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This book presents technical data for Motorola's broad line of silicon power 
transistors. Complete specifications are provided in the form of data sheets and 
accompanying selection guides provide a quick comparison of characteristics 
to simplify the task of choosing the best device for a circuit. 

The information in this book has been carefully checked and is believed to 
be accurate; however, no responsibility is assumed for inaccuracies. 

Motorola reserves the right to make changes without further notice to any 
products herein to improve reliability, function or design. Motorola does not 
assume any liability arising out of the application or use of any product or circuit 
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the rights of others. Motorola and @ are registered trademarks of Motorola, 
Inc. Motorola, Inc. is an Equal Employment Opportunity/Affirmative Action 
Employer. 
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of such use and indemnifies Motorola against all damages. 
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MOTOROLA 
POWER TRANSISTORS 
IN BRIEF 

Wide Range of Transistor Specifications 
Bipolar transistors, NPNs and PNPs, single and multiple (Darlington) transistor struc

tures, metal and plastic packages, Motorola's inventory of more than 1100 standard 
(off-the-shelf) power transistors covers the widest range of specifications for virtually 
every potential applications requirement. 

Current Range - 0.5 to 100 Amperes 
Voltage Range - 25 to 1800 Volts 
Power Dissipation Range - 5 to 250 Watts. 

Darlingtons 
Consisting of two transistors, up to two resistors, and (up to) two diodes on a single 

chip, Darlington transistors achieve gain figures up to 20,000 in a single package. 
Rapid line expansion, and the resulting widespread implementation make Motorola 
Darlingtons highly cost-effective in a fast growing number of applications. 

Chips, Chips, Chips! 
Designing a hybrid? Motorola's wide range of power transistors is available .... 

UNENCAPSULATED through authorized chip distributors: Check with your Motorola 
Sales representative for the chip distributor in your area, preferred parts list, price and 
delivery. 

Specials 
Need a unique transistor with specifications not available off-the-shelf? Chances 

are Motorola can produce it quickly and inexpensively. Routine use of four major power 
processes and more than two decades of experience in the pioneering of new structures 
and geometries provide the insight and capability to meet any required specification 
within the limits of today's technology. Specials will require minimum order quantities 
and minimum yearly run rates. Check with your local Motorola representative for more 
information on special devices. 
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Alphanumeric Index 
and Cross Reference 

The table on the subsequent pages con
tains an Alphanumeric index of Silicon power 
transistors currently manufactured and avail
able to the industry. 

The· column headed "Similar" lists units 
with characteristics that might represent suit
able replacements. In cases where such a 
replacement is contemplated, . the Motorola 
device. data sheet should be carefully com
pared with one for the device being replaced 
to determine any variations that could affect 
circuit performance. 
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ALPHANUMERIC INDEX - CROSS-REFERENCE 

The following table represents an index and cross
reference guide for all low-frequency power transistors 
which are either manufactured directly by Motorola or 
for which Motorola manufactures a suitable equivalent. 
Where the Motorola part number differs from the Indus-

Motorola Motorola 
Induatry Dlract Similar Page 

Part Number Replacement Replacement Number 

2N1487 2N5877 3-127 
2N1488 2N5878 3-127 
2N1489 2N5877 3-127 
2N1490 2N5878 3-127 
2N1702 2N5877 3-127 

2N3016 2N5337 3-100 
2N3021 2N3789 3-56 
2N3022 2N3789 3-56 
2N3023 2N3789 3-56 
2N3024 2N3791 3-56 

2N3025 2N3791 3-56 
2N3026 2N3791 3-56 
2N3054 2N3054 32 
2N3054A 2N3054A 3,2 
2N3055 2N3055 3-6 

-2N3055A 2N3055A 3-9 
2N3055H 2N3055A 3-9 
2N3055JAN 2N5302JAN 3-96 
2N3055SD 2N3055A 3-9 
2N3055UB 2N3055A 3-9 

2N3076 2N6249 3-177 
2N3079 2N6308 3-194 
2N3080 2N6543 3-229 
2N3171 2N3789 3-56 
2N3172 2N3789 3-56 

2N3173 2N3799 3-56 
2N3174 2N6226 3-9 
2N3183 2N3789 3-56 
2N3184 2N3789 3-56 
2N3185 2N3790 3-56 

2N3188 MJ15016 3-9 
2N3195 2N3789 3-56 
2N3196 2N3789 3-56 
2N3197 2N3790 3-56 
2N3198 MJl5016 3-9 

2N3202 2N3719 3-32 
2N3203 2N3720 B2 
2N3204 2N6303 3-32 
2N3232 2N5877 3-127 
2N3233 2N5882 3-130 

2N3234 2N5760 3-123 
2N3235 2N3055 3-6 
2N3238 2N5882 3-130 
2N3237 2N5302 3-96 
2N3238 2N5882 3-130 

2N3239 2N5882 3-130 
2N3240 2N5882 3-130 
2N3418 2N5336 3-100 
2N3419 2N5336 3-100 
2N3420 2N5336 3-100 

2N3421 2N5336 3-100 
2N3441 2N3441 3-13 
2N3442 2N3442 3-15 
2N3445 2N3477 3-18 
2N3446 2N3448 3-18 
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try part number. the Motorola device is a "-form. fit and 
function" replacement for the industry type nUmber
however. subtle differences in characteristics andlor 
specifications may exist. 

Motorola Motorola-
Induslry - Diract Similar Page 

Part Number Heplacemenl Replacemenl Number 

2N3447 2N3447 3-18 
2N3448 2N3448 3-18 
2N3583 2N3583 320 
2N3584 2N3584 3-20 
2N3585 2N3585 3-20 

2N3667 2N5881 3-130 
2N3713 2N3714 3-26 
2N3714 2N3714 3-26 
2N3715 2N3715 3-26 
2N3715JAN 2N3715JAN 3-26 

2N3715JTX 2N3715JTX 3-26 
2N3715JTXV 2N3715JTXV 3-26 
2N3716 2N3716 3-26 
2N3716JAN 2N3716JAN 3-26 
2N3716JTX 2N3716JTX 3-26 

2N3716JTXV 2N3716JTXV 3-26 
2N3719 2N3719 3-32 
2N3720 2N3720 3-32 
2N3738 2N3738 3-37 
2N3739 2N3739 3-37 

2N3739JAN 2N3739JAN 3-37 
2N3739JTX 2N3739JTX 3-37 
2N3739JTXV 2N3739JTXV 3-37 
2N3740 2N3740 3-41 
2N3740A 2N3740 3-41 

2N374OJAN 2N374OJAN 3-41 
2N3740JTX 2N374OJTX 3-41 
2N374OJTXV 2N3740JTXV 3-41 
2N3741 2N3741 3-41 
2N3741A 2N3741A 3-41 

2N3741JAN 2N3741JAN 3-41 
2N3741JTX 2N3741JTX 3-41 
2N3741JTXV 2N3741JTXV 3-41 
2N3766 2N3766 3-44 
2N3766JAN 2N3766JAN 3-44 

2N3766JTX 2N3766JTX 3-44 
2N3766JTXV 2N3766JTXV 3-44 
2N3767 2N3767 3-44 
2N3767JAN 2N3767JAN 3-44 
2N3767JTX 2N3767JTX 3-44 

2N3767JTXV 2N3767JTXV 3-44 
2N3771 2N3771 3-48 
2N3772 2N3772 3-48 
2N3773 2N3773 3-52 
2N3788 2N6543 3-229 

2N3789 2N3789 3-56 
2N3790 2N3790 3-56 
2N3791 2N3791 3-56 
2N3791JAN 2N3791JAN 3-56 
2N3791JTX 2N3791JTX 3-56 

2N3791JTXV 2N3791JTXV 3-56 
2N3792 2N3792 3-56 
2N3792JAN 2N3792JAN 3-56 
2N3792JTX 2N3792JTX 3-56 
2N3792JTXV 2N3792JTXV 3-56 



ALPHANUMERIC INDEX - CROSS-REFERENCE (continued) 
MDlorol1 MDlorola MDllro11 MDllrel1 

Indullry Dlrecl Slmlllr Pa.e, Indullry Direct Similar Pa.e 
Plrt Number RapllClmani RapllCamlnl Number Part Numbar ReplaClmlnl RepllClmlnl Number 

2N3863 2N3715 3·32 2N4909 2N3792 3·56 
2N3864 2N5882 3·32 2N4910 2N3054' 3·2 
2N3865 MJ151J01 3·32 2N4911 2N3054' 3·2 
2N3867 2N3867 3·32 2N4912 2N49t2 3·75 
2N3867JAN 2N3867JAN 3·32 2N4913 2N5758' 3·123 

2N3867JTX 2N3867JTX 3·32 2N4914 2N5758' 3·123 
2N3867JTXV 2N3867JTXV 3·32 2N4915 2N5758' 3·123 
2N3867SJAN 2N3867SJAN 3·32 .,2N4918 2N4918 3·78 
2N3867SJTX 2N3867SJTX 3·32 2N4919 2N4919 3·78 
2N3867SJTXV 2N3867SJTXV 3·32 2N4920 2N4920 3·78 

2N3868 2N3868 3·32 2N4921 2N4921 3·82 
2N3868JAN 2N3868JAN 3·32 2N4922 2N4922 3·82 
2N3868JTX 2N3868JTX 3·32 2N4923 2N4923 3·82 
2N3868JTXV 2N3868JTXV 3·32 2N4998 2N5339 3·100 
2N3868SJAN 2N3868SJAN 3·32 2N4999 2N6191 3·168 

2N3868SJTX 2N3868SJTX 3·32 2N5000 2N5339 3·100 
2N3868SJTXV 2N3868SJTXV 3·32 2N5001 2N6191 3·168 
2N3878 2N5428 3·108 2N5002 2N5339 3·100 
2N3879 2N5430 3·108 2N5003 2N6191 3·168 
2N3902 2N3902 3·60 2N5004 2N5339 3·100 

2N3996 2N5339 3·100 2N5005 2N6191 3·168 
2N3997 2N5339 3·100 2N5034 2N3055 3·6 
2N3998 2N5339 3·100 2N5035 2N3055 3·6 
2N3999 2N5339 3·100 2N5036 2N3055 3·6 
2N4010 2N5339 3·100 2N5037 2N3055 3·6 

2N41J01 2N5339 3·100 2N5038 2N5038 3·86 
2N4002 2N6274 3·181 2N5038JAN 2N5038JAN 3·86 
2N41J03 2N6274 3·181 2N5038JTX 2N5038JTX 3·86 
2N4070 2N6306 3·194 2N5038JTXV 2N5038JTXV 3·86 
2N4071 2N6306 3·194 2N5039 2N5039 3·86 

2N4111 2N3715 3·26 2N5039JAN 2N5039JAN 3·86 
2N4113 2N3716 3·26 2N5039JTX 2N5039JTX 3·86 
2N4115 2N5339 HOD 2N5039JTXV 2N5039JTXV 3·86 
2N4116 2N5339 HOD 2N5050 2N3584 3·20 
2N4231A 2N3054A 3-2 2N5051 2N3584 3·20 

2N4232A 2N3054A 3·2 2N5052 2N3584 3-20 
2N4233A 2N4233A 3·64 2N5067 2N5758' 3·123 
2N4240 2N4240 3·20 2N5068 2N5758' 3·123 
2N4296 2N3738 3·37 2N5069 2N5758' 3·123 
2N4297 2N3738 3-37 2N5063 2N5339 HOD 

2N4298 2N6235 3·174 2N5084 2N5339 HOD 
2N4299 2N6235 3·174 2N50B5 2N5339 3·100 
2N431JO 2N5337 HOD 2N5147 2N6191 3·168 
2N4301 2N5337 HOD 2N5148 2N5337 HOD 
2N4305 2N5337 3·100 2N5149 2N6191 3·168 

2N4307 2N5337 3·100 
2N4309 2N5339 3·100 
2N4311 2N5337 3·100 
2N4314 2N3868 3·32 
2N4347 2N3055A 3·15 

2N5150 2N5337 3-100 
2N5151 2N6191 3-168 
2N5152 2N5337 3·100 
2N5153 2N6191 3·168 
2N5154 2N5337 3·100 

2N4348 2N5630' 3·12 
2N4387 2N4898 3·72 
2N4388 2N4898 3·72 
2N4398 2N4398 3·68 
2N4399 2N4399 3·68 

2N5157 2N6545 3·235 
2N5190 2N5190 3·88 
2N5191 2N5191 3·88 
2N5192 2N5192 3·88 
2N5193 2N5193 3·92 

2N4399JAN 2N4399JAN 3·68 
2N4399JTX 2N4399JTX 3·68 
2N4399JTXV 2N4399JTXV 3·68 
2N4877 2N5337 HOD 
2N4898 2N4898 3·72 

2N5194 2N5194 3·92 
2N5195 2N5195 3·92 
2N5202 2N5428 3·108 
2N5239 2N6306 3·134 
2N5240 2N6545 3·235 

2N4899 2N4899 3·72 
2N491JO 2N491JO 3·72 
2N4901 MJ15016 3·9 
2N4902 MJ15016 3·9 
2N4903 MJ15016 3·9 

2N5241 2N3902' 3·60 
2N5264 2N6249 3·177 
2N5284 2N5339 HOD 
2N5285 2N5339 HOD 
2N5286 2N6193 3·168 

2N4904 MJ15016 3·9 
2N4905 MJ15016 3·9 
2N4906 MJ15016 3·9 
2N4907 2N3791 3·56 
2N4908 2N3791 3·56 

2N5287 2N6193 3·168 
2N5293 2N6123 H64 
2N5294 2N6123 3·164 
2N5295 2N6121 3·164 
2N5296 2N6121 3·164 

'Consutt Motorola if ,8 direct replacement is necessary. 
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ALPHANUMERIC INDEX - CROSS-REFERENCE (continued) 

Motorola Motorola Motorola Motorola 
Industry Dlract Similar Page 

Part Number Replacemant Raplacamant Number 
Indultry Dlnct Similar Page 

Part Numbar Raplacamant Raplacamant Number 

2N5297 2N6122 3-164 2N5616 2N3448 3·18 
2N5298 2N6122 3-164 
2N5301 2N5301 3-96 
2N5302 2N5302 3-96 
2N5302JAN 2N5302JAN 3-96 

2N5618 2N3448 3-18 
2N5629 2N5629 3-112 
2N5630 2N5630 3-112 
2N5631 2N5631 3-112 

2N5302JTX 2N5302JTX 3-96 
2N5302JTXV 2N5302JTXV 3-96 
2N5303 2N5303 3-96 
2N5303JAN 2N5303JAN 396 
2N5303JTX 2N5303JTX 3-96 

2N5632 2N5882 3-130 
2N5633 MJ15001 3-844 
2N5634 MJ15001 3-844 
2N5651 2N6235 3-174 
2N5655 2N5655 3-116 

2N5303JTXV 2N5303JTXV 3-96 2N5656 2N5656 3-116 
2N5326 2N5339 3-100 2N5657 2N5657 3-116 
2N5333 2N6303 3-32 2N5660 2N6233 3-174 
2N5334 2N5337 3-100 2N5664 2N6233 3-174 
2N5335 2N5337 3-100 2N5665 2N6235 3-174 

2N5336 2N5336 3-100 
2N5337 2N5337 3-100 

2N5671 2N6338 3-202 
2N5672 2N6339 3-202 

2N5338 2N5338 3-100 
2N5339 2N5339 3100 
2N5344 2N5344 3-104 

2N5678 2N6378 3-205 
2N5683 2N5683 3-ll9 
2N5683JAN 2N5683JAN 3-ll9 

2N5345 2N6212 3-ll! 2N5683JTX 2N5683JTX 3-119 
2N5346 2N5339 3-100 2N56!l'lJTXV 2N5683JTXV 3-ll9 
2N5347 2N5339 3·100 
2N5348 2N5339 3-100 

2N5684 2N5684 3-119 
2N5684JAN 2N5684JAN 3119 

2N5349 2N5339 3·100 2N5684JTX 2N5684JTX 3-ll9 

2N5384 2N6191 3-168 
2N5385 2N6191 3-168 

2N5684JTXV 2N5684JTXV 3-119 
2N5685 2N5685 3·119 

2N5386 2N5038 3·86 
2N5387 2N6546 3-239 
2N5368 2N6546 3-239 

2N5685JAN 2N5685JAN 3·ll9 
2N56B5JTX 2N5685JTX 3J19 
2N5685JTXV 2N5685JTXV 3-ll9 

2N5389 2N6546 3·239 2N5686 2N5686 3-119 
2N5404 2N6191 3-168 2N5686JAN 2N5686JAN 3-119 
2N5405 2N6193 3-168 2N5686JTX 2N5686JTX 3-119 
2N5406 2N6191 3-168 2N5686JTXV 2N5686JTXV 3-119 
2N5407 2N6193 3-168 2N5729 2N5337 3-100 

2N5408 2N6191 3168 
2N5409 2N6193 3-168 
2N5410 2N6191 3168 
2N5411 2N6193 3-168 
2N5427 2N5428 3-108 

2N5730 2N5339 3-100 
2N5733 2N6274 3-181 
2N5734 2N6338 3-202 
2N5737 2N5878 3-127 
2N5738 2N5880 3-130 

2N5428 2N5428 3-108 2N5739 2N5878 3-127 
2N5429 2N5429 3-108 2N5740 2N5880 3-130 
2N5430 2N5430 3-108 2N5741 2N5883 3-134 
2N5466 2N6545 3-235 
2N5467 2N6545 3-235 

2N5742 2N6029 3-112 
2N5743 2N5883 3-134 

2N5477 2N5339 3·100 
2N5478 2N5339 3-100 
2N5479 2N5339 3-100 
2N5480 2N5339 3-100 

2N5744 MJ4502 3-636 
2N5745 2N5745 3-68 
2N5745JAN 2N5745JAN 368 
2N5745JTX 2N5745JTX 3-68 

2N5490 MJE3055T 31018 2N5745JTXV 2N5745JTXV 368 

2N5491 MJE3055T 3-1018 2N5758 2N5758 3-123 
2N5492 2N6292 3-161 2N5759 2N3055A 3-9 
2N5493 2N6292 3·161 2N5760 2N5760 3·123 
2N5494 MJE3055T 3-1018 2N5804 2N6306 3-194 
2N5495 MJE3055T 31018 2N5805 2N6543 3229 

