMax Power Transistors 
In a 34D-Watl 20kHz Flyback Converter 

This Note describes the use of the RCA 2N6676, a 
15 ... mpere SwitchMax power transistor, as a driven 
pulse-width-modulated fiy-back-<:enverter stage, the 
final power-output stage, in a 2O-kHZ off-line power 
converter that provides 340 watts of output power. 
Adjunct circuitry, such as the driver stage, reverse­
bias amplifier, and overvoltage and overcurrent 
protection circuits, are also discussed. 
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-6743 •••..••...•...••••......... 16 pages 
-Wall, Off-the-Line, Half-Bridge Converter 
ng Only Two 15-Ampere 'SW/lchMax' High­
lage Power Translatonl 
'0 examine and demonstrate the capabilities of 
A's new series of 'SwitchMax' power transistors 
, typical switching application, a 900-watt half­
Jge converter was constructed and studied. The 

euit switches at a 2O-kilohertz rate and with 
nimal alterations can operate from either 120 or 
il volts. It was built using conventional circuitry but 
• non-<:ompact modular format so that it would be 
~i1y accessible for instrumentation connections and 
'mponent or design alteration. The power switches 
,ed are the RCA-2N6678 'Switch Max' Is.ampere 
CE(sat~ 450-volt (V cmu high ... peed transistors. 

N-6744 ............................ 6 pages 
I)W-Cost High-Power Audio Ampllfters Using 
Ie RCA 8638 and RCA 9116 Transistor Families ' 
This Note discusses the basic considerations and 

:quirements for design of the output stage for class 
,8 audio amplifiers using devices selected from the 
lCA 8638 and RCA9116 families, depending on the 
utput desired. Operation with load impedances 
,ther than eight ohms is also discussed for the various 
lower categories. 

\N-6760 ........................... 12 pages 
~ 230-WaH, 4O-kHz, Off-Line Forward Converter 
Jslng One SwltchMax Transistor 

The increased availability of reliable high-<:urrent, 
high-voltage, fast switches, such as RCA's Switch­
Max series devices, and the development offunctlon-
81 pulse-widtb-modulating integrated circuits have 
greatly reduced the cost of the off-line m"'!ium­
power, high-frequency forwanl converters used ID the 
production of precisely conditioned low-voltage 
power. This Note describes the possibilities of the 
forwanl-<:onverter circuit and demonstrates the per­
formance of the RCA 2N6673 Switch Max transistor 
in a 230-watt 15-volt 15 ... mpere off-line converter 
operating at 40 kHz from a l20-volt 6O-<:ycle line. 

AN-6800 ....... ' ..................... 6 pages 
A Test Set for Measuring hfe and IT as a 
Function of Collector Current 

This Application Note describes a technique and 
test circuit, the Swept-Ic Test Set, that measures the 
11£ characteristic of a power transistor at a fixed test 
r';quency while the collector current, IC, is "swept," 
or varied, repetitively, at a linear rate, from zero to a 
predetermined maximum. 

AN-6819 •.••..••••.••••••••••••.•••• 8 pages 
The SwltchMax Transistor 

The Switch Max transistor families, designed for 
high-frequency off-line switching power sup~lies, con­
verters, switching regulators and pulse-widthmod­
u1ated amplifiers, are rated for 5, 10, 15., and 25-
ampere operating currents. They have high safe­
operating ...... (SOA) ratings in both the forwanl-b18s 
and inductivetum-off(clamped ES/b) modes. These 
capabilities are combined with V CEO ratings of up to 
500 volts, and V CEV ratings to 1000 volts. 

AN-682O ............................ 8 pages 
Typical Switching Speed Versus Temperatura 
Data for SwltchMax Translators Under Non­
JEDEC CondlUons 

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-6827 ............................ 4 pages 
4O-WaH Automotive Audio-Power Booster 

In recent years, there has been a growing dema.nd 
for higher power-output capability in auto~~t!ve 
tape and audio systems. One of the factors IltDItmg 
output capability is the 12-volt automotive ... ystem 
voltage. This Note describes the combination of a 
dc-to-dc regulated up-converter and a simple and 
economical output amplifier that will deliver 40 watts 
into a 4-ohm load. 

AN-6828 ............................ 4 pages 
In-5ocket, High-Temperature, Dynamic Testing 
of Power Tranalatonl 

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 
ofthe device under test. This "hot-socket" method, in 
which controlled amounts of power are supplied to 
the socket heaters, is adaptable to curve-tra= 
measurements where IR drops are critical at high 
current. Kelvin connections are used at the collector 
and emitter terminals, mandating a five-tenninal 
socket. 

AN-6857 ............................ 4 pages 
2D-Ampere Monolithic-Darlington Power Tran­
sistors In a Sine-Wave-inverter Output Stage 

This Note describes the use of the type 2N6284 
power transistor. a 2O-ampere. n-p-n, monolithic 
darlington, and its complement, the type 2N6287 
(p-n-p), as low-<:ost high-output-power single-end.ed 
power inverters. Either transistor can be used WIth 
equivalent performance results; the chOIce of type IS 

dependent only upon the polarity of the dc voltage 
supply available. 

An-6866 ••...••••••.................. 6 pages 
Practical Aspects of Voltage-Breakdown Test­
Ing of Power Transistors and Darllngtons 

In specifying voltage-breakdown requirements for 
power transistors and power darlingtons, a custom~r 
will choose a limit which he feels will protect his 
application. However, during the testing of the 
product to verify this limit, either the manufacturer or 
the customer may damage the device. This Note 
reviews the common methods of measurement of 
avalanche breakdown voltage. It points out why 
damage occurs to power transistors as a result of 
these measurements and suggests methods that may 
reduce the incidence of damage. The Note also points 
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out that avalanche breakdown testing is performed at 
voltages beyond the maximum ratings of the device 
and that such testing should only be undertaken after 
all necessary precautions have been taken, and with a 
complete understanding of the risks. 

AN-6896 ............................ 8 pages 
Safe Operating Area and the Design of Reliable 
Audio Power AmplHlers 

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 safeguanls 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-6904 ........................... 12 pages 
One-Hundred-Watt True-Complementary­
Symmetry Audio AmpI"ler 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-dissipation capability, low satura­
tion voltage, maximum safe-operating area, a gain­
bandwidth product (fT) higher than 4 MHz, 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 Conslderatlona forb RCA­
HC2000H Hybrid LInear Power Amplifier 

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 ... ink requirements. 

AN4782 ............................ 6 pages 
G_ral Application CoI1IIderationa forb 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. ]t 
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~ircuit-board connections or com­
mercially availableO.II(}-inch quick-disconnect push­
on terminals. This Note briefly describes the HC2000H 
and discusses some general application considera­
tions for this amplifier. 
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Application Note Abstracts 

Thyristors (SCR's and Trlacs) 

AN-3697 ............................ 8 pages 
Triac Power-Control Applications 

This Note describes triac operating characteristics 
and provides guidance in the use of triacs in specific 
applications: incandescent lamp controls, light­
activated controls, motor controls, heat controls, and 
a proportional integral-cycle control. 

AN4242 ........................... 16 pages 
A Review of Thyristor Characteristics and 
AppIlcstIons 

This Note describes the operation, ratings, charac­
teristics and typical applications of thyristors. The 
basic operation of a thyristor is explained by use of a 
two-transistor analogy. The significance of voltage 
and temperature ratings is pointed out. Thyristor 
gate characteristics, switching behavior, and trigger­
ing techniques are described. Use of thyristors in 
typical power-control applications is discussed. 

AN4745 ••••••••••••••.•..•.••.••••• 6 pages 
AneIysIs and DeIIgn of Snubber Netwo/tIs for 
dv/dl 8uppnIIsIon In ThyrIsIor Circuits 

When a triac is used to control an inductive load, 
voltages with high rates of change (dv/dt) can be 
generated that can cause a non-gated turn-on of the 
triac. The result is a loss of control of power to the 
load. 11Ie simplest method of suppressing this dv / dt 
stress is to place a series RC network across the main 
terminals of the triac. The design of this network, 
commonly called a snubber network, must take into 
account the peak voltage that can be allowed in the 
circuit and the maximum dv / dtstress that the device 
can withstand. This Note analyzes the RC network 
design and contains graphs that allow a designer to 
select a snubber to fit a given application. 

AN~ ............................ 6pages 
Triac '"-Controls for ThIW-Pha118 Syetema 

The growing demand for solid ... tate switching of 
ac power in heating controls and other industrial 
applications has resulted in the increasing use of triac 
circuits in the control of three-phase power. This 
Note explains a basic approach to the design of triac 
control circuits for use in the switching of three-phase 
power. The basic design rules employed in this 
approach are outlined, an integrated-circuit 'zero­
voltage switch specifically intended for use in triac 
triggering is briefly described, and the necessity for, 
and! methods of isolation of, the dc logic circuitry in 
power controls for three-phase systems are pointed 
oul. Recommended configurations are then shown 
for power-control circuits intended for use with both 
inductive and resistive balanced three-phase loads, 
and the specific design requirements for each type of 
loading condition are discussed. 

AN.{j()9(j ••.•.••••••.••••.••••••••••.. 8 pages 
SoIId-SIateApproscl1a to CooIdng-Range Colt­
troI 

As a result of decreasing semiconductor costs, 
advanced .ystem-cost analysis by appliance manufac­
turers, and increased consumer consciousness, var­
ious solid ... tate range-control designs can be applied 
in today's appliance market. This Note presents var­
ious solid ... tate design approaches available to the 
range-control designer. 

AN-6141 ............................ 6 pages 
'"-Switching Using Sollcl-Stsle Relays 

Solid ... tate relays make use of a semiconductor 
device for control ofac ordc power. Since, in mostac 
applications, the semiconductor element chosen for 
power control is the triac, this Note describes the triac 
as a power ... witching element. Advantages and disad­
vantages of the active element over the electro­
mechanical relay are discussed in general terms. Basic 
parameters, .uchas .urge in-rush capability, transient­
voltage ratings, .uppression network, tum-off consid­
eration and the different modes of triac gating are 
also discussed. AC power control is covered by var­
ious circuit design. for ON/OFF control, zero­
voltage switching, and line-voltage isolation. 

ICAN-6182 ......................... 28 pages 
Featu .... and Applications of RCA Integl'lllld­
Circuit Zero - Voltage Switch .. (CA3058, 
CA3059 and CA3079) 

RCA-CAJ058, CAJ059 and CA3079 zero-voltage 
switches are monolithic integrated circuits designed 
primarily for use as trigger circuits for thyristors inac 
power-control and poweNwitching applications. 

These integrated-circuit switches operate from ac 
input voltages of 24, 120, 208 to 230, or 277 volts at 
SO, 60, or 400 Hz. Zero-voltage .witches trigger the 
thyri.tors at zero-voltage point. in the .upply-voltage 
cycle. Consequently, transient load-current .urges 
and radio-frequency interference are substantially 
reduced. Zero-voltage .witches also reduce the rate of 
change of on ... tate current (di/ dt) in the thyristor 
being triggered and can be adapted for use ina variety 
of control functions by use of an internal differential 
comparator to detect the difference between two 
externally developed voltages. 

AN-6286 ............................ 8 pages 
Latching, Gate-Trigger Circuits Using 
Thyristors for Machine Control Applications 

This Note describes a variety of approaches to the 
development of a solid-state, latching gate drive for 
the control of ac loads; the solid ... tate device used is 
the thyri.tor. The solid ... tate circuit. described have 
fewer undesirable characteristics than electro-mech­
anical devices and are smaller and lighter. 

AN-6288 ............................ 2pages 
Thyristors In Capacitive Discharge (CD) 
Ignition Systams 

1'his Note describe. the requirements of small­
eogine ignition systems (those deriving electrical 
energy from a flywheel alternator system), auto­
motive or battery-powered .ystems, and the ac line­
operated igniters. The merits of both capacitive and 
inductive systems are compared. Both .ystems are 
described in terms of performance and limitations. 
Practical circuits are .hown. 

AN-6438 ........................... 24page. 
Surge Capability of SCR'., Trlacs, end Rectlftenl 

This Note provides the designer with an easy way 
to derive, from the published sinusoidal capability of 
any semiconductor, it. triangular .urge capability for 
stress durations between 0.5 and 20 millisecond., and 
thereby helps him select the most .uitable fuse to 
protect the semiconductor of interest. 

AN-6452 ........................... 16, 
A New Practical FIIIIe-Thyristor Coordlnl 
Mathod 

This Note describe. the possibilities of protecl 
semiconductor by fusing-when and how a fll9 
be used and how much protection is afforded. ( 
for which fuse protection is not possible, or for" 
only partial protection is feasible are also discu 
Fuse selection methods are described. 

AN-6687 •••.•••••••••••••••••••••••• 6 P 
Latching Voltage and Current In Thyrlatorw 

Triacs are normally used for the .witching ci 
load current in on-off applications and for pi 
control of power to a load. Their design pen 
gating signal. of positive or negative polarity \ 
re.pect to main terminal one to initiate tum-or 
load currents of either polarity. However, the i 
triggering sensitivity and tum-on requirement> 
each of the four modes are normally not equal, I 
there may be preferred modes of operation 

The purpose of this Note i. to describe the sens;' 
ity levels of each mode relative to tum on, and 
relate preferred modes of operation of RCA triac, 
circuit applications. 

AN-6689 ........................... 12 pal 
Clrcult-Commutated Turn-Off Time 
Thyristors 

Thyristor tum-off is one of the most difficult sen 
conductor parameters to determine because of 
strong dependency on many variables, .uch a. jun 
tion temperature, gate bias, and anode-voltage a, 
anode-current waveforms. Because of this .tro, 
dependency, it make. no sense to .pecify the tum.., 
time of a thyristor without specifying precisely II 
conditions under which that time was determine< 
But it i. impo.sible to choose a set of conditions Ihi 
will match the intere.ts of all present or potenl. 
purchasers of the device. Therefore, the need for 
new concept for measuring the circuit commutalc< 
tum-off time of thyristors. 

The turn-off-time measurement method descri"'" 
in this Note is very different from the conventional 
complex tum-off-time specifrcation mentioned above 
it is a very basic method intended to measure Ih, 
turn-off time as a simple parameter under condition, 
that are not critical for measurement precision all( 
that can he easily reproduced by any thyristor user 
Data are provided to assUre correct interpretation 0 

the new measurement, inherentturn-off-time, T Qi 

AN-6936 ••••••••••.•••••••••.••.•••• 8 page. 
Triac Gate Characteristics and Orin 
Considerations 

This Note provides information concerning mon 
reliable pulsed triggering of RCA triacs. It describe! 
triac gate triggering and employs equivalent circuit: 
to illustrate the gate trigger process. Gate character 
istics of the triac are discussed and the criticalturn-or 
period is defined. Data i. presented showing the timl 
dependence of gate drive, the relation.hip betwee, 
gate sensitivity and main-terminal voltage, and th, 
dependence of latching current on gate drive current 
Finally, recommendation. are given for safe, reliabl' 
pulse firing. 
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Operating Considerations for 
RCA Solid-State Devices 

This Note summarizes important operating recommend­
ations and precautions which should be followed in the 
interest of maintaining the high standards of performance 
of solid-state devices. 
The ratings included in RCA Solid-State Devices data 
bulletins are based on the Absolute-Maximum Rating 
System, which isdefined by the following Industry Standard 
(JEDEC) statement: 

Absolute-Maximum Ratings are limiting values of 
operating and environmental conditions applicable 
to any electron device of a specified type as 
defined by its published data, and should not be 
exceeded under the worst probable conditions. 

The device manufacturer chooses these values to provide 
acceptable serviceability of the device, taking no responsi­
bility for equipment variations, environmental variations, 
and the effects of changes in operating conditions due to 
variations in device characteristics. 

The equipment manufacturer should design so that initially 
and throughout life no absolute-maximum value for the 
intended service is exceeded with any device under the 
worst probable operating conditions with respect to supply 
voltage variation, equipment component variation, equip­
ment control adjustment, load variation, signal variation, 
environmental conditions, and variations in device charac­
teristics. 

It is recommended that equipment manufacturers consult 
RCA whenever device applications involve unusual elec­
trical, mechanical or environmental operating conditions. 

GENERAL CONSIDERATIONS 

The design flexibility provided by these devices makes 
possible their use in a broad range of applications and 
under many different operating conditions. When incor­
porating these devices in equipment, therefore, designers 
should anticipate the rare possibility of device failure and 
make certain that no safety hazard would result from such 
an occurrence. 

The small size of most solid-state products provides obvious 
advantages to the designers of electronic equipment. 
However, it should be recognized that these compact 
devices usually provide only relatively small insulation area 
between adjacent leads and the device package. When 
these devices are used in moist or contaminated atmos­
pheres, therefore, supplemental protection must be provided 
to prevent the development of electrical conductive paths 
across the relatively small insulating surfaces. For specific 
information on voltage creepage, the user should consult 
references such as the JEDEC Standard NO.7 "Suggested 
Standard on Thyristors," and JEDEC Standard RS282 
"Standards for Silicon Rectifier Diodes and Stacks". 
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The metal shells of some solid-state devices operate at the 
collector voltage and for some rectifiers and thyristors at 
the anode voltage. Similarly, the TO-5-style package often 
used for integrated circuits usually has the substrate or 
most negative supply voltage connected to the case. 
Therefore, consideration should be given to the possibility 
of shock hazard if the shells are to operate at voltages 
appreciably above or below ground potential. In general, in 
any application in which devices are operated at voltages 
which may be dangerous to personnel, suitable precau­
tionary measures should be taken to prevent direct contact 
with these devices. 

Devices should not be c!;mnected into or disconnected from 
circuits with the power on because high transient voltages 
may cause permanent damage to the devices. 

TESTING PRECAUTIONS 
In common with many electronic components, solid-state 
devices should be operated and tested in circuits which 
have reasonable values of current limiting resistance, or 
other forms of effective current overload protection. Failure 
to observe these precautions can cause excessive internal 
heating of the device and result in destruction and/or pos­
sible shattering of the enclosure. 

TRANSISTORS AND THYRISTORS 
WITH MOUNTING FLANGES 

The mounting flanges of JEDEC-type packages such as the 
TO-3 or TO-66 often serve as the collector or anode 
terminal. In such cases, for the electrical connection, but 
more importantly for conduction of the heat generated, it is 
essential that the mounting flange be securely fastened to 
the heat sink, which' may be the equipment chassis. 
Soldering is the preferred method for mounting. The 
package may be soldered to the heat sink by use of lead-tin 
solder, however a solder with a lower melting pOint than the 
95/5 lead/tin solder used for assembly should be used. The 
soldering process should be carefully controlled to prevent 
permanent damage to the device. Devices which cannot be 
soldered can be installed in commercially available sockets. 
Electrical connections may also be made by soldering 
directly to the terminal pins. Such connections may be 
soldered to the pins close to the pin seals provided care is 
taken to conduct excessive heat away from the seals; 
otherwise the heat of the soldering operation could crack 
the pin seals and damage the device. 

During operation, the mounting-flange temperature is 
higher than the ambient temperature by an amount which 
depends on the heat sink used. The heat sink must have 
sufficient thermal capacity to assure that the heat dissipated 
in the heat sink itself does not raise the device mounting­
flange temperature above the rated value. The heat sink or 
chassis may be connected to either the positive or negative 
supply. 
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In many applications the chassis is connected to the 
voltage-supply terminal. If the recommended mounting 
hardware shown in the data bulletin for the specific solid­
state device is not available, it is necessary to use either an 
anodized aluminum insulator having high thermal conduc­
tivity or a mica insulator between the mounting-flange and 
the chassis. If an insulating aluminum washer is required, it 
should be drilled or punched to provide the two mounting 
holes for the terminal pins. The burrs should then be 
removed from the washer and the washer anodized. To 
insure that the anodized insulating layer is not destroyed 
during mounting, it is necessary to remove the burrs from 
the holes in the chassis. 

It is also important that an insulating bushing, such as 
glass-filled nylon, be used between each mounting bolt and 
the chassisto prevent a short circuit. However, the insulating 
bushing should not exhibit shrinkage or softening under 
the operating temperatures encountered. Otherwise the 
thermal resistance at the interface between device and heat 
sink may increase as a result of decreasing pressure. 

PLASTIC POWER TRANSISTORS 
AND THYRISTORS 

RCA power transistors and thyristors (SCRs and triacs) in 
molded-epoxy-plastic packages are available in a wide 
range of power-dissipation ratings and a variety of package 
configurations. The following paragraphs provide guidelines 
for handling and mounting of these plastic-package devices, 
recommend forming of leads to meet specific mounting 
requirements, and describe various mounting arrangements, 
thermal considerations, and cleaning methods. This in­
formation is intended to augment the data on electrical 
characteristics, safe operating area, and performance 
capabilities in the technical bulletin for each type of plastic­
package transistor or thyristor. 

Lead-Forming Techniques 

The leads of the RCAVERSAWATTand VERSATAB in-line 
plastic packages can be formed to a custom shape, provided 
they are not indiscriminately twisted or bent. Although 
these leads can be formed, they are not flexible in the 
general sense, nor are they sufficiently rigid for unrestrained 
wire wrapping. 

Before an attempt is made to form the leads of an in-line 
package to meet the requirements of a specific application, 
the desired lead configuration should be determined, and a 
lead-bending fixture should be designed and constructed. 
When the use of a properly designed fixture is not practical, 
a pair of long-nosed pliers may be used. The pliers should 
hold the lead firmly between the bending point and the 
case, but should not touch the case. 

When the leads of an in-line plastic package are to be 
formed, whether by use of long-nosed pliers or a special 
bending fixture, the following precautions must be ob­
served to avoid internal damage to the device: 
1. Restrain the lead between the bending point and the 

plastic case to prevent relative movement between the 
lead and the case. 

2. When the bend is made in the plane of the lead 
(spreading), bend only the narrow part of the lead. 

3. When the bend is made in the plane perpendicular to that 
of the leads, make the bend at least 'AI inch from the 
plastic case. 

4. Do not use a lead-bend radius of less than 1/16 inch. 
5. Avoid repeated bending of leads. 

The leads of the TO-220AB VERSAWATT and TO-202 
VERSATAB in-line packages are not designed to withstand 
excessive axial pull. Force in this direction greater than 4 

pounds may result in permanent damage to the device. If 
the mounting arrangement tends to impose axial stress on 
the leads, some method of strain relief should be devised. 

Wire wrapping of the leads is permissible, provided that the 
lead is restrained between the plastic case and the point of 
the wrapping. Soldering to the leads is also allowed. The 
maximum soldering temperature, however, must not exceed 
2350 C. The soldering instrument must be at least 1/8 inch 
from the device and must not be applied for more than 10 
seconds. When wires are used for connections, care should 
be exercised to assure that movement of the wire does not 
cause movement of the lead at the lead-to-plastic junctions. 

The leads of RCA molded-plastic packages are not designed 
to be reshaped. However, simple bending of the leads is 
permitted to change them from a standard vertical to a 
standard horizontal configuration, or conversely. Bending 
of the leads in this manner is restricted to three 9O-degree 
bends; repeated bendings should be avoided. 