2N5496 2N6292 3-161 
2N5497 2N6292 3-161 
2N5508 2N5428 3108 
2N5539 2N6379 3·205 
2N5559 MJ15001 3-844 

2N5838 2N6308 3-194 
2N5839 2N6308 3-194 
2N5840 2N6308 3-194 
2N5867 2N3789' 3-56 2N5868 2N3790' 3-56 

2N5575 2N5685 3119 
2N5578 2N5685 3-ll9 
2N5598 2N5428 3-108 
2N5600 2N5428 3.108 
2N5602 2N5428 3-108 

2N5869 2N37W 3·26 
2N5870 2N37W 3-26 
2N5871 2N3789' 3-56 
2N5872 2N3790' 3-56 2N5873 2N37W 3-26 

2N5604 2N5430 3-108 
2N5606 2N5428 3-108 
2N5610 2N5428 3-108 

~~~~~~ 
2N5430 3-108 
2N3448 3-18 

2N5874 2N37W 3·26 
2N5875 2N5875 3-127 
2N5876 2N5876 3-127 
2N5877 2N5877 3-127 
2N5878 2N5878 3-127 

*Consult Motorola if a direct replacement is necessary. 
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ALPHANUMERIC INDEX - CROSS-REFERENCE (continued) 

Motoroll Motorola Motoroll Motorola 
Induslry Dlracl Similar Page 

Plrt Number Replaclmanl Rapllumanl Number 
Indultry Direct Similar Page 

Part Numbai RapllClmani RepllClmeni Number 

2N5879 2N5879 3-130 2N6052JAN 2N6052JAN 3-153 
2N5880 2N5880 3-130 2N6052JTX 2N6052JTX 3-153 
2N5881 2N5881 3-130 2N6052JTXV 2N6052JTXV 3-153 
2N5882 2N5882 3-130 
2Ns883 2N5883 3-134 

2N6053 2N6053 3-157 
2N6054 2N6054 3-157 

2N5884 2N5884 3-134 2N6055 2N6055 3-157 
2N5885 2N5885 3-134 2N6056 2N6056 3-157 
2N5886 2N5886 3-134, 2N6057 2N6057 3·153 
2N5929 2N8338 3-202 2N6058 2N6058 3-153 
2N5930 2N8338 3-202 2N6058JAN 2N6058JAN 3-153 

2N5931 2N6341 3-202 2N6058JTX 2N6058JTX 3-153 
2N5932 2N6338 3-202 2N6058JTXV 2N6058JTXV 3-153 
2N5933 2N8338 3-202 2N6059 2N6059 3-153 
2N5935 2N6341 3-202 2N6059JAN 2N6059JAN 3-153 
2N5936 2N6338 3-202 2N6059JTX 2N6059JTX 3·153 

,2N5937 2N6341 3-202 
2N5954 2N6318 3-198 

2N6059JTXV 2N6059JT~V 3-153 
2N6077 2N6235 3-174 

2N59SS 2N6317 3-198 2N6078 2N6235 3-174 
2N5956 2N6317 3-198 2N6079 2N6235 3-174 
2N5970 2N5882 3-130 2N6098 2N6487 3-221 

2N5971 2N5882 3-130 
2N5972 MJ15003 3-847 
2N5974 MJE2955 3-1018 
2N5975 MJE2955 3-1018 
2N5976 MJE2955 3-1018 

2N6099 2N6487 3-221 2N61 00 2N6487 3-221 2N6101 2N6488 3-221 
2N61 02 2N6488 3-221 2N6103 2N6486 3-221 

2N5977 MJE3055 3-1018 
2N5978 MJE30SS 3-1018 
2N5979 MJE30SS . 3-1018 
2N5980 MJE2955· 3-1018 
2N5981 MJE29SS· ' 3-1018 

2N6106 2N6107 ,3-161 
2N6107 ,2N6107 3-161 
2N6108 2N6109 3-161 
2N6109 2N6109 3-l6l 
2N6110 2N6111 3-161 

2N5982 2N5988· 3-138 
2N5983 MJE3055· 3-i018 
2N5984 MJE30SS· 3-1018 
2N5985 2N5991· 3-138 
2N5986 2N5986 3-138 

2N6111 2N6111 3-161 
2N6121 2N6121 3-164 
2N6122 2N6122 3-164 
2N6123 2N6123 3-164 
2N6124 2N6124 3-164 

2N5987 2N5987 3-138 
2N5988 2N5988 3-138 
2N5989 2N5989 3-138 
2N5990 2N5991 3-138 
2N5991 2N5991 3-138 

2N6125 2N6125 3-164 
2N6126 TlP32C 3-156 
2N6127 2N6436 3-217 
2N6128 2N6338 3-202 
2N6129 TlP41 3-1166 

2N6021 TlP32C 3-1156 
2N6022 TlP32C 3-1156 
2N6023 2N6124 3-164 
2N6024 2N6124 3-164 
2N6025 2N6125 3-164 

2N6130 TIP41A 3-1166 
2N6131 TIP41B 3-1166 
2N6132 TlP42C 3-1166 
2N6133 TIP42C 3-1166 
2N6134 TIP42C 3-1166 

2N6026 2N6125 3-164 
2N6029 2N6029 3-112 
2N6030 2N6030 3-112 
2N6031 2N6031 3-112 
2N6032 2N6275 3-181 

2N6175 MPSU10 3-1135 
2N6176 MPSU10 3-1135 
2N6177 MJE340 ' 3-990 
2N6178 MPSU06 '3-1131 
2N6179 MPSUOS 3-1131 

2N6033 2N62n 3-181 
2N6034 2N6034 3-142 
2N6035 2N6035 ;>-142 
2N6036 2N6036 3:142 
2N6037 2N6037 3-142 

2N6180 MPSU56 3-1145 
2N6181 MPSU55 3-1145 
2N6186 2N6190 3-168 
2N6187 2N6191 3-168 
2N6188 2N6193 3-168 

2N6038 2N6038 ,3-142 
2N6039 2N6039 3-142 
2N6040 2N6040 3-146 
2N6041 2N6041 3-146 
2N6042 2N6042 ' 3-146 

2N6189 2N6193 3-168 
2N6190 2N6190 3-168 
2N6191 2N6191 3-168 
2N6192 2N6193 3-168 
2N6193 2N6193 3-168' 

2N6043 2N6043 3-146 2N6211 2N8211 3-171 
2N6044 2N6044 3-146 2N6212 2N6212 3-171 
2N6045 2N6045 3-146 2N6213 2N6213 3-171 
2N6049 2N6049 3-150 2N6226 MJl5016 3-9 
2N60SO 2N6050 3-153 2N6227 MJ15016 3-9 

2N6051 2N6051 3-153 2N6228 MJ15016 3-9 
2N6051JAN 2N6051JAN 3-153 2N6229 2N5880 3-130 
2N6051JTX 2N6051JTX 3-153 
2N6051JTXV 2N6051JTXV 3-153, 
2N6052 2N6052 3-153 

2N6230 MJ15002 3-844 
2N6231 MJl5002 3-844 
2N62:j3 2N6233 3-174 

·Consult Motorola if a direct replacement is necessary. 
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2N6234 2N6235 3-174 
2N6235 2N6235 3-174 
2N6242 MJ13015 3-9 
2N6243 MJ13335 3-834 
2N6244 MJ13333 3-834 

2N6296JTX 2N6298JTX 3-157 . 
2N6298JTXV 2N6298J1XV 3-157 
2N6299 2N6299 3-157 
2N6299JAN 2N6299JAN 3-157 
2N6299JTX 2N6299JTX 3-157 

2N6245 MJ13335 3-834 
2N6246 2N5879 3:130 
2N6247 2N5880 3-130 
2N6246 MJ15016 3-9 

2N6299JTXV 2N6299JTXV 3-157 
2N6300 2N6300 3-157 
2N6300JAN 2N6300JAN 3-157 
2N6300JTX 2N6300JTX 3,157 

2N6249 2N6249 3-177 2N6300JTXV 2N6300JTXV 3-157 

2N6250 2N6250 3-177 2N6301 2N6301 3-157 
2N6251 2N6251 3-177 2N6301JAN 2Nli301JAN 3-157 
2N6253 2N5877 3-127 2N6301JTX 2N6301JTX 3-157 
2N6254 2N5878 3-127 2N6301JTXV 2N6301JTXV 3-157 
2N6257 2N5886 3-134 2N6302 2N5630 3-112 

2N6258 2N5686 3-134 
2N6259 2N5631 3-112 
2N6260 2N3054A 3-2 
2N6261 2N4233A 3-64 
2N6262 2N5760 3-123 

2N6303 2N6303 3-32 
2N6306 2N6306 3-194 
2N6306JAN 2N6306JAN 3-194 
2N6306JTX 2N6306JTX 3-194 
2N6307 2N6307 3-194 

2N6263 2N3584 3-20 2N6306 2N6308 3-194 
2N6264 2N3584 3-20 2N6306JAN 2N6306JAN 3-194 
2N6270 2N6336 3-202 2N6306JTX 2N6306JTX 3-194 
2N6271 2N6338 3-202 
2N6272 2N6338 3-202 

2N6312 2N6318 3-198 
2N6313 2N6318 3-108 

2N6273 2N6336 3-202 
2N6274 2N6274 3-181 

2N6314 2N6318 3-198 
2N6315 2N6315 3-198 

2N6274JAN 2N6274JAN 3-181 2N6316 2N6316 3-198 
2N6274JTX 2N6274JTX 3-181 
2N6274JTXV 2N6274JTXV 3-181 

2N6317 2N6317 ~m 2N6316 2N6318 

2N6275 2N6275 H81 2N6322 MJ10015 3-706 
2N6276 2N6275 3-181 2N6323 MJ10015 3-706 
2N6277 2N6277 3-181 2N6324 MJ10015 3-706 
2N6277JAN 2N6277JAN 3-181 2N6325 MJ10015 3-706 
2N6277JTX 2N6277JTX 3-181 2N6326 2N6328 -
2N6277JTXV 2N6277JTXV 3-181 
2N6276 2N6274 3-181 

2N6327 2N6328 -
2N6328 2N6326 -

2N6279 2N6275 3-181 2N6329 2N5684 3-134 
2N6280 2N6275 3-181 2N6330 2N5884 3-134 
2N6281 2N6277 3-181 2N6331 2N5884 3-134 

2N6282 2N6282 3-185 2N6338 2N6338 3202 
2N6283 2N6283 3-185 2N6336JAN 2N6336JAN 3-202 
2N6283JAN 2N6283JAN 3-185 2N6336JTX 2N6336JTX 3202 
2N6283JTX 2N6283JTX 3-185 2N6336JTXV 2N6336JTXV 3-202 
2N6283JTXV 2N6283JTXV 3-185 2N6339 2N6339 3-202 

2N6284 2N6284 3-185 
2N6284JAN 2N6284JAN 3-185 

2N6340 2N6340 3-202 
2N6341 2N6341 3-202 

2N6284JTX 2N6284JTX 3-185 2N6341JAN 2N6341JAN 3-202 
2N6284JTXV 2N6284JTXV 3'185 2N6341JTX 2N6341JTX 3-202 
2N6265 2N6265 3-185 2N6341JTXV 2N6341JTXV 3-202 

2N6266 2N6286 3-185 
2N6266JAN 2N6266JAN 3-185 

2N6354 2N6339 3-202 
2N6355 2N6057 3-153 

2N6286JTX 2N6266JTX 3-185 
2N6266JTXV 2N6286JTXV 3-185 
2N6287 2N6267 3-185 

2N6356 2N6057 3-153 
2N6357 2N6058 3-153 
2N6358 2N6058 3-153 

2N6267JAN 2N6267JAN 3-185 
2N6287JTX 2N6287JTX 3-165 
2N6287JTXV 2N6267JTXV 3-185 
2N6266 2N6288 3-161 
2N6289 2N6288 3-161 

2N6359 2N5885 3-134 
2N6371 2N3055 3-6 
2N6372 2N6316 3-198 
2N6373 2N6315 3-198 
2N6374 2N6315 3-198 

2N6290 MJE3055T 3-1018 
2N6291 MJE3055T 3-1018 
2N6292 2N6292 3-161 
2N6293 2N6292 3-161 
2N6294 2N6294 3-190 

2N6377 2N6377 3-205 
2N6378 2N6376 3-205 
2N6376JAN 2N6376JAN 3-205 
2N6376JTX 2N6376JTX 3-205 
2N6376JTXV 2N6376JTXV 3-205 

2N6295 2N6295 3-190 2N6379 2N6379 3-205 
2N6296 2N6296 .3;190 2N6379JAN 2N6379JAN 3-205 
2N6297 2N6297 3-190 2N6379JTX 2N6379JTX 3-205 
2N6298 2N6296 3-157 
2N6296JAN 2N6298JAN 3-157 

2N6379JTXV 2N6379JTXV 3-205 
2N6360 2N6377 3-205 
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2N6381 2N6378 3-205 
2N6382 2N6379 3-205 

2N6497 2N6497 3-225 
2N6498 2N6498 3-225 

2N6383 2N6383 3-209 
2N6383JAN 2N6383JAN 3-209 2N6500 2N5430 3-108 
2N6383JTX 2N6383JTX 3-209 2N6510 2N6306 3-t94 

2N6383JTXV 2N6383JTXV 3-209 
2N6384 2N6384 3-209 
2N6384JAN 2N6384JAN 3-209 
2N6384JTX 2N6384JTX 3-209 
2N6J84JTXV 2N6384JTXV 3-209 

2N6511 2N6306 3-194 
2N6512 2N6544 3-235 
2N6513 2N6545 3-235 
2N6514 2N6544 3-235 
2N6530 TlPl0l 3-1174 

2N6385 2N6385 3-209 
2N6385JAN 2N6385JAN 3-209 
2N6385JTX 2N6385JTX 3-209 
2N6385JTXV 2N6385JTXV 3-209 
2N6386 2N6386 3-213 

2N6531 TIP102 3-1174 
2N6532 TIP102 3-1174 
2N6534 2N6301 3-157 
2N6535 TIP102 3-1174 
2N6536 TIP102 3-1174 

2N6387 2N6387 H13 
2N6388 2N6388 3-213 
2N6406 MJE171 3-978 
2N6407 MJEl72 3-978 
2N6408 MJE181' 3-978 

2N6543 2N6543 3-229 
2N6544 2N6545 3-235 
2N6545 2N6545 3-235 
2N6546 2N6546 3-239 

2N6409 MJE182' 3-978 
2N6410 MJE200' 3-982 
2N6411 MJE210 3982 
2N6412 MJE180 3-978 
2N6413 MJE181 3-978 

2N6548JAN 2N6546JAN 3-239 
2N6546JTX 2N6546JTX 3-239 
2N6547 2N6547 3-239 
2N6547JAN 2N6547JAN 3-239 
2N6547JTX 2N6547JTX 3-239 

2N6414 MJE170 3-978 
2N6415 MJE171 3-978 
2N6416 MJE243 3-986 
2N6417 MJE243 3-986 
2N6418 MJE253 3-986 

2N6548 MJE800 3-1002 
2N6549 MJE800 3-1002 
2N6551 2N4923 3-82 
2N6552 2N4923 3-82 
2N6553 2N4923 3-82 

2N6419 MJE253 3-986 

2N6420 2N6420 320 
2N6421 2N6421 3-20 
2N6422 2N6422 320 
2N6423 2N6212 3-171 
2N6424 2N6212 3171 

2N6554 2N4919 378 
2N6555 2N4919 3-78 
2N6556 2N4919 3-78 
2N6557 MJE340 3-990 
2N6558 MJE340 3-990 

2N6425 2N6212 3-171 
2N6436 2N6436 3-217 
2N6437 2N6437 3217 
2N6437JAN 2N6437JAN 3-217 
2N6437JTX 2N6437JTX 3-217 

2N6559 MJE340 3-990 
2N6569 2N3055 3-6 
2N6573 2N6546 3-239 
2N6574 2N6546 3-239 
2N6575 2N6547 3-239 

2N6437JTXV 2N6437JTXV 3-217 
2N6438 2N6438 3-217 
2N6438JAN 2N6438JAN 3-217 
2N6438JTX 2N6438JTX 3-217 
2N6438JTXV 2N6438JTXV 3-217 

2N6576 2N6576 3-243 
2N6577 2N6577 3-243 
2N6578 2N6578 3-243 
2N6579 MJ13080 3-810 
2N6580 MJ13080 3-810 

2N6465 MJE15030 3-1086 
2N6466 MJE15030 3-1086 
2N6467 MJE15031 3-1086 
2N6468 MJE15031 3-1086 
2N6469 2N5879 3-130 

2N6581 MJ16004 3-858 

2N6582 MJ13080 3810 

2N6583 MJ13080 3-810 

2N6584 MJ16008 3-874 
2N6591 MJE341 3992 

2N6470 2N5881 3-130 
2N6471 2N5881 3-130 
2N6472 2N5882 3-130 
2N6473 MJE15028 31086 
2N6474 MJE15028 3-1086 

2N6592 MJE344 3-992 

2N6593 MJE344 3-992 

2N6594 MJ15016 3-9 

2N6609 2N6609 3-52 

2N6648 2N6648 3-209 

2N6475 MJE15029 3-1086 
2N6476 MJE15029 3-1086 
2N6477 MJE15028 3-1086 
2N6478 MJE15030 3-1086 
2N6486 2N6486 3-221 

2N6648JAN 2N6648JAN 3-209 
3-209 2N6648JTX 2N6648JTX 3-209 2N6648JTXV 2N6648JTXV 

2N6649 2N6649 2N6054 3-157 

2N6649JAN 2N6649JAN 3-157 

2N6487 2N6487 3-221 
2N6488 2N6488 3-221 
2N6489 2N6489 3-221 
2N6490 2N6490 3-221 
2N6491 2N6491 3-221 

2N6649JTX 2N6649JTX 3-157 
3-157 2N6649JTXV 2N6649JTXV 3-157 _2N6650 2N6054 
3-157 2N665OJAN 2N6650JAN 3-157 2N665OJTX 2N6650JTX 

2N6492 2N6055 3-1086 
2N6493 2N6056 3-1086 
2N6494 2N6056 3-1086 
2N6495 2N6316 3-198 
2N6496 2N6339 3-202 

2N6650JTXV 2N665OJTXV 3-157 
2N6653 MJ13333 3-834 
2N6654 MJ13333 3-834 
2N6655 MJ13333 3-834 
2N6666 TIP105 3-1174 

*Consult Motorola if a direct replacement is necessary. 
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2N6667 2N6667 3-246 2SA775 TIP30C 3-1154 
2N6668 2N6668 3-246 2SA779 2N4918 3-78 
2N6669 MJE15026 3-1066 2SA760 2N4919 3-78 
2N6671 2N6544 3-235 
2N6672 MJ13060 ,3-810 

2SA794 MJE253 3-986 
2SA795 MJE253 3-986 

2N6673 MJ13060 3-810 2SA807 2N3769 3-56 
2N6674 MJ13090 3_816 2SA808 2N3790 3-56 
2N6675 MJ13090 3-8)6 
2N6676 2N6676 3-250 

2SA814 TIP30C 3-1154 
2SA815 TIP30C 3-1154 

2N6677 2N6677 3-250 2SA816 TIP30B 3-1154 

2N6678 2N6676 3-250 2SA818 MJE350 3-994 
2N6633 2N6633 3-254 2SA835 MJE350 3-994 
2N6634 2N6634 3-254 2SA837" MJ15016 3-9 
2N6635 2N6635 3-262 
2N6636 ' 2N6636 3-269 

2SA839 TIP32C 3-1156 
2SA843 MJE15031 3-1086 

2N6637 2N6837 3-276 2SA861 MPSU51 3-1141 
2SA483 2N6420 3.-20 
2SA489 TIP32C 3-1156 
2SA490 2N6125 3-164 
2SA496 2N4916 3-78 

2SA877 2N5676 3-127 
2SA878 MJ15002 3-844 
2SA882 MJ15002 3-844 
2SA867 2N4919 3-78 

2SA505 2N4919 3·78 2SA697 MPSU55 3·1145 
2SA566 2N6420 3-20 2SA898 MJE350 3-994 
2SA613 2N4699 3-72 
2SA614 2N4900 3-72 
2SA616 2N3741 3-41 

2SA899 MJE350 3·994 
2SA900 MJE210 3-982 
2SA907 MJ15016 3-9 

2SA623 2N4916 3-76 2SA908 MJ15002 3·844 
2SA624 2N4919 3-78 2SA909 MJ15023 3-855 
2SA626 MJ15016 3-9 2SA922 2N4918 3-78 
2SA627 MJ15016 3-9 2SA939 MJE350 3-994 
2SA633 2N4918 3-78 2SA940 MJE15031 3-1086 

2SA949 MJE15031 3-1086 
2SA634 2N4919 3-78 
2SA635 2N4919 3-78 2SA957 MJE15031 3-1086 
2SA636 2N4919 3-78 
2SA645 MJE162 3-978 

2SA956 MJE15031 3-1086 
2SA962 MPSU55 3-1145 

2SA646 2N4919 3-78 2SA963 MJE171 3-978 
2SA965 MJE15029 3-1086 

2SA647 2N4919 3-78 
2SA646 2N6230 3-844 
2SA652 2N6420 3-20 
2SA653 2N6420 3-20 
2SA656 MJ15016 3·9 

2SA966 TIP32 3-1156 
2SA968 MJE15031 3-1086 
2SA969 MJE15031 3·1086 
2SA971 2N6609 3-52 
2SA980 2N5880 3-130 

2SA657 MJ15016 3-9 
2SA656 MJ15016 3-9 
2SA663 MJI5016 3-9 
2SA670 2N6125 3-164 
2SA671 2N6125 3-164 

2SA961 MJ15002 3-844 
2SA982 MJ15002 H44 
2SA100l 2N6438 3-217 
2SA1002 2N6438 3·217 

2SA679 MJ15016 3-9 
2SA1003 2N6438 3-217 

2SA660 2N5660 3-130 
2SA661 MJE253 3-966 
2SA682 MJE253 3-986 
2SA698 MJE350 3-994 

2SA 1007 MJ15002 3-844 
2SA 1008 TIP32C 3-1156 
2SA1010 TIP42C 3-1162 
2SA10ll MJE15031 3-1086 

2SA699 2N49'16 3-78 
2SA1012 TIP42A 3·1166 

2SA700 TIP30 3-1154 
2SA703 2N4916 3-76 
2SA706 MPSU55 3-1145 
2SA714 MJ15016 3-9 

2SA1020 TlP32 3-1156 
2SA 1040 2N6438 3-217 
2SA1041 2N6436 3-217 
2SA1042 2N6436 3-217 

2SA715 MJE170 3-978 2SA1043 2N6438 3-217 

2SA736 MJE170 3-978 
2SA739 MJ6503 3-640 
2SA755 2N6125 3-164 
2SA756 MJ15016 3-9 

2SA1044 2N6436 3-217 
2SA 1045 2N6052 3-153 
2SA 1046 2N6052 3-153 
2SA1063 MJ15016 3-9 

2SA757 MJ15016 3-9 
2SA758 MJ15016 3-9 
2SA762 2N6211 3-171 
2SA764 2N6317 3-198 
2SA765 2N6316 3-198 

2SA 1064 MJ15002 3-844 

2SA1065 MJ15002 3-844 
2SA1067 MJ15002 3-844 
2SA1068 MJ15002 3-844 
2SA 1069 TlP428 3·1166 
2SAlll0 MJE350 3-994 

2SA766 2N6420 3-20 
2SA768 2N6125 3-164 
2SA769 TlP32C 3-1156 
2SA770 2N6109 H61 
2SA771 2N6107 3-161 

2SAllll MJE15031 3-1086 
2SAll12 MJE15031 3-1086 
2S8502 2N3741 3-41 
2S8503 2N3741 3-41 
2S8506 MJ15016 3-9 
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258507 2N6125 3-164 258649 MJE350 3-994 
2585D9 TIP32C 3-1156 
258511 TlP32 3-1156 

258653 MJ15016 3-9 
258654 MJ15016 3-9 

258513 TlP32C 3-1156 
258514 TlP32A 3-1156 

258655 MJ15002 3-844 
258656 MJ15002 3-844 

258515 TIP32A 3-1156 258668 TIP32A 3-1156 
258518 MJ15016 3-9 258669 TIP328 3-1156 
25851q MJ15016 3-9 258673 2N6042 3-146 
258520 MJ15016 3-9 258674 2N6041 3-146 
258521 TlP42A 3-1166 258675 2N6040 3-146 

258522 TIP42A 3-1166 
258523 2N5193 3-92 
258524 2N5194 3-92 
258526 2N4920 3-78 
258527 2N4920 3-78 

258676 TlP127 3-1181 
2586n TIP125 3-1181 
258679 TlP117 3-1178 
258681 MJ15OO2 3-844 
258689 T1P42C 3-1166 

258528 2N4920 3-78 
258529 2N5193 3-92 
258530 MJ15002 3-844 
258531 MJ15016 3-9 
258532 MJ15016 3-9 

258690 TIP42C 3-1166 
258691 MJE4352 3-1024 
258692 MJE4352 3-1024 
258693 2N6287 3-181 
258694 MJ11015 3-757 

258536 TIP32C 3-1156. 
258537 TIP32C 3-1156 
258539 MJ15002 3-844 
258541 MJ15002 3-844 
258546 MJE15031 3-1086 

258695 MJE4352 3-1024 
258696 2N6231 3-844 
258697 MJ15002 3-844 
258707 2N6107 3-161 
258708 2N6107 3-161 

258547 MJE15031 3-1086 
2S854B 2N4920 3-78 
258549 2N4920 3-78 
258552 MJ15023 3-855 
258554 MJ15023 3-855 

258711 2N6041 3-146 . 
258712 2N6042 3-146 
258713 MJE4352 3-1024 
258717 MJE350 3-994 
258718 MJE350 3-994 

258555 MJ15012 3-850 258555 MJ15012 
258557 MJ15002 

3-850 
3-844 258558 2N5880 3-130 258559 2N4918 3-78 

258719 MJE15031 3-1086 
258720 MJE15031 3-1086 
258722 MJ15OO2 3-840 
258723 MJ15023 3-855 
258724 TIP32A 3-1156 

258565 2N6125 3-164 
258566 TlP32C 3-1156 258567 MJE15031 3-1086 258568 MJE15031 3-1086 258569 2N6034 3-142 

256727 MJE15029 3-1086 
258743 MJE170 3-978 
258744 MJE172 3-978 
258750 TlP115 3-1178 
258751 TIP126 3-1181 

258570 2N6035 3-142 
258571 2N6036 3-142 258572 2N5193 3-92 
258573 2N5194 3-92 258574 2N5195 3-92 

258753 TIP42C 3-1166 
258754 2N6109 3-161 
258772 MJE170 3-978 
25C41 MJ410 3-620 
25C42 MJ410 3-620 

258575 2N5193 3-92 
258576 2N5194 3-92 
258m 2N5195 3-92 258578 MJE2955 3-1018 2S8579 MJE2955 3-1018 

25C42A MJ410 3-620 
2SC43 2N3055A 3-9 
25C44 2N3055A 3-9 
2SC101 2N3584 3-20 
2SC161 2N3447 3-18 

258580 MJE2955 3-1018 
258581 MJE2955 3-1018 
258582 MJE6040 3-146 
258583 MJE6041 3-146 
258584 MJE6041 3-146 

2SC240 2N3055A 3-9 
2SC241 2N3447 3-18 
25C242 2N3055A 3-9 
25C243 MJ410 3-620 
2SC244 2N3447 3-18 

258585 2N6053 3-157 
258566 2N6054 n57 
258587 2N6050 3-153 
258588 2N6051 - 3-153 
258589 2N6052 3-153 

2SC245 2N3055A 3-9 
25C246 MJ410 3-620 
25C270 MJ411 3-620 
25C407 MJI5011 3-850 
2SC408 MJ15011 3-850 

258595 TIP42C 3-1166 
258596 TIP32C 3-1156 
258600 MJ15012 3-850 
258604 TIP32C 3-1156 
258628 MJE15031 3-1086 

25C4D9 2N6249 3-177 
25C410 2N6249 3-177 
25C411 2N6546 3-239 
25C412 2N6546 3-239 
25C431 2N6341 3-202 

258630 MJE15031 3-1086 2SC432 2N6341 3-202 
258631 2N4920 3-78 25C433 MJ15022 3-852 
258632 2N4918 3-78 
258633 TlP42C 3-1166 
25864B MJE350 3-994 

25C434 MJ15022 3-852 
25C435 MJ10000 3-664 
25C436 MJ10000 3-664 
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25C483 2N3583 3-20 
25C487 2N3583 3-20 
25C488 2N6233 3-174 
25C489 2N3441 3-13 
25C490 2N3766 3-44 

28C887 MJ410 3-620 
25C888 MJ410 3-620 
25C889 MJ410 3-620 
25C895 2N3441 3-13 
25C897 2N5760 3-123 

25C491 2N3584 3-20 
25C492 2N3055A 3-9 
25C493 2N3055A 3-9 
25C494 2N3447 3-18 
25C495 2N4923 3-82 

25C898 2N5780 3-123 
25C901 2N6306 3-194 
25C901A 2N6306 3-194 
25C902 MJ15001 3-844 
25C931 MJE3055 3-1018 

25C496 2N4921 3-82 
25C508 2N6233 3-174 
25C515 2N3739 3-37 
25C518 2N3448 3-18 