Mounting 

TO-220. Recommended mounting arrangements and sug­
gested hardware forthe VERSAWATT package are given in 
the data bulletins for specific devices and in RCA Application 
Note AN-4124. When the package is fastened to a heat sink, 
a rectangular washer (RCA Part No. NR231A) is recom­
mended to minimize distortion of the mounting flange. 
Excessive distortion of the flange could cause damage to 
the package. The washer is particularly important when the 
size of the mounting hole exceeds 0.140 inch (6-32 
clearance). Larger holes are needed to accommodate 
insulating bushings; however, the holes should not be 
larger than necessary to provide hardware clearance and, in 
any case, should not exceed a diameter of 0.250 inch. 

Flange distortion is also possible if excessive torque is used 
during mounting. A maximum torque of 8 inch-pounds is 
specified. Care should be exercised to assure that the tool 
used to drive the mounting screw never comes in contact 
with the plastic body during the driving operation. Such 
contact can result in damage to the plastic body and 
internal device connections. An excellent method of 
avoiding this problem is to use a spacer or combination 
spacer-isolating bushing which raises the screw head or 
nut above the top surface of the plastic body. The material 
used for such a spacer or spacer-isolating bushing should, 
of course, be carefully selected to avoid "cold flow" and 
consequent reduction in mounting force. Suggested ma­
terials for these bushings are diallphthalate, fiberglass­
filled nylon, or fiberglass-filled polycarbonate. Unfilled 
nylon should be avoided. Damage to the device can also 
result from the use of a non-flat mounting surface. This 
surface should be flat within 0.002 inch from the mounting 
hole to either side of the TO-220 device. 

Modification of the flange can also result in flange distortion 
and should not be attempted. The package may be soldered 
to the heat sink by use of lead-tin solder, however this 
solder should have a lower melting point than the 95/5 
lead/tin solder used for assembly. The soldering process 
should be carefully controlled to prevent permanent damage 
to the device. 

The TO-220AA plastic package can be mounted in com­
mercially available T0-66 sockets, such as UID Electronics 
Corp. Socket No. PTD-4 or equivalent. For testing purposes, 
the TO-220AB in-line package can be mounted in a Jetron 
Socket No. DC74-104 or equivalent. Regardless of the 
mounting method, the following precautions should be 
taken: 
1. Use appropriate hardware. 
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2. Always fasten the package to the heat sink before the 
leads are soldered to fixed terminals. 

3. Never allow the mounting tool to come in contact with 
the plastic case. 

4. Never bceed a torque of 8 inch-pound!\. 
5. Avoid oversize mounting holes. 
6. Provide strain relief if there is any probability that axial 

stress will be applied to the leads. 
7. Use insulating bushings to prevent hot-creep problems. 

Such bushings should ,be made of dlallphthalate, fib~­
glass-filled nylon, or fiberglass-filled polycarbonate. 

TO-3. The high power-handling capability of the TO-3 
package requires the use of very large silicon die. Large die 
are susceptible to damage when the TO-3 package is 
fastened to a non-flat surface, or when unequal torque is 
applied during mounting. 

When mounting a TO-3 device, the followipg precautions 
must be observed to avoid internal damage to the device: 
1. The mounting surface should be flat within 0.007 inch. 
2. Both mounting screws should be tightened lightly to 2 

inch-pounds first, and then to no more than 12 inch­
pounds. 

3. The use of impact wrenches is not recommended. 
4. Care should be exercised with thermal greases to avoid 

an increase in viscosity and the formation of lumps as a 
result of excessive exposure to air prior to application. 
These conditions will place additional stress on the 
device during mounting. 

Thermal Considerations 

The maximum allowable power dissipation in a solid-state 
device is limited by the junction temperature. An important 
factor in assuring that the junction temperature remains 
below the specified maximum value is the ability of the 
associated thermal circuit to conduct heat away from the 
device. 

When a solid-state device is operated in free'air, without a 
heat sink, the steady-state thermal circuit is defined by the 
junction-to-free-airthermal resistance given in the published 
data for the device. Thermal considerations require that a 
free flow of air around the device is always present and that 
the power dissipation be maintained below the level which 
would cause the junction temperature to rise above the 
maximum rating. However, when the device Is mounted on 
a heat sink, care must betaken to assure that all portions of 
the thermal circuit are considered. 

To assure efficient heat transfer from case to heat sink when 
mounting RCA molded-plastic oSolid;Jltat.e power devices, 
the following special precautions should be observed: 
1. Mounting torque should be between 4 and 8 inch-pounds. 
2. The mounting holes should be kept as small as possible. 
3. Holes should be drilled or punched clean with no burrs 

or ridges, and chamfered to a maximum radius of 0.010 
inch. 

4. The mounting surface should be flat within 0.002 
inch/inch. 

5. Thermal grease (Dow Corning 340 orequlvalent) should 
always be used on both sides of the Insulating washer If 
one is employed. 
Note: Silicone-oil fluids that come into direct physical 
contact with silicone-molded transistors may react 
chemically with and cause damage to the packages. 
These silicone oils are commonly formulated into 
thermal-grease heat-transfer compounds. Selection of 
these greases is therefore critical and based on the bleed 
rate of the oil from the grease. For example, in mounting 
arrangements that employ an insulating washer, a 
thermal-grease heat-sink compound, such as Dow 
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Corning No. 340 or equivalent, for which the bleed rate 
does not exceed 0.5 per cent after 24 hours of 200· C is 
recommended for use on· ,both sides of the insulating 
washer. , 

6. Thin insliJ.tlng washers st>l)uld be ~.d. (Thickness of 
factorv-silpplled mica was~ernangeS\from 2 to 4 mils). 

7. A lock washer or torque washer, made of material having 
sufficient creep strength, should be used to prevent 
degradation of heat sink .fficiency during life. 

Cleaning After Mounllng 
A wide variety of chemicals and solvents is available for 
fluxing, degreasing, and flux removal. Care must be 
exercised in the selection of materials, such that from a 
reliability standpoint, there is no adverse effect on com­
ponent life. A major contributor, effecting device reliability, 
is the chemical reaction of chloride with the aluminum 
metallization of the die. EventuB/'y this etching process will 
result in electrical open circuits.' The mechanism is defined 
as Electrolytic Metal Attack (EMA) and is accelerated in a 
mOisture environment. Cleaning and fluxing compounds 
free of chloride will therefore maximize device life. Chloride 
is defined as the dissociated ion, which is soluble in water, 
as contrasted to the water insoluble organic chlorine of 
compounds such as perchloroethylene and trichloroethane. 
It is, of course, impractical to evaluate the long-term effect 
on semiconductor life of all chemicals which are marketed 
under a variety of brand names. 

The choice of fluxes for electronic applications should be 
restricted to rosin types, R, RMA and RA and water soluble 
organic acid, OA, formulations. Inorganic acid fluxes should 
not be used as they can attack the internal metallization of 
the semiconductor. As stated above, it is further recom­
mended, where applicable, that non-halide type fluxes be 
used for improved device reliability. Some examples of 
acceptable fluxes are: 

A. Rosin Types (RA) 
Alpha 711 
Alpha 809 foam flux 
Alpha 811 foam flux 
Alpha 815 foam flux 
Alpha TL33M halide free 

B. Water soluble organic acid (OA) types, halide free 
Blackstone 1452 
Kenco 183 
Alpha 260HF and 265HF 

Since circuit boards can fall Into several categories, such as 
single sided, double sided with plated-through holes and 
densely populated multilayer types, it must be stressed that 
the manufacturer's recommendation be considered when 
choosing the proper flux for the process being used. 

Flux cleaning and/ordegreasing is necessary to assure that 
the final soldered assembly is free of contaminating solis. 
The choice of the cleaning system is relative to the soil 
being removed. Water-based cleaners are generally used to 
remove polar soils, such as rosin activators, organic acid 
residues, and finger salts. Solvent cleaners are chosen for 
removal of organic (non-polar) contaminants, which include 
rosins, oils, and greases. Cleaning methods can Incorporate 
immersion (with or without ultrasonics), brushing, and 
spraying. The choice of cleaner should be based on affinity 
for the contaminant, ability to thoroughly wet the parts, and 
compatibility with components. It should also be safe to use. 
use. 

Solvent cleaners are generally divided into two classes: 
chlorinated and fluorinated. These can be used for cleaning 
rosin-activated (RA) fluxes. The chlorinated solvents are 
more aggressive and care must be taken to assure there Is 
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no damage to components or substrate. This type solvent 
should not be used with silicone-encapsulated transistors 
as the solvent will tend to dissolve the plastic. The use of 
chlorinated solvents must be closely monitored because of 
a breakdown to form acid components in the presence of 
moisture. The solvent should be checked regularly and 
discarded when acid levels exceed manufacturer's guide­
lines. Fluorinated solvents are normally blends of trifluoro­
trichloroethane with other solvents, such as: methanol, 
ethanol, isopropanol, acetone, methylene chloride, or 
chloroform. These solvents can be purchased under trade 
names as Freon TE, TE35, TP35, Frigen 113 TR-M, Haltron 
113 MOM, and Flugene 113 MA. Fluorinated systems are 
milder acting and are used in vapor degreasing systems at 
the boiling point of the solvent mixture. 

The solvents may be used for a maximum of 4 hours at 25· C 
or for a maximum of 1 hour at 50·C. 

Rosin fluxes can be removed by either solvent or aqueous 
cleaners. The water systems contain an additive that reacts 
with the rosin acids to convert the acids to a water-soluble 
biodegradable soap. Water-soluble organic-acid fluxes may 
require the use of a neutralizerto accelerate the solubility of 
the acid residues and neutralize any residues that may 
remain. Alcohols are acceptable solvents for rosin-based 
flux removal; but because of flammability concerns, the 
fluorinated alcohol blends are preferred. Examples of 
suitable alcohols are methanol, isopropanol, and special 
denatured ethyl alcohols, such as SDA1, SDA30, SDA34, 
and SDA44. 

If the completed assembly is to be encapsulated, the effect 
on the molded-plastic transistor must be studied from both 
a chemical and physical standpoint. 

RECTIFIERS AND THYRISTORS 

A surge-limiting impedance should always be used in series 
with silicon rectifiers and thyristors. The impedance value 
must be sufficient to limit the surge current to the value 
specified under the maximum ratings. This impedance may 
be provided by the power transformer winding, or by an 
external resistor or choke. 

A very efficient method for mounting thyristors utilizing the 
TO-205AF package is to provide intimate contact between 
the heat sink and at least one half of the base of the device 
opposite the leads. This package can be mounted to the 
heat sink mechanically with glue or an epoxy adhesive, or 
by soldering, the most efficient method. 

The use of a "self-jigging" arrangement and a solder 
preform is recommended. If each unit is soldered indivi­
dually, the heat source should be held on the heat sink and 
the solder on the unit. Heat should be applied only long 
enough to permit solder to flow freely. For more detailed 
thyristor mounting considerations, refer to Application 
Note AN-3822, "Thermal Considerations in Mounting of 
RCA Thyristors". 

MOS FIELD-EFFECT TRANSISTORS 

Smail-Signal and Power MOSFETs 

Insulated-Gate Metal-Oxide-Semiconductor Field-Effect 
Transistors (MOSFETs), like bipolar high-frequency transis­
tors, are susceptible to gate insulation damage by the elec­
trostatic discharge of energy through the devices. Electro­
static discharges can occur in a MOSFET if a type with an 
unprotected gate is picked up and the static charge on the 
handler's body allowed to discharge through the device. 
With proper handling and applications procedures, how­
ever, MOS transistors are currently being extensively used 
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in production by numerous equipment manufacturers in 
military, industrial, and consumer applications, with virtually 
no problems of damage due to electrostatic discharge. 

In some MOSFETs, diodes are electrically connected 
between each insulated gate and the transistor's source. 
These diodes offer protection against static discharge and 
in-circuit transients without the need for external shorting 
mechanisms. MOSFETs which do not include gate-pro­
tection diodes can be handled safely if the following basic 
precautions are taken: 
1. Prior to assembly into a circuit, all leads should be kept 

shorted together either by the use of metal shorting 
springs attached to the device by the vendor, or by the 
insertion into conductive material such as "ECCOSORBo 
LD26" or equivalent. 
(NOTE: Polystyrene insulating "SNOW" is not suffi­
ciently conductive and should not be used.) 

2. When devices are removed by hand from their carriers, 
the hand bei ng used should be g rou nded by any su itable 
means, for example, with a metallic wristband. 

3. Tips of soldering irons should be grounded. 
4. Devices should never be inserted into or removed from 

circuits with power on. 

Power MOSFETs 

In addition to the above basic precautions, the following 
precautions should be taken for safe handling of Power 
MOSFETs: 
1. Gate Voltage Rating - Never exceed the gate-voltage 

rating of ±20 V.* Exceeding the rated VGS can result in 
permanent damage to the oxide layer in the gate region. 

2. Gate Termination - The gates of these devices are 
essentially capacitors. Circuits that leave the gate open­
circuited orfloating should be avoided. These conditions 
can result in turn-on of the devices due to voltage build­
up on the input capacitor due to leakage currents or 
pickup. 

3. Gate Protection - These devices do not have an internal 
monolithic zener diodes connected from gate to source. 
If gate protection is required an external zener is 
recommended. 

INTEGRATED CIRCUITS 
Mounting 

Integrated circuits are normally supplied with tin-lead 
dipped leads to facilitate soldering into circuit boards. 

When integrated circuits are welded onto printed-circuit 
boards orequipment, the presence of moisture between the 
closely spaced terminals can result in.conductive paths that 
may impair device performance in high-impedance appli­
cations. It is therefore recommended that conformal 
coatings or potting be provided as an added measure of 
protection against moisture .,~:1etration. 

In any method of mounting integrated circuits which 
involves bending or forming of the device leads, it is 
extremely importantthat the lead be supported and clamped 
between the bend and the package seal, and that bending 
be done with care to avoid damage to lead plating. In no 
case should the radius of the bend be less than the diameter 
of the lead, or in the case of rectangular leads, such as those 
used in RCA 14-lead and 16-lead flat-packages, less than 
the lead thickness. When solder-dipped leads are formed, 
they must be ref lowed or redipped within 40 mils of the 
package body. It is also extremely important that the ends 
of the bent leads be straight to assure proper insertion 
through the holes in the printed-circuit board. 

"Trade Name: Emerson and Cumming, Inc. 
'±10 V for logic-level MOSFETs. 



CMOS INTEGRATED CIRCUITS 

Handling 

All CMOS gate inputs have a diode or resistor/diode gate 
protection network. All transmission gate inputs and all 
outputs have diode protection provided by inherent p-n 
junction diodes. These diode networks at input and output 
interfaces protect CMOS devices from gate-oxide failure in 
hand!ing environments where static discharge is not 
excessive. In low-temperature, low-humidity environments, 
improper handling may result in device damage. It is 
recommended that ionizers be used in the handling and 
assembly areas to minimize damage from electrostatic 
discharge (ESO). See ICAN-6525, "Handling and Operating 
ConSiderations for MOS Integrated Circuits", for proper 
handling procedures. 

Operating 

Unused Inputs 

All unused input leads must be connected to either the low 
rail (Vss, VEE, or GNO) or the high rail (Vee or Voo), 
whichever is appropriate for the logic circuit involved. A 
floating input on a high-current type such as the C04049 or 
C04050, operating at a supply voltage above 5 V, not only 
can result in faulty logic operation, but can cause the 
maximum-rated power dissipation to be exceeded and may 
result in damage to the device. Inputs to these types, which 
are mounted on printed-circuit boards that may temporarily 
become unterminated, should have a pull-up resistor to the 
high or low voltage supply rails. A useful range of values for 
such resistors is from 10kilohmsto 1 megohm. Pins that are 
I/O must have a terminating resistor. 

Input Signals 

Signals shall not be applied to the inputs while the device 
power supply is off unless the input current is limited to a 
steady-state value of less than the absolute-maximum 
rating. This value is either 10 mA or 20 mA depending on 
device family. Input currents of less than the maximum 
rating prevent device damage; however, proper operation 
may be impaired as a result of current flow through 
structural diode junctions. 

Output Short Circuits 

Shorting of outputs to the high or low supply rail can 
damage many of the higher-output-current CMOS types, 
such as the C04007, C04041, C04049, and C04050. In 
general, these types can all be safely shorted for supplies up 
to 5 volts, but will be damaged (depending on type) at 
higher power-supply voltages. Forthe QMOS HC/HCT/HCU 
types, outputs may be shorted to Vee (5 V ± 10%) for 1 
second maximum and only one output at a time. For cases 
in which a short-circuit load, such as the base of a p-n-p or 
an n-p-n bipolar transistor, is directly driven, the device 
output characteristics given in the published data should be 
consulted to determine the requirements for a safe operation 
below the device maximum-rated output power. 

For detailed CMOS IC operating and handling consider­
ations, refer to Application Note ICAN-6525 "Handling and 
Operating Considerations for MOS Integrated Circuits". 

CMOS Power-Supply Distribution and Decoupllng 

Power distribution should be a prime consideration in all 
CMOS designs. Although DC power dissipation is very low, 
dynamic power (due to switching transients) can be high. 
High-voltage and/or low-temperature operation increase 
dynamic current transients. 

Application Notes 

1CE-402 
A low-impedance power source and supply-to-ground 
capacitance bypass placed near each device will signi­
ficantly reduce noise generation on signal and power lines; 
system reliability is greatly changed. 

Decoupllng 

Higher speeds, faster edges and higher output-drive 
currents cause higher-frequency current transients to be 
imposed on ground and Vee rails of an IC. For LSI, HC, and 
HCT families, consideration of power-supply distribution 
and decoupling become important. Before decoupling can 
be utilized for noise reduction, there must first be a good 
power-supply distribution network. A good ground con­
nection system and capacitive decoupling must be em­
ployed. For details refer to Application Note ICAN-7329, 
"Power-Supply Distribution and Oecoupling for QMOS 
High-Speed-Logic ICs". 

LINEAR INTEGRATED CIRCUITS 

BIMOS, BIPOLAR AND CMOS 

In linear integrated circuits that employ diode-isolation 
techn iques, there are numerous parasitic devices associated 
with the primary circuit components. These devices may be 
activated or turned on by driving inputs and/or outputs 
beyond the supply-voltage range of the integrated circuit. 
For example, externally driving the collector terminal of a 
transistor array below the isolation or substrate potential 
will forward bias the parasitic isolation diode shown in Fig. 
1. Since the collector region and substrate form a com­
paratively large-area diode, high currents will be sustained, 
often at levels sufficiently high to melt the metallization to 
these devices. 

{I PARASITIC 
DIODE 

SUBSTRATE 
92CS-31447 

Fig. 1 - Sectional view of conventional "vertical" n-p-n transistor 
commonly used on Ie chip. Also shown is the equivalent 
circuit and associated parasitic diode. 

Operational amplifiers like the 741, and other similar 
structures, can be damaged by driving a positive-going 
signal into the input device with power off. The signal will 
forward bias the collector-to-base junction of the input 
transistor and, if the positive supply impedance is low 
enough, drive current back into the supply. Current above 
the maximum rating may result in damage to the amplifier. 

Supply transients are another possible source of damage. 
They can activate or trigger parasitic SCR devices which 
can cause an integrated circuit to draw extremely high 
current. If the supply impedance is sufficiently high, the 
SCR gate drive in the latched condition is removed by the 
limiting action of the supply. If the supply impedance is too 
low, the device will continue to demand high currents until 
the metallization of either the device or the printed-circuit 
board fuses open. 
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Application Notes 

1CE-402 

Although device manufacturers take precaullons to keep 
the numberofthes,e parasitic devices ata minimum, norm III 
device process variations occasionally make the formatldh 
of parasitic devices inevitable. It is essential, therefore, t~at 
the user take precautions to insure that an integrated circuit 
is never operated beyond its maximum ratings, even under 
momentary transient conditions. ' 

SOLID-STATE CHIPS 

Solid-state chips, unlike packaged devices, are non-her­
metic devices, normally fragile and small in physical size, 
and therefore, require special-handling considerations as 
follows: 
1. Chips must be stored under proper conditions to insure 

that they are not subjected to a moist and/or contam­
inated atmosphere that could alter thei!r electrical, 
physical, or mechanical characteristics. After the ship­
ping container is opened, the chip must be stored under 
the following conditions: 
A. Storage temperature, 40·C 

B. Relative humidity, SO% max. 
C. Clean, dust-free environment 

2. The user must exercise prOper care when handling chips 
to prevent even the sll'ghtest physical damage to the 
chip. 

3. MOS chips that are ESD-sensitive should be handledff1 
an environment where ionizers are employed. 

4. During mounting 'and lead bonding of chips, the user 
must use proper assembly techniques to obtain proper 
electrical, thermal, and mechanical performance. 

S. After the chip has been mounted and bonded, any 
necessary procedure must be followed by the user to 
insure that these non-hermetic chips are not subjected 
to moist or contaminated atmospheres which might cause 
the development of electrical conductive paths across 
the relatively small insulating surfaces. In addition, 
proper consideration must be given to the protection of 
these devices from other harmful environments which 
could conceivably adversely affect their proper perform­
ance. 
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RCA Sales Offices, Authorized Distributors and Manufacturers' Representatives 

Sales Offices 
UNITED STATES EUROPE 

Alabama Kansas RCA Belgium 
RCA RCA 17000' Dallas Parkway RCA,s.a. 
Park Plaza Suite 208 Suite 100 Mercure Centre 
303 Williams Avenue 8575 West 11 Oth Street Dallas, TX 75248-1921 Rue de la Fusee 100 
Suite 133 Overland Park, KS 66210-2620 Tel: (214) 733-0800 1130 Brussels 
Huntsville, AL 35801-6001 Tel: (913) 345-2224 TACNET: 8-639-1260 Tel: 02/720.89.80 
Tel: (205) 533-5200 TACNET: 8-422-6371 
TACNET: 8-721-1110 Virginia 

Arizona 
Massachusells RCA France 

RCA 
RCA 1901 N. Moore Street RCA,s.a. 