25C518A 2N3448 3-18 

25C932 MJE3055 3-1018 
25C935 2N6308 3-194 
25C936 BU205 3-394 
25C937 BU205 3-394 
25C939 MJ15OO1 3-844 

25C519 2N3055A 3-9 
25C519A 2N5780 3-123 
25C520 2N3448 3-18 
25C520A 2N3448 3-18 
25C521 2N3447 3-18 

25C940 2N6249 3-177 
2SC961 2N3055A 3-9 
28C962 2N5758 3-123 
2SC981 2N5430 3-108 
25C999 BU205 3-394 

25C521A 2N3448 3-18 
25C558 MJ3029 3-630 
25C582 2N3739 3-37 
25C586 MJ410 3-620 
25C642 BU205 3-394 

25C1004 BU205 3-394 
25C1004A BU205 3-394 
25C1OO5 BU208 3-399 
25C1013 MJE180 3-978 
25C1014 MJE181 3-978 

25C643 BU205 3-394 
25C646 2N3447 3-18 
25C647 2N3448 3-18 
25C664 2N5758 3-123 
25C665 2N5760 3-123 

2SC1025 2N6233 3-174 
25C1030 2N5780 3-123 
25C1031 2N3585 3-20 
2SC1034 BU205 3-394 
25C1046 BU208 3-399 

25C675 2N6306 3-194 
2N6306 3-194 

25C676 2N6306 3-194 25C677 2N6306 3-194 25C678 2N3585 3-20 25C679 

25C105O MJ411 3-620 
25C1051 2N5760 3-123 
25C1055 2N5430 3-108 
25C1059 2N3739 3-37 
25C1060 TlP31A 3-1156 

25C680 2N3584 3-20 
MJ15011 3-850 

25C681 2N3739 3-37 
25C685 MJ410 3-620 25C687 2N3055A 3-9 
25C736 

25C1061 TlP31A 3-1156 
25C1078 BU205 3-394 
25C1079 MJ15OO1 3-840 
25C1080 MJ15OO1 3-840 
25C1086 BU208 3-399 

25C758 2N6307 3-194 
2N6306 3-194 

25C759 2N6306 3-194 -28C760 
2N3055 3-9 

25C768 MJ15001 3-844 25C769 

25C1088 MJE3439 3-1022 
25C1089 MJE3439 3-1022 
25C1096 MJE180 3-978 
25C1098 2N4923 3-82 
25C1099 BU208 3-399 

25C770 MJ15011 3-850 
MJ15011 3-850 

25C771 2N3739 3-37 
25C779 2N3739 3-37 25C782 2N3738 3-37 25C783 

25C11OO BU208 3-399 
25C1101 BU205 3-394 
25C1102 2N3739 3-37 
2SC1104 2N3585 3-20 
25C1105 2N3739 3-37 

25C789 2N6123 3-164 
TIP31A 3-ll56 

25C790 2N3584 3-20 25C791 2N6308 3-194 25C792 2N5758 3-123 28C793 

25C1106 2N6308 3-194 
25C1107 2N6123 3-164 
25C1108 2N6123 3-164 
25C1109 2N6123 3-164 
25C1110 2N6123 3-164 

25C794 2N5758 3-123 
2N3739 3-37 25C795 MJ431 3-622 25C806 MJ413 3-622 25C807 MJ411 3-620 25C808 

2SC1111 MJ15OO1 3-844 
25Cl112 MJ15OO1 3-844 
25C1113 MJE15030 3-1086 
25Cll14 2N6543 3-229 
25C1115 MJ15OO1 3-844 

25C825 2N3585 3-20 
25C833 2N6235 3-174 
25C840 2N3584 3-20 
25C840A 2N3584 3-20 
25C861 MJ3029 3-630 

25C1116 MJ15011 3-850 
25Cl124 MP5U04 3-1127 
25C1125 MP5U10 3-1135 
25C1130 2N6543 229 
25Cl131 2N6543 3-229 

25C862 2N6545 3-235 
25C867 2N3739 3-37 
25C884 2N3584 3-20 
25C885 2N6307 3-194 
25C886 2N6306 3-194 

25C1132 BU208 3-394 
25C1140 2N6547 3-239 
25Cl141 2N6546 3-239 
25C1142 MJ13015 3-798 
25C1143 MJ13014 3-798 
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2SC1151 BU205 3-394 
2SC1152 2N6308 3-194 
2SC1153 BU205 3-394 
2SC1154 MJ12003 3-770 
2SC1155 MJE182 3-978 

2SC1501 MJE3439 3-1022 
2SC1504 MJI30l5 3-798 
2SC1505 TIP48 3-1170 
2SC1506 TIP48 3-1170 
2SC1507 TIP48 3-1170 

2SCl156 2N6543 3-229 
2SC1157 2N4923 3-82 
2SC1160 2N3738 3-37 
2SC1161 2N3738 3-37 
2SC1162 MJE180 3-978 

2SC1514 MJE3439 3-1022 
2SC1516 2N6037 3-142 
2SC1517 2N4922 3-82 
2SC1519 MJE340 3-990 
2SC1520 MJE340 3-990 

2SC1167 BU205 3-394 
2SC1168 2N3739 3-37 
2SC1170 BU208 3-394 
2SC1170A BU208 3-394 
2SC1171 BU205 3-394 

2SC1521 MJE340 3-990 
2SC1576 MJ13091 3-816 
2SC1577 MJ13091 3-816 
2SC1578 MJ10014 3-757 
2SC1579 MJlOOl4 3-757 

2SC1172 BU208 3-394 
25C1173 TIP31 3-1156 
2SC1174 MJ12003 3-770 
2SC1184 BU205 3-394 
2SC1185 2N6308 3-194 

2SCl580 MJ10014 3-757 
2SC1584 2N6249 3-177 
2SC1585 2N6249 3-177 
2SC1586 2N6250 3-177 
2SC1609 2N6340 3-202 

2SC1195 2N6308 3-194 
2SC1224 MJE341 3-992 
2SC1226 MJE800 3-1002 
2SC1227 MJ10006 3-682 
25Cl228 MJ13091 3-816 

2SC1610 2N6341 3-202 
2SC1617 MJ411 3-620 
2SC1618 2N5758 3-123 
2SC1619 2N5758 3-123 
2SC1628 MPSU04 3-1127 

2SC1229 MJ10006 3-682 
2SC1237 TIP31B 3-1156 
2SC1243 MJE800 3-1002 
2SC1292 2N6308 3-194 
2SC1·295 BU205 3-394 

2SC1629 MJ1001 3-626 
2SC1630 MPSU04 3-1127 
2SC1664 2N6300 3-157 
2SC1667 2N5758 3-123 
2SC1669 TIP47 3-1170 

2SC1304 2N3739 3-37 
2SC1309 BU208 3-394 
2SC1316 MJI3015 3-798 
2SC1322 2N6250 3-177 
2SC1325 MJ12005 3-778 

2SC1672 2N6341 3-202 
2SCl6B3. TlP47 3-1170 
2SC1722 TlP48 3-1170 
2SC1723 TlP48 3-1170 
2SC1728 MPSU07 3-1133 

2SC1343. MJ15011 3-850 
25C1348 BU208 3-394 
25C1358 BU208 3-394 
2SC1367 BU205 3-394 
2SC1381 MJE182 3-978 

2SC.1749 MJE340 3-990 
2SC1755 MJE2360T 3-1014 
2SC1756 MJE2360T 3-1014 
2SC1757 MJE2360T 3-1014 
2SC1760 MPSU07 3-1133 

2SC1382 MJE182 3-978 
2SC1391 2N3739 3-37 
2SC1402 MJ15001 3-844 
2SC1403 MJ15001 3-844 
2SC1409 TlP47 3-1170 

2SC1761 MPSU01 3-1123 
2SC1768 MJ3041 3-632 
2SC1777 2N5B82 3-130 
2SC1782 MJ15001 3-844 
2SC1783 2N6249 3-177 

2SC1410 TIP47 3-1170 
2SC1413 BU208 3-394 
2SC1418 TlP31 3-1156 
2SC1419 TlP31 3-1156 
2SC1429 MPSU01 3-1123 

2SC1784 MJ15001 3-844 
2SC1785 2N6249 3-177 
2SC1786 2N6250 3-177 
2SC1818 2N6340 3-202 
25C1819 MJE2361T 3-1014 

2SC1431 2N3584 3-20 
25C1433 MJ411 3-620 
2SC1434 2N6546 3-239 
2SC1436 2N6249 3-177 
2SC1440 MJ15001 3-844 

2SC1826 TIP41B 3-1166 
2SCl827 TIP41C 3-1166 
2SC1829 MJ3041 3-632 
2SC1830 2N6578 3-243 
2SCl831 2N6056 3-157 

25C1441 2N6249 3-177 
2SC1444 2N5428 3-108 
2SC1445 2N5430 3-108 
2SC1447 TIP47 3-1170 
2SC1448 TIP47 3-1170 

2SC1832 MJ10009 3-688 
2SC1846 MJE180 3-978 
2SC1847 MJE181 ' 3-978 
2SC1848 MJE182 3-978 
2SCl866 2N5760 3-123 

2SC1449 MJE180 3-978 
2SC1450 2N3583 3-20 
2SC1454 MJ411 ·3-620 
2SC1456 2N3739 s:J7 
2SC1463 2N6543 3-229 

2SC1868 MJ13090 3-816 
2SC1869 MJ15001 3-844 
2SC1870 2N6546 3-239 
2SC1875 MJ12003. 3-770 
2SC1880 TIP112 3-1178 

2SC1466 2N3585 3-20 
2SC1467 MJl3015 3-798 
2SC1468 MJ13091 3-816 
2SC1469 MJ13091 3-816 
2SC1477 MJ10006 3-682 

2SC1881 TIP110 3-1178 
2SC1883 TIP122 3-1181 
2SC1664 2N6301 3-157 
2SC1891 BU205 3-394 
2SC1892 BU205 3-394 
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25C1893 MJ12003 3-770 
25C1894 BU208 3-394 
25C1895 MJ12005 3-778 
25C1896 MJ12005 3-778 
25C1903 MJE341 3-992 

25C2321 .. MJ15001 3-844 
25C2322 MJ15015 3-9 
25C2323 MJ15001 3-844 
25C2324 2N6038 3-142 
25C2331 MJE13004 3-1058 

25C1904 MJE341 3-992 
25C1905 MJE2361T 3-1014 
25C1922 MJ12003 3-770 
25C1929 TIP48 3-1170 
25C1942 MJ12003 3-770 , 

25C2333 MJE13005 3-1058 
25C2334 MJE15030 3-1086 
25C2335 MJE13007 3-1064 
25C2337 MJ15001 3-844 
25C2344 TIP47 3-1170 

25C1983 TIP111 3-1178 
25C1984 TIP112 3-1178 
25C1985 TlP418 3-1166 
25C1986 TIP41C 3-1166 
25C2024 2N4923 H2 

25C2354 2N3739 3-37 
25C2356 MJ13091 3-816 
25C2357 MJ12010 3-786 
25C2358 MJ12010 3-786 
25C2359 MJl3015 3-798 

25C2027 MJ12005 3-778 
25C2068 MJE340 3-992 
25C2071 MJE3440 3-1022 
25C2073 TlP47 3-1170 
25C2080 MJE180 3-978 

25C2366 MJ10016 3-706 
25C2371 MJE3439 3-1022 
25C2373 MJE13006 3-1064 
25C2388 2N6543 3-229 
25C2397 MJE3055T 3-1018 -

25C2085 MJE2361T 3-1014 25C2402 2N6546 3-239 
25C2121 MJ411 3-62Q 25C2403 MJ10015 3-706 
25C2122 MJ431 3-622 25C2428 2N6249 3172 
25C2123 MJ10014 3-700 25C2429 MJ16010 3-890 
25C2126 MJE13004 3-1058 .. 25C2430 MJ15001 3-844 

25C2127 2N6249 3-177 25C2431 MJ15015 3-9 
25C2128 MJ10015 3.-706 25C2432 2N5882 3-130 
25C2138 MJ13091 3-816 25C2433 MJ11016 3-757 
25C2139 MJ13091 3-816 25C2434 2N6328 -
25C2140 MJ13091 3-816 25C2435 2N6059 3-153 

25C2147 MJ10015 3-706 25C2436 2N6059 3-153 
25C2148 MJ13091 3-816 25C2442 MJ10016 3-706 
25C2151 MJ10014 3-757 25C2443 MJ10016 3-706 
25C2159 MJ10015 3-757 25C2448 MJ13091 3-816 
25C2167 MJE15030 3-1086 25C2449 MJ13091 3-816 , 
25C2168 MJE15030 3-1086 
25C2189 MJ15001 3-844 
25C2190 2N6545 3-235 
25C2191 2N6547 3-239 
25C2198 2N6301 3-157 

25C2450 MJ13091 3-816 
25C2451 MJ13091 3-816 
25C2452 MJ13091 3-816 
25C2453 MJ13091 3816 
25C2482 MJE2361T 3'1014 

25C2199 MJ11018 3-759 
25C2204 MJ10016 3-706 
25C2209 MJE181 3-978 
25C2220 MJ10016 3-706 
2SC2229 TIP47 3-1170 

25C2487 MJ15001 3-844 
25C2488 MJ15001 3-844 
25C2489 MJ15001 3-844 
25C2492 MJ15001 3-844 
25C2493 MJ15001 3-844 

25C2230 TIP47 3-1170 
25C2233 2N6497 3-225 
25C2235 TIP47 3-1170 
25C2236 TlP31 3-1156 
25C2238 TIP47 3-11lD 

25C2500 TIP31 3-1156 
25C2516 2N6497 3-225 
25C2534 MJE13003 3-1052 
25C2535 MJE13005 3-1058 
25C2536 MJE13005 3-1058 

25C2239 2N3584 3-20 
25C2242 MJE2361T 3-1014 
25C2243 2N6543 3-229 
25C2244 2N6545 3-235 
25C2245 MJ13091 3-816 

25C25 (T0218) MJ13091 3-816 
25C2562 TIP42A 3-1162 
25C2569 2N5760 3-123 
25C2590 MJE341 3992 
25012 2N5758 3-123 

25C2246 2N6547 3-239 
3-229 25C2247 2N6543 3-235 25C2248 2N6545 3-757 25C2249 MJ10015 

25C2250 MJ10016 3-757 

25015 2N5758 3-123 
25016 2N5758 3-123 
25017 2N5760 3-123 
25018 MJ15011 3-850 
25024 2N3739 337 

25C2256 2N6249 3-177 
25C2260 2N6249 3-177 
25C2261 2N6249 3-177 
25C2262 2N6249 3-177 
25C2270 2N5194 3-92 

25026 2N5758 3-123 
25026A 2N5758 3-123 
250268 2N5758 3-123 
25026C 2N5760 3-123 
25028 2N3767 3-44 

25C2278 MJE3439 3-1022 
25C2292 MJ13091 3-816 
25C2293 MJ13091 3-816 
25C2298 MJE270 -
25C2311 2N4922 3-82 

25029 2N3767 3-44 
250041 2N3716 3-26 
25045 2N5760 3-123 
25046 2N5760 3-123 
25047 2N5758 3-123 
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2S049 2N3584 3-20 
2S050 2N5758 3-123 
2S051 2N5758 3-123 
2S052 2N5758 3-123 
2S053 2N3055A 3-9 

250165 MJ15001 3-844 
250166 MJ15011 3-850 
250168 2N6385 3-209 
250171 2N6543 3-229 
250172 2N5877 3-127 

2S055 2N6328 -2S056 2N3738 3-37 
2S057 2N3766 3-44 
2S058 2N3766 3-44 
2S060 2N5760 3-123 

250173 2N5882 3-130 
250174 2N5877 3-127 
250175 2N5882 3-130 
250176 2N5882 3-130 
250177 MJ15001 3-844 

2S067 2N3055A 3-9 
2S068 2N5758 3-123 
2S069 2N5760 3-123 
2S070 2N3766 3-44 
2S071 2N3584 3-20 

250180 2N5758 3-123 
250181 MJ15001 3-844 
250188 2N5758 3-123 
250189 2N5758 3123 
250189A 2N5758 3-123 

2S073 2N5758 3-123 250198 2N6308 3-194 
2S074 2N5760 3-123 250199 BU205 3394 
2S080 2N5758 3-123 250200 BU205 3-394 
25081 2N5758 3-123 250201 2N5758 3-123 
25082 2N5758 3-123 250202 2N3055A 3-9 

25083 2N5760 3-123 2S0203 2N5760 3-123 
25084 MJ15011 3850 
25088 2N5758 3-123 
25090 2N3766 3-44 
25091 2N3766 3-44 

2S0206 2N5877 3-127 
2S0207 2N5882 3-130 
2S0208 MJ15001 3-844 
2S0211 2N5877 3-127 

25092 2N3583 3-20 
25093 2N3584 3-20 
25094 2N3584 3-20 
250102 2N3583 3-20 
250103 2N3584 320 

250212 2N5882 3-130 
250213 MJ15001 3-844 
250214 MJ15001 3-844 
250217 MJ15001 3-844 
2S0218 MJ15001 3-844 

250107 2N6056 3-157 
250108 2N6056 3-157 
250110 MJ15001 3-844 
250111 2N5882 3130 
250113 MJ802 3-624 

2S0226 2N3766 3-44 
2S0231 2N5302 3-96 
2S0232 2N6275 3-181 
2S0234 TIP31A 3-1156 
2S0235 TIP31A 3-1156 

250114 2N5686 3-157 
250116 2N5758 3-123 
250117 2N5760 3-123 
250118 2N5760 3-123 
250119 2N5758 3-123 

250236 2N4912 3-75 
250237 2N4912 3-75 
2S0238 2N3583 3-20 
2S0241 2N3766 3-37 
2S0242 2N3767 3-37 

2S0124 2N5758 3-123 
250124A 2N5758 3-123 
250125 2N5758 3-123 
250125A 2N5758 3-123 
250126 2N5760 3-123 

2S0243 MJE15030 3-1086 
250244 MJE15030 3-1086 
2S0246 BU208 3-394 
2S0247 2N5758 3-123 
250249 2N5302 3-96 

250129 2N3767 3-44 
250130 2N3766 3-44 
250131 2N5758 3-123 
250132 2N6338 3-202 
2S0138 2N3738 3-37 

2S0250 2N6328 
2S0251 2N3584 3-20 
2S0254 2N3767 3-37 
2S0255 2N3767 3-37 
2S0256 2N3766 3-37 

2S0139 2N3739 3-37 
2S0141 2N3766 3-44 
250142 2N3766 3-44 
250143 2N3767 3-44 
250144 2N3767 3-44 

250257 2N3767 3-37 
2S0258 MJE15030 3-1086 
2S0259 MJE15030 3-1086 
2S0260 2N5758 3-123 
2S0262 2N6546 3-239 

250146 2N4912 3-75 
2S0147 2N4912 3-75 
2S0148 2N4912 3-75 
2S015O 2N3583 3-20 
2S0151 2N5882 3-130 

2S0265 2N6545 3-239 
2S0266 2N6545 3-239 
2S0271 MJE13005 3-1058 
2S0272 MJE13005 3-1058 
250273 2N6545 3-239 

2S0152 2N3583 3-20 
250154 2N3767 3-44 
250155 2N3767 3-44 
250156 2N3738 3-37 
250157 2N3739 3-37 

2S0274 2N6545 3-239 
2S0283 MJE15030 3-1086 
2S0284 MJE15030 3-1086 
250285 MJE15030 3-1086 
2S0286 MJ15011 3-850 

250158 2N3738 3-37 
250159 2N3739 3-37 
250161 MJ15001 3-844 
250163 2N3715 3-26 
250164 2N5882 3-130 

MJ15011 3-850 
TIP31B 3-1156 
TIP31B 3-1156 
2N5428 3-108 
2N3767 3-44 
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2S0292 2N3767 3-44 
2S0293 2N6547 3-239 
2S0294 2N6547 3-239 
2S0295 MJ13335 3-834 
2S0296 MJ13335 3-834 

2S0386 MJE13004 3-1058 
2S0387 MJE13004 3-10.58 
2S0388 MJ15018 -
2S0389 TIP31A 3-1156 
2S0390 TIP31A 3-1156 

2S0297 MJE15030 3-1086 
2S0299 MJ12004 3-772 
2S0300 MJ12004 3-772 
2S0301 2N6385 3-209 
2S0310 2N6547 3-239 

2S0393 MJ13091 3-816 
2S0394 MJ13091 3-816 
2S0395 MJ13091 3-816 
2S0396 2N6547 3-239 
2S0401 TlP47 3-1170 

2S0311 2N6547 3-239 
2S0312 2N6543 3-229 
2S0313 TIP31A 3-1156 
2S0314 TIP31A 3-1156 
2S0315 2N3766 3-44 

2S0402 TIP47 31170 2S0404 TIP120 3-1181 2S0414 MJE341 3-992 2S0415 MJE341 3-992 2S0416 MJ12oo5 3778 

2S0316 2N3716 3-26 
2S0317 TlP31A 3-1156 
2S0318 TIP31A 3-1156 
2S0319 MJ15001 3-844 
2S0320 2N6308 3-194 

2S0417 2N6306 3-194 
2S0418 MJ12oo5 3-778 2S0422 MJE13004 3-1058 2S0423 MJE13004 3-1058 2S0424 MJ15OO1 3-844 

2S0321 2N6306 3-194 
2S0322 MJ15018 -
2S0323 MJ15018 -
2$0324 2N3739 3-37 
2S0325 TlP31 3-1156 

2S0425 MJ15OO1 3-844 
2S0426 MJ15OO1 3-844 2S0427 2N3055A 3-9 2S0428 2N5758 3-123 2S0429 2N6547 3-239 

2S0326 2N3739 3-37 
2S0330 TIP31A 3-1156 
2S0331 TlP31A 3.-1156 
2S0334 2N3055A 3-9 
2S0335 2N5758 3-123 

2S0430 2N3055A 3-9 
2S0431 MJ15001 3-844 
2S0432 MJ15OO1 3-844 
2S0433 MJ15011 3-844 
2S0434 MJ13330 3-828 

2S033B 2N5758 3-123 
2S0339 2N5758 .3-123 
2S034O MJ15015 3,9 
2S0341 MJ15015 3'9 
2S0342 TIP31B 3-1156 

2S0435 MJ13333 3-834 
2S0436 MJ13333 3-834 
2S0437 MJ13091 3-816 
2S0457 MJ10015 3-706 
2S0458 MJ13091 3-816 

2S0343 TIP31B 3-1156 
2S0344 TIP31B 3-1156 
2S0345 TIP31B 3-1156 
2S0346 TIP41A 3-1166 
2S0347 TIP41A 3.-1166 

2S0459 TIP121 3-1181 
2S046O TIP122 3-1181 
2S0461 MJ411 3620 
2S0463 2N6056 3-157 
2S0464 2N6056 3-157 

2S0348 MJ12005 3-772 
2S0350 MJ12004 3'772 
2S0351 2N6545 3-235 
2S0353 2N6308 3-194 
2S0356 2N4923 3-82 

2S0475 2N6122 3-164 
2S0476 2N6123 3-164 
2S0478 TIP47 3-1170 
2S0479 2N6037 3-142 
2S0480 2N6038 3142 

2S0357 2N4923 3-82 
2S0358 2N4923 3-82 
2S0359 2N5190 3-88 
2S0360 2N5190 3-88 
2S0361 2N5191 3-88 

2S0481 2N6039 3-142 
2S0482 2N5655 3-116 
2S0483 2N5656 3-116 
2S0484 2N5657 3-116 
2S0485 2N5190 388 

2S0363 MJ10015 3-706 
2S0364 MJ10016 3-706 
2S0365 TIP31A 3-1156 
2S0366 TlP31A 3-1156 
2S0368 MJ12005 3-778 

2S0488 2N5191 388 
2S0487 2N5192 3-88 
2S0488 2N4921 3-82 
2S0489 2N4922 3-82 
2S0490 2N4923 382 

2S0369 2N3716 3-26 
2S0371 2N57S8 3-123 
2S0372 MJ10015 3-706 
2S0373 MJ10015 3-706 
2S0374 MJ10016 3-706 

2S0491 MJE3055 3-1018 
2S0492 2N3055 3-6 
2S0493 MJE3055 3-1018 
2S0494 MJE3055 3-1018 
2S0495 MJE3055 3-1018 

2S0375 MJ13330 3-828 
2S0376 MJ13331 3-828 

2S0496 MJE6043 3-146 
2S0497 MJE6044 3-146 

2S0377 MJ13334 3-834 2S0498 MJE6045 3-146 
2S0379 2N5758 3-123 
2S0380 MJ12OO5 3-778 

2S0499 MJE3055 3-1018 
2S05OO MJE3055 3-1018 

2S0381 MJE150:)0 3-1086 
2S0382 MJE15030 3-1086 
2S0383 MJ411 3-620 
2S0384 2N6301 3-157 
2S0385 2N6301 3-157 

2S0501 2N5991 3-138 
2S0502 2N6055 3-157 
2S0503 2N6056 3-157 
2S0504 2N6057 3-153 
2S0505 2N6058 3-153 
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250506 2N6059 3-l53 
250517 MJ12003 3-770 
250518 MJE13004 3-1058 

250690 2N5428 3-l08 
250691 2N6301 3-157 
250692 2N6056 3-157 

250519 MJ13015 3-798 
250522 2N5882 3-130 

250693 MJ10012 3-696 
250694 MJ10015 3-706 

250523 2N6055 3-157 
250524 2N6056 3-157 

250695 MJ10015 3-706 
250696 MJ10015 3-706 

2$1)525 TlP41C 3-1166 250702 MJ10015 3-706 
250526 TIP41B 3-1166 250703 MJ10016 3-706 
250531 TIP41C 3-1166 250705 MJ10012 3-696 

250533 MJ423 3-622 250706 MJ10014 3-700 
250538 MJ13091 3-816 250707 MJ10014 3-700 
250539 MJ13015 3-798 
250544 TIP41C 3-1166 

250708 MJ10014 3-700 
250709 MJ3041 3-632 

250552 2N6250 3-177 250710 MJ10004 3-676 

250553 TIP41B 3-1166 250716 TlP41C 3-1166 
250554 2N3584 3-20 250717 044H10 3-616 
250555 MJ13015 3-798 250718 MJE15028 3-1086 
25055B MP5U07 3-1133 250721 2N6045 3-146 
250570 2N6123 3-164 250722 2N6045 3-146 

250572 MJ10014 3-700 
250573 MJ10014 3-700 
25B574 MJ11016 N06 

250723 TlP31C 3-1156 
250724 MJE13004 3-1058 
250725 MJ12oo5 3-778 

250577 MJ12004 3-770 250726 TIP31C 3-1156 
250589 MJ12005 3-778 250727 2N3055A 3-9 

250597 2N575B 3-123 
250598 2N3055A 3-9 

250728 2N5760 3-123 
250729 2N6284 3-185 

2506.00 2N4923 3-82 
250604 MJ3041 3-632 

250731 2N6306 3-194 
250732 2N6306 3-94 

250605 MJ3042 3-632 250733 MJ15001 3-844 

250606 MJ10014 3-700 
250608 TlP47 3-1170 
250610 TlP47 3-1170 
250612 MJE520 3-1000 

250748 2N6308 3-194 
250749 2N6543 3-229 
250751 MJ423 3-622 
250752 MJ15001 3-844 

250613 TIP41C 3-1166 250753 2N6249 3-177 

250622 MJE13OO5 3-1058 
250626 MJ10012 3-696 

250757 MJE3440 3-1022 
250758 MJE3440 3-1022 

250627 MJ12004 3-770 
250628 2N6059 3-153 

250759 TlP47 3-1170 
250760 TIP47 3-1170 

250629 2N6059 3-153 250761 TlP47 3-1170 

250630 2N5302 3-96 
250631 2N5302 3-96 
·250632 2N6308 3-194 
250633 TlPl22 3-1181 
250634 TIP121 3-1181 

250762 TlP31A 3-1156 
250764 MJ12002 3-765 
250765 MJ12oo3 3-770 
250766 2N3739 3-37 
250768 2N6045 3-1156 

250635 TIP120 3-1181 
250640 2N6545 3-235 
250642 MJ10016 3-706 
250643 MJ10015 3-706 
250644 MJ10016 3-706 

-250793 MJE1BO 3-978 
250794 MJE182 3-978 
250797 MJEB02 3-1002 
250800 2N6308 3-194 
250801 2N6545 3-235 

250645 MJ10016 3-706 
250646 MJ10016 3-706 
250649 MJ12004 3-770 
250650 MJ3042 3-632 
250663 MJ3042 3-632 

250802 2N6545 3-235 
250803 2N6059 3-153 
250805 MJ10016 3-706 
250811 MJ12010 3-786 
250823 MJE15030 3-1086 

250665 2N6249 3-177 
250666 MJE344 3-992 