6900 E. Camelback Road 
Suite 101 Arlington, VA 22209-1766 2-4, Avenue de L'Europe 

Suite 460 
One Newton Exec. Park Tel: (703) 558-4161 78140 Velizy 

Scottsdale, AZ 85251-2441 
Newton, MA 02162-1435 TACNET: 8-232-4162 Tel: 33-1-39.46.56.56 
Tel: (617) 969-0141 

Tel: (602) 947-7235 TACNET: 8-341-1210 
California Germany 
RCA Michigan 

315G De La Cruz Blvd. RCA CANADA RCA GmbH 
Ridlerstrasse 35A 

Bid£!. D, Suite 206 30400 Telegraph Road 
8000 Munchen 2 

Santa Clara, CA95054-2486 Birmingham, M148010-3095 Ontario West Germany 
Tel: (408) 748-0933 Tel: (313) 644-1151 RCA Inc. Tel: 089/5026014 
TACNET: 8-528-1605 TACNET: 8-438-1281 411 Roosevelt Avenue 

RCA. Minnesota 
Suite 203A 
Ottawa, Ontario K2A 3X9 

Suitle 420 RCA Tel: (613) 728-0031 RCA GmbH 
482i' No. Sepulveda Blvd. 3600 West 80th Street Justus-von-Liebig-Ring 10 
Sherman Oaks, CA 91403-1993 Suite 515 2085 Quickborn 
Tel: (818) 783-3955 MinneapOlis, MN 55431-1070 West Germany 
TACNET: 8-522-4200 Tel: (612) 835-2004 Tel: 04106/613-0 

RC,cI, New Jersey ASIA PACIFIC 
177<11 Irvine Blvd., Suite 104 RCA 
Mag nolia Plaza Bldg. 485B Route 1, South Hong Kong RCA GmbH 
Tusltin, CA 92680-3235 Iselin, NJ 08830-3013 RCA International, Ltd. Zeppelinstrasse 35 
Tel: (714) 832-5302 Tel: (201) 750-9000 13th Floor, Fourseas Bldg. 7302 Ostfildern 4 
TAC::NET: 8-542-1120 TACNET: 8-325-6090 208-212 Nathan Road West Germany 

Colt:.rado 
Tsimshatsui, Kowloon Tel: 0711/454001 

RC,cI\ Corp. RCA Tel: 3-7236339 

676i' So. Spruce Street 700 E. Gate Drive 
Singapore Mt. Laurel, NJ 08054 Italy Englewood, CO 80112-1284 

Tel: (609) 338-5042 RCA I nternatlonal, Ltd. RCA SpA Tel: (303) 740-8441 
TACNET: 8-222-4473 24-15 International Plaza Viale Milanofiori L 1 

Florida 10 Anson Road 20089 Rozzano (MI) 
RCA New York Singapore 0207 Tel: (02) 8242006 
P.O. Box 12247 RCA Tel: 2224156 

Lake' Park, FL 33403-0247 160 Perinton Hill Office Park 
Taiwan Tel: (305) 626-6350 Fairport, NY 14450-3665 
RCASSD Spain 

TACNET: 8-722-1291 Tel: (716) 223-5240 Room 1103, No. 600 RCAS.A. 

Geo'l'gla North Carolina Ming Chuan East Road Monte Esquinza 28 

RCA. RCA Taipei 28010 Mad rid 4 

SuitH 304 2000 Regency Parkway Tel: (02) 7169310 Tel: 01/4421100 

2872' Woodcock Blvd. Suite 150 
AtlalQta, GA 30341-4002 Cary, NC 27511-8506 
Tel: (404) 452-2355 Tel: (919) 481-4221 Sweden 
TACINET: 8-727-2344 RCA International Ltd 

IIl1no,ls Ohio LATIN AMERICA P.O. Box 3047 

RCA RCA Hagalundsgatan 8 

One Pierce Place 3700 Corporate Drive Argentina 17103 Solna 3 

Suite. 325, West Tower Suite 101 Ramlro E. Podelll Reps. Tel: 08/834225 

Itasca, IL 60143-2681 Columbus, OH 43229-1739 Casilla de Correo 4622 

Tel: (312) 250-0070 Tel: (614) 899-9009 1000 Buenos Aires 

TACINET: 8-439-6160 TACNET: 8-448-1210 Tel: (01) 393-3919 U.K. 
RCA Ltd 

Indiana Texas Mexico Lincoln Way, Windmill Road 
RCA RCA RCA S.A. de C.V'/SSD Sunbury-on-Thames 
Mark I - Suite 660 Waterloo Executive Suites Avenida Cuitlahuac 2519 Middlesex TW16 7HW 
1161" N. Meridian Street 12710 Research Blvd., Suite 240 Apartado Postal 17-570 Tel: 0932785511 
Carmel, IN 46032-9487 Austin, TX 78759 Mexico City, D.F.11410 
Tel: (317) 267-6375 Tel: (512) 335-1602 Tel: (905) 396-8934 
TACIIIET: 8-422-6375 
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RCA Sales Offices, Authorized Distributors and Manufacturers' Representatives 

u.s. and Canada 
ALABAMA 

Hamilton Awnet Electronics 
4940 Research Drive 
Huntsville, AL 35805 
Tel: (205)837-7210 

ARIZONA 
Hamilton Awnet Electronics 
505 South Madison Drive 
Tempe, AZ 85281 
Tel: (602)231-5100 
Klerulfl Electronics, Inc. 
4134 East Wood Street 
Phoenix. AZ 85040 
Tel: (602)243-4101 
Schweber Electronics Corp. 
11049 N. 23rd Drive. Suite 1100 
Phoenix, AZ 85029 
Tel: (602)997-4874 
Sterling Electronics, Inc. 
3501 E. Broadway Road 
Phoenix, AZ 85040 
Tel: (602)288-2121 
Wyle Electronics Marketing Group 
17855 N. Black Canyon Highway 
Phoenix, AZ 85023 
Tel: (802)249-2232 

CALIFORNIA 
Arrow ElectroniCS, Inc. 
19748 Dearborn Street 
North Ridge Business Center 
Chatsworth, CA 91311 
Tel: (213)701-7500 
Arrow ElectroniCS, Inc. 
1502 Crocker Avenue 
Hayward, CA 94544 
Tel: (415)487-4800 
Arrow Electronlcs,lnc. 
9511 Ridge Haven Court 
San Diego, CA 92123 
Tel: (619)741-3411 
Arrow Electronlcs,lnc. 
521 Weddell Drive 
Sunnyvale, CA 94086 
Tel: (408)745-8800 
Arrow ElectroniCS, Inc. 
2961 Dow Avenue 
Tustin, CA 92680 
Tel: (714)838-5422 
Awnet Electronics 
20501 Plummer Street 
Chatsworth, CA 91311 
Tel: (818)700-2600 
Awnet Electronics 
350 McCormick Avenue 
Costa Mesa, CA 92626 
Tel: (714)754-8051 
Hamilton Awnet Electronics 
1361-B W. 190th Street 
Gardena, CA 90248 
Tel: (213)815-3900 
Hamilton Awnet Electronics 
3002 E.G. Street 
Ontario, CA 91764 
Tel: (714)989-4602 
Hamilton Awnet Electronics 
4103 Northgate 'Boulevard 
Sacramento, CA 95834 
Tel: (918)920-3150 

RCA Authorized Distributors 
Hamilton Awnet Electronics 
4545 Viewridge Avenue 
San Diego, CA 92123 
Tel: (714)571-7510 
Hamilton Awnet Electronics 
1175 Bordeaux Drive 
Sunnyvale, CA 94086 
Tel: (408)743-3300 
Hamilton Electro Sales 
9650 Desoto Avenue 
Chatsworth. CA 91311 
Tel: (818)700-1222 
Hamilton Electro Sales 
3170 Pullman Street 
Costa Mesa, CA 92626 
Tel: (714)841-4107 
Hamilton Electro Sales 
10912 W. Washington Boulevard 
Culver City, CA 90230 
Tel: (213)558-2121 
Klerulfl Electronics, Inc. 
10824 Hope Street 
Cypress, CA 90630 
Tel: (714)220-6300 
Klerulfl Electronics, Inc. 
5650 Jillson Street 
Los Angeles, CA 90040 
Tel: (213)725-0325 
Klerulfl Electronics, Inc. 
8797 Balboa Avenue 
San Diego, CA 92123 
Tel: (714)278-2112 
Klerullf ElectroniCS, Inc. 
1180 Murphy Avenue 
San Jose. CA 95131 
Tel: (408)971-2800 
Klerul" Electronics, Inc. 
14101 Franklin Avenue 
Tustin, CA 92680 
Tel: (714)731-5711 
Schweber Electronics Corp. 
21139 Victory Boulevard 
Canoga Park, CA 91303 
Tel: (818)999-4702 
Schweber Electronics Corp. 
17822 Gillette Avenue 
Irvine, CA 92714 
Tel: (714)883-0200 
Schweber Electronics Corp. 
6730 Nancyridge Drive 
San Diego, CA 92121 
Tel: (819)450-0454 
Schweber Electronics Corp. 
90 East Tasman Drive 
San Jose, CA 95134 
Tel: (408)948-7171 
Wyle Electronics Marketing Group 
26677 Agoura Road 
Calabasas, CA 91302 
Tel: (818)880-9001 
Wyle Electronics Marketing Group 
124 Maryland Avenue 
EI Segundo, CA 90245 
Tel: (213)322-8100 
Wyle Electronics Marketing Group 
17872 Cowan Avenue 
Irvine, CA 92714 
Tel: (714)883-9953 
ytyle Electronics Marketing Group 
1151 Sun Center Drive 
Rancho Cordova, CA 95670 
Tel: (918)838-5282 

Wyle Electronl,cs Marketing Group 
9525 Chesapea ke Drive 
San Diego, CA 92123 
Tel: (714)585-9171 
Wyle Electronics Marketing Group 
3000 Bowers Avenue 
Santa Clara, CA 95052 
Tel: (408)727-2500 

COLORADO 
Arrow Electronics Inc. 
1390 So. Potomac Street 
Suite 136 
Aurora, CO 80012 
Tel: (303)896-1111 
Hamilton Awnet Electronics 
8765 E. 0 rchard Road 
Suite 708, EnglewClod, CO 80111 
Tel: (303)740-1000 
Klerullf Electronlcl', Inc. 
7080 So. Tucson Way 
Englewood, CO 80'112 
Tel: (303)790-4444 
Sch_ber ElectroniCS Corp. 
8955 E. Nichols Avenue 
Englewood, CO 80112 
Tel: (303)799-0258 
Wyle Electronics Marketing Group 
451 East 124th Avenue 
Thornton, CO 80241 
Tel: (303)457-9953 

CONNECTICUT 
Arrow ElectroniCS, Inc. 
12 Beaumont Road 
Wallingford. CT 06492 
Tel: (203)265-7741 
Hamilton Awnet Electr'onlcs 
Commerce Drive 
Commerce I ndustrial Park 
Danbury, CT 06810 
Tel: (203)797-2800 
Klerullf ElectroniCS, Inoe. 
10 Capital Drive 
Wallingford, CT 06492 
Tel: (203)265-1115 
Mllgray Electronics, Inc. 
378 Boston Post Road 
Orange, CT 06477 
Tel: (203)795-0711 
Schweber Electronics Corp. 
Finance Drive 
Commerce Industrial Park 
Danbury, CT 06810 
Tel: (203)748-7080 

FLORIDA 
Arrow ElectroniCS, Inc. 
350 Fairway Drive 
Deerfield, FL 33441 
Tel: (305)429-8200 
Arrow Electronics, Inc. 
1530 Bottlebush Drive 
Palm Bay, FL 32905 
Tel: (305)725-1480 
'Chlp Supply 
7725 No. Orange Blossom Trail 
Orlando, FL 32810 
Tel: (305)298-7100 

'Chip distributor only. 
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RCA Sales Offices, Authorized Distributors and Manufacturers' Representatives 

RCA Authorized Distributors 
u.s. and Canada (Cont'd) 
FLORIDA 

Hamilion Awnet Electronics 
6801 NW 15th Way 
Flo Lauderdale, FL 33309 
Tel: (305)971-2900 
Hamilton Awnet Electronics 
3197 Tech Drive, No. 
St. Petersburg, FL 33702 
Tal: (813)576-3930 
Hamilton Awnet Electronics 
6947 University Boulevard 
Winter Park, FL 32792 
Tel: (305)628-3888 
Klerulfl Electronics, Inc. 
5410 N,W. 33rd Avenue 
Flo Lauderdale, FL 33309-6316 
Tel: (305)486-4004 
Klerulff Electronics, Inc. 
3247 Tech [)rlve 
SI. Petersburg, FL 33702 
Tel: (813)5'76-1966 
Mllgray Electronics, Inc. 
1850 Lee World Center 
Suite 104 
Winter Park, FL 32789 
Tel: (305)847-5747 
Schweber Electronics Corp. 
2830 North 28th Terrace 
Hollywood, FL 33020 
Tel: (305)927-«1511 

GEORGIA 
Arr_ Electronics, Inc. 
3155 Northwood Parkway 
Suite A 
Norcross, GA 30071 
Tel: (404)449-8252 
Hamilton Awnet Electronics 
58250 Peachtree Corners 
Norcross, GA 30092 
Tel: (404)447-7503 
Klerulff Electronics, Inc. 
5824 Peachtree Corners East 
Norcross, GA 30092 
Tel: (404)447-5252 
Schweber Electronics Corp. 
303 Research Drive 
Suite 210 
Norcross, GA 30092 
Tel: (404)449-9170 

ILLINOIS 
Arrow Electronics, Inc. 
2000 Algonquis Road 
Schaumburg, IL 60193 
Tel: (312)397-3440 
Hamilton Awnet Electronics 
1130 Thorndale Avenue 
Bensenville, IL 60106 
Tel: (312)860-nOO 
Klerulfl Electronics, Inc. 
1140 West Thorndale 
Itasca, IL 60143 
Tel: (312)840-0200 
Newark Electronics 
4801 N. Ravenswood 
Chicago, IL 60640-4496 
Tel: (312)784-5100 
Schweber Electronics Corp. 
904 Cambridge Driye 
Elk Grove Village, IL 60007 
Tel: (312)384-3750 
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INDIANA 
Arrow Electronics, Inc. 
2495 Directors Row, Suite H 
Indianapolis, IN 46241 
Tel: (317)243-9353 
Graham Electronics Supply, Inc. 
133 S. Pennsylvania Street 
Indianapolis, IN 46204 
Tel: (317)834-8202 
Hamilton Avnet ElectroniCS, Inc. 
485 Gradle Drive 
Carmel, IN 46032 
Tel: (317)844-9333 

IOWA 
Hamilton! Awnet Electronics 
915 33rd Avenue, S.W. 
Cedar Rapids, IA 52404 
Tel: (319)362-4757 

KANSAS 
Hamilton Avnet Electronics 
9219 Quivira Road 
Overland Park, KS 66215 
Tel: (913)888-8900 
Mllgray ElectroniCS, Inc. 
6901 W. 63rd Street 
Overland Park, KS 66202 
Tel: (913)236-8800 

MARYLAND 
Arrow ElectroniCS, Inc. 
8300 Gulldford Road 
Columbus, MD 21046 
Tel: (301)995-0003 
Hamilton Awnet Electronics 
6822 Oakhill Lane 
Columbia, MD 21045 
Tel: (301)995-3500 
Klerulff Electronics, Inc. 
8250 Hammons Ferry Road 
Linthicum, MD 21090 
Tel: (301)636-5800 
Schweber Electronics Corp. 
9330 Gaithers Road 
Gaithersburg, MD 20877 
Tel: (301)840-5900 

MASSACHUSETTS 
Arrow Electronics, Inc. 
Arrow Drive 
Woburn, MA 01801 
Tel: (617)933-8130 
Hamilton Avnet Electronics 
100 Centennial Drive 
Peabody, MA01960 
Tel: (817)531-7430 
"Hybrid Components Inc. 
72 Cherry Hili Drive 
Beverly, MA 01915 
Tel: (617)927-5820 
Klerulfl Electronics, Inc. 
13·~rtune Drive 
Billerica, MA 01821 
Tel: (817)667-8331 
A. W. Mayer Co. 
34 Linnell Circle 
Billerica, MA01821 
Tel: (817)229-2255 
Schwaber Electronics Corp. 
25 Wiggins Avenue 
Bedford, MA 01710 
Tel: (617)275-5100 

"SerTech 
10B Centennial Drive 
Peabody, MA 01960 
Tel: (817)531-8873 
Sterling Electronics, Inc. 
150 Constitution Way 
Woburn, MA 01801 
Tel: (617)938-6200 

MICHIGAN 
Arrow ElectroniCS, Inc. 
755 Phoenix Drive 
Ann Arbor, MI 48104 
Tel: (313)971-8220 
Hamilton Awnet Electronics 
2215 29th Street 
Grand Rapids, MI 49503 
Tel: (616)243-8805 
Hamilton Avnet Electronics 
32487 Schoolcraft Road 
Livonia, MI 48150 
Tel: (313)522-4700 
Schweber ElectroniCS Corp. 
12060 Hubbard Avenue 
Livonia, MI 48150 
Tel: (313)525-8100 

MINNE;SOTA 
Arrow ElectroniCS, Inc. 
5230 West 73rd Street 
Edina, MN 55435 
Tel: (812)830-1900 
Hamilton Avnet Electronics 
10300 Bren Road, East 
Minnetonka, MN 55343 
Tel: (812)932-0800 
Klerulfl Electronics, Inc. 
7667 Cahill Road 
Edina, MN 55435 
Tel: (612)941-7500 
Schweber Electronics Corp. 
7424 W. 78th Street 
Edina, MN 55435 
Tel: (812)941-5280 

MISSOURI 
Arrow ElectroniCS, Inc. 
2380 Schultz Road 
SI. Louis, MO 63141 
Tel: (314)587-6888 
Hamilton Avnet Electronics 
13743 Shoreline Court East 
Earth City, MO 63045 
Tel: (314)344-1200 
Klerulfl Electronics, Inc. 
2608 Metro Park Boulevard 
Maryland Heights, MO 63043 
Tel: (314)739-0855 

NEW HAMPSHIRE 
Arrow Electronics, Inc. 
One Perimeter Drive 
Manchester, NI:i 03103 
Tel: (803)668-8988 
Hamilton Avnet Electronics 
444 E. I ndustrial Park Drive 
Manchester, NH 03103 
Tel: (603)624-9400 

'Chip distributor only. 
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NEW JERSEY 

Arrow Electronics, Inc. 
6000 Lincoln Drive East 
Marlton, NJ 08053 
Tel: (609)596-8000 
Arrow Electronics, Inc. 
Two Industrial Road 
Fairfield, NJ 07006 
Tel: (201)575-5300 
Hamilton Avnet Electronics 
Ten Industrial Road 
Fairfield, NJ 07006 
Tel: (201)575-3390 
Hamilton Avnet Electronics 
One Keystone Avenue 
Cherry Hill, NJ 08003 
Tel: (609)424-0110 
Klerulll Elec1ronlcs, Inc. 
37 Kulick Road 
Fairfield, NJ 07006 
Tel: (201)575-6750 
Klarulll Electronics, Inc. 
520 Fellowship Road 
Mt. Laurel, NJ 08054 
Tel: (609)235-1444 
Schweber Electronics Corp. 
18 Madison Road 
Fairfield, NJ 07006 
Tel: (201)227-7880 

NEW MEXICO 
Arrow Elec1ronlcs, Inc. 
2460 Alamo, SE 
Albuquerque, NM 87106 
Tel: (505)243-4566 
Hamilton Avnet Electronics 
2524 Baylor S.E. 
Albuquerque, NM 87106 
Tel: (505)765-1500 
Sterling Electronics, Inc. 
3540 Pan American 
Freeway, N.E. 
Albuquerque, NM 87107 
Tel: (505)884-1900 

NEW YORK 
Arrow Electronics, Inc. 
20 Oser Avenue 
Hauppauge, L.I., NY 11788 
Tel: (516)231-1000 
Arrow Electronics, Inc. 
7705 Maltlage Drive 
Liverpool, NY 13088 
Tel: (315)652-1000 
Arrow Electronics, Inc. 
25 Hub Drive 
Melville, L.I., NY 11747 
Tel: (516)391-1300 
Arrow Electronics, Inc. 
3375 Brighton Henrietta Towline Rd. 
Rochester, NY 14623 
Tel: (716)427-0300 
Hamilton Avnet Electronics 
933 Motor Parkway 
Hauppauge, L.I., NY 11788 
Tel: (516)231-9800 

Hamilton Avnet Electronics 
333 Metro Park 
Rochester, NY 14623 
Tel: (716)475-9130 

RCA Authorized Distributors 

Hamilton Awnet Electronics 
103 Twin Oaks Drive 
Syracuse, NY 13206-1200 
Tel: (315)437-2641 
Mllgray Electronics, Inc. 
77 Schmitt Boulevard 
Farmingdale, L.I., NY 11735 
Tel: (516)420-9800 
Schweber EIec1ronlcs Corp. 
Two Townline Circle 
Rochester, NY ·14623 
Tel: (716)424-2222 
Schweber Electronics Corp. 
Jericho Turnpike 
Westbury, L.I., NY 11590 
Tel: (516)334-7474 
Summit Distributors, Inc. 
916 Main Street 
Buffalo, NY 14202 
Tel: (716)884-3450 

NORTH CAROLINA 
Arrow Electronics, Inc. 
5240 Greensdairy Road 
Raleigh, NC 27604 
Tel: (919)876-3132 
Hamilton Awnet Electronics 
3510 Spring Forest Road 
Raleigh, NC 27604 
Tel: (919)878-0810 
Klerullt Electronics Inc. 
One North Commerce Center 
5249 North Boulevard 
Raleigh, NC 27604 
Tel: (919)872-6410 
Schweber Electronics Corp. 
5285 North Boulevard 
Raleigh, NC 27604 
Tel: (919)876-0000 

OHIO 
Arrow Electronics, Inc. 
7620 McEwen Road 
Centerville, OH 45459 
Tel: (513)435-5563 
Arrow Electronics, Inc. 
6238 Cochran Road 
Solon, OH 44139 
Tel: (216)248-3990 
Hamilton Awnet Electronics 
4588 Emery Industrial Parkway 
Warrensville Hts., OH 44128 
Tel: (216)831-3500 
Hamilton Awnet Electronics 
954 Senate Drive 
Dayton, OH 45459 
Tel: (513)433-0610 
Hamilton Awnet Electronics 
777 Brooksedge Boulevard 
Westerville, OH 43081 
Tel: (614)882-7004 
Hughes-Peters, Inc. 
481 East Eleventh Avenue 
Columbus, OH 43211 
Tel: (614)294-5351 
Klerulll Electronics, Inc. 
23060 Miles Road 
Cleveland, OH 44128 
Tel: (218)587-6558 

Mllgray Electronics, Inc. 
6155 Rockside Road 
Cleveland, OH 44131 
Tel: (216)447-1520 
Schweber Electronics Corp. 
23880 Commerce Park Road 
Beachwood, OH 44122 
Tel: (218)464-2970 

OKLAHOMA 
Klerulll Electronics, Inc. 
Metro Park 12318 East 60th 
Tulsa, OK 74145 
Tel: (918)252-7537 
Sterling Electronics, Inc. 
5119 So. 10th E. Avenue 
Tulsa, OK 74146 
Tel: (918)663-2410 

OREGON 
Arrow Electronics, Inc. 
10260 S.W. Nimbus Ave., Suite M-3 
Portland, OR 97223 
Tel: (503)684-1690 
Hamilton Awnet Electronics 
6024 S.w. Jean Road 
Bldg. C, Suite 10 
Lake Oswego, OR 97034 
Tel: (503)635-6157 
Wyle Electronics Marketing Group 
5289 N.E. Ezram Young Parkway 
Hillsboro, OR 97123 
Tel: (503)640-6000 