250669 MJE344 3-992 
250670 2N657B 3-243 
250672 2N6308 3-194 

250836 TIP110 3-1178 
250837 TIP120 3-1181 
250839 MJE800T 3-1002 
25084D TlP121 3-1181 
250843 MJE15028 3-1086 

250673 2N3055A 3-9 
250674 2N3055A 3-9 
250675 2N5760 3-123 
250676 2N5760 3-123 
250677 2N6543 3-229 

250844 MJE3055T 3-1018 
250867 MJ15OO1 3-844 
250872 MJE3055 3-1018 
250873 2N3nJ 3-52 
250877 2N3441 3-13 

25067B TlP110 3-1178 
250679 TIP111 3-1178 
250686 TlPl22 3-1181 
250687 MJEBOOT 3-1002 
250689 TIPl12 3-1178 

250878 2N3055 3-6 
250880 TlP31A 3-1156 
250882 MJE180· 3-978 
250903 MJ12005 3-778 
250950 MJ12004 
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2S0951 MJ12004 3-772 B0132 B0786 3-355 
2S0952 MJ12004 3-772 BOl33 B0787 3-355 
2S0953 MJ12005 3-778 
40250 2N3054A 3-2 
40251 2N3055 3-6 

B0135 B0135 3-283 
B0135-6 B0139-6 3-283 
B0135-1O B0139-1O 3-283 

40310 2N3054A 3-2 
40312 2N3054A 3-2 
40313 2N4240 3-20 
40316 2N3054A 3-2 
40318 2N4240 3-20 

B0135-16 B0139-16 3-283 
B0136 B0136 3·285 
B0136-6 B0140-6 3-285 
B0136-1O B0140-10 3-285 
B0136-16 B0140-16 3-285 

40322 2N4240 3-20 
40324 2N3054A 3-2 
40325 2N3055 3-6 
40328 2N4240 3-20 
40363 2N5877 3-127 

B0137 B0137 3-283 
B0137-6 BO-139-6 3-283 
B0137-10 B0139-10 3-283 
B0137-16 B0139-16 3-283 
B0138 B0138 3-285 

40364 2N4233A 3-64 
40369 2N5877 3-127 
40372 2N3054 3-2 
40373 2N3441 3-13 
40374 2N3583 320 

B0138-6 B0140-6 3-283 
B0138-10 B0140-10 3-283 
B0138-16 B0140-16 3-283 
B0139 B0139 3-283 
B0139-6 B0139-6 3-283 

40375 2N5428 3-108 
40411 MJ802 3-624 
40513 MJE3055T 3-1018 
40514 MJE3055T 3-1018 
40542 MJE3055 3-1018 

B0139-10 B0139-10 3-283 
B0139-16 B0139-16 3-283 
B0140 B0140 3-285 
B0140-6 80140-6 3-285 
B0140-1O B0140-10 3-285 

40543 MJE3055 3-1018 
40613 TIP31 3-1156 
40618 TIP31 3-1156 
40621 TlP31 31156 
40622 TlP31 3-1156 

B014016 B0140-16 3-285 
B0142 2N3055 3c6 
B0142-4 2N3055 I.' 3-6 
B0142-6 2N3055 3-6 
B0142-7 2N3055 36 

40624 TIP41A 3-1166 
40627 TIP41A 3-1166 
40629 TlP31 3-1156 
40630 TlP31 3-1156 
40631 TIP31A 3-1156 

B0157 B0157 3-287 
B0158 B0158 3-287 
B0159 B0159 3-287 
B0165 B0165 3-289 
B0166 B0166 3-.291 

40632 TIP41A 3-1166 
40636 2N5878 3-127 
40829 2N6316 3-198 
40830 2N6315 3-198 
40831 2N6315 3-198 

B0167 B0167 3-289 
B0168 B0168 3-291 
B0169 B0169 3-289 
B0170 B0170 3-291 
B0175 B0175 3-293 

40850 2N4240 3-20 
40852 2N6543 3-229 
40853 2N6546 3-239 
40854 2N6546 3-239 
40871 TIP41C 3-1166 

B0175-6 B0179-6 3-293 
B0175-1O B0179-10 3,293 
B0175-16 B0179-16 3-293 
B0176 B0176 3-295 
B0176-6 B0180-6 3-295 

40872 TIP42C 3-1166. 
40873 TlP41B 3-1166 
40074 TIP41B 3-1166 
40875 TIP41C 3-1166 
40875 TIP41A 3-1166 

B0176-10 BOIBO-I0 3-295 
B0176-16 BOIBO-16 3-295 
B0177 B0177 3·293 
BOl77-6 B0179-6 3-293 
BOl77-1O B0179-1O 3-293 

40885 MPSU10 3-1135 
40886 MPSU10 3-1135 
40887 MJE340 3990 
40910 2N3054A 3-2 
40911 2N3054A 3-2 

B0177-16 B0179-16 3-293 
B017B B0178 3-295 
B0178-6 BOIBO-6 3-295 
B017B-1O BOIBO-6 3-295 
B0179 B0179 3-293 

40912 2N3584 3-20 
40913 2N3584 3-20 
41012 2N5038 3-86 
41013 2N6339 3-202 
41500 TIP29 3-1154 

B0179-6 B0179-6 3-293 
B0179-10 B0179-1O 3-293 
BOIBO BOIBO 3-295 
BOIBO-6 BOIBO-6 3295 
BDIBO-I0 BOIBO-I0 3-295 

41501 TIP30 3-1154 
41504 TIP31 3-1156 
41505 MPSU10 3-1135 
41506 2N6543 3-229 
43104 2N5631 3-112 

801B5 BOIB5 3-297 
BOIB6 BOIB6 3-299 
BOIB7 BOIB7 3-297 
BOIBB BOIBB 3-299 
BOIB9 B0189 3-297 

B0127 B0157 3287 
B0128 B0158 3-287 
B0129 B0159 3-287 
BOnO 2N3055 3-6 
B0131 B0785 3-355 

B0190 B0190 3-299 
B0195 MJEJ055 3-101B 
B0196 MJE2955 3'101B 
B0197 MJE3055 3lDIB 
B019B MJE2955 3-lDIB 
B0199 MJEJ055 3-1018 
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B0200 MJE2955 3-\0\8 3-317 
B0201 B0795 3-363 3-3\7 
B0202 B0796 3-365 3-317 
B0203 B0797 3-363 3-317 
B0204 B0798 3-365 B0244C B0244C 3-317 

B0205 B0205 
3-30\ 

B0206 B0206 
3-303 

B0207 B0207 
3-30\ 

B0208 B0208 
3-303 

B0220 B0537 
3-345 

B0249 B0249 
B0249A B0249A 
B02498 B0249B 
B0249C B0249C 
B0250 B0250 

B0221 B0533 3-345 
B0222 B0535 3-345 
B0223 B0538 3-345 
B0224 B0534 3-345 
B0225 B0536 3-345 

B0250A B0250A 
B0250B B0250B 
B0250C B0250C 3-229 B0253 2N6543 
B0253A 2N6543 3-229 

B0226 B0135 3-283 
B0227 B0136 3-285 
B0228 B0137 3-283 
B0229 B0138 3-285 
B0230 B0139 3-283 

B0253B 2N6543 3-229 
3-4\9 B0253C BU326A 3-379 B0268 BOW45 3-379 B0268A BOW46 

B0269 BOW40 3-379 

B0231 B0140 3-285 
B0232 B0232 3-305 
B0233 B0233 3-307 
B0234 B0234 3-309 
B0235 B0235 3-307 

B0269A BOW41 3-379 

B0262 B0678 3-35\ 

B0262A B0680 3-35\ 

B0262B B0682 3-35\ 

B0263 B0677 3-349 

B0236 B0236 3-309 
B0237 B0237 3-307 
B0238 B0238 3-309 
B0239 B0241 3-31\ 
B0239-4 B0241-4 3-31\ 

B0263A B0679 3-349 

B0263B B0681 3-349 

B0266 B0898 3-373 
B0266A B0900 3-373 
B0266B B0902 3-373 

B0239-5 B0241-5 3-31\ 
B0239-66 B0241-66 3-31\ 
B0239A B0241A 3-3\\ 
B0239A4 B0241A4 3-3\1 
B0239A5 B0241A5 3-3\1 

B0267 B0897 3-37\ 

B0267A B0899 3-37\ 

B0267B B0901 3-37\ 
B0271 B0533 3-345 

B0272 B0534 3-345 
B0273 B0535 3-345 

B0239A66 B0241A66 3-3\1 
B02398 B0241B 3-3\1 
B0239B4 B0241B4 3-3\1 
B023985 B0241B5 3-3\1 
B0239866 B0241B66 3-3\1 
B0239C B0241C 3-3\1 

B0274 B0536 3-345 

B0275 B0537 3-345 

B0276 B0538 3-345 

B0278 MJE3055T 3-\0\8 

B0278A MJE3055T 3-\0\8 

B0239C4 B0241C4 3-3\1 
B0239C5 B0241C5 3-31\ 
B0239C66 B0241C66 3-3\1 
B0240 B0242 3-3\1 
B024(}4 B0242·4 3-3\1 

B0279 2N6037 3-\020 

B0280 2N6034 3-\020 
B0291 B0243 3-3\7 
B0292 B0244 3-3\7 
B0293 B0243A 3-317 

B0240-5 B0242-5 3-3\1 
B0240-66 B0242-66 3-3\1 
B0240A B0242A 3-3\1 
B0240A4 B0242A4 3-3\1 
B0240A5 B0242A5 3-31\ 

B0294 B0244A 3-317 
B0295 B0243B 3-3\7 
B0296 B0244B 3-317 
B0301 B0533 3-345 
B0302 B0534 3-345 

B0240A66 B0242A66 3-3\1 
B02408 B0242B 3-3\1 
B024084 B0242B4 3-3\1 
B024085 B0242B5 3-3\1 
B0240866 B0242B66 3-3\1 

B0303 B0535 3-345 
B0304 B0536 3-345 
B0301 B0795 3-363 
B0302 B0796 3-365 
B0303 B0797 3-363 

B0240C B0242C 3-3\\ 
B024OC4 B0242C4 3-31\ 
B0240C5 B0242C5 3-3\1 
B0240C66 B0242C66 3-3\1 
B024l B0241 3-3\3 

B0304 B0798 3-365 
B0306A B0785 3-363 
BD306B B0785 3-363 
B0307A B0787 3-363 
B0307B B0787 3-363 

B0241A B0241A 3-3\3 
B0241B B0241B 3-3\3 
B0241C B0241C 3-3\3 
B0242 B0242 3-3\3 
B0242A B0242A 3-3\3 

B0311 2N3715 3-321 
B0312 2N3791 3·32\ 
B0313 2N3716 3-26 
60314 2N3792 3-56 
B0315 B0368 3-324 

B0242B B0242B 3-3\3 
B0242C BD242C 3-3\3 
B0243 B0243 3-317 
B0243A B0243A 3-317 
B0243B B0243B 3-317 

B0316 B0369 3-324 
B0329 MJE200 3-982 
B0337 BOX330 
B033B BOX340 
B0330 MJE210 
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80331 80897 3-371 B0414 MJE3310 3-1020 
80332 80898 3-373 80414-1 MJE3310 3-1020 
80333 80899 3-371 80414-2 MJE3310 3-1020 
80334 B0900 3-373 
B0335 B0901 3-371 

80414-5 MJE3310 3-1020 
B0414-8 MJE3310 3-1020 

B0336 B0902 3-373 
B0342 2N3055 3-6 
80343 MJE2955 3-1018 
B0344 B0138 3-285 
B0345 80137 3-283 

80415 MJE181 3-978 
80415-1 MJE181 3-978 
B0415-2 MJE181 3-978 
B0415-8 MJE181 3-978 
80416 MJE171 3-978 

B0346 B0798 3-365 
B0347 80797 3-363 
B0348 B0140 3-285 
B0349 B0139 3-283 
B0361 MJE200 3-982 

B0416-1 MJE171 3-978 
B0416-2 MJE171 3-978 
80416-5 MJE171 3-978 
80417 MJE182 3-978 
80417-1 MJE182 3-978 

80361A MJE200 3-982 
80362 MJE210 3-982 
80362A MJE210 3-982 
80375 80785 3-355 
80376 B0786 3-355 

80417-2 MJE182 3-978 
B0417-5 MJE182 3978 
B0417-8 MJE182 3-978 
B0418 MJEl72 3-978 
B0416-1 MJEl72 3-978 

80377 B0787 3-355 
80378 80788 3-355 
80379 B0789 3-359 
80380 B0790 

MJE181 3359 
80385 3-978 

B0416-2 MJE172 3-978 
B0416-5 MJE172 3-978 
B0416-8 MJEl72 3-978 
B0419 MJE243 3-986 
B0419-1 MJE243 3-986 

80385-1 MJE181 3978 
60385-2 MJE181 3-978 
B0385-5 MJE181 3-978 
80385-8 MJE181 3-978 
80386 MJE171 3-978 

80419-2 MJE243 3-986 

B0419-8 MJE243 3-986 

B0420 MJE253 3-986 

80420-1 MJE253 3-986 

80420-2 MJE253 3-986 

80386-1 MJE171 3-978 
B0386-2 MJE171 3-978 
80386-5 MJE171 3-978 
80386-8 MJE171 3-978 
B038? MJE182 3-978 

B0420-5 MJE253 3'986 
80420-8 MJE253 3-986 
B0424 B0791 3-359 
B0429 MJE200 3-982 
80430 MJE210 3-982 

B0387-1 MJE182 3-978 
80387-2 MJE182 3-978 
80387-5 MJE182 3-978 
80387-8 MJE182 3-978 
80388 MJE172 3-978 

B0433 80433 3-327 
80433-16 80433 3-327 
B0434 80434 3-330 
B0434-16 B0434 3-330 
80435 B0435 3-327 

80388-1 MJEl72 3-978 
80388-2 MJEl72 3-978 
80386-5 MJE172 3-978 
80386-8 MJE172 3-978 
80389 MJE243 3-986 

B0436 B0436 3-330 
B0437 80437 3-327 
80438 80438 3-330 
80439 B0439 3-327 
B0440 B0440 3-330 

80389-1 MJE243 3-986 
80389-2 MJE243 3-986 
80389-5 MJE243 3-986 
B0389-8 MJE243 3-986 
80390 MJE253 3-986 

B0441 B0441 -
B0442 B0442 3-330 
B0443 B0179 3-293 
80443A B0179 3-293 
80466A MJE3300 3-1020 

B0390-1 MJE253 3-986 
B0390-2 MJE253 3-986 
B0390-5 MJE253 3-986 
80390-8 MJE253 3-986 
80410 80232 3-305 

B04668 MJE3300 3-1020 
B0477A MJE3310 3-1020 
804778 MJE3310 3-1020 
B0505 B0505 3-333 
B0505-1 B0505 3-333 

B0411 MJE3300 3-1020 
80411-1 MJE3300 3-1020 
B0411-2 MJE3300 3-1020 
80411-5 MJE3300 3-1020 
80411-8 MJE3300 H020 

B0505-5 80505 3-333 
B0506 B0506 3-335 
B0506-5 B0506 3-335 
B0507 B0507 3-333 
B0507-1 B0507 3-333 

80412 MJE3300 3-1020 
80412-1 MJE3300 3-1020 
B0412-2 MJE3300 3-1020 
B0412-5 MJE3300 3-1020 
B0412-8 MJE3300 3-1020 

B0507-5 B0507 3-333 
B0508 80508 3-335 
B0506-1 80508 3-335 
B0508-5 80508 3-335 
80509 B0509 3-333 

B0413 MJE3310 3-1020 
B0413-1 MJE3310 3-1020 
B0413-2 MJE3310 3-1020 
80413-5 MJE3310 3-1020 
80413-8 MJE3310 3-1020 

B0509-1 B0509 3-333 
B0509-5 B0509 3-333 
B0510 80510 3-335 
80510-5 80510 3-335 
80515 80515 3-337 
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80515-1 80515 3-337 B0590 B0538 
80515-5 B0515 3-337 B0591 B0241C 3-313 
B0516 B0516 3-339 B0592 B0242C 3-313 
B0516-1 B0516 3-339 B0595 B0795 3-363 
B0516-5 B0516 3-337 B0596 B0796 3-365 

B0517 B0517 3-337 
B0517-1 B0517 3-337 
B0518 B0518 3-339 
B0518-1 B0518 3-339 
B0519 B0519 3-337 

B0597 B0797 3-363 
B0598 B0798 3-365 
B0599 B0799 3-363 
B0600 BOBOO 3-365 
B0601 BOB01 3-363 

80519-1 B0519 3-33) 
B0519-5 B0519 3-337 
B0520 B0520 3-339 
B0520-1 B0520 3-339 
B0520-5 B0520 3-339 

B0602 B0802 3-365 
B0605 B0805 3-367 
B0606 B0806 3-369 
B0607 B0807 3-367 
B0608 B0808 3-369 

B0524 B0791 3-359 
B0525 B0525 3-341 
B0525-2 B0525 3-341 
B0525-5 B0525 3-341 
80526 B0526 3-343 

B0609 B0809 3-367 
B0610 B0810 3-369 
B0611 B0433 3-327 
B0612 B0434 3-330 
B0613 B0435 3-327 

B0526-1 B0526 3-343 
B0526-5 B0526 3-343 
B0527 B0527 3-341 
B0527-1 B0527 3-341 
B0527-2 B0527 3-341 

B0614 B0436 3-330 
B0615 B0437 3-327 
B0616 B0438 3-330 
B0617 B0439 3-327 
B0618 B0440 3-330 

B0527-5 B0527 3-341 
B0528 B0528 3-343 
B0528-1 B0528 3-343 
B0528-5 B0528 3-343 
B0529 B0529 3-341 

B0619 B0441 
B0620 B0442 3-330 
B0633 B0241 3-313 
B0634 B0242 3-313 
B0635 B0241A 3-313 

B0529-1 B0529 3-341 
B0529-2 B0529 3-341 
B0529-5 B0529 3-341 
B0530 B0530 3-343 
B0530-1 B0530 3-343 

B0636 B0242A 3-313 
B0637 B0241B 3-313 
B0638 B0242B 3-313 
B0643 B0895 3-371 
B0644 B0896 .3-373 

B0530-5 B0530 3-343 
B0533 . B0533 3-345 
B0534 B0534 3-345 
B0535 B0535 3-345 
B0536 B0536 3-345 

B0645 B0897 3-371 
B0646 B0898 3-373 
B0647 B0899 3-371 
B0648 B0900 3-373 
B0649 B0901 3-371 

B0537 B0537 3-345 
B0538 B0538 3-345 
B0539 B0243 3-317 
B0539A B0243A 3-317 
B0539B B0243B 3-317 

B0650 B0902 3-373 
B0661 B0185 3-297 
B0661K B0533 3-345 
B0662 B0186 3-299 
B0662K B0534 3-345 

B0539C B0243C· 3-317 
B0540 B0244 3-317 
B0540A B0244A 3-317 
B0540B B0244B 3-317 
B0540C B0244C 3-317 

B0663 B0795 3-363 
B0664 B0796 3-365 
B0675 B0675 3:349 
B0675A B0675A 3-349 
B0676 B0676 3-351 

B0543 BOB05 3-367 
B0543A BOB07 3-367 
B0543B B0809 3-367 
B0544 B0806 3-369 
B0544A BOBOB 3-369 . 

B0676A B0676A 3-351 
B0677 B0677 3-345 
B0677A B0677A 3-345 
B0678 B0678 3-351 
B0678A B0678A 3-351 

B0544B B0810 3-369 
B05460 B05460 -
B0561 B0187 3-297 
B0575 B0241 3-313 -
'B0576 B0242 3-313 

B0679 B0679 3-349 
B0679A B0679A 3-349 
B0680 B0680 3-351 
B0680A BD680A 3-351 
B0681 B0681 3-349 

B0577 B0241A 3-313 

B0578 B0242A 3-313 
B0579 B0241B 3-313 
B0580 B0242B 3-313 
B0581 B0241C 3-313 

B0682 B0682 3-351 
B0695 B0895 3-371 
B0695A gg= 3'371 
B0696 3-373 
B0696A B0896A 3-373 

B0582 B0242C 3-313 
B0585 B0533 3-345 
B0586 B0534 3-3~5 
B0587 B0535 3-345 
B0588 B0536 3-345 
B0589 B0537 3-345 

B0697 B0897 3-363 
B0697A BD897A 3-363 
B0698 B0898 3-373 
B0698A B0698A 3-373 
B0699 B0899 3-371 
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B0699A B0899A 3·371 B0836 B0788 3·355 
B0700 B0900 3·373 B0837 B0789 3·359 
B0700A B0900A 3-373 
B0701 . B0901 3·371 

B0838 B0790 3·359 
B0839 C.M. -

B07Q2 B0902 3·373 B0861 B0675 3·349 

B0705 B0795 3·363 
8D706 B0796 r365 
B0707 Bom 3·363 
B070S 80798 3·365 
BD709 B0799 3·363 

B0862 B0676 3·351 
B0863 B0677 3·349 
B0864 B0678 3·351 
B0865 B0679 3·349 
B0866 80680 • 3·350 

B0710 BOBOO 3.365 
B0711 BOB01 3·363 
80712 Sbao2 3·365 
B0733 B0533 3·345 
B0734 80534 3·345 

B0875 B0775 3·353 
B0876 B0776 3·353 
B0877 B0777 3-353 
B0878 B0778 3·3J3 
B0879 B0779 3·353 

B0735 8D533 3·345 
B0736 ~0534 3·345 
BD737 80533 3·345 
B0738 ~~~~ 

3·345 
B0143 3·345 

3·367 

BOOO0 B0780 3·353 
B0895 B0895 3·371 
B0895A B0895A 3·371 
B0896 B0896 3·373 
B0896A B0896A 3,373 

BD743A 80807 
3·367 B0743B SOao9 

B07430 MJE15030 3·367 
B0744 SOao6 3-1086 
B0744A BOB08 3·369 

3·369 

B0897 B0897 3·371 
B0897A B0897A 3·371 
B0898 B0898 3·373 
B0898A B0898A 3·373 
B0899 B0899 3·371 

B0744B 80810 
MJE15031 3·369 B07440 

B0775 B0775 3·1086 
B0776 B0776 3·353 
B0777 BOm 3·353 

3·353 

B0899A B0899A 3·371 
B0900 B0900 3·373 
B0900A B0900A 3·m 
B0901 B0901 3'371 
B0902 B0902 3·373 

B0778 BOna 
B0779 B0779 3·353 
B0780 B0180 3·353 
B0785 B0785 3·353 
B0786 BD786 3·355 

3·355 

B0905 2N6486 3·221 
B0906 2N6489 3·221 
80907 2N6487 3·221 
B0908 2N6490 3·221 
B0909 2N6488 3·221 

B0787 B0787 
B0788 80788 3·355 
B0789 B0789 3·355 
B0790 B0790 3·359 
B0791 B0791 3·359 

3·359 

B0910 2N6491 3·221 
B0933 B0241 3·313 
B0934 B0242 3·313 
B0935 B0241A 3·313 
B0936 B0242A 3·313 

B0792 B0792 
3·359 B0795 B0795 

B0796 B0796 3'363 
B0797 B0797 3-365 
B0798 B0798 3·363 

3·365 

B0937 B0241B 3·313 
80938 80242B 3·313 
B0939 B0241C 3·313 
B0940 B0242C 3·313 
B0941 MJE15030 3·1086 

B0799 B0799 
3·363 BOBOO B0800 

B0801 BOB01 3·365 
BOB02 BOB02 3·363 
B0805 BOB05 3·365 

3·367 

B0942 MJE15031 3·1086 
B0943 B0533 3·345 
B0944 B0534 3·345 
B0945 B0533 3·345 
B0946 B0534 3·345 

BOB06 BOB06 3·369 
BOB07 BOB07 3·367 
B0808 BOB08 3·369 
BOB09 BOB09 3·367 
B0810 80810 3·369 

B0947 B0533 3·345 
B0948 B0534 3·345 
B0949 B0535 3·345 
B0950 B0536 3·345 
B0951 B0537 3·345 

B0813 MJE181 3·978 
B0814 MJE171 3·978 
B0815 MJE182 3·978 
B0816 MJE172 3·978 
B0817 MJE243 3·986 

B0952 B0538 3·345 
B0953 B0241C 3·311 
B0954 B0242C 3·311 
B0955 MJE15030 3·1086 
BD956 MJE15031 3·1086 

B0818 MJE253 3·986 
B0825 MJE181 3·978 
B0826 MJE171 3·978 
B0827 MJE182 3·978 
B0828 MJE172 3·978 

B0975 B0775 3·353 
B0976 B0776 3·353 
B0977 BOm 3·353 
B0978 B0778 3·353 
B0979 B0779 3·353 

B0829 MJE243 3,986 
B0830 MJE253 3·986 . 
B0833 B0785 3·355 
60834 B0786 3·355 
B0835 B0787 3·355 

B0980 B0780 3·353 
BOT29 TlP29 3·1154 
BOT29A TlP30 3·1154 
BOT29B TIP29B 3·1154 
BOT29C TIP29C 3·1154 
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BOT30 TIP30A 3-1154 
BOT30B TIP30B 3-1154 
BOT3OC TlP30C 3-1154 
BOT31 TlP31 3-1056 
BOT31A TIP31A 3-1056 

BOW22 2N3789 3-56 
BOW22A 2N3789 3-56 
BOW22B 2N3790 3-56 
BOW22C 2N5880 3-130 
BOW23 BOX53 3-389 

BOT31B TlP31B 3-1056 
BO'-31C TlP31C 3-1056 
BOT32 TlP32 3-1056 
BOT32A TlP32A 3-1056 
BOT32B TIP32B 3-1056 

BOW23A BOX53A 3-389 
BOW23B BOX53B 3-389 
BOW23C BOX53C 3-389 
BOW24 BOX54 3-389 
BOW24A BOX54A 3-389 

BOT32C TlP32C 3-1156 
BOT41 TIP41 3-1166 
BOT41A TlP41A 3-1166 
BOT41B TIP41B 3-1166 
BOT41C TIP41C 3-1166 

BOW24B BOX54B 3-389 
BOW24C BOX54C 3-389 
BOW39 BOW39 3-379 
BDW40 BOW40 3-379 
BOW41 BDW41 3-379 
BDW42 BDW42 3-379 

BOT42 TIP42 3-1166 
BOT42A TlP42A 3-1166 
BOT42B TIP42B 3-1166 
BOT42C TlP42C 3-1166 
BOT60 TlP125 3'1181 

BOW44 BOW44 3-379 
BOW45 BOW45 3-379 
BOW46 BOW46 3-379 
BOW47 BOW47 3-379 

BOW51 2N3715 3-26 
BOT6OA TlP126 3-1181 
BOT608 TIP127 3-1181 
BOT6OC BOX530 -BOT61 TlP120 3-1181 
BOT61A TIP121 3-1181 

BOW51A 2N3715 3-26 
BOW51B 2N3716 3-26 
BOW51C 2N5882 3-130 
BOW52 2N3791 3-56 

BOW52A 2N3792 3-56 
BOT61B TIP122 3-1181 
BOT61C BOX530 -BOT62 BOW45 3-379 
BOT62A BOW46 3-379 
BOT62B BOW47 3-379 

BOW52B 2N3792 3-56 
BOW52C 2N588D 3-130 
BOW53 TlPl20 3-1181 
BOW53A TlPl20 3-1181 

BOW53B TlP121 3-1181 
BOT62C BOW48 3-379 
BOT62C C.M. -BOT63 BOW40 3-379 
BOT63A BOW41 3-379 
BOT63B BOW42 3-379 

BOW53C BOX53C 3-389 
BOW53C C_M_ -
BOW530 BOX53D -
BOW53D C.M_ -
BOW54 TIP125 3-1181 

BOT63C BOW43 -BOT64 BOW44 3-379 
BOT64A BOW45 3-379 
BOT64B BOW46 3-379 
BOT64C BOW47 3-379 

BOW54A TIP125 3-1181 
BOW54B TIP126 3-1181 
BOW54C BOX54C 3-389 
BOW54D BDX540 -
BOW55 B0135 3-283 

BOT65 BOW40 3-379 
BOT65A BOW41 3-379 
BOT65B BOW42 3-379 
BOT65C BOW43 -

BOW56 BOl36 3-285 
BOW57 B0137 3-283 
BOW58 BOI36 3-285 
BOW59 B0139 3-283 

BOT91 . B0807 3-367 
BOW60 B0140 3-285 

BOT92 B0808 3-369 
BOT93 B0809 3-367 
BOT94 B0810 3-369 
BOV64 BOV64 3-375 
BOV64A BOV64A 3-375 

BOW63 BOX53 3-389 
BOW63A BOX53A 3-389 
BOW63B BOX53B 3-389 
BOW63C BOX53C 3-389 

BOW630 BOX530 -
BOV64B BOV64B 3-375 
BOV64C MJHll017 3-375 
BOV65 BOV65 3-375 
BOV65A BOV65A 3-375 
BOV65B BOV65B 3-375 

BOW64 BOX54 3-389 
BOW64A BOX54A 3-389 
BOW64B BOX54B 3-389 
BOW64C BOX54C 3-389 
BOW730 BOX330 3-389 

BOV65C MJH11018 3-375 
BOV66C MJHll017 3-1117 
BOV660 MJHll019 3-1117 
BOV67C MJHll018 3-1117 
BOV670 MJHll020 3-1117 

BOW740 BOX340 -
BOW73 B0895 3-371 
BOW73A B0897 3-371 
BOW73B ·B0899 3-371 
BOW73C B0901 3-371 

BOV91 MJE3055T n018 
BOV92 TIP34B 3-1160 
BOV93 TIP34C 3-1160 
BOV94 TIP2955 3-1189 
BOV95 TIP33B 3-1160 

BOW74 60896 3-373 
BOW74A BOB98 1-373 
BOW74B B0900 3-371 
BDW74C B0902 3-373 
BOWB3 BOV65 3-375 

BOV!16 TIP33C 3-1160 
BOW21 2N3714 3-26 
BOW21A 2N3714 3-26 
BOW21B 2N3714 3-26 
BOW21C 2N5882 3-130 

BOW83A BOV65 3-375 
BDWB3B BOV65A 3-375 
BOWB3C BOV65B 3-375 
BOW84 BOV64 3-375 
BOW84A BOV64 B75 

eM Consult Motorola if a direct replacement is necessary. 
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BOW84B BOV64A 3-375 BOY29 2N5303 3-96 
BDW84C BOV64B 3-375 BOY34 B0785 3-355 
BOW93 BOW39 3-379 
BOW93A BOW40 3.-379 
BOW93B BOW41 3-379 

BOY37 2N3773 3-52 
BOYBO B0533 3-345 
BOY81 B0535 3-345 

BDW93C BOW42 3-379 

BOW94 BOW44 3-379 
BOW94A BOW45 3-379 

BOW94B BOW46 3-379 

BOW94C BOW47 3-379 

BDYB2 B0534 3-345 
BOYB3 B0536 3-345 
BOY93 BU326A 3-419 
BOY93/01 BU326A 3-419 
BDY94 BU326A 3-419 

BDX10 2N3055A 3-9 
BOX10-4 2N3055A 3-9 
BOX1D-6 2N3055A 3-9 
BOX10-7 2N3055A 3-9 
BOXIOC 2N3055A 3-9 

BOY94/01 BU326A 3-419 
BOY96 BUS47 3-455 
BOY96-1 BUS47 3-455 
BOY96/01 BUS47 3-455 
BOY97 BUS47 3-455 

BOX18 MJ2955 3-6 
BOX33 BOX33 3-385 
BDX33A BDX33A 3-385 
BOX33B BOX33B 3-385 
BOX33C BOX33C 3-385 

BOY97-1 BUS47 3-455 
BF3BO MPSU10 3-1135 
BF38D-5 MPSU10 3-1135 
BF381 MPSU10 3-1135 
BF382 MPSU10 3-1135 

BOX330 BOX330 -BOX34 BDX34 3-385 BOX34A BOX34A 3-385 
BOX34B BOX34B 3-385 BOX34C BOX34C 3-385 

BF382-5 MPSU10 3-1135 
BF415 BF757 -
BF416 BF760 -
BF417 MJE340 3-990 
BF418 BF761 -

BDX34D BDX34D -BOX35 MJE240 3-986 
BOX35 TIP42C 3-1162 BOX36 MJE240 3-986 BOX36 TIP420 3-1162 

BF46D-1 BF460 -
BF46D-2 BF460 -
BF46D-8 BF460 -
BF461-1 BF461 -
BF461-2 BF461 -

BOX37 MJE240 3-986 
BOX37 TIP420 3-1162 
BOX42 B0775 3-353 
BOX43 BOm 3-353 BOX44 B0779 3-353 

BF461-5 BF461 -
BF461-8 BF461 -
BF462-1 BF462 -
BF462-2 BF462 -
BF462-8 BF462 -

BOX45 B0776 3-353 
BOX46 B077B 3-353 BOX47 B0779 3-353 BOX53 BOX53 3-389 BOX53A BOX53A 3-389 

BF463-1 BF463 -
BF463-2 BF463 -
BF463-5 BF463 -
BF463-8 BF463 -
BF464-1 BF464 -

BOX53B BOX53B 3-389 
BOX53C BOX53C 3-389 
BOX530 BDX530 
BOX54 BOX54 3-389 

BF464-2 BF464 -
BF464-5 BF464 -
BF464-8 BF464 -
BF465-1 BF465 -

BDX54A BOX54A 3-389 BF465-2 BF465 -
BOX54B BOX54B 3-389 BF465-5 BF465 -
BOX54C BOX54C 3-389 BF465-B BF465 -
BOX540 BOX54D - BF466 BF466 -
BOX70 2N6487 3-221 BF466-1 BF466 -
BDX71 2N6487 3-221 BF466-2 BF466 -

BOX72 2N6488 3-221 BF466-8 BF466 -
BOX73 2N6488 3-221 BF467 BF467 -
BOX74 2N6488 3-221 BF467-1 BF467 -
BOX75 2N6486 3-221 BF467-2 BF467 -
BOX77 B0799 3-363 BF467-8 BF467 -

BOX78 BOBOO 3-365 BF468 BF468 -
BOXB3 MJ3DOO 3-628 BF468-1 BF468 -
BOXB3A MJ3DOO 3-628 BF468-2 BF468 -
BOXB3B MJ3DOI 3-628 BF468-8 BF468 -
BOXB3C MJ4035 3-634 BF469 BF787 -
BOX84 MJ2500 3-628 BF470 BF790 -
BOX84A MJ2500 3-628 BF471 BF788 -
BOX84B MJ2501 3-628 BF472 BF791 -
BOX84C MJ4032 3-634 BF615 BF757 -
BOX91 2N3715 3-26 BF616 BF760 -

BOX92 2N3791 3-56 BF617 BF758 -
BOX93 2N3716 3-26 BF618 BF761 -
BOX94 2N3792 3-56 BF715 BF787 -
BOX95 2N58B2 3-130 
BOX96 2N5BBO 3-130 

BF716 BF790 -
BF717 BF758 -
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BF7l8 BF761 
BF757 BF757 -
BF757-l BF757 -
BF757-2 BF757 -
BF757-5 BF757 -

BU207 BU208 3-399 
BU208 BU208 3-399 
BU208A BU208A 3-404 
BU208D BU2080 3-409 
BU222 BU326A 3-419 

BF757-8 BF757 --
BF758 BF758 -
BF758-5 BF758 -
BF758-8 BF758 -BF759 BF759 

BU221A BU326A 3-419 
BU223 MJ431 3-622 
BU223A MJ431 3-622 
BU322 BU323 3-411 
BU322A BU323A 3-311 

BF759-l BF759 -
BF759-2 BF759 -
BF759-5 BF759 -
BF759-8 BF759 -
BF760 BF760 -
BF76(l.2 BF760 -
BF76(l.5 BF760 -

BU323 BU323 3-311 
8U323A BU323A 3-311 
BU323P BU323P 3-415 
BU326 BUS45P 3-419 
BU326A BUS45P 3-419 
BU326S BU326A 3-419 
BU406 BU406 3-422 
BU4060 C.M. 3-422 

BF760-8 BF760 -
BF761 BF761 -
BF76l-l BF761 -
BF761-5 BF761 -
BF761-8 BF761 -
BF762 BF762 -
BF762-l BF762 -
BF762-2 BF762 -
BF762-5 BF762 -
BF762-8 BF762 -

BU408H C.M. 3-422 
BU407 BU407 3-422 
BU407 C.M. 3-422 
BU426 BUS45P 3-424 
BU426A BU426A 3-424 

BU433 BU426 3-424 
BU500 BU500 3-428 
BU508 BU508 3-430 
BU508A BU508A 3-430 
BU508AO BU508AO 3-430 

BF787 BF787 -
BF787-l BF787 -
BF788 BF788 -
BF783-l BF788 -
BF783-5 BF768 -
BF789 BF769 -
BF789-l BF789 -
BF789-5 BF789 -
BF789-ll BF789 -

BU5080 BU5080 3-430 
BU522 BtJ522 3-435 
BU522A BU522A 3-435 
BU522B BU522B 3-435 
BU806 BU806 3-438 

BU807 BU807 3-438 
BU808 BU20B 3-399 
BURSO BUSSO 3_.483 
BUR5l BUS5l 3-485 
BUR52 BUSSl 3-485 

BF790 BF790 -
BF79D-l BF790 -
BF79D-2 BF790 -
BF79D-5 BF790 -
BF791 BF791 -

BUS11 BUS46P 3-49 
BUS12 BUS47 3-455 
BUSl2A BUS47A 3-455 
BUS13 BUS48 3-469 
BUSl3A BUS48A 3-469 

BF79l-l BF791 - BUSI4 BUS98 3-494 
BF791-5 BF791 - BUSI4A BUS98A 3-494 
BF792 BF792 - BUS36 BUS36 3-440 
BF792-l BF792 - BUS37 BUS37 3-440 

BUS45P BUS45P 3-447 
BF792-2 BF792 - BUS46P BUS46P 3-449 
BF792-5 BF792 -
BF857 BF757 -
BF858 BF757 -
BF859 BF758 -
BF869 BF787 -

BUS47 BUS47 3-455 
BUS47A BUS47A 3-455 
BUS47AP BUS47AP 3-462 
BUS47P BUS47P 3-462 
BUS48 BUS48 3-469 

BF870 BF790 -
BF871 BF788 -
BF872 BF791 -
BU104P BU406 3-422 

BU105 BU205 3-394 

BUS4BAP BUS48AP 3-469 
BUS48P BUS48P 3-476 
BUSSO BUSSO 3-483 
BUS5l BUS5l 3-485 
BUS52 BUS52 3-485 
BUS97 BUS97 3-487 

BU108 BU20B 3-399 
BU109P BU407 3-422 
BU124 BU426 3-424 
BU126 2N6545 3-235 

BU126 BUS45P 3-447 
BU126A BUS45P 3-447 
BUl34 MJ423 3-622 
BU137 BUn6 3-519 
BU157 Bun6 3-519 

BU180 MJE5741 3-1028 
.BU18OA MJE5742 3-1028 
BU204 BU205 3-394 
BU205 BU205 3-394 
BU205A BU205 3-394 

BUS97A BUS97A 3-487 
BUS98 BUS98 3-494 
BUS98A BUS98A 3-494 
BUT13 BUT13 3-S01 
BUm Bum ·3-507 
BUns Buns 3-513 

Bun6 BUT16 3-519 
BUT33 BUT33 3-525 
BUT34 BUT34 3-531 
BUT35 BUT35 3-537 
BUT36 . BUT36 3-543 

eM Consult Motorola if a direct replacement is necessary. 
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BUTSOP BUTSOP 3·549 
BUT51P BUT51P 3-551 
BUT90 BUSSO 3-483 
BUT91 BUS51 3-485 
BUT92 BUS52 3-485 
BUVIO BUVIO -

BUX45 BUS47A 3·455 
BUX40 2N6543 3-229 
BUX47 BUS47 3-455 
BUX47A BUS47A 3-455 
BUX48 BUX48 BUS48 3-469 

BUVION BUVION 3-552 
BUVll BUVll 3-555 
BUVIIN BUV11N 3-558 
BUVI2 BUVI2 3-561 
BUVI8 BUS50 3-483 

BUX48A BUX48A BUS48A 3-455 
BUX48S BUS48 3-469 
BUX66 2N6211 3-171 
BUX66A 2N6212 3-171 
BUX66B 2N6212 3-171 

BUVI9 BUS50 3-483 
BUX66C 2N6213 3·171 

BUV20 BUV20 3-564 
BUV21 BUV2l 3-567 
BUV21N BUV21N 3-570 
BUV22 BUV22 3-573 

BUX67 2N3584 3-20 
BUX67A 2N3584 320 
BUX67B 2N35B5 3-20 
BUX67C 2N4240 3-20 

BUV23 BUV23 3-576 
BUV24 BUV98 3-579 BUX80 BUS47 2N6547 3-239 

BUXB1 BUS47A MJ13335 3·834 
BUV25 BUS98A 3-494 
BUV26 BUV26 -
BUV27 BUV27 -

BUX82 BU326A 2N654.5 3-235 
BUXB3 BU326A 2N6545 3-235 
BUXB4 BUS45P 3-447 

BUV47 BUS47P 3·462 
BUV47A BUS47AP 3·462 BUX84 MJE13005 3·611 

BUV47B BUS47P 3-462 .. 
BUV48 BUS48P 3-476 
BUV48A BUS48AP 3-469 
BUWll BUWll 3-582 

BUX85 MJE13005 MJE13005 3611 
BUX86 MJE13003 MJE13003 3·1052 
BUX87 MJE13003 MJE13003 3·1052 
BUX97 BU326A 3-419 

BUWllA BUW11A 3-582 

BUWI2 BUWI2 3-582 
BUWI2A BUWI2A 3-582 
BUW24 BU326A 3-419 

BUX97A BU326A 3-419 
BUX97B BU326A 3-419 
BUX98 BUS98 3-494 
BUX98A BUS98A 3-494 
BUY29 MJ410 3-620 

BUW25 BU326A 3-419 

BUW26 BU326A 3·419 
BUW34 BUS47 3-455 
BUW35 BUS47 3-455 
BUW36 BUS47A 3-455 
BUW44 BUS48 3-469 

BUY30 MJ411 3-620 
BUY49P BUY49P -
BUY69A BUS47A 3-455 
BUY69B BUS47 3-455 
BUY69C 2N6306 3194 

BUW45 BUS48 3-469 
BUW46 BUS48A -
BUW72 BUS46P 3-449 
BUW74 BUS47 3'455 
BUW75 BUS47 3·455 

BUY70A BU326A 3-419 
BUY70B BU326A 3-419 
BUY70C BU326A 3-419 
04OC1 MJEBOO 3·1002 
04OC2 MJE800 3·1002 

BUW76 BUS47 3-455 

BUWl? BUS47 3-455 
BUW81 MJIOOl4 3-700 
BUW81A MJlOO14 3·700 
BUW84 MJE13OO3 3-1052 

040C4 MJE800 3·1002 
04OC5 MJEBOO 3·1002 
04001 MJE180 3-978 
04002 MJE180 3-978 
04003 MJE180 3·978 

BUW8S MJE13003 3·1052 

BUXl3 BUXl3 3·590 

BUXI4 BUS47 3-455 
BUXI4CECCF BUS47 3-455 
BUXI4CECCL BUS47 3-455 
BUXl5 BUS47A 3-455 

04004 MJE181 3·978 
04005 MJE181 3·978 
04007 MJE181 3-978 
04008 MJE181 3-978 
040010 MJE182 3·978 

BUX15CECCF BUS47A 3-455 
BUX15CECCL BUS47A 3-455 
BUX16 2N6543 3-229 
BUX16A 2N6543 3·229 
BUX16B 2N6543 3-229 

040011 MJE182 3-978 
040013 MJE182 3-978 
040014 MJE182 3·978 
040E1 MJE180 3·978 
040E5 MJE181 3-978 

BUX16C 2N6543 3-229 
BUX17 BUS48 3-469 
BUX17A BUS48 3-469 
BUX17B BUS48 3-469 
BUX17C BUS48 3-469 

040E7 MJE182 3-978 
040K1 MJE800 3-1002 
04OK2 MJEBOO 3-1002 
040K3 MJEBOO 3-1002 
040K4 MJEBOO 3-1002 

BUX18 2N6544 3·235 
BUX18A 2N6544 3-235 
BUX18B 2N6545 3-235 
BUX18C 2N6545 3-235 
BUX39 BUX39 3·593 

040N1 MJE340 3-990 
040N2 MJE340 3-990 
04ON3 MJE340 3·990 
040N4 MJE340 3·990 
040P1 MJE341 3-992 

BUMO BUX40 3-596 
BUMI BUX41 3-599 
BUX41N BUX41N 3-602 
BUX42 BUX42 3-605 
BUX43 2N6308 3-608 
BUX44 BUS47 3·455 

040P3 MJE344 3-992 
04OP5 MJE340 3·990 
04101 2N4918 3-78 
04102 2N4918 3-78 
04104 2N4919 3·78 
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04105 2N4919 3-78 
04107 2N4919 3-78 
04108 2N4919 3-78 
041010 2N4920 3-78 

044TE3 MJEI3070 
044TE4 MJE13070 
044TE5 MJEI3070 
044VHl o44VHl 

041011 2N4920 3-78 D44VH4 044VH4 

04'J)13 2N4920 3-78 044VH7 D44VH7 3-618 
041014 2N4920 3-78 o44VH10 D44VHlO 3-618 
041El 2N4918 3-78 
041E5 2N4919 3-78 
041E7 2N4920 -3-78 

o45Cl MJE15029 3-1086 
045C2 MJE15029 3-1086 
o45C3 MJE15029 3-1086 

041Kl MJE700 3-1002 
041K2 MJE700 3-1002 
041K3 MJE700 3-1002 
041K4 MJE700 3-1002 

_ 042Cl MJEI80 3-978 

045C4 MJEl5029 3-1086 
045C5 MJE15029 3-1086 
o45C6 MJE15029 3-1086 
o45C7 MJE15029 3-1086 
045C8 MJE15029 3-1086 

042C2 MJE180 3-978 
042C3 MJE180 3-978 
042C4 MJE171 3-978 
042C5 MJE171 3-978 
042C6 MJE171 3-978 

045C9 MJE15029 3-1086 
045Cl0 MJE15029 3-1086 
D45Cll MJE15029 3-1086 
D45C12 MJE15029 3-1086 
045El TIP125 3-614 

042C7 MJE171 3-978 
042C8 MJE171 3-978 
-042C9 MJE171 3-978 

045E2 TlPI25 3-614 
045E3 TIPI26 3-614 
045Hl 045Hl 3-616 

043Cl MJEI80 3-978 045H2 045H2 3-616 
043C2 MJE180 -3-978 045H4 045H4 3-616 

043C3 MJE180 3-978 
043C4 MJE171 3-978 
n43C5 -MJEI71 3-978 
043C6 MJE171 3-978 
043C7 MJE171 3-978 

045H5 045H5 3-616 
045H7 045H7 3-616 
045H8 045H8 3-616 
045H9 045H9 3-616 
045Hl0 o45Hl0 3-610 

043C8 MJE171 3-978 
043C9 MJE171 3-978 
044Cl 044E3 3-614 
O44C2 o44E3 3-614 
044C3 044E3 3-614 

045Hll 045Hll 3-616 
045H12 045Hll 3-616 
045VHl 045VHl 3-618 
045VH4 045VH4 3-618 
045VH7 045VH10 3-618 

D44C4 044E3 3-614 
O44C5 044E3 3-614 
O44C6 o44E3 3-614 
044C7 o44E3 3-614 
044C8 o44E3 3-614 

045VH10 045VH10 3-618 
056Wl BU208 3-399 
056W2 BU208 3-399 
056W3 BU208 3-399 
056W4 BU208 3-399 

044C9 044E3 3-614 
D44Cl0 044E3 3-614 
D44Cl1 044E3 3-614 
044C12 o44E3 3-614 
04401 2N6386 3-2l3 

064VE3 MJI3080 3-810 
064VE4 MJI3080 3-810 
064VE5 MJI3080 3-810 
064VP3 MJI3090 3-816 
064VP4 MJI3090 3-816 

04402 2N6386 3-213 
04403 2N6D43 3-146 
04404 2N6D43 3-146 
D4405 2N6D44 3-146 
04406 2N6D44 3-146 

064VP5 MJI3090 3-816 
064V83 MJ16016 3-906 
064V84 MJ16016 3-906 
O64V85 MJ16016 3-906 
oT8310 2N6306 3-194 

o44El 044El 3-614 
044E2 o44E3 3-614 
044E3 o44E3 3-614 
044Hl D44H5 3-616 
o44H2 D44H5 3-616 

oT8311 2N6306 3-194 
OT8401 2N3902 3-60 
OT8402 2N3902 3-60 
OT8403 2N6308 3-194 
OT8409 2N6308 3-194 

o44H4 o44H5 3-616 
044H5 o44H5 3-616 
044H7 044H7 3-616 
D44H8 D44H8 3-616 
o44Hl0 o44HlO 3-616 

OT8410 MJ410 3-620 
OT8411 MJ411 3-620 
OT8413 MJ413 3-622 
OT8423 MJ423 3-622 
OT8424 2N6308 3-194 

o44Hll D44Hll 3-616 
D44Rl TIP47 3-1170 
o44R2 TlP47 3-1170 
o44R3 TIP48 3-1170 
044R4 TlP48 3-1170 

OT8425 2N6545 3-235 
OT843O 2N6307 _3-194 
OT8431 MJ431 3-622 
oT5515 2N6306 3-194 
OT5516 2N6306 3-194 

044R5 TlP47 3-1170 
044R6 TlP48 3-1170 
044TD3 MJE13070 3-1180 
044TD4 MJE13070 3-1180 
044TD5 MJE13070 3-1180 

OT5517 2N6306 3-194 
OT5518 2N6307 U94 
OT5519 2N6308 3-194 
OT5660 2N6233 3'174 
OT5663 2N6235 3-174 
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OT5665 2N6235 3-174 
OT5701 BU205 3-394 
OT5702 BU205 3-394 
OT5712 BU208 3-399 
OT5714 BU208 3-399 

IR518 2N6546 3·239 IR519 2N6547 3·239 IR640 MJ3000 3·628 IR641 MJ3001 3·628 IR642 2N6578 3·243 

OT5801 BU205 3-394 
OT5802 BU208 3-399 
OT5804 BU208 3-399 
OT5812 BU208 3'399 
OT5814 BU208 3·399 

IR645 MJ2500 3·628 
IR646 MJ2501 3-628 
IR647 2N6052 3·153 lASSO MJ410 3-620 IR663 MJ423 3·622 

OT51010 2N6056 3·157 
OT51 020 MJ3001 3·628 
OT54010 MJ3041 3·632 
OT54025 MJ3041 3·632 
OT54026 MJ10012 3·696 
OT54039 MJ10000 3·664 

IA665 MJ12003 3·770 
IR701 BU205 3·394 
IR801 BU205 3·394 
IR802 MJ802 3624 
IR900 MJOOO 3·626 

OT54040 MJ10000 3·664 OT54041 MJ10000 
OT54045 MJ10000 3·664 
OT54059 MJ10000 3·664 
OT54060 MJlO001 3·664 

3·664 

IROOl MJOOl 3·626 
IR1000 MJ1000 3·626 
IA1001 MJ1001 3·626 IR1010 2N6056 H57 
IR1020 MJ3001 3·628 

OT54061 MJ10000 3·664 
OT54065 MJ1000l 3·664 
OT54066 MJ10000 3·664 
OT54067 MJ10000 3-664 
OT$4074 MJlO004 3·676 

IA2S00 MJ2500 3·628 
IR2S01 MJ2501 3628 
IA3000 MJ3000 3·628 
IA3001 MJ3001 3·628 
IR3771 2N3771 3-48 

OT54075 MJ10004 3·676 
FT47 TlP47 3·1170 
FT48 TlP48 3·1170 
FT49 TlP49 3-1170 
FT50 TIPSO 3-1170 

IR3772 2N3772 3-48 
IR3))3 2N3773 3·52 
IR4039 MJ10000 3,664 
IR4040 MJ 1 0000 3·664 
IA4041 MJ10000 3·664 

FT317 MJE1S028 3·1086 IR4045 MJ10000 3·664 
FT317A MJE15028 3·1086 
FT317B MJE15030 3·1086 

IR40SO MJ10000 3·664 
IR4055 MJ10000 3·664 

FT401 2N3OO2 3·60 IR4059 MJ10000 3·664 
FT402 2N3902 3·60 IA4060 MJ1000l 3·664 

FT410 MJ410 3-620 IR4061 MJ10000 3·664 
FT411 MJ411 3-620 IR4065 MJ1000l 3·664 
FT413 MJ413 3'622 IA4S02 MJ4502 3·636 
FT417 MJE15029 3·1086 IASOOO MJ10000 3·664 
FT417A MJE15029 3·1086 1R5001 MJ10000 3·664 

FT417B MJE15031 3·1086 IR5002 MJ10001 3·664 
FT423 MJ423 3·622 IR5060 MJ10000 3·664 
FT430 2N6307 3·194 
FT431 MJ431 3622 
FT2955 MJE2955T 3·1018 

IA5061 MJ10000 3·664 
IR5062 MJ1000l 3·664 
IR5252 MJlOO02 3·670 

H3055 MJE3055T 3·1018 
GES060 MJ10000 3·664 GE5061 MJ10000 3·664 GES062 MJ1000l 3·664 GE6060 MJ10015 3·706 

IR5261 MJ10002 3·670 
IR6000 MJ10004 3·676 
IA6001 MJ10004 3·676 
IR6002 MJ10005 3676 
IA6060 MJ10004 3·676 

GE6061 MJ10015 3·706 
GE6062 MJ10015 3·706 GE6251 MJ10004 3·676 GE6252 MJ10004 3·676 GE6253 MJ10005 3·676 

IR6061 MJ10004 3·676 
IR6062 MJ10005 3·676 
IR6251 MJ10006 3·682 
IR6252 MJ10007 3·682 
IA6302 2N5630 3·112 

IR401 2N3902 3·60 
IR402 2N3902 3·60 1R403 2N6308 3·194 IR409 2N6308 3·194 1R410 MJ410 3-620 

KOT410 MJ410 3·620 
KOT411 MJ411 3·620 
KOT413 MJ413 3·622 
KOT423 MJ423 3·622 
KOT430 2N6307 3194 

IR411 MJ411 3·620 
IR413 MJ413 3·622 
IR423 MJ423 3·622 
IR424 2N6308 3·194 
IR425 2N6545 3·235 

KOT431 MJ431 3·622 
KOT515 2N6306 3·194 
KOT516 2N6306 3·194 
KOT517 2N6306 3.194 
KOT518 2N6307 ll94 

IR430 2N6307 3·194 
IR431 MJ431 3·622 
IR515 2N6250 3·177 
IRS16 2N6250 3·177 
IR517 2N6251 3·177 

KOT519 2N6308 3·194 
KP3946 2N6274 H81 
KP3948 2N6274 3-181 
M0520 2N5655 3-116 
M0521 2N5656 3·116 
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MOS26 MJE180 3-978 MJ3247 MJE15030 3-1086 
MOS27 MJE181 3-978 
MOS6D MJE350 3-994 
MOS73 MJE171 3-978 
MOS74 MJE172 3-978 

MJ3248 MJE1S030 3-1086 
MJ4030 MJ4030 3-634 
MJ4031 MJ4031 3-634 
MJ4032 MJ4082 3-634 

MOS75 MJE253 3-986 
MOS76 MJE181 3-978 
MOS77 MJE171 3-978 
MOS1678 MJE181 3-978 
MJ105 BU205 3-394 

MJ4033 MJ4033 3-634 
MJ4084 MJ4034 3-634 
MJ4035 MJ4035 3-634 
MJ4237 MJI5012 3-850 
MJ4238 MJI5012 3-850 

MJ205 BU205 3-394 
MJ400 MJ400 2N3739 3-37 
MJ410 MJ410 3-620 
MJ411 MJ411 3-620 
MJ413 MJ413 3-622 

MJ4247 MJl5011 3-850 
MJ4248 MJ15011 3-850 
MJ4360 MJE13002 3-1052 
MJ4361 MJE13003 3-1052 
MJ4380 MJE13004 3-1058 

MJ423 MJ423 
3-622 MJ424 2N63DB MJ424 

MJ425 2N6545 3-194 
MJ425 MJ431 3-235 
MJ431 

2N58B4 3-622 
MJ4SO 3-134 

MJ4381 MJEl3005 3-1058 
MJ4400 MJE13004 3-1058 
MJ4401 MJE13005 3-1058 
MJ4S02 MJ4502 3-636 
MJ4645 MJ4646 3-638 

MJ4BO 2N3055 
3-6 2N3055 MJ481 2N3789 3-6 

MJ490 2N3789 3-56 
MJ491 
MJ701 MJ12002 3-56 

3-765 

MJ4646 MJ4646 3-638 
MJ4647 MJ4647 3-638 
MJ6S02 MJ6S03 3-640 
MJ6S03 MJ6503 3-640 
MJ6700 2N6193 3-168 

MJ702 MJ12002 3-765 
MJ704 MJ12002 3-765 
MJ721 MJ12002 3-765 
MJ723 MJ12002 3-765 
MJB02 MJB02 3-624 

MJ8100 2N6193 3-168 
MJ8500 MJ8S01 3-646 
MJ8S01 MJ8501 3-646 
MJ8S02 MJ8502 3-652 
MJ8S03 MJ8503 3-652 

MJB04 MJ12004 3-772 
MJ900 MJ900 3-626 
MJ901 MJ901 3-626 
MJ920 2N6298 3-157 
MJ921 2N6299 3-157 

MJ8504 MJ8S04 3-658 
MJ8S05 MJ8S05 3-658 
MJ10000 MJ10000 3-664 -
MJ1000l MJ1000l 3-664 
MJ10002 MJ10002 3-670 

MJ10D0 MJ1000 3-626 
MJ1001 MJ100l 3-626 
MJ1200 2N6300 3-157 
MJl201 2N6301 3-157 
MJ1BOO 2N63D8 3-194 

MJ10003 MJ10002 3-670 
MJ10004 MJ10D04 3-676 
MJ10005 MJ10005 3-676 
MJ10006 MJ10006 3-682 
MJ10007 MJ10007 3-682 

MJ2249 2N3766 3-45 

MJ22SO MJ2250 
2N3767 

3-45 
MJ2251 3-37 
MJ2252 2N3738· 3-37 
MJ2253 2N3739· 

3-41 2N3740· MJ2254 2N3741· 3-41 

MJ100DB MJ10008 
MJ10009 MJ10009 3-688 
MJ10011 MJ10011 3-688 
MJ10012 MJ10012 3-694 
MJ10013 MJ10014 3-696 

3-700 

MJ2267 
MJ15016 3-9 

MJ2268 MJ2955 3-6 
MJ2300 MJE270 -
MJ2305 -
MJ2S00 MJ2S00 MJE271 3-628 

MJ10014 MJ10014 
MJ10015 MJ10015 3-700 
MJ10016 MJ10016 3-706 
MJ10020 MJ10020 3-706 
MJ10021 MJ10021 3-711 

3-711 

MJ2S01 MJ2S01 3-628 
MJ2801 2N3055 3-6 