PENNSYLVANIA 
Arrow Electronics, Inc. 
650 Seeo Road 
Monroeville, PA 15146 
Tel: (412)856-7000 
Hamilton Awnet Electronics 
2800 Liberty Avenue, Bldg. E 
Pittsburgh, PA 15222 
Tel: (412)281-4150 
Herbach & Rademan, Inc. 
401 East Erie Avenue 
Philadelphia, PA 19134 
Tel: (215)426-1700 
Schweber Electronics Corp. 
231 Gibralter Road 
Horsham, PA 19044 
Tel: (215)441-0600 

TEXAS 
Arrow Electronics, Inc. 
22227 West Breaker Lane 
Austin, TX 78758 
Tel: (512)835-4180 
Arrow Electronics, Inc. 
3220 Commander Drive 
Carrollton, TX 75006 
Tel: (214)380-6464 
Arrow Electronics, Inc. 
10899 Kinghurst Dr., Suite 100 
Houston, TX 77099 
Tel: (713)530-4700 
Hamilton Awnet Electronics 
1807A W. Braker Lane, #A 
Austin, TX 78758-3605 
Tel: (512)837-6911 
Hamilton Awnet Electronics 
2111 West Walnut Hill Lane 
Irving, TX 75060 
Tel: (214)659-4111 
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TEXAS 

Hamllion AYnet Etectronlcs 
4850 Wright Road, Suite 190 
Stafford, TX 77477 
Tel: (713)240-7898 
Klerulff Electronics, Inc. 
3007 Longhorn Blvd., Suite 105 
Austin, TX 78758 
Tel: (512)835-2090 
Klerulff Electronics, Inc. 
9610 Skillman Avenue 
Dallas, TX 75243 
Tel: (214)343-2400 
Klerulff Electronlcl, Inc. 
10415 Landsbury Drive, Suite 210 
Houston, TX 77099 
Tel: (713)530-7030 
Schwaber ElectroniCS Corp. 
4202 Beltway 
Dallas, TX 75234 
Tel: (214)881-5010 
Schwaber Electronici Corp. 
10825 Richmond Ste. 100 
Houston, TX 77042 
Tel: (713)784-3800 
Sterling Electronics, Inc. 
2335A Kramer Lane, Suite A 
Austin, TX 78758 
Tel: (512)S38-1341 
Sterling Electronics, Inc. 
11090 Stemmons Freeway 
Stem mons at Southwell 
Dallas, TX 75229 
Tel: (214)243-1800 
Sterling Electronics, Inc. 
4201 Southwest Freeway 
Houston, TX 77027 
Tel: (713)&27-98OQ 
Wyle Electronics Marketing Group 
1840 Greenville Avenue 
Richardson, TX 75081 
Tel: (214)235-9953 

UTAH 
Hamllion AYnet ElectroniCS 
1585 West 2100 South 
Salt Lake City, UT 84119 
Tel: (801)872-2800 

Wyle Electronics MarkeUng Group 
1959 South 4130 West Unit B 
Salt Lake City, UT 84104 
Tel: (801)974-9853 

WASHINGTON 
Arrow Electronics, Inc. 
14320 N.E. 21st Street 
Bellevue, WA 98005 
Tel: (206)843-4800 
Hamilton Avnet Electronics 
14212 N.E. 21st Street 
Bellevue, WA 98005 
Tel: (208)453-5874 
Klerulff Electronics, Inc. 
19450 68th Avenue 
South Kent, WA 98032 
Tel: (206)575-4420 
Priebe Electronlcl, Inc. 
12908 N.E. 125th Way 
Kirkland, WA 98034 
Tel: (206)821-4895 
Wyle Electronic. Marketing Group 
1750 132nd Avenue, N.E. 
Bellevue, WA 98005 
Tel: (206)453-8300 

WISCONSIN 
Arrow ElectroniC., Inc. 
200 No. Patrick Boulevard 
Brookfield, WI 53005 
Tel: (414)782-0150 
Hamilton Avnet Electronics 
2975 South Moorland Road 
New Berlin, WI 53151 
Tel: (414)784-4510 
Klerulff ElectroniCS, Inc. 
2238 EW. Bluemound Road 
Waukesha, WI 53186-2916 
Tel: (414)784-8180 
Taylor Electric Company 
1000 W. Donges Bay Road 
Mequon, WI 53092 
Tel: (414)241-4321 

Canada 

ALBERTA 

Klerulff Electronics, Inc. Hamlllon! Amet (Canada) Ltd. 
2121 S. 3600 West Street 2816 21st St. N.E. 
Salt Lake City, UT 84119 Calgary, Alberta T2E 6Z2 
Tel: (801)973-8813 Tel: (403)230-3588 

Europe, Middle East, and Africa 
AUSTRIA 
TVG 
Tranllstor Verlrleblge.ellscha" 
mbH&CoKG 
Auhofstrasse 41A 
1130 Vienna 
Tel: 022218284510 

BELGIUM 
Inelco Belgium S.A. 
Avenue des Croix de Guerre 94 
1120 Brussels 
Tel: 02/2180180 

DENMARK 
Tage Olsen AlS 
P.O. Box 225 
2750 Ballerup 
Tel: 02/85 81 11 

EGYPT 
Sakrco Enterprl .. s 
P.O. Box 1133 
37 Kasr EI N II Street, Apt. 5 
Cairo 
Tel: 744440 

ETHIOPIA 
General Trading Agency 
P.O. Box 1684 
Addis Ababa 
Tel: 132718-137275 

FINLAND 
Telercas OY 
P.O. Box 33 
04201 Kerava 
Tel: 0/248.055 

L. A. Varah, Ltd. 
6420 SA Street SE 
Calgary, Alberta T2H ZB7 
Tel: (403)255-8550 

BRITISH COLUMBIA 
L. A. Varah, Ltd. 
2077 Alberta Street 
Vancouver, B.C. V5Y 1 C4 
Tal: (804)873-3211 
R.A.E. Industrial Electronlcl, Ltd. 
3455 Gard ner Cou rt 
Burnaby, B.C. V5G 4J7 
Tel: (604)281-8888 

MANITOBA 
L. A. Varah, Ltd. 
#121832 King Edward Street 
Winnipeg, Manitoba R2R ONl 
Tel: (204)633-8190 

ONTARIO 
Arrow/Cesco 
24 Martin Ross Road 
Downsvlew, Ontario M3J 2K9 
Tel: (418)681-0220 
Arrow/Cesco 
148 Colonnade Road 
Nepean, Ontario K2E 7J5 
Hamilton Avnet (Canada) Ltd. 
6845 Rexwood Drive 
Units 3,4,5 
Mississauga, Ontario L4V 1 M5 
Tel: (418)677-7432 
Hamilton AYnet (Canada) Ltd. 
210 Colonnade Street 
Nepean, Ontario K2E 7L5 
Tel: (813)228-1700 
L. A. Varah, Ltd. 
504A Iroquois Shore Drive 
Ontario L6H 3K4 
Tel: (418)561-9311 

QUEBEC 
Arrow/Cesco 
4050 Jean Talon Street, West 
Montreal, Quebec H4P lWl 
Tel: (514)735-5511 
Hamilton Avnet (Canada) Ltd. 
2670 Sabourin Street 
St. Laurent, Quebec H4S 1 M2 
Tel: (514)331-8443 

FRANCE 
Almex 
48, rue de l'Aubepine 
92160 Antony 
Tel: (1)46.88.21.12 
"Hybrltech 
Route de Bua 
ZAC des Godets 
91370 Verrieres-Le-Buisson 
Tel: (1)88.20.22.10 
Radio Equlpemente 
Antares S.A. 
9, rue Ernest Cognacq 
92301 Levallois Perret 
Tel: (1)47.58.11.11 
Radio Television Francais 
9, rue D'Arcuell 
94250 Gentilly 
Tel: (1)48.84.11.01 

"Chip Distributor only. 
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Europe, Middle East, and Africa (Cont'd) 

FRANCE 
Tekelec Alrtronlc S.A. 
Cite des Bruyeres 
Rue Carle Vernet 
92310 Sevres 
Tel: (1)45.34.75.35 

GERMANY 
Allred Neye Enatechnlk GmbH 
Schillerstrasse 14 
2085 Ouickborn 
West Germany 
Tel: 04106/6120 

aAsternetlcs GmbH 
Lindenring 3 
8021 Taulkirchen 
Tel: 089/6121007 
ECS Hilmar Frehsdor! GmbH 
Electronic Components ServIce 
Carl-Zeiss-Strasse 3 
2085 Ouickborn 
West Germany 
Tel: 04106170050 
ELECTRONIC 2000 
Stahlgruberring 12 
8000 Munchen 82 
Tel: 089/42 OOH) 
ElkoseGmbH 
Bahnhofstrasse 44 
7141 Moeglingen 
West Germany 
Tel: 07141/487-1 
SascoGmbH 
Hermann-Oberth-Strasse 16 
8011 Putzbrunn bei Munchen 
West Germany 
Tel: 089/46111 
Spoerle Electronic KG 
Max-Planck-Strasse 1-3 
6072 Dreieich bei Frankfurt 
West Germany 
Tel: 06103/3041 

GREECE 
SemlconCo. 
104 Aeolou Str. 
TT 131 Athens 
Tel: 3253626 

HUNGARY 
Hungagent 
P.O. Box 542 
1374 Budapest 
Tel: 01/669-385 

ICELAND 
Georg Amundason 
P.O. Box 698, Reykjavik 
Tel: 81180 

ISRAEL 
Aviv Electronics 
Kehilat Venezia Street 12 
69010 Tel-Aviv 
Tel: 03-494450 

ITALY 

Eledra SpA 
Via G. Watt, 37 
20143 Milano 
Tel: (02)818221 

aHigh-Rel Specialist 

IDAC Elellronlca SpA 
Via Verona 8 
35010 Busa di Vigonza 
Tel: (049)72.56.99 
LASI Elellronlca SpA 
Viale Fulvio Testi 126 
20092 Ciniselio Balsamo (MI) 
Tel: (02)2440012 
Silveratar Ltd. 
Via dei Gracchi 20 
20146 Milano 
Tel: (02)49 96 

KUWAIT 
Morad Yousuf Behbehanl 
P.O. Box 146 
Kuwait 

MOROCCO 
Societe d'Equlpement Mecanlque 
et Electrlque SA (S.E.M.E.) 
rue Ibn Batouta 29 
Casablanca 
Tel: (212)22.08.65 

THE NETHERLANDS 
Koning en Hartman 
Elektrotechnlek BV 
Postbus 125 
2600 AC Delft 
Tel: (15)609906 
Vekano BV 
Postbus 6115 
5600 HC Eindhoven 
Tel: (40)82 98 98 

NORWAY 
National Elektro AlS 
P.O. Box 53, Ulvenveien 75 
Okern, Oslo 5 
Tel: (472)644970 

PORTUGAL 
Crlstalonlca 
Componentes de Radio 
e Televlsao, Lda 
Rua Bernardim Ribeiro, 25 
1100 Lisbon 
Tel: (019)53 46 31 

SOUTH AFRICA 
. Allied Electronic 

Components (PTY) Ltd. 
P.O. Box 6387 
Dunswart 1508 
Tel: (011)528-661 

SPAIN 
Diode Espana S.A. 
Edifico Iberia Mart 
Avda. de Brasil, 5, 1 
28020 M ad rid 
Tel: 1/4553686 
Kontron S.A. 
Salvatierra 4 
Madrid 34 
Tel: 11729.11.55 

SWEDEN 
Ferner Electronics AB 
Snormakarvagen 35 
P.O. Box 125 
16126 Bromma Stockholm 
Tel: 08/80 25 40 
Nordlsk Elektronlk AB 
P.O. Box 1409 
17127 Solna 
Tel: 08/734 97 70 