MJ2802 2N5881· 3-130 
MJ2B40 2N5877 3-127 
MJ2B41 2N5878 3-127 

MJ2901 
MJ15016 3-9 

MJ2940 3-127 
MJ2955 MJ2955 2N5875 3-6 
MJ2955A MJ2955A 3-9 
MJ3000 MJ3000 3-628 

MJ10022 MJ10022 
MJ10023 MJ10023 3-717 
MJ10024 MJ10024 3-717 
MJ10025 MJ10025 3-723 
MJ10027 C.M. 3-723 

MJ10029 C.M. 
MJ10041 C.M. 3-729 
MJ10042 C.M. 3-743 
MJ10044 C.M. 3-729 
MJ10045 C.M. 3-743 

MJ3001 MJ3001 3-628 
MJ3029 MJ3029 3-630 
MJ3030 2N6545 3-235 
MJ3040 MJ3041 3-632 
MJ3041 MJ3041 3-632 

MJ10047 C.M. 3-729 
MJ10048 C.M. 3-743 
MJ100SO C.M. 
MJ10051 C.M. 
MJ10052 C.M. 

MJ3042 MJ3042 3-632 
MJ3055 2N3055 3-6 
MJ3055A 2N3055A 6-9 
MJ3237 MJE15031 3-1086 
MJ3238 MJE15031 3-1086 

MJ10l00 C.M. 
MJ10l0l C.M. 
MJ10l02 C.M. 
MJ10200 C.M. 
MJ10201 

·Consult Motorola if a direct replacement is necessary. 
eM Consult Motorola if a direct replacement is necessary. 
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MJI0202 C.M. 
MJII011 MJII011 3-757 
MJII012 MJII012 3-757 
MJI1013 MJI1013 3-757 
MJI1014 MJI1014 3-757 

MJl6010 MJl6010 3-890 
MJl6010A MJl6010A 3-898 
MJl6012 MJ16012 3-890 
MJl6014 MJl6014 3-906 
MJl6016 MJl6016 3-906 
MJ16018 MJ16018 3-914 

MJII015 MJII015 3-757 
MJII016 MJII016 3-757 
MJI1017 MJI1017 3-759 
MJII018 MJI1018 3-759 
MJI1019 MJI1019 3-759 

MJI1020 MJI1020 3-759 
MJI1021 MJI1021 3-759 
MJI1022 MJII022 3-759 
MJ11028 MJII028 3-763 
MJI1029 MJI1029 3-763 

MJD29 MJD29 
3-920 MJD29C MJD29C 

MJD30 MJD30 3-920 

MJD30C MJD30C 3-920 

MJD31 MJE31 3-920 
MJD31C MJD32C 3-924 

3-924 
MJD32 MJD32 3-924 
MJD32C MJD32C 3-924 MJD41C MJD41C 3-928 MJD42C MJD42C 3-928 MJD44E3 MJD44E3 -

MJI1030 MJII030 3-763 
MJI1031 MJI1031 3-763 

MJD44HII MJD44HlI 3-932 
MJD45E3 MJD45E3 -MJI1032 MJI1032 3-763 

MJ11033 MJ11033 3-763 
MJ12002 MJ12002 3-765 

MJD45HII MJD45H11 3-932 
MJD47 MJD47 3-936 
MJD50 MJD50 3-936 

MJ12003 MJ12003 3-770 
MJ12004 MJ12004 3-772 
MJ12005 MJ12005 3-778 
MJl2005D MJI2005D 3-780 
MJ12010 MJ12010 3-786 
MJ12020 MJ12020 3-788 

MJ12021 MJ12021 3-788 
MJ12022 MJ12022 3-788 
MJ13010 2N6547 3-239 
MJ13014 MJ13014 3-798 
MJ13015 MJ13015 3-798 

MJD112 MJD112 3-940 
MJDI17 MJD117 3-940 
MJDI22 MJDI22 3-946 
MJD127 MJD127 3-946 
MJD200 MJD200 3-952 
MJD210 MJD210 3952 
MJD340 MD340 3-956 
MJD350 MJD350 3-956 
MJD2955 MJD2955 3-960 
MJD3055 MJD3055 3-960 
MJD6036 MJD6036 3-964 

MJ13018 MJ13330 3-828 
MJ13019 MJ13331 3-828 
MJ13070 MJ13070 3-804 
MJ13071 MJ13071 3-804 
MJl30BO MJ13080 3-810 

MJD6039 MJD6039 3-964 
MJD13003 MJDI3003 3-970 
MJE29 TIP29 3-1154 
MJE29A TIP29A 3-1154 
MJE29B TlP29B 3-1154 
MJE29C TIP29C 3-1154 

MJ13081 MJ13081 3-810 MJE30 TIP30 3-1154 
MJ13090 MJ13090 3-816 MJE30A TIP30A 3-1154 
MJ13091 MJ13091 3-816 MJE30B TIP30B 3-1154 
MJ13100 MJ16016 3-906 MJE30C TlP30C 3-ll54 
MJ13101 MJI6016 3-906 MJE31 TlP31 3-1156 

MJl3330 MJ13330 3-828 
MJ13331 MJ13331 3-828 
MJ13332 MJ13333 3-834 
MJ13333 MJ13333 3-834 
MJ13334 MJ13335 3-834 

MJE31A TIP31A 3-1156 
MJE31B TlP31B 3-1156 
MJE31C TIP31C 3-1156 
MJE32 TIP32 3-1156 
MJE32A TIP32A 3-1156 

MJl3335 MJ13335 3-834 
MJ14000 MJ14000 3-840 
MJ14001 MJ14001 3-840 
MJ14002 MJ14002 3-840 
MJ14003 MJ14003 3-840 

MJE32B TIP32B 3-1156 
MJE32C TIP32C 3-1156 
MJE33 TIP41 3-1166 
MJE33A TIP41A 3-1166 
MJE33B TIP41B 3-1166 

MJ15001 MJ15001 3-844 
MJ15002 MJ15002 3-844 MJE33C TIP41C 3-1166 
MJ15003 MJ15003 3-847 
MJl5004 MJ15004 3-847 
MJl5011 MJ15011 3-850 
MJ15012 MJ15D12 3-850 

MJE34 TIP42 HI66 
MJE34A TIP42A 3-1166 
MJE34B TIP42B 3-1166 
MJE34C TIP42C 3-1166 

MJI5015 MJI5015 39 MJE41 TlP41 3-1166 
MJI5016 MJI5016 3-9 
MJI5018 MJI5018 3-9 
MJ15019 MJ15019 3-9 
MJ15022 MJ15022 3-852 

MJE41A TlP41A 3-1166 
MJE41B TlP41B 3-1166 
MJE41C TlP41C 3-1166 
MJE42 TlP42 31166 

MJ15023 MJ15023 3-855 

MJ15024 MJ15024 3-852 
MJ15025 MJ15025 3-855 
MJ15026 MJ15024 3-852 
MJl5027 MJ15025 3-855 
MJ16002 MJl6002 3-858 

MJE42A TIP42A 3-1166 
MJE42B TlP42B 3-1166 
MJE42C TlP42C 3-1166 
MJE47 TIP47 3-1170 
MJE48 TIP48 3-1170 

MJl6002A MJl6002A 3-866 
MJ16004 MJ16004 3-858 
MJ16006 MJ16006 3-874 
MJ16006A MJ16006A 3-882 
MJ1600B MJ16008 3-874 

MJE49 TIP49 3-.1170 
MJE51 2N6497 3-225 
MJE51T 2N6497 3-225 
MJE52 2N6498 3-225 
MJE.52T 2N6498 3-225 

eM Gonsult Motorola If a direct replacement IS necessary. 
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MJE53 MJE13005 3-1058 
MJE53T MJE13005 3-1058 
MJE10l MJE2955 3-1018 
MJE102 MJE2955 3-1018 
MJE103 MJE2955 3-1018 

TIP125 
3-1002 

MJE104 MJE2955 3-1018 
MJE105 MJE105 3-976 
MJE105K TIP42A 3-1166 
MJE170 MJE170 3-978 
MJE171 MJE171 3-978 

MJE702T TIPl26 3-1181 
MJE703 MJE703 3-1002 
MJE703T TIP126 3-1181 
MJE710 2N4918 3-78 
MJE711 2N4919 3-78 

MJE172 MJE172 
3-978 
3-978 MJE180 MJE180 3-978 MJE181 MJE181 3-978 MJEl82 MJE182 3-982 MJE200 MJE200 

MJE712 2N4920 3-78 
MJE720 MJE720 
MJE721 2N4923 3-82 
MJE722 2N4923 3-82 
MJEBOO MJEBOO 3-1002 

MJE201 MJE3055 3-982 
MJE202 MJE3055 3-1018 
MJE203 MJE3055 3-1018 
MJE204 MJE3055 3-1018 
MJE20S MJE3055 3-1018 

MJEBOOT MJEBOOT 3-1002 
MJEBOl MJE801 

TlPl20 3-1002 
MJEBOlT 3-1181 
MJE802 MJE802 

TlP121 3-1002 
MJEB02T 3-1181 

MJE205K TIP41A 3-1166 
MJE210 MJE210 3-982 
MJE220 MJE181 3-978 
MJE221 MJE181 3-978 
MJE222 MJE181 3-978 

MJE803 MJE803 
TIP121 3-1002 

MJEB03T 3-1181 
MJE1090 MJE1090 
MJE1091 MJE1093 
MJE1092 MJE1092 

MJE1093 MJE1093 
MJE223 MJE182 3-978 
MJE224 MJE182 3-978 
MJE225- MJE182 3-978 
MJE230 MJE171 3-978 
MJE231, MJE171 3-978 

MJE232 MJE171 3-978 
MJE233 MJE172 3-978 
MJE234 MJE172 3-978 
MJE235 MJE172 3-978 
MJE240 MJE240 3-986 

MJEll00 MJE1100 
MJE1101 MJE1101 
MJEll02 MJEll02 
MJE1103 MJEll03 

MJE1290 2N5988 3-138 

MJE1291 2N5988 3-138 
MJE1320 MJE1320 3-1006 
MJE1660 MJEl660 3;1012 
MJEl661 MJE1661 3-1012 
MJE2010 TlP42 3-1166 

MJE241 MJE241 3-986 
MJE242 MJE243 3-986 
MJE243 MJE243 3-986 
MJE244 MJE244 3-986 

MJE2011 TIP42A 3-1166 

MJE2020 TlP41 3-1166 

MJE2021 TIP41A 3-1166 

MJE2050 MJE200 3-982 

MJE2055 MJE3055 3-1018 

MJE250 MJE250 3-986 
MJE251 MJE251 3-986 
MJE252 MJE253 3-986 
MJE253 MJE253 3-986 
MJE254 MJE253 3-986 

MJE2090 TIP125 3-1181 

MJE2091 TIP125 3-1181 

MJE2092 TlPl26 3-1181 

MJE2093 TIPl26 3-1181 

MJE2100 TIPl20 3-1181 

MJE270 MJE270 -
MJE271 MJE271 -
MJE340 MJE340 3-990 
MJE340K TIP48 3-990 
MJE341 MJE341 3-992 

MJE2101 TIP120 3-1181 

MJE2102 TIP121 3-1181 

MJE2103 TIP121 3-1181 

MJE2150 MJE210 3-982 

MJE2160 TIP4B 3-1170 

MJE341K TIP47 3-992 
MJE344 MJE344 3-992 
MJE344K TIP47 3-992 
MJE345 MJE3439 3-1022 
MJE350 MjE350 3-994 

MJE2360 MJE2360T 3-1014 
3-1014 

MJE2360T MJE2360T 
MJE236lT 3-1014 

MJE2361 3-1014 MJE236lT MJE236lT 
TlP32 3-1156 MJE2370 

MJE370 MJE370 3-996 
MJE370K TIP32 3-1156 
MJE371 MJE371 3-998 
MJE371K TIP32 3-1156 
MJE482 2N5190 3-88 

MJE2371 TlP32A 3-1156 

MJE24BO TIP31 3-1156 

MJE2481 TIP31A 3-1156 

MJE2482 2N6121 3-164 

MJE2483 2N6122 3-164 

MJE483 2N5191 3-88 
MJE484 2N5192 3-88 
MJE4B8 2N5191 3-88 
MJE492' 2N5193 3-92 
MJE493 2N5194 3-92 

MJE2490 TIP32 3-1156 

MJE2491 TIP32A 3-1156 

MJE2520 TIP31 3-1156 

MJE2521 TlP31A H156 

MJE2522 TlP31 H156 

MJE494 2N5195 3-92 
MJE520 MJE520 3-1000 
MJE520K TIP31 3-1156 
MJE521 MJE521 -
MJE521K TIP31 3-1156 

MJE2523 TIP31A 3-1156 
3-1016 MJE2801 MJE2801 

MJE280lT 3-1016 MJE2801K 3-1016 MJE2BOlT MJE280lT 3-1016 
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MJE2901K MJE2955T 3'1018 MJE5983 2N6486 3-221 
MJE290lT MJE2955T 3-1018 MJE5984 2N6487 3-221 
MJE2955 MJE2955 3-1018 MJE5985 2N6488 3'221 
MJE2955K MJE2955T 3-1018 MJE6040 MJE6040 3-146 
MJE2955T MJE2955T 3-1018 MJE6041 MJE6041 3-146 

MJE3055 MJE3055 3-1018 
MJE3055K MJE3055T 3-1018 

MJE6042 MJE6041 3-146 
MJE6043 MJE6043 3-146 

MJE3055T MJE3055T 3-1018 
MJE3300 2N6037 3-1020 
MJE3301 2N6039 3-1020 

MJE6044 MJE6044 3-146 
MJE6045 MJE6045 3-146 
MJE8500 MJE8500 3-1038 

MJE3302 2N6039 3-142 
MJE3310 2N6034 3-142 
MJE3311 2N6035 3-142 
MJE3312 2N6036 3_142 
MJE3370 MJE370 3-996 

MJE8501 MJE8501 
3-1038 MJE8502 MJE8502 3-1044 MJE8503 MJE8503 

MJE100l1 MJE100ll 3-1044 
MJE12007 MJE12007 -

3-1050 

MJE3371 2N5193 3-92 
MJE3439 MJE3439 3-1022 
MJE3440 MJE3440 3-1022 
MJE3520 MJE520 3-1000 
MJE3521 2N5l90 3-88 

MJE13002 MJE13002 
3-1052 MJE13003 MJE13003 

MJE13004 MJE13004 3-1052 

MJE13005 MJE13005 3-1058 
MJE13006 MJE13006 3-1058 

3-1064 

MJE3738 TIP47 3-1170 
MJE3739 TIP48 3-1170 
MJE4340 MJE4340 3-1024 
MJE4341 MJE4341 3-1024 
MJE4342 MJE4342 3-1024 

MJE13007 MJE13007 3-1064 
MJE13008 MJE13008 3-1072 
MJE13009 MJE13009 3-1072 
MJE13070 MJE13070 3-1080 
MJE13071 MJE13071 3-1080 

MJE4343 MJE4343 3-1024 
MJE4350 MJE4350 3~ 1024 
MJE4351 MJE4351 3-1024 
MJE4352 MJE4352 3-1024 
MJE4353 MJE4353 3-1024 

MJE4918 TIP30 H154 
MJE4919 ~ TlP30A 3-1154 
MJE4920 TIP30B 3-1154 
MJE4921 TIP29 3-1154 

MJE15028 MJE15028 3-1086 
MJE15029 MJE15029 31086 
MJE15030 MJE1.5030 3-1086 
MJE15031 MJE15031 3-1086 
MJE16002 MJE16002 3-1090 
MJEI6004 MJEl6004 3-1090 
MJEl6032 MJE16032 3-1098 
MJEl6034 MJE16034 3-1098 
MJEl6080 MJE16080 3-1106 
MJEl6081 MJEl6081 3-1106 

MJ.E4922 TIP29A 3-1154 

MJE4923 TIP29B 3-1154 
MJE5170 MJE1503l 3-1086 
MJE5l71 MJE1503l 3-1086 
MJE5172 MJE1503l 3-1086 

MJH6282 MJH6282 3-1113 
MJH6283 MJH6283 3-1113 
MJH6284 MJH6284 3-1113 
MJH6285 MJH6285 3-1113 
MJH6286 MJH6286 3-1113 

MJE5180 MJE15030 3-1086 

MJE5181 MJE150:l0 3-1086 
MJE5l82 MJE15030 3-1086 
MJE5l90 2N612l 3-164 
MJE5l91 2N6122 3-164 
MJE5l92 2N6l23 3-164 

MJE5193 2N6124 3-164 
MJE5l94 2N6l25 3-164 
MJE5195 TlP32C 3-1156 
MJE5655 TIP47 3-1170· 

MJH6287 MJH6287 3-1113 
MJH6676 MJH6676 3-250 
MJH6677 MJH6677 3-250 
MJH6678 MJH6678 3-250 
MJHl1017 MJHll017 3-1117 
MJHll018 MJHll018 3-1117 
MJHll019 MJHll019 3-1117 
MJHI1020 MJHI1020 ll117 
MJHll021 MJHll021 3,]117 
MJHll022 MJHI1022 3-1117 
MJH12004 MJH12004 3-772 

MJE5656 TIP48 3-1170 

MJE5657 TIP49 3-1170 
MJE5730 MJE5850 3-1032 
MJE5731 MJE5850 3-1032 
MJE5732 MJE5850 3-1032 
MJE5740. MJE5740 3-1028 

MJH13090 MJH13090 3-816 
MJHI3091 MJH13091 3-816 
MJHI6002 MJH16002 3-1090 
MJH16002A MJH16002A 3-866 
MJH I 6004 MJH16004 3-1090 
MJH16006 MJH16006 3-874 

MJE5741 MJE5741 3-1028 
MJE5742 MJE5742 3-1028 
MJE5850 MJE5850 3-1032 
MJE5851 MJE5851 3-1032 

MJH16006A MJH16006A 3-882 
MJH16008 MJH16008 3-874 
MJH16010 MJHI6010 3-890 
MJH16010A MJH16010A 3-898 
MJH16012 MJHI6012 3-890 

MJE5852 MJE5852 3-1032 MJHI6018 MJH16018 3-914 

MJE5960 2N6489 3-221 
MJE5974 TlP42 3-1166 

MJHI6032 MJH16032 3-1098 
MJH16034 MJH16034 3-1098 

MJE5975 TIP42A 3-1166 
MJE5976 TIP42B 3-1166 
MJE5977 TIP4l 3-1166 

MPSUOI MPSUOI 3-1123 
MPSUOIA MPSUOIA 3-1123 
MPSU02 MPSU02 HI25 
MPSU03 MPSU03 3-1127 

MJE5978 TIP41A 3-1166 
MJE5979 TIP41B 3-1166 
MJE5980 2N6489 3-221 
MJE5981 2N6490 3,221 
MJE5982 2N6491 3-221 

MPSU04 MPSU04 3-1127 
MPSU05 MPSU05 3-1131 
MPSU06 MPSU06 3-1131 
MPSU07 MPSU07 3-1133 
MPSU10 MPSU10 3-1135 

"Consult Motorola if a direct replacement is necessary. 
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MPSU11 MPSU10 3-1135 
MPSU12 MPSU45 3-1138 
MPSU31 MPSU06 3-1138 

TIP29A 3-1154 
NSP588 TIP30A 3-1154 

MPSU45 MPSU45 3-1138 NSP589 TIP29B ' 3-1154 
MPSU47 MPSU06 3-1131 NSP590 TlP30B 3-1154 

MPSU51 MPSU51 3-1141 
MPSU51A MPSU51A 3-1141 
MPSU52 MPSU52 3-1143 
MPSU55 MPSU55 3-1145 
MPSU56 MPSU56 3-1145 

MPSU57 MPSU57 3-1147 
MPSU60 MPSU60 3-1149 
MPSU95 MPSU95 3-1151 
NSD102 2N4923 3-82 

NSP595 TIP31A 3-1156 
NSP596 TlP32A 3-1156 
NSP597 TlP31A 3-1156 
NSP598 TlP32A 3-1156 
NSP599 TIP31B 3-1156 

NSP600 TlP32B 3-1156 
NSP695 TlP120 3-1181 
NSP695A TIP100 3-1178 
NSP696 TIP125 3-1181 
NSP696A TIP105' 3-1174 

NSD103 2N4923 ,3-82 NSP697 TlP120 3-1181 
NSP697A TlP100 3-1178 

NSD104 2N4923 3-82 
NSD105 2N4923 3-82 
NSD106 2N4923 3-82 
NSD131 MJE340 3-990 

, NSP698 TlP125 Hm NSP698A TIP105 
NSP699 TlP121 3-1181 

NSD132 MJE340 3-990 NSP699A TIP101 3-1174 
NSP700 TIP126 3-1181 

NSD133 MJE340 3-990 
NSD134 MJE340 3-990 
NSD135 MJE340 3-990 
NSD151 MJE800 3-1002 
NSD152 MJE800 3-1002 

NSP700A TIP106 3-1174 
NSP701 TIP122 3-1181 
NSP702 TIP127 3-1181 

NSP2010 TIP42 3-1166 
NSP2011 TIP42A 3-1166 

NSD202 2N4919 3-78 ' 
NSD203 2N4919 ,3-78 
NSD204 2N4919 3-78 
NSD205 2N4919 3-78 
NSD206 2N4919 3-78 

NSP2021 TIP41A 3'1166 
NSP2090 TIP125 3-1181 
NSP2091 TlP125 3-1181 

NSP2092 TlP126 3-1181 
NSP2093 TlP126 3-1181 

NSD3439 MJE3439 3-1022 
NSD3440 MJE3440 3-1022 
NSDU01 MPSU01 3-1123 

NSP2100 TlP120 3-1181 
NSP2101 TlP120' 3-1181 
NSP2102 TlP121 3-1181 

NSDU01A MPSU01A 3-1123 
NSDU05 MPSU05 3-1131 

NSP2103 TlP121 H181 
NSP2370 TlP32 3-1156 
NSP2480 TIP31 3-1156 

NSDU06 MPSU06 3-1131 
NSOU07 MPSU07 3- 1133 

NSP2481 TIP31A 3-1156 
NSP2490 TIP32 3-1156 

NSDU45 MPSU45 3-1138 
NSDU51 MPSU51 '3-1141 
NSDU51A MPSU51A 3-1141 

N.5P2491 TlP32A 3-1156 
NSP2520 TlP31 3-1156 
NSP2955 MJE2955T 3-1018 

NSDU55 MPSU55 3-1145 
NSDU56 MPSU56 3-1145 
NSDU57 MPSU57 3-1145 
NSE170 MJE170 ~ 

NSE171 MJE171 -
NSE180 MJE180 -

NSP3054 TIP31A 3-1156 
NSP3055 MJE3055T 3-1018 
NSP4918 TlP30 3-1154 
NSP4919 TIP30A 3-1154 
NSP4920 TIP308 3-1154 
NSP4921 TlP29 3-1154 
NSP4922 TIP29A 3-1154 

NSE181 MJE181 -
NSP41 TIP41 3-1166 
NSP41A TIP41A 3-1166 
NSP41B TIP41B 3-1166 

NSP41C TIP41C 3-1166 
NSP42 TIP42 3-1166 
NSP42A TIP42A 3-1166 
NSP42B TIP42B ' 3-1166 
NSP42C TIP42C 3-1166 

NSP4923 TIP29B 3-1154 
NSP5190 2N6121 3-164 
NSP5191 2N6122 3-164 
NSP5192 2N6123 3-164 
NSP5193 2N6124 3-164 
NSP5194 2N6125 3-164 
NSP5195 TIP32C 3-1156 
NSP5974 TIP42 3-1166 
NSP5975 TIP42A 3-1166 
NSP5976 TlP42B 3-1166 

NSP105 TlP42A 3-1166 
NSP205 TlP41A 3-1166 
NSP370 TlP32 3-1156 
NSP371 TlP32 3-1156 
NSP520 TIP31 3-1156 

NSP5977 TlP41 3-1166 
NSP5978 TIP41A 3-1166 
NSP5979 TIP41B 3-1166 
NSP5980 2N6489 3-221 
NSP5981 2N6490 3-221 

NSP521 TIP31 3-1156 
NSP575 TIP29A 3-1154 
NSP576 TIP30A 3-1154 
NSP577 TIP29A 3-1154 
NSP578 TIP30A 3-1154 

NSP5982 2N6491 3-221 
NSP5983 2N6486 3-221 
NSP5984 2N6487 3-221 
NSP5985 2N6488 3-221 
PM26K380 MJ13015 3-798 

NSP579 TlP29B 3-1154 
NSP560 TlP30B 3-H54 
NSP581 TlP29C 3-1154 
NSP582 TIP30C 3-1154 
NSP585 TlP29A 3-1154 

PM27K380 2N6543 3-229 
PMD10K-40 2N6057 3-153 
PMD10K-60 2N6057 3-153 
PM010K-80 2N6058 3-153 

2N6059 ,3-153 
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PMDllK-40 2N6050 3-153 RCA120 TIPl20 3-1181 
PMDllK-60 2N6050 3-153 
PMDllK-60 2N605l 3-153 
PMOllK-1OO 2N6052 3-153 
PM012K-40 MJ1000 3-626 

RCA12l TlP12l 3-1181 
RCA122 TIP122 H181 
RCA125 TIP125 3-1181 
RCA1~ TIP126 3-1181 

PM012K-60 MJ1000 3-626 
PM012K-60 MJ100l 3-626 

RCA4l0 MJ4l0 3-620 
RCA4ll MJ4ll 3-620 

PM012K-100 2N6059 3-153 
PM013K-40 MJ900 3-626 
PM013K-60 MJ900 3-626 

RCA4l3 MJ4l3 3-622 
RCA423 MJ423 3-622 
RCA431 MJ431 3-622 

PM013K-60 MJ901 3-626 
PM013K-l00 2N6052 3-153 
PMD16K-40 2N6282 3-185 
PMD16K-60 2N6282 3-185 
pM016K-60 2N6283 3-185 

RCA101lO MJ101lO 3-626 
RCA100l MJ100l 3-626 
RCA3054 2N6l22 3-164 
RCA3D55 2N6487 3-221 
RCA3441 MJE15030 31086 

PMD16K-l00 2N6284 3-185 
PM017K-40 2N6285 3-185 
PM017K-60 2N6284 3-185 
PM017K-80 2N6286 3-185 
PMD17K-1OO 2N6287 3-185 

RCA8263 MJE15030 3·1086 
RCA8203 TIP105 3-1174 
RCA8203A 2N6667 3-246 
RCA8203B 2N6668 3-246 
RCAB350 2N664B 3-209 

PM020K-12D 2N6578 3-243 
PM025K-120 2N6578 3-243 
PMDl600K 2N6282 3-185 
pMOl601K 2N6282 3-185 
PMOl602K 2N6283 3-185 

RCA8350A 2N6054 3-157 

RCA8350B 2N6054 3·157 
RCA8766 MJ10002 3·670 
RCA8766A MJI0002 3-670 
RCA87668 MJ10002 3-844 

PMOl603K 2N6284 3-185 
PMD1700K 2N6285 3-185 
PM01701K 2N6285 3-185 
PM01702K 2N6286 3-185 
PM01703K 2N6287 3-185 

RCA8766C MJ15002 3-844 
RCA8766D MJ15002 3-844 
RCA8766E MJ15002 3-844 
RCA8767 2N6546 3-239 
RCA8767A 2N6547 3·239 

RCA1BOl 2N5878 3-127 
RCA1B04 MJ15022 3-852 
RCA1B05 MJ15024 3-852 
RCA1B06 MJ15003 3-847 
RC!llB09 MJ15024 3-852 

RCAB767B 2N6547 3-239 
RCA9ll3 2N6546 3-239 
RCA9ll3A 2N654? 3-239 
RCA9ll3B 2N654? 3-239 
RCPlllA MJE340 3-990 

RCA1C03 MJE15028 3-1086 

RCA lC04 MJE15029 3-1086 

RCA lC05 TIP41A 3-1166 

RCA lC06 TIP42C 3-1166 
RCA1C07 MJE3055T 3-1018 

RCPlllB MJE340 3·990 
RCPlllC MJE340 3·990 
RCPll1D MJE340 3-990 
RCPl13A MJE340 3-990 
RCPl13B MJE340 3-990 

RCA1C08 MJE2955T 3-1018 

RCA1C09 MJE3055T 3-1018 

RCA lCl0 2N6292 3-161 

RCA1Cll 2N6l07 H61 

RCA1C12 MJE15028 3-1086 

RCPl13C MJE340 3-990 
RCPll3D MJE340 3·990 
RCPl15 MJE341 3·992 
RCPll5B MJE340 3-990 
RCPll? MJE341 3·992 

RCA1C13 MJE15029 3-1086 
2N6290 3-1018 

RCA1C14 
2N6388 3-213 

RCA1C15 
RCA1C16 2N6668 3-246 

RCA lE02 2N3563 3-20 

RCA1E03 2N6420 3-20 
TIP29 3-1154 

RCA29 
TIP29A 3-1154 RCA29A 

RCA29B TIP29B 3-1154 

RCA29C TIP29C H154 

RCA30 TIP30 3-1154 
RCA30A TlP30A 3-1154 
RCA30B TIP30B 3-1154 
RCA30C TIP30C 3-1154 
RCA3l TIP3l 3-1156 

RCA31A TlP31A 3-1156 

RCA31B TIP31B 3-1156 

RCA31C TlP31C 3-1156 

RCA32 TIP32 3-1156 

RCA32A TlP32A 3-1156 

RCA328 TlP32B 3-1156 
RCA32C TIP32C 3-1156 
RCA4l TlP4l 3-1166 
RCA41A TlP41A 3-1166 
RCA4l8 TIP41B 3-1166 

RCPl17B MJE340 3-990 
RCP131A MJE344 3-992 
RCP131B MJE344 3-992 
RCP131C MJE340 3-990 
RCP131D MJE340 3-990 

RCPl33A MJE344 3·992 
RCPl33B MJE344 3·992 
RCPl33C MJE340 3·990 
RCPl33D MJE340 3-990 
RCPl35 2N4923 3-82 

. RCPl35B MJE340 3-990 
RCP137 2N4923 3-82 

. RCP137B MJE340 3-990 
RCS579 2N6306 3-194 
RCS6l7 2N5882 3-130 

RCS6l8 2N5B60 3-130 
SDM6IlO0 MJ10012 3-696 
SDM6IlOl MJ10012 3·696 
SDM6IlO2 MJ10012 3-696 
SOM6IlO3 MJ10012 3-696 

SOM20301 MJ4033 3-634 
SOM20302 MJ4033 3-634 
SDM20303 MJ4034 3-634 
SDM20304 MJ4035 3-634 
SDM203ll MJ4033 3-634 

RCA41C TIP41C 3-1166 
RCA42 TIP42 3-1166 
RCA42A TIP42A 3-1166 
RCA42B TIP42B 3-1166 
RCA42C TIP42C 3-1166 

SOM20312 MJ4033 3-634 
SDM20313 MJ4034 3-634 
SOM2D3l4 MJ4035 3-634 
SDM2D321 MJ4033 3-634 
SDM20322 MJ4033 3-634 
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SOM20323 MJ4034 3-634 SOTlO6O 2N63OB 3-194 
SOM20324 MJ4035 3·634 SOTl061 2N3902 3-60 
SOM21301 MJ4030 3-634 SDTl062 2N6545 3-235 
SOM21302 MJ4030 3-634 SDTl063 2N6545 3-235 
SOM21303 MJ4031 3-634 SOTl064 2N6545 3-235 

SOM21304 MJ4032 3-634 
SOM21311 MJ4030 3-634 
SOM21312 MJ4030 3-634 
SOM21313 MJ4031 3-364 
SOM21314 MJ4032 3-364 

SOTl301 2N6235 3-174 
SOT1302 2N6235 3-174 
SOTl303 2N6235 3-174 
50Tl304 2N6235 3-174 
SOT3125 2N6190 3-168 

SON1010 2N6056 3-157 
SON1020 MJ3001 3-628 
SON4040 MJ10000 3-664 
SON4045 MJ10000 3-664 
SON6000 MJ10000 3-664 

SOT3126 2N6190 3-168 
SOT3321 2N6193 3-168 
SOT3322 2N6193 3-168 
SOT3323 2N6190 3-168 
SOT3324 2N6193 3-168 

SON6D01 MJ10000 3-664 
SON6002 MJ10001 3-664 
SON6060 MJ10000 3-664 
SON606.1 MJ10000 3-664 
SON6062 MJ10000 3-664 

SOT3325 2N6193 3-168 
SOT3326 2N6193 3-168 
SOT3327 2N6190 3-168 
SOT3328 2N6193 3-168 
SOT3401 2N5339 3-100 

SON6251 MJ10002 3-670 
SDN6552 MJ10002 3-670 
SON6253 MJ10002 3-670 
SOT7A01 2N5428 3-108 
50T7A02 2N5428 3-108 

SOT3402 2N5339 3-100 
SOT3403 2N5339 3-100 
SOT3404 2N5339 3-100 
SOT3405 2N5339 3-100 
SOT3406 2N5339 3-100 

SOT7A03 2N5428 3-108 
SOTlAOB 2N5428 3-108 
50T7A09 2N5428 3-108 
SOT401 2N6543 3-229 
SOT402 2N6543 3-229 

SOT3407 2N5339 3-100 
SOT34OB 2N5339 3-100 
SOT3421 2N5337 3-100 
SOT3422 2N5337 3-100 
SOT3423 2N5336 3-100 

SOT410 MJ410 3-620 
50T411 MJ411 3-620 
SOT413 MJ413 3-622 
S01423 MJ423 3-622 
SOT424 2N63OB 3-194 

SOT3424 2N5338 3-100 
SOT3425 2N5337 3-100 
SOT3426 2N5337 3-100 
SOT3427 2N5336 3-100 
SOT3428 2N5338 3-100 

SOT425 2N6545 3-235 
SOT430 2N6307 3-194 
SOT431 MJ431 3-622 
SOT520 2N6306 3-194 
SOT521 2N6306 3·194 

SOT3501 2N3719 3-32 
SOT3502 2N3720 3-32 
SOT3503 2N6303 3-32 
SOT3504 2N6193 3-168 
SOT3505 2N3867 3-32 

SOT522 2N6306 3·194 
SOT525 2N6306 3-194 
SOT526 2N6306 3-194 
SOT527 2N6306 3-194 
SOT530 2N6306 3-194 

SOT3506 2N3868 3-32 
SOT3507 2N6303 3-32 
SOT35OB 2N6193 3-168 
SOT3775 2N3867 3-32 
SOT3776 2N3868 3-32 

SOT531 2N6306 3-194 
SOT532 2N6306 3-194 
SOT535 2N6306 3-194 
SOT536 2N6307 3-194 
SOT537 2N6307 3-194 

SOT3777 2N6303 3-32 
SOT3778 2N3867 3-32 
SOT4451 2N5337 3-100 
SOT4452 2N5336 3-100 
SOT4453 2N5337 3-100 

SOT540 2N6307 3-194 
SOT54l 2N6307 3-194 
SOT542 2N6307 3-194 
SOT545 2N63OB 3-194 
SOT546 2N63OB 3-194 

SOT4454 2N5336 3-100 
SOT4455 2N5337 3-100 
SOT4456 2N5337 3-100 
SOT4483 2N5337 3-100 
SOT4901 2N3583 3-20 

50T547 2N6308 3-194 
SOT55O 2N6308 3-194 
SOT551 2N63OB 3-194 
SOT552 2N63OB 3-194 
SOT707 2N5428 3-108 

SOT4902 2N6233 3-174 
SOT4903 2N6235 3-174 
SOT4904 2N3585 3-20 
SOT4905 2N3585 3-20 
SOT5101 TIP41A 3-1166 

SOTlO5O 2N63OB 3-194 
SOTl051 2N6308 3-194 
SOTl052 2N6543 3-229 
SOTl053 2N6543 3-229 

SOT5102 TlP41A 3-1166 
SOT5103 TlP41A 3-1166 
SOT5111 TlP42A· 3-1166 
SOT5112 TlP42A 3-1166 

SOTl054 2N6543 3-229 SOT5113 TIP42A 3-1166 

SOTl055 2N63OB 3-194 
SOTl056 2N3902 3-60 
SOTl057 2N6545 3-235 
SOTlO5B 2N6545 3-235 
SOTl059 2N6545 3-235 

SOT5501 2N5337 3-100 
SOT5502 2N5337 3-100 
SOT5503 2N5337. 3-100 
SOT5504 2N5539 3-100 
SOT5506 2N5337 3-100 
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SOT5507 2N5337 3-100 SOT7736 2N5631 3-112 
SOT5508 2N5336 3-100 SOT9201 2N3055 3-6 
SOT5508 2N5336 3-100 SOT9202 2N5878 3-127 
SOT5511 2N5337 3-100 
SOT5512 2N5337 3-100 

SOT9203 2N5882 3-130 
SOT9204 MJ15001 3-844 

SOT5513 2N5337 3-100 SOT9205 2N3055 3-6 
SOT5514 2N5339 3-100 SOT9206 2N3055 3-6 
SOT5901 2N3766 3-44 SOT9207 2N5878 3-127 
SOT5902 2N3766 3-44 SOT9208 2N5882 3-130 
SOT5903 2N3767 3-44 SOT9209 MJ15001 3-844 

SOT5904 2N3584 3-20 SOT9210 2N3055 3-6 
SOT5905 2N3584 3-44 SOT9301 2N3054A 3-2 
SOT5906 2N3766 3-44 SOT9302 2N3054A 3-2 
SOT5907 2N3766 3-44 SOT9303 2N4233A 3-64 
SOT5908 2N3767 3-44 SOT9304 2N3054A 3-2 

SOT5909 2N3584 3-20 SOT9305 2N3054A 3-2 
SOT591O 2N3584 3-20 SOT9306 2N4233A 3-64 
SOT5911 2N5428 3-108 SOT9307 2N3714 3-26 
SOT5912 2N5428 3-108 SOT9308 2N3715 3-26 
SOT5913 2N5428 3-108 SOT9309 2N3716 3-26 

SOT5914 2N5429 3-108 SOT9701 2N5303 3-96 
SOT5951 2N3584 3-20 SOT9702 2N5629 3-112 
SOT5952 2N3583 3-20 SOT9703 2N5630 3-112 
SOT5953 2N3584 3-20 SOT9704 2N5882 3-130 
SOT5954 2N3584 3-20 SOT97OS 2N5629 3-112 

SOT5955 2N3583 3-20 
SOT5956 2N3584 3-20 
SOT6308 2N5339 3-100 
SOT6309 2N5339 3-100 
SOT6310 2N5339 3-100 

SOT9706 2N5630 3-112 
SOT9707 2N3055 3-6 
SOT12301 2N5339 3-100 
SOT12302 2N5339 3-100 
SOT12303 2N5339 3-100 

SOT6311 2N5339 3-100 
SOT6312 2N5339 3-100 
SOT6313 2N5339 3-100 
SOT6314 2N5339 3-100 
SOT6315 2N5339 3-100 

SOT12305 2N5339 3-100 
SOT12306 2N5339 3-100 
SOT12307 2N5339 3-100 
SOT13301 2N6546 3-239 
SOT13302 2N6547 3-239 

SOT6316 2N5339 3-100 
SOT6408 2N5339 3-100 
SOT6409 2N5339 3-100 
SOT6410 2N5339 3-100 
SOT6411 2N5339 3-100 

SOT13303 2N6547 3-239 
SOT13304 MJ13335 3-834 
SOT13305 C.M. MJ13335 3-834 
SOTBOI 2N5339 3-100 
SOTB02 2N5339 3-100 

SOT6412 2N5339 3-100 
SOT6413 2N5339 3-100 
SOT6414 2N5339 3-100 
SOT6415 2N5339 3-100 
SOT6416 2N5339 3-100 

SOTB03 2N5339 3-100 
SOTBOS 2N5339 3-100 
SOTB06 2N5339 3-100 
SOTB07 2N5339 3-100 
SE9300 SE9300 3-100 

SOT6901 2N3584 3-20 
SOT6902 2N3584 3-20 
SOT6903 2N3584 3-20 
SOT6904 2N3584 3-20 
SOT7201 2N6306 3-194 

SE9301 SE9301 -
SE9302 SE9302 -
SE9303 MJ1000 3-626 
SE9304 MJ1001 3626 
SE9306 MJ4032 3-634 

SOT/202 2N6306 3-194 
SOT7203 2N6306 3-194 
SOT7204 2N6307 3-194 
SOT7205 2N6308 3-202 
SOT7206 2N6341 

SE9307 MJ4034 3-634 
SE9308 MJ4035 3-37 
SE9331 2N3739 -
SE9400 SE9400 -
SE9401 SE9401 -

SOT7207 2N6306 3-194 
SOT7208 2N6306 3-194 
SOT7209 2N6307 3-194 
SOT7603 2N6338 3-202 
SOT7604 2N6339 3-202 

SE9402 SE9402 -
SE9403 MJ900 3-626 
SE9404 MJ901 3-626 
SE9406 MJ4030 3-634 
SE9407 MJ4031 3-634 

SOT7605 2N6341 3-202 
SOT7609 2N6338 3-202 
SOT7610 2N6339 3-202 
SOT7611 2N6341 3-202 
SOT7612 2N6249 3-177 

SE9408 MJ4032 3-634 

SV7056 MJE340 3-990 

SVT100-SC 2N5882 3-130 

SVT200-SC 2N6306 3-194 
SVT200-10 2N6306 3-194 

SOT7731 2N5881 3-130 
SOT7732 2N5881 3-130 
SOT7733 2N5882 3-130 
SOT7734 2N5629 3-112 
SOT7735 2N5630 3-112 

SVT200-1OC MJ15022 3-852 

SVT250-3C 2N6308 3-194 

SVT250-5 2N6308 3-194 

SVT250-SC 2N6306 3-194 

SVT250-10 2N6306 3-194 

eM Consult Motorola if a dildct replacement is necessary. 
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5VT250-1OC MJ15024 3-852 
5VT300-3C 2N6307 3-194 
5VT300-5 2N6543 3-229 
5VT300-SC 2N6307 3-194 
5VT300-10 2N6307 3-194 

TIP29F MJE15D30 3-1086 
TIP30 TlP30 3-1154 
TlP30A TIP30A 3-1154 
TIP30B TlP30B 3-1154 
TIP30C TlP30C 3-1154 

5VT300-1OC MJ13090 3-816 
5VT350-3 2N6545 3-235 
5VT350-3C 2N6308 3-194 
5VT350-5 2N6308 3-194 

TlP30D 3-1086 
TIP30E MJE15031 3-1086 
TIP30F MJE15031 3-1086 
TIP31 TlP31 MJE15031 3-1156 

5VT350-SC MJ13080 3-810 TIP31A TlP31A 3-1156 

5VT350-12 2N6547 3-239 TIP31B TlP31B 3-1156 
5VT400-3 2N6545 3-235 TIP31C TIP31C 3-1156 
5VT400-3C 2N6543 3-229 
5VT400-5 2N6543 3-229 
5VT400-SC 2N6545 3-235 

TIP31D 3-1086 
TIP31E MJE15030 3-1086 
TlP31F MJE15030 3-1086 

MJE15030 

5VT400-12 MJ13090 3-816 TIP32 TIP32 3-1156 
5VT450-3 2N6545 3-235 TlP32A TIP32A 3-1156 
5VT450-3C MJ13335 3-834 TIP32B TIP32B 3-1156 
5VT450-5 2N6543 3-229 TlP32C TIP32C 3-1156 
5VT450-5C MJ13080 3-810 TIP32D 

MJE15D31 
3-1186 

5VT6ooo MJ101lO4 3-676 
5VT61lO1 MJ10104 3-676 
5VT61lO2 MJ10005 3-676 

TIP32E 3-1086 
TIP32F MJE15031 3-1086 
TlP33 TIP33 MJE15031 3-1160 

5VT6060 MJ10104 3-676 TIP33A TIP33A 3-1160 
5VT6061 MJ10104 3-676 TIP33B TlP33B 3-1160 

5VT6062 MJ10005 3-676 
5VT6251 MJ10006 3-682 
511T6252 MJlOIlO6 3-682 
5VT6253 MJ10007 3-682 
5VT6546 MJ13090 3-816 

TIP33C TlP33C 3-1160 
TIP'14 TIP34 3-1160 
TlP34A TIP34A 3-1160 
TIP34B TIP34B 3-1160 
TIP34C TIP34C 3-1160 

5VT6547 MJ13090 3-816 
5VT7520 2N6543 3-229 
5VT7521 2N6543 3-229 
5VT7522 MJ13335 3-834 
5VT7523 2N6308 3-194 

TlP35 TIP35 3-1162 
TIP35A TIP35A 3-1162 
TIP35B TIP35B 3-1162 
TlP35C TlP35C 3-1162 
TlP35D 

5VT7524 2N6543 3-229 
5VT7525 MJ13335 3-834 
5VT7530 MJ13081 3-810 
5VT7531 MJ13080 3-810 
5VT7532 MJ16104 3-858 
5VT7533 MJ13080 3-810 
5VT7534 MJ13080 3-810 
5VT7535 MJ161lO4 3-858 
5VT7540 MJ16008 3-874 
5VT7541 MJ16008 3-874 
5VT7542 MJ16008 3-874 

TIP35E 
TIP35F 
TIP36 TIP36 3-1162 
TIP36A TlP36A 3-1162 
TIP36B TlP36B 3-1162 

TlP36C TIP36C 3-1162 
TIP36D 
TIP36E 
TIP36F 
TIP41 TIP41 3-1166 

5VT7543 MJ13080 3-810 
5VT7544 MJ13080 3-810 
5VT7545 MJ1600B 3-874 
5VT7550 MJ13091 3-816 
5VT7551 MJ16010 3-890 

TIP41A TIP41A 3-1166 
TIP41B TIP41B 3-1166 
TIP41C TIP41C 3-1166 
TlP41D MJE15031 3-1086 
TIP41E MJE15031 3-1086 

5VT7552 MJ16010 3-890 
5VT7553 MJ13090 3-816 
5VT7554 MJ13091 3-816 
5VT7555 MJ16010 3-890 
5VT7560 MJ13091 3-816 

TIP41F MJE15031 3-1086 
TIP42 TIP42 3-1166 
TlP42A TIP42A 3-1166 
TIP42B TIP42B 3-1166 
TIP42C TlP42C 3-1166 

5VT7561 MJ16012 3-890 
5VT7563 MJ13090 3-816 
5VT7564 " MJ13090 3-816 
5VT7565 MJ13090 3-816 
5VT7570 MJ13091 3-816 

TlP42D TIP42D 
TIP42E TlP42E 
TIP42F TlP42F 
TIP47 TlP47 3-1170 
TIP48 TlP48 3-1170 

5VT7571 MJ16012 3-890 
5VT7573 MJ13090 3-816 
5VT7574 MJ13090 3-816 
5VT7575 MJ16012 3-890 
TIP29 TIP29 3-1154 

TIP49 TlP49 3-1170 
TIP50 TIP50 3-1170 
TlP61 TlP61 
TIP61A TIP29C 3-1154 
TIP61B TIP29C 3-1154 

TIP29A TIP29A 
3-1154 
3-1154 TIP298 TlP298 3-1154 TIP29C TIP29C 3-1086 TIP29D MJE15D30 

TIP29E MJE15D30 3-1086 

TIP61C TIP29C 3-1154 
TIP62 TIP32C 3-1156 
TIP62A TIP32C 3-1156 
TIP62B TIP328 3-1156 
TIP62C TIP32C 3-1156 

·Consult Motorola if a direct replacement is necessary. 
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ALPHANUMERIC INDEX - CROSS-REFERENCE (continued) 

Industry 
Motorola Motorola 

Direct Similar Page 
Pari Number Replacement Replacament Number 

I Motorola Motorola 
Industry Dlract Similar Page 

Pari Number Replacem~nt Raplacamenl Number 

TlP63 TIP47 3-1170 
TIP64 TIP48 3-1170 
TIP73 2N6486 3-221 
TlP73A 2N6487 3-221 
TIP73B 2N6488. 3-221 

T1P552 MJI2004 3-772 
TIP553 MJI2004 3-772 
TIP554 MJI3080 3-810 
TIP555 MJI3080 3-810 
TIP556 MJ13080 3-810 

TIP74 2N6489 3-221 
TIP74A 2N6490 3-221 
TIP74B 2N6491 3-221 
TlP?5 MJE13005 3-1058 
TlP75A MJEI3004 3-1058 

TIP558 MJI6006 3-874 
TIP559 MJI6006 3·874 
TIP560 MJ.16006 3-874 
TIP562 MJ16012 3-890 
TIP563 MJ16012 3-890 

TlP75B MJEI3004 3-1058 
TlP75C MJEI3005 3'1058 
TIP100 TIPIOO 3-1174 
TIP101 TIP10l 3-1174 
TIP102 TIP102 3-1174 

TIP564 MJll018 3-759 
TIP565 MJ10009 3688 
TIP575 MJ13080 3-810 
TIP575A MJ13080 3-810 
TIP575B MJ13080 3·810 

TIP105 TIP105 3-1174 
TIP106 TlPl06 3-1174 
TlPl07 TlP107 3-1174 
TIPll0 TlPll0 3-1178 
TlPlll TlPlll 3-1178 

TIP575C MJI3080 3-810 
TIP600 T1Pl00 3-1174 
TIP601 TlPl0l 31174 
TIP602 TIP102 3-1174 
TIP605 TIP105 3-1174 

TIP112 TIP112 3-1178 
TIP115 TIP115 3-1178 
TlP116 . TIP116 3-1178 
TlP117 TIP117 3-1178 
TIP120 TIP120 3-1181 

TIP606 TIP106 3-1174 
TIP607 TIP107 H174 
TIP620 TIP120 3-1181 
TIP621 TIP121 31181 
TIP622 TIP122 3-1181 

TIP121 TlP121 3·1181 
TlP122 TlP122 31181 
TlP125 TIP125 3-1181 
TIP126 TlP126 3-1181 
TlP127 TIP12T 3-1181 

TIP625 
TIP125 3-1181 T1P626 

TIP627 TIPI26 3-1181 
TIP640 TIP127 3·1181 
TIP641 2N6364 3-209 

2N6385 3·209 
TlP140 TlP140 3-1185 
TIP140T TlPl00 3-1174 
TIP141 TlP141 3-1185 
TIPI41T TlPl02 3-1174 
TlP142 TIP142 3-1185 

TIP645 
2N6054 3157 T1P646 

TIP660 2N6650 3-157 
TIP661 MJ10002 3·670 
TIP662 MJ10002 3-670 

MJlOO02 3-670 
TIP142T TlPl03 3-1174 
TIP145 TlP145 3-1185 
TIP145T TlPl05 3-1174 
TIPI46 TIP146 3-1185 
T1P146T T1P106 3·1174 

TIP663 
MJ1000l 3-664 TIP664 

TIP665 MJ10008 3-688 
TIP666 MJ10009 3-688 
TIP667 MJ10002 3·670 

MJ10002 3-670 
TlP147 TIP147 3-1185 
TIP147T TIP107 3-1174 
TIP150 MJEI3006 3-1064 
TIP151 MJEI3007 3-1064 
TIP152 MJEI3007 3-1064 

TIP666 
MJ10014 3-700 T1P701 

TlP702 MJ13080 3-810 
T1P2955 MJ13081 3-810 
TlP3055 MJE2955T 3-1189 

MJE3055T 3-1189 
TIP16D MJE5740 3-1028 
TlP161 MJE5741 3-1028 
TlP162 MJE5742 3-1028 
TlP510 MJ15018 -
TIP511 MJ15018 -

TIPL751 
MJ13070 3804 TIPL751A 

TIPL752 MJ13071 3-804 
TIPL752A MJ13080 HIO 
TIPL753 MJI3080 3-810 

MJI3080 3-810 
TlP512 MJ15018 -
TIP513 MJ15012 3-850 
TIP514 MJEI5030 3-1086 
TIP517 2N6339 3-202 
TIP518 2N6341 3-202 

TIPL753A 
MJ13080 3·810 TIPL755 

TIPL755A MJI3090 3·816 
TIPL757 MJ13091 3-816 
TIPL757A MJ16016 3-906 

MJ16016 3-906 
TIP519 MJ15019 -
TIP520 MJl5019 -
TIP521 2N6211 3-171 
TIP522 2N6211 3-171 
TIP523 MJ15012 3-850 

TIPL760 
MJEl3070 3-804 TIPL760A 

TlPL774 MJE13071 3-804 
TIPL775 MJ10009 3-688 
T1PL775A MJll018 3759 

MJll020 3·759 
TIP524 2N6497 3-225 
TIP525 MJ15011 3-850 
TIP526 MJ15011 3-850 
TIP527 MJ15012 3-850 
TIP528 MJ15012 3-850 

UMT1008 
MJ13014 3-798 UMT1009 

UMT1203 MJl3015 3-798 
UMT1204 MJEI3004 3-1058 
WT5100 MJEI3005 3-1058 

MJ13015 3-798 
TIP536 MJI6006 3-874 
TIP545 MJ15016 3-9 
T1P548 MJ15016 3-9 
TIP550 MJ12002 3-765 

WT5200 
2N6547 3-239 

TIP551 MJ12003 3-770 -
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Selector Guide 
The selector guides on the subsequent 

pages offer a quick "first-selection" capa
bility for devices that fit specific applications 
categories. 

Because designers have different appli
cation prerequisite, the devices are catego
rized in three ways: 

1. by package 
2. by major product category 
3. by major applications 

In each case, pertinent electrical charac
teristics are supplied to permit rapid com
parison of potentially suitable devices. 
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Selection By Package 

Motorola power transistors are available ina ~idevarietyof me~al 
and plastic packages to match thermal,eleGtric§J1 and costirequire~ :. 
ments. The following table compares the basic. packages from the 
standpoint of current, voltage and power capl;ibi'lities; The:'devi~~s 
available in the various packages are tabulated on the su~ceeding • 
pages. 

IC Vci: " 

: ·>·.Range . .... Range 'PO Page 
Package (Amps) '(Volts) (Watts) # 

" 

~ 
TO-204AA .. 

(TO-3) 
2.5-.30 40':'1500 36-250 2·3 . 

I· Case 1 ''''. 
Case 11 

~ TO-204AE 
2.5-70 40-1500 36-350 2-3 

Case 197 

~ 
TO-205AA 

Case 31 3.0 40-800 6.0 2-8 
(TO-5) 

~eJ TO-205AO 
(TO-39) 0.5-5.0 40':'400 5.0-10 2·8 
Case 79 ," 

\:'It-tl TO-213AA 
.... I~ '. (TO-66) 1.0-10 40-325. .20-9.0 2·9 TO .~. 

Case 8.0 - OPAK 
0.5-10 40-400 12.5-20 2·18 

Case 369-.03 

• OPAK 
0.5-10 40-400 12.5-20 2-18 

Case 369A-04 

~ 
'. 

TO-218AC 
5 . .0-25 40-150.0 8.0-15.0 2·1.0 

Case 340 

~ TO·220AB 
0.5-15 3.0-.180.0 15"-125 2·12 

C!lse 221A 
.~ . 

~, 
TO-225AA 

TYPE .0.3-5.0 25-40.0 12.5-40 2·15 
. Case 77 . 

~ TO-225AB 
5.0-15 4.0-100 65-100 ·2·17 

Case 90 

;;lIP Case ,152 0.5-2.0 3.0-300 10 2·17 

~ Case 353 25"':1.00 250-85.0 25.0 2·18 



Bipolar Power Transistors 

TABLE 1 - METAL TO·204AA (Formerly TO·3) '- TO·204AE (Type) 

CASE 11-01, 11-3 - 40 mil pins 
CASE 1-04, 1-05 - 40 mil pins 
MODIFIED TO-3 
CASE 197-01 - 60 mil pins 

lceont VCEO(sus} Device Type Amps Volts 
Max Min NPN PNP 

2.5 800 MJ8501 

1500' BU205 
MJ12002 

3.5 325 2N3902 

4 1S00' MJ12003 

5 200 MJ41 0 

250 MJ3029 

300 MJ411 

400 2N6543 
MJ13070 

450 MJ13071 
MJ16002 
MJ16004 
2N6834 

500 MJ16002A 

700 MJ8502 

800 MJ8503 

850' MJ12020 

1500' BU208 
BU208A 
BU208Dt 
MJ12004 

6 100 2N5758 2N&226 

120 2N5759 2N&227 

140 2N5760 2N6228 

# Ihlel"' 1 MHz. ## Darlington 

; ~(~~~;~~;h~~BcrJ~~; signifies internal C·E Diode 

STYLE 1: 
PIN 1. BASE 

2. EMITTER 
CASE. COLLECTOR 

hFE @IC 
MiniMax Amp 

7.5 min 0.5 

2 min 
1.11 min 2 

30/90 I 

2.5 min 3 

30/90 1 

30 min 0.4 

30/90 1 

7/35 3 
amin 3 

8 min 3 
5 min 5 
7 min 5 
10/30 3 

5 min 5 

7.5 min 1 

7.5 min I 

5 min 5 

2.25 min 4.5 
2.25 min 4.5 
2.25 min 4.5 
2.5 min 4.5 

25/100 3 

20/80 3 

15/60 3 

2-3 

Resistive Switching 

t. If 
p.s p.s @IC 

Max Max Amp 

4 2 1 

2 0.75 typ 2 
I 2 

1.2 typ 0.1 typ I 

I 3 

I 3 

4 0.8 3 
1.5 0.5 3 

1.5 0.5 3 
3 0.3 3 

2.7 0.35 3 
2.7 0.35 3 

3 0.3 3 

4 2 2.5 

4 2 2.5 

0.13 typ 3 

0.6 typ 4.5 
8 typ 0.4 typ 4.5 

0.6 typ 4.5 
1 4.5 

0.7 typ 0.5typ 3 

0.71yp 0.5 typ 3 

0.7 typ 0.5typ 3 

". PD (Cese) 
MHz Watts 
Min @2S"C 

125 

4 typ 36 
4typ 75 

2.8 100 

100 

2.5 100 

125 

2.5 100 

6 100 
125 

125 
125 
125 

15 125 II 
125 

150 

150 

15 125 

4typ 60 
4typ 90 
4typ 60 

4 100 

I 150 

1 150 

I 150 

(continued) 



TABLE 1 - METAL TO-204AA - TO-204AE (Type) (continued) 

IcCont VCEO(sus) Oevice Type 
Amps Volts 
Max Min NPN PNP 

6 375 i BU326 

400 • BU326A 

7 300 . MJ30"1## 

350 1 .... nH"-"-

7.5 60 12N3447 

80 12N3448 

8 60 MJ1000## MJ900## 
2N6055## 2N6053## 

80 MJ100l## MJ901## 
2N6056## 2N6054## 

250 ,iiill 
300 

1ii2a 350 

400 2N6545 
MJ6503 

MJ13080 

450 MJ13081 
MJ16006 
MJ16008 
2N6835 

500 MJ16006A 

850' MJ12021 

1400' MJ100ll## 

1500' MJ12005 

9 400 BUS47 

450 BUS47A 

II!!:: 40 ~ 
,~ ., 

10 I" .,' 
60 B0311 B0312 

2N3789 
" ,.,.. ,,;;1,1,1,,1,\ I, , •• , . "'''1'1'' 

1':I~~;;~""Jj"I!I!ilii!i ~~;'""", 
,. ;~i;n;;;': IlIiil, .. " 

.~ MJ2500## 

80 11:!i~!~~~~~T!!I!lllli!!: I 
,I, ,~,~~?~O :'i:111I111111 

·'.2~~~~~'"'·'··'·'.·.··.· , 
'-- I':':' 

12N5S7il' 
, " ... ·!I!:!!I 

MJ3001##'" MJ2501## 

140 2N5634 
2N3442 

"* V(BR)CEX. # Ihfei (w 1 MHz. ## Darlington 