SWITZERLAND 
Baerlocher AG 
Forrlibuckstrasse 110 
8005 Zurich 
Tel: (01)42.99.00 

TURKEY 
Zer Kollektlf SII 
Guniz Sokak 17 
Kavaklidere 
Ankara 
Tel: (41 )67.08.39 

U.K. 
ACCESS Electronic Components Ltd. 
Jubilee House, Jubilee Road 
Letchworth, Herlfordshire SG610H 
Tel: Letchworth (0462)68 2333 
Gothic Crellon Electronics Ltd. 
3 The Business Centre 
Molly Millars Lane 
Wokingham, Berkshire RGll 2EY 
Tel: (0734)787848 
Jermyn Distribution 
Vestry Industrial Estate 
Olford Road 
Sevenoaks, Kent TN14 5EU 
Tel: Sevenoaks (0732)450144 
Macro Marketing Ltd. 
Burnham Lane 
Slough, Berkshire SL 1 6LN 
Tel: Burnham (06286)4422 
Mlcromark Electronics, Ltd. 
Boyn Valley Road 
Maidenhead, Berks SL6 4DT 
Tel: (0628)76 176 
STC Electronics Services 
Edinburgh Way 
Harlow, Essex, CM20 2DF 
Tel: Harlow (0279)26777 
VSI Electronics Ltd • 
Roydonbury Industrial Park 
Horsecroft Road 
Harlow, Essex CM19 5BY 
Tel: Harlow (0279)29666 

YUGOSLAVIA 
Avtotehna 
P.O. Box 593, Celovska 175 
61000 Ljubljana 
Tel: (061)552341 

ZAMBIA 
African Technical Associates Ltd. 
Stand 5196 Luanshya Road 
Lusaka 

ZIMBABWE 
BAK Electrical Holdings (Pvt) Ltd. 
30 Pioneer Street 
Harare 
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AUSTRALIA 

AWA (Aust.) Ltd. 
North Ryde Division 
Corner Lane Cove & Talavera Roads 
Macquarle Park 
North Ryde, N.S.W. 2113 
Amtron Tyree Ply. Ltd. 
176 Cope Street 
Waterloo, N.S.W. 2017 

BANGLADESH 
Electronic Englnee,. • 
Consultantl Ltd. 
103 Elephant Road, 1st Floor 
Dacca 5 

HONG KONG 
Glbb L1vlngllon • Co., Ltd. 
13/F., Tai Yau Building 
181 Johnston Road 
Wanchai 
Hong Kong Electronic 
Components Co. 
Flat A Yun Kai Bldg. llFl 
466-472 Nathan Road 
Kowloon 

INDIA 
Photophone Ltd. 
179-5 Second Cross Road 
Lower Palace Orchards 
Bangalore 560 003 

Latin America 

ARGENTINA 
Eneka S.A.I,C.F.I. 
Tucuman 299 
1049 Buenos Aires 
Tel: 31-3363 
Radlocom S.A. 
Conesa 1003 
1426 Buenos Aires 
Tel: 551-2780 
Tecnos S.R.L. 
Independencia 1861 
1225 Buenos Aires 
Tel: 37-0239 

BRAZIL 
Commercial Benm Ltda. 
Rua Costa Azevedo, 139 
CEp-69.000 ManauslAM 
Tel: 322-5363 

CHILE 
Industrta de Radio y 
Television S.A. (IRT) 
Vic. Mac Kenna 3333 
Casilla 170-0, Santiago 
Tel: 510081 

INDONESIA 
NVPD Soederpo Corp. 
Samudera Indonesia Building 
JL Letten, Jen. S 
Parman No. 35 Slipl 
Jakarta Barat 

JAPAN 
Okura. Company Ltd. 
3-6 Ginza, Nichome, Chuo-Ku 
Tokyo 104 

KOREA 
Panwest Company, Ltd. 
Room 1202 Sam Heung Bldg. 
32 Eulchi-ro l-ka, Chung-Ku 
Seoul, Republic of South Korea 
Shln·A Trading Company 
Room 406, Koryo Bldg. 
88-7 Nonhyon-Dong 
Kangnam-ku 
Seoul, Republic of South Korea 

NEPAL 
Conllnental Commercial 
Dlstrtbuto,. 
Phohara Durbar 
Durbarmarga 
Kathmandu 

NEW ZEALAND 
AWA NZ Ltd. 
N.Z. P.O. Box 50·248 
Porirua 

COLOMBIA 
Electronlca Modema 
Carrera 9A, NRO 19-52 
Apartado Aereo 5361 
Bogota,D.E.l 
Tel: 282286 

ECUADOR 
Elecom, S.A. 
Junln 618 y Boyaca 
P.O. Box 96", Guayaquil 
Tel: 307786 

MEXICO 
Dlcopel, S.A. 
Tochtli No. 368 Fracc. 
San Antonio Azcapotzalco 
02760 Mexico, D.F. 
Electronlca Remberg, S.A. 
deC.V. 
Rep. Del Salvador No. 30-101 
Mexico City I, D.F. 
Til: 510-47-49 

PHILIPPINES 
Philippine Electronics Inc. 
P.O. Box 498 
3rd Floor, Rose 
Industrial Bldg., 11 Pioneer SI. 
Pasig, Metro Manila 
SemltronlcI Philippines 
P.O. Box 445 Greenhills 
San Juan 3113 
Metro Manila 

SINGAPORE 
Device Electronics Pte. Ltd. 
101 Kitchener Road No. 02-04 
Singapore 0820 
Mlcrotronlcs Assoc. Pte. Ltd. 
8 Lorong Bakar Batu, No. 03-01 
Kolam Ayer Industrial Park 
Singapore 1334 

SRI LANKA 
C.W. Mackie. Co. Ltd. 
36 D.R. Wijewardena Mawatha 
Colombo 10 

TAIWAN 
Delta Engineering Ltd. 
No. 42 Hsu Chang Street 
8th Floor, Taipei 
Sertek Internallonallnc. 
No. 315, Fu Shin North Road 
Taipei 104 
Teco Enterprise Co. Ltd. 
2nd Floor, No. 120, Sec. 2 
Chung Hsiao East Road 
Taipei 

THAILAND 
Better Pro Co. Ltd. 
71 Chakkawat Road 
Wal Tuk, Bangkok 

PERU 
Arven S.A, 
PSJ Adan Mejia 103, OF. 33 
Lima 11 
Tel: 716229 

URUGUAY 
American Products S.A. 
(APSA) 
Casilla de Correo 1438 
Canelones 1133 
Montevideo 
Tel: 902735 

VENEZUELA 
P. Benavides, P., S.R.L. 
Residencies Camaral, Local 7 
La Candelaria, Caracas 
MAIL ADDRESS: Apartado 
Postal 20.249 
San Martin, Caracas 
Tel: 571-21-46 
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United States 
ALABAMA 

Electronic Sales, Inc. (ESI) 
303 Williams Avenue 
Suite 422 
Huntsville, AL 35801 
Tel: (205)533-1735 

CALIFORNIA 
CK Associates 
8333 Clairemont Mesa Blvd. 
Suite 102 
San Diego, CA 92111 
Tel: (619)279-0420 
Pinnacle Sales 
275 Saratoga Avenue 
Suite 200 
Santa Clara. CA 95050 
Tel: (408)249-7400 

CONNECTICUT 
COM-SALE, Inc. 
5 Shire Drive 
P.O. Box 946 
Wallingford. CT 06492 
Tel: (203)269-7964 

FLORIOA 
G.F. Bohman Assoc., Inc. 
130 N. Park Avenue 
Apopka, FL 32703 
Tel: (305)886-1882 
G.F. Bohman Assoc., Inc. 
2020 W. McNab Road 
FI. Lauderdale, FL 33309 
Tel: (305)979-0008 

GEORGIA 
Electronic Sales, Inc. (ESI) 
3103A Medlock Bridge Road 
Norcross, GA 30071 
Tel: (404)448-6554 

INDIANA 
Electronic Mktg. Consultants, Inc. 
(EMCI) 
5259 No. Tacoma Avenue 
Suite 8 
Indianapolis, IN 46220 
Tel: (317)253-1668 

IOWA 
REP Associates Corp. 
4905 Lakeside Drive, NE 
Cedar Rapids, iA 52402 
Tel: (319)373-0152 

KANSAS 
Electri-Rep Inc. 
7050 W. 107th Street 
Suite 210 
Overland Park, KS 66212 
Tel: (913)649-2168 

MASSACHUSETTS 
COM-SALE, Inc. 
105 Chestnut Street 
Needham, MA 02192 
Tel: (617)444-8071 

RCA Manufacturers' Representatives 

MICHIGAN 
Rathsburg Assocs., Inc. 
16621 E. Warren Avenue 
Detroit, MI 48224 
Tel: (313)882-1717 

MINNESOTA 
Comprehensive Technical Sales 
(COM-TEK) 
8053 Bloomington Freeway 
Suite 138 
Minneapolis, MN 55420 
Tel: (612)888-7011 

MISSOURI 
Electri-Rep Inc. 
2300 Westport Plaza Drive 
Suite 303 
SI. Louis, MO 63146 
Tel: (314)878-8209 

NEW HAMPSHIRE 
COM-SALE, Inc. 
101 High Street 
Exeter, NH 03833 
Tel: (603)772-3300 

NEW JERSEY 
Astrorep, Inc. 
717 Convery Boulevard 
Perth Amboy, NJ 08861 
Tel: (201)826-8050 
Tritek Sales, Inc. 
21 East Euclid Avenue 
Haddonfield, NJ 08033 
Tel: (609)429-1551 

NEW YORK 
Astrorep, Inc. 
103 Cooper Street 
Babylon, L.I., NY 11702 
Tel: (516)422-2500 
Foster & Wager, Inc. 
2507 Browncraft Blvd. 
Rochester, NY 14625 
Tel: (716)385-7744 

NORTH CAROLINA 
Electronic Sales, Inc. (ESI) 
315 No. Academy Street 
Suite 206 
Cary, NC 27511 
Tel: (919)467-8486 

OHIO 
Lyons Corporation 
4812 Frederick Road 
Suite 101 
Dayton, OR 45414 
Tel: (513)278-0714 

Lyons Corporation 
4615 W. Streetsboro Road 
Richfield. OH 44286 
Tel: (216)659-9224 

OREGON 
Vantage Corp. 
7100 S.w. Hampton Street 
Suite 205 
Tigard, OR 97223 
Tel: (503)620-3280 

UTAH 
Simpson Assocs. 
7324 So. 1300 E. 
Suite 350 
Midvale, UT 84047 
Tel: (801)566-3691 

WASHINGTON 
Vantage Corp. 
300 120th Avenue N.E. 
Bldg. 7, Suite 207 
Bellevue, WA 98005 
Tel: (206)455-3460 

Canada 

ALBERTA 
Hi-Tech Sales, Ltd. 
Box 115 
339-10 Avenue, S.E. 
Calgary, Alberta T2G OW2 
Tel: (403)229-6990 

BRITISH COLUMBIA 
HI-Tech Sales, Ltd. 
7510B Kingsway 
Burnaby, B.C. V3N 3C2 
Tel: (604)524-2131 

MANITOBA 
HI-Tech Sales, Ltd. 
102-902 SI. James Street 
Winnepeg, Manitoba R3G 3J7 
Tel: (204)786-3343 

ONTARIO 
Bytewide Marketing, Inc. 
7528 Bath Road 
Mississauga, Ontario L4T 4Cl 
Tel: (416)675-1868 

QUEBEC 
Bytewide Marketing, Inc. 
5020 Fairway Avenue 
Suite 226 
Lachine, Quebec H8T 1 B8 
Tel: (514)636-4121 
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