[[]I JAN, JTX, JTXV Available 

Resistive Switching 

ts tf 
hFE @IC I-'S I-'S @IC 

MiniMax Amp Max Max Amp 

30 typ 0.6 3.5 1 2.5 

30 typ 0.6 3.5 1 2.5 

250 min 2.5 

250 min 2.5 

40/120 5 2 0.35 5 

40/120 5 2 0.35 5 

lk min 3 
750/18k 4 1.5 typ 1.5 typ 4 

lk min 3 
750/18k 4 1.5 typ 1.5 typ 4 

15/75 3 1.6 0.4 3 

15/75 3 1.6 0.4 3 

12/60 3 1.6 0.4 5 

7/35 5 4 1 5 
15 min 2 2 0.5 4 
8 min 5 1.5 0.5 5 

8 min 5 1.5 0.5 5 
5 min 8 2.5 0.25 5 
7 min 8 2.2 0.25 5 
10/30 5 2.5 0.25 5 

5 min 8 3 0.4 5 

5 min 8 0.1 typ 5 

20 min 4 1 4 

5 min 5 1 5 

7 min 6 2 0.4 6 

7 min 5 2 0.4 5 

1 kl20k 5 

25 min 5 
15 min 3 0.3 typ 0.4 typ 5 
30 min 3 0.3 typ 0.4 typ 5 
20/100 4 1 0.8 4 
1 kl20k 5 
lk min 5 

15 min 3 0.3 typ 0.4 typ 5 
30 min 3 0.3 typ 0.4typ 5 
20/100 4 1 0.8 4 
lk120k 5 
lk min 5 

15/60 5 0.9 typ 0.9 typ 5 
20/70 4 

2-4 

fT Po (Case) 
MHz Watts 
Min @25°C 

6 90 

6 90 

175 

175 

10 115 

10 115 

90 
4# 100 

90 
4# 100 

5 125 

5 125 

5 125 

6 125 
125 
150 

150 
150 
150 

10 150 

150 

150 

80 

100 

150 

150 

20# 100 

4 115 
4 150 
4 150 
4 150 

20# 100 
150 

4 150 
4 150 
4 150 

20# 100 
150 

1 150 
117 

(continued) 



TABLE 1 - METAL TO-2D4AA - TO-204AE (Type) (continued) 

Resistive Switching , 
" 

ICCont VCEO(sus) Device Type ts tf tr Po (Casa) 
Amps Vohs hFE @IC p.s p.s @IC MHz Wa,tts 
Max Min NPN PNP MiniMax Amp Max M/IIx Amp Min @2S'C 

10 250 I MJ15011 MJ15012 20/100 2 200 

325 BUX43 8min 5 2,2 0,9 5 8 120 
MJ413 20/80 0,5 2.5 125 
MJ423 30/90 1 2.5 125 
MJ431 15/35 2,5 2.5 125 

350 BU323## 150 min 6 7,5 tvp 5,2 tvp 6 175 
MJ13014 8/20 5 2 0,5 5 150 
MJ10002## 3/300 5 2.5 1 . 5 '10# 150 
MJ10006## 30/300 5 1,5 0,5 5 10# 150 

400 BU323A## 150 min 6 7.5 tvp 5,2 tvp 6 ;75 
MJ10007## 30/300 5 1.5 0.5 5 10# 150 
MJ10012## 100/2k 6 15 15 6 175 
MJ13015 8/20 5 2 0,5 5 150 

600 , .. 'ft' ~~ 10/250 10 2,5 0.8 10 175 <v,=" 

700 I MJ8504 7.5 min 1,5 4 2 5 ;75 

800 MJ8505 7,5 min 1.5 4 2 5 175 
MJ16018 4min 5 4,5 tvp 0,2 typ 5 150 

950· I MJ12010 4,2 min 5 1 5 100 

12 60 750/18k 6 1.6 tvp 1.5 tvp 6 4# 150 

80 750/18k 6 1.6 tvp 1,5 typ 6 4# 150 

100 750/18k 6 1,6 tvp 1,5 tvp 6 4# 150 

250 BUX42 8min. 6 2 0.4 6 8 120 

1000 BUT16## 5 min 8 3.3 1,5 8 1.50 

15 60 2N3055 MJ2955 20170 4 0,7 tvp 0,3 tVI> 4 2,5 115 
2N3055A MJ2955A 20170 4 0.8 115 
2N6576## 2k120k 4 2 7 10 10-!00# 120 
2N5881 2N5879 20/100 6 1 0,8 6 160 

80 2N5882 ! 2N5880 201100 6 1 0.8 6 4 160 II 
90 "' .. U,,, I'IF" 2k120k 4 2 7 10 10-200# 120 

120 MJ15015 MJ15016 20/70 4 1 180 
2N6578## 2k120k 4 2 7 10 10-200# 120 

140 MJ15001 I MJ15002 25/150 4 2 200 

150 I MJ11018## , MJ11017## 100 min 15 3# 175 

200 BUX41 8 min 8 1.5 0.4 8 8 120 
2N6249 10/50 10 3.5 1 10 2.5 175 
MJ11020## MJll019## 100 min 15 3# 175 

250 I N~Jn022## MJ11021## 100 min 15 3# 1"75 
275 1 2N6250 8150 10 3.5 1 10 2,5 175 

300 6/30 10 4 0.7 10 6 to 24 175 
12N6676 8min 15 2.5 0,5 15 3 175 

325 I BUX13 8min 8 2.5 0,8 8 8 150 

400 I:~:: 8 min 10 2 0.4 10 175 
3 0,8 10 175 

6/30 10 4 0.7 10 6to 24 175 

I~~~~o 
8min 15 2,5 0,5 15 3 175 
8min 10 2,5 0.5 10 175 

450 BUS48A 8min 10 2 0.4 10 175 
BUX48A 3 0.8 8 175 
MJ13091 8min 10 2.5 0,5 10 175 
MJ16010 5 min 15 1.2 tvp 0.2 tvp 10 175 

.. JAN. JTX, JTXV Available • VIBR)CEX, # Ihlel (u 1 MHz, ## Darlington (continued) 

2-5 



TABLE 1 - METAL TO-204AA -,TO-204AE(Type) (continued) 

ICCont 
, Amps 
, Max 

15 

'16 

18 

20 

VCEOIsusl 
Volts 
Min 

, Pevice Type 

,500 

850' 

60 

80 

100 

120 

140 

200 

250 

160 

60 

MJ16012 
2N6836 

MJ16010A 

MJ12022 

MJ403~## 

B0315 
, MJ4034## 

B0317 
2N5629 
MJ4035## 

2N5630 

2N3773, 
2N5631 

MJ15022 

MJ15024 

BUX41N 

2N3772 
2N6282## 

MJ4030## . 

B0316 
MJ4031## 

B0318 
2N6029 
MJ4032## 

2N6030 

2N6809 
2N6031 

MJ15023 

MJ15025 

2N6285## 
I-~---I 

75 

80' 
11 11 1 -

", 
IIII IIII IIIIII 

I II I 

90 

100 

125 BUX40 

140 MJ15003 

160' BUV11N 

~O BUV11 
MJ13330 

250 BUV12 
MJ13331 

350 MJ10000## 
MJ1oo04## 

400 BUV24 
MJ10001## 
MJ10005## 
MJ13333 

450 MJ10008## 
MJl&014 
MJI6016 
2N6837 

500 . MJ10009## 
MJ13335 

700 BUT15#.# 

750 MJ10024##: 

850 MJ10025## 

..... 
I ,I 

MJ15004 

* V(BR)CEX. # Ihtel «(I 1 MHz, ## Darlington' 

• JAN, JTX. JTXV Available 

hFE 
MiniMax 

7min 
10/30 

5min 

5 min 

lk1 

25 min 
lki 

25 min 
25/100 

lk1 

20/80 

15160 
15/60 

15160 

15/60 

8min 

15/60 
750/18k 

201100 

15/60 
750/18k 

201100 

750/18k 

8 min 

251150 

10 min 

10 min 
8/40 

10min 
8140 

40/400 
401400 

8 min, 
40/400 
40/400 
10/60' 

30/300 
5min 
7 min 
10/30 

30/300 
10/60 

15 min 

50/600 

50/600 

2-6 

@IC 
Amp 

15 
10 

15 

15 

10 

5 
10 

5 
8 
10 

8 

8 
8 

8 

8 

12 

10 
10 

10 

10 
10 

12 

10 

15 

5 

15 

12 
10 

10 
10 

10 
10 

12 
10 
10 
5 

10 
20 
20 
15 

10 
5 

12 

20 

20 

Resistive Switching 

,ts ,.s 
Max 

tf ,.. 
Max 

0.9 typ 0.15 typ 
3 0.35 

3 0.4 

0.1 typ 

1.2 typ 1.2 typ 

1.2typ 1.2typ 

1.1 typ 1.5typ 
1.2 typ 1.2 typ 

1.2 0,25 

2.5 typ 2.5 typ 

1.5 0.5 

2 ,1 
2.5 typ 2.5 typ 

1.5 0,5 

2.5 typ 2.5 typ 

1.2 

1.8 
3.5 

1.5 
3.5 

3 
1.5 

3 
3 

1.5 
4 

2 
2.7 
2.2 
2,5 

2 
4 

2.5 

5 

5 

0.25 

0.25 

0.4 
0.7 

0.5 
0.7 

1,8. 
6.5 
0.9 
1..8 
0.5 

"0.7 

0.6 
0.35 
0.25 
0.25 

0.6 . 
0.7 

0.8 

1.8 

1.8 

@IC 
Amp 

10 
10 

10 

10 

8 

8 

8 
8 

12 

10 

10 

10 
10 

12 

10 

15 

15 

12 
10 

10 
10 

10 
10 

12 
10 
10 
10 

10 
20 
20 
15 

10 
10 

12 

10 

10 

IT 
MHz 
Min 

10 

4 

5 

5 

8 

2 
4# 

60 

2 
4# 

60 

4# 

8 

2 

8 

8 
5to 40 

8 
5 to 40 

10# 
10# 

8 
10# 
10# 

8# 

8# 

Pp lCasel 
Watts 

@25OC 

175 
175 

175 

175 

150 

200 
150 

200 
200 
150 

200 

150 
200 

250 

250 

120 

150 
160 

140 

200 
160 

140 

160 

120 

250 

150 

150 
175 

150 
175 

175 
175 

250 
175 
175 
175 

175 
250 
250 
250 

175 
175 

175 

250 

250 



TABLE 1 - METAL TO-204AA - TO-204AE (Type) (continued) 

VCEO(sus) 
Volts f-------,...:..:..-----j 

60 

90 

40 

50 

• Modified TO-3, 60 mil pins, # Ihfel «I 1 MHz, ## Darlington 

• JAN. JTX. JTXV Available 

2 

15/60 15 2 
1k min 20 

8min 20 0.25 
1k min 20 

2-7 

10 

10 

20 

IT 
MHz 

2 
4# 

8 
4# 

200 
200 

120 
200 

200 

II 



TABLE 1 - METAL TO·204AA - TO·204AE (Type) (continued) 

Resistive Switching 

IcCont VCEO(sus) Device Type ts tl 
Amps Volts hFE @IC ps ps @IC 
Max Min NPN PNP MiniMax Amp Max Max Amp 

50 200 BUS51. 15 min 50 

400 MJ10015.## 10 min 40 2.5 1 20 

500 BUT34.## 15 min 32 3 1.5 32 
MJ10016.## 10 min 40 2.5 1 20 

56 400 BUT33.## 20 min 36 3.3 1.6 36 

60 60 MJ14000e MJ14001. 15/100 50 

80 MJ14002. MJ14003. 15/100 50 

200 MJ 1 0020.## 75 min 15 3.5 0.5 30 

250 MJ10021.## 75 min 15 3.5 0.5 30 

70 125 BUS50. 15 min 50 

• Modified TO-3, 60 mil pins, # Ihfel (a 1 MHz, ## Darlington 

TABLE 2 - METAL TO·205AA PACKAGE (Formerly TO·5) 

CASE 31-03 STYLE 1: 
PIN 1. EMITTER 

2. BASE 
3. COLLECTOR 

Resistive Switching 

IcCont VCEO(sus) Device Type ts tl 
Amps Volts hFE @IC ps ps @IC 
Max Min i----'--.NPN PNP MiniMax Amp Max Max Amp 

3 40 2N3719 25/180 1 0.4* 1 

L~lilt"1fi;i!:IIIIII!!!1 40/200 1.5 0.4' 1.5 

60 2N3720 25/180 0.4* 

M_,j:';i:lllillil!~ 301150 1.5 0.4* 1.5 

80 2N6303 301150 1.5 0.4' I 1.5 

*toff 

TABLE 3 - METAL TO·205AD PACKAGE (Formerly TO·39) 

CASE 79-02 

~ 
IcCont VCEO(sus) Device Type 
Amps Volts 
Max Min NPN PNP 

0.5 300 MJ4646 

400 MJ4647 

4 60 2N4877 

5 80 2N5336 2N6190 
2N5337 2N6191 

100 2N5338 '".,,,,,,,,,,, .. ,,,., "", ~,)!!ili!llllllllllllllc,' 

iiiI JAN, JTX. JTXV Available 

STYLE 1: 

hFE 
MiniMax 

20 min 

20 min 

20/100 

30/120 
60/240 

30/120 
60/240 

2-8 

PIN 1. EMITTER 
2. BASE 
3. COLLECTOR 

(Pin 3 connected to case) 

Resistive Switching 

ts tl 
@IC ps ps @IC 
Amp Max Max Amp 

0.5 0.72' 0.05 

0.5 0.72' 0.05 

4 1.5 0.5 4 

2 2 0.2 2 
2 2 0.2 2 

2 2 0.2 2 
2 2 0.2 2 

*toff 

tr Po (Case) 
MHz Watts 
Min @25°C 

350 

250 

250 
250 

250 

300 

300 

250 

250 

350 

tr Po (Case) 
MHz Watts 
Min @25°C 

60 6 
60 6 

60 6 
60 6 

60 6 

IT Po (Case) 
MHz Watts 
Min @25°C 

40 5 

30 5 

4 10 

30 6 
30 6 

30 10 
30 6 



TABLE 4 - METAL TO-213AA PACKAGE (Formerly TO-66) 
CASE 80-02 

STYLE 1: 

IcCont VCEOlsus) 
Amps Volts 
Max 

2 

5 

7 

8 

# Ihfel «, 1 MHz, ## Darlington 

• JAN, JTX, JTXV Available 

2-9 

1.3typ 
1 typ 

0.9 typ 
0.9 typ 

PIN 1. BASE 
2. EMITTER 

CASE. COLLECTOR 

0.27 typ 
0.3 typ 

0.09 typ 
0.7 typ 

0.25 
0.5 
0.5 
2 

tr 
MHz 

II 



TABLE 5 - PLASTIC TO-218AC PACKAGE 

STYLE 1: 
PIN 1. BASE 

2. COLLECTOR 
3. EMITTER 
4. COLLECTOR ;" 3 

CASE 340-01 

IcCont VCEO(sus) Device Type 
Amps Volts 
Max Miri NPN 

3 750 MJH16032 

850 ,MJH16034 

5 400 BUW11 

450 BUW11A 
MJH16002 
MJH16004 

500 MJHl6002A 

1500' MJH12004 

6 375 BU426 

400 BU426A 

8 400 BUW12 

, 450 BUW12A 
MJH16oo6 
MJH16008 

500 BUTSOP## 
MJH16006A 

700 BU50B.A 
BU50BDAD 

750 MJH12005 

9 400 BUS47P 

450 BUS47AP 

10 40 TIP33 

60 BDV65## 
TIP33A 
TIP140## 

BO BDV65A## 
T1P33B 
TIP141## 

100 BDV65B## 
TIP33C 
TIP142## 

120 BDV65C## 

200 BU323P## 

250 BU323AP## 

400 MJH10012## 

BOO MJH1601B 

15 60 TIP3055 

150 MJH1101B 

# Ihlel "' 1 MHz, i# Darlington 
• VIBRICEX or VIBA)CES 

PNP 

TIP34 

BDV64## 
TIP34A 
TIP145## 

BDV64A## 
TIP34B 
TIPl46## 

BDV64B## 
TIP34C 
TIP147## 

BDV64C## 

TIP2955 

MJH11017 

hFE 
MiniMax 

4 min 

4min 

6min 

6min 
5 min 
7 min 

5 min 

2.5 min 

30 typ 

30typ 

6 min 

6 min 
5 min 
7 min 

30 min 
5 min 

2.25 min 
2.25 min 

7 min 

7 min 

20 min 

lk min 
20 min 

500 min 

1kmin 
20 miQ 
500.min 

lk min 
20 mi~ , 

500 min 

lk min 

·150 min 

150 min 

100/2k 

4min 

5 min 

400/15k 

2-10 

; 

Resistive Switching 

ts tf iT Po (Case) 
@IC p.s . p's @IC MHz Watts 
Amp Max Max Amp Min @25"C 

3 2 1.5 2 125 

3 2 1.5 2 125 

3 4 O.B 3 125 

2.5 4 O.B 2.5 125 
5 3 0.3 3 100 
5 2.7 0.35 3 100 

5 3 0.3 3 100 

4.5 - 1 4.5 4 100 
,. 

0.6 2 typ 0.5typ 2.5 6 typ 113 

0.6 2 typ 0.5typ 2.5 6typ 113 

6 4 O.B 5 125 

5 4 O.B 5 125 
B 2.5 0.25 5 125 
8 2.2 0.25 5 125 

2 0.75 typ 0.1 typ 5 100 
B 2.5 0.25 5 125 

4.5 B.typ 0.5 tyl'! 4.5 7 125 
4.5 B typ 0.5 typo 4.5 7 125 

0.4 typ 5 4 100 

5 2 0.4 6 12B 

6 2 0.4 6 12B 

3 3 BO 

5 125 
3 3 BO 
10 2.5 typ 2.5 typ 5 "4# 125 

5 
., 

125 
3 3 BO 
10 2,5typ 2,5 typ 5 4# 125 

5 125 
3 3 BO 
10 2,5 typ 2,5 typ 5 4# 125 .. 

5 125 

6 15 15 6 125 

6 15 15 6 125 

6 15 15 6 l1'B 

5 4,5 typ 0,2 typ 5 150 

10 2,5 BO 

10 3# 150 

(continued) 



TABLE 5 - PLASTIC TO-218AC PACKAGE (continued) 

Resistive Switching 

ICCont VCEO(suo) Oevice Type to tf tr Po (Case) 
Amps Volts hFE @IC ps po @IC MHz Watts 
Max Min NPN PNP MiniMax Amp Max Max Amp Min @25'C 

15 200 MJH11020 MJH11019 400/15k 10 3# 150 

250 MJH11022 MJH11021 400/15k 10 3# 150 

300 MJH6676 8 min 15 2.5 0.5 15 125 

350 MJH6677 8 min 15 2.5 0.5 15 125 

400 BUS48P 8 min 10 2 0.4 10 150 
BUW13 4 0.8 10 175 
MJH6678 8min 15 2.5 0.5 15 125 
MJH13090 8 min 10 2.5 0.5 10 125 

450 BUS48AP 8min 8 2 0.4 10 150 
BUW13A 4 0.8 8 175 
MJH13091 8min 10 2.5 0.5 10 125 
MJH16010 5 min 15 1.2 0.2 10 150 
MJH16012 7 min 15 0.9 0.15 10 150 

500 BUT51P## 40 min 5 1.1 0.16 10 125 
MJH16010A 5 min 15 3 0.4 10 150 

16 100 MJE4340 MJE4350 15min 8 1.2 typ 1.2 typ 8 1 125 

120 MJE4341 MJE4351 15 min 8 1.2 typ 1.2 typ 8 1 125 

140 MJE4342 MJE4352 15 min 8 1.2 typ 1.2 typ 8 1 125 

160 MJE4343 MJE4353 15 min 8 1.2 typ 1.2 typ 8 1 125 

20 60 MJH6282## MJH6285## 750/18k 10 4# 125 

80 MJH6283## MJH6288## 750/18k 10 4# 125 

100 MJH6284## MJH6287## 750/18k 10 4# 125 

25 40 T1P35 TIP36 10/75 15 0.6 typ 0.3 typ 10 3 125 

45 B0249 B0250 10 min 15 3 125 

60 B0249A B0250A 10 min 15 3 125 
T1P35A T1P36A 10/75 15 0.6 typ 0.3 typ 10 3 125 

80 B0249B B0250B 10 min 15 3 125 
TlP35B TIP36B 10/75 15 0.6 typ 0.3 typ 10 3 125 

100 B0249C B0250C 10 min 15 3 125 
TlP35C TIP36C 10/75 15 0.6 typ 0.3 typ 10 3 125 

# Ihlel «. 1 MHz. ## Darlington 

2-11 



TABLE 6 - PLASTIC TO~220AB PACKAGE 

CASE 221A-02 

'icont mps VC~~~usl 
Max Min 

0.5 350 

1 40 

60 

80 

100 

250 

300 

350 

400 

2 45 

60 

80 

100 

400 

450 

90C) 

2.5 700 

750 

800 

3 40 

45 

60 

80 

100 

750 

850 

4 45 

60 

80 

300 

400 

5 60 

80 

100 

1 
2 
3 

Device Type 

NPN PNP 

MJE2360T 
MJE2361T 

TlP29 TlP30 

TlP29A TIP30A 

TlP29B TIP30B 

TIP29C TlP30C 

TlP47 

TlP48 

TlP49 

TIP50 

B0239 B0240 

B0239A B0240A 
TIPll0## TlPl15## 

B0239B B0240B 
TIPlll## TlPl16## 

B0239C B0240C 
TlPl12## TlPl17## 

BUX84 

BUX85 

MJE1320 

MJE8500 

MJE12007 

MJE8501 

TIP31 TIP32 

B0241 B0242 

B0241A B0242A 
TlP31A TlP32A 

B0241B B0242B 
TIP31B TIP32B 

B0241C B0242C 
TIP31C TIP32C 

MJEl6032 

MJE,6034 

2N6121 2N6124 
B0533 B0534 

2N6122 2N6125 
B0535 B0536 
MJE800T## MJE700T## 

2N6123 
B0537 B0538 

MJE13004 

MJE13005 

TIP120## TIP125## 

TIP121## TIP126## 

TlP122## TlP127## 

# Ihlel a, , MHz. ## Darlington 

4 

hFE 
MinIMax 

15 min 
40 min 

15n5 

15/75 

15/75 

15n5 

30/150 

301150 

30/150 

30/150 

15 min 

15 min 
500 min 

15 min 
500 .. min 

15 min 
500 min 

30 "lin 

30 min 

3 min 

7.5 min 

1.1 min 

7.5 min 

25 min 

25 min 

25 min 
25 min 

25 min 
25 min 

25 min 
25 min 

4min 

4min 

25/100 
25 min 

25/100 
25 min 

750 min 

20/S0 
15 min 

6/30 

6/30 

lk min 

lk min 

lk min 

2-12 

STYLE 1: 
PIN 1. ,BASE 

2. COLLECTOR 
3. EMITTER' 
4; COLLECTOR 

Resistive Switching 

ts tf 
@IC ,.s ,.s @IC 
Amp Max Max Amp 

0.1 
0.1 

1 0.6 typ 0.3 typ I 

I 0.6typ 0.3'typ I 

1 0.6typ 0.3 typ I 

I 0.6typ 0.3 typ I 

' 0.3 2 typ 0.1S typ 0.3 

0.3 2 typ 0.18 typ 0.3 

0.3 2 typ 0.1S typo 0.3 

0.3 2 typ 0.1Styp 0.3 

1 

1 
2 1'.7ty·p' 1.3 typ 2 

1 
2 1.7 typ 1.,3 typ 2 

1 
2 1.7 typ 1.3,typ '2 

0.1 3.5 1.4 I 

0.1 3.5 1.4 1 ,. 4 typ O.S typ 1 

0.5 4 2 I 

2 I 2 

0.5 4 2 , 
1 0.6 typ 0.3 typ I 

I 

1 
I 0.6 typ 0.3 typ I 

I 
I 0.6 typ 0.3 typ 1 

1 
1 0.6 typ 0.3 typ 1 

3 2 1.5 2 

3 2 1.5 2 

1.5 0.4 typ 0.3 typ 1.5 
2 

1.5 0.4typ 0.3 typ 1.5 
2 

1.5 

1.5 0.4 typ 0.3 typ 1.5 
2 

3 3 0.7 3 

3 3 0.7 3 

3 1.5typ 1.5typ 3 

3 1.5 typ 1.5 typ 3 

3 1.5 typ 1.5 typ 4 

Miz P~~~sel 
Min @25"<: 

10 typ 30 
10 typ 30 

3 30 

3 30 

3 30 

3 30 

10 40 

10 40 

10 40 

10 ' 40 

3 30 

3 30 
25# 50 

3 30 
25# 50 

3 30 
25# 50 

4 50 

4 50 

SO 

65 

4typ 65 

65 

3 40 

3 40 

3 40 
3 40 

3 40 
3 40 

3 40 
3 40 

SO 

SO 

2.5 40 
3 50 

2.5 40 
3 50 

1# 40 

2.5 40 
3 50 

4 60 

4 60 

4# 65 

4# 65 

4# 75 

(continued) 



TABLE 6 - PLASTIC TO-220AB PACKAGE (continued) 

Resistive Switching 

IcCont VCEO(sus) Oevice Type ts tf IT Po (Cese) 
Amps Volts hFE @IC p.s p.s @IC MHz Watts 
Max Min NPN PNP MiniMax Amp Max Max Amp Min @ 25"<: 

5 250 2N6497 10/75 2.5 1.8 0.8 2.5 5 80 

300 2N6498 10/75 2.5 1.8 0.8 2.5 5 80 

400 MJE13070 8min 3 1.5 0.5 3 80 

450 BUS46P 7 min 3 1.5 0.5 2 75 
MJE13071 amin 3 1.5 0.5 3 80 
MJE16002 5min 5 3 0.3 3 80 
MJE16004 7 min 5 2.7 0.35 3 80 

700 MJEB502 7.5 min 1 4 2 2.5 80 

800 MJE8503 7.5 min 1 4 2 2.5 80 

6 40 TIP41 TIP42 15/75 3 0.4typ 0.15 typ 3 3 65 

45 B0243 B0244 15 min 3 3 65 

60 B0243A B0244A 15 min 3 3 65 
TIP41A TIP42A 15175 3 0.4 typ 0.15 typ 3 3 65 

80 B0243B B0244B 15 min 3 3 65 
TIP41B TIP42B 15175 3 0.4 typ 0.15 typ 3 3 65 

100 B0243C B0244C 15 min 3 3 65 
TIP41C TIP42C 15175 3 0.4 typ 0.15typ 3 3 65 

7 30 2N6288 2N6111 30/150 3 0.4 typ 0.15 typ 3 4 40 

45 B0795 B0796 25 min 3 3 65 

50 2N6290 2N6109 30/150 2.5 0.4 typ 0.15 typ 3 4 40 

60 B0797 B0798 25 min 3 3 65 

70 2N6292 2N6107 301150 3 0.4 typ 0.15 typ 3 4 40 

80 B0799 B0800 15min 3 3 65 

100 B0801 B0802 15 min 3 3 65 

150 BU407,0 30 min 1.5 0.75 5 10 60 

200 BU406,0 30 min 1.5 0.75 5 10 60 

375 BU522## 250 min 2.5 7.5 75 

425 BU522A## 250 min 2.5 7.5 75 

450 BU522B## 250 min 2.5 7.5 75 

8 40 2N6386## 1 kl20k 3 20# 65 

45 BOX53## BOX54## 750 min 3 4# 60 
B0895## B0896## 750 min 3 1# 70 
B0895A## B0896A## 750 min 4 1# 70 

60 2N6043## 2N6040## lk/l0k 4 1.5 typ 1.5 typ 3 4# 75 
BOX53A## BOX54A## 750 min 3 4# 60 
B0897## B0898## 750 min 3 1# 70 
B0897A## B0898A## 750 min 4 1# 70 
TIP100## TIP105## 1 kl20k 3 1.5 typ 1.5 typ 3 4# 80 

80 2N6044## 2N6041## lk110k 4 1.5 typ 1.5typ 3 4# 75 
BOX53B## BOX54B## 750 min 3 4# 60 
B0899## B0900## 750 min 3 1# 70 
B0899A## B0900A## 750 min 4 1# 70 
TIP101## TIP106## 1 kl20k 3 1.5 typ 1.5 typ 3 4# 80 

100 2N6045## 2N6042## lk110k 3 1.5 typ 1.5 typ 3 4# 75 
BOX53C## BOX54C## 750 min 3 4# 60 
B0901## B0902## 750·min 3 1# 70 
TIP102## TIP107## lk120k 3 1.5 typ 1.5 typ 3 4# 80 

# Ihfel ((I 1 MHz, ## Darlington (continued) 

2-13 



TABLE 6 - PLASTIC TO-220AB PACKAGE (continued) 

Resistive Switching 

ICCont VCEO(sus) Device Type '. ts. tf IT Po (Case) 
Amps Volts hFE @IC ,",5 ,.5 @IC MHz Watts 
Max Min NPN PNP MiniMax Amp Max Max Amp Min @ 25"<: 

8 120 BOX530## BOX540## 750 min 3 4# 60 . 
MJEl5028 MJE15029 20 min 4 30 50 

150 MJEl5030 MJE15031 20 min 4 30 50 
BU801## 100 min 5 0.55 typ 0.2 typ 5 60 

200 BU806## 100 min 5 0.55 typ 0.2 typ 5 60 

300 MJE13006 5/30 5 3 0,7 5 4 80 
MJE5140## 200 min 4 8 typ 2 typ 6 80 

MJE5850 15 min 2 2 0.5 4 80 

350 MJE5141## 200 min 4 8 typ 2 typ 6 80 
MJE5851 15 min 2 2 0.5 4 80 

400 MJE5742## 200 min 4 8 typ 2 typ 6 80 
MJE13001 5/30 5 3 0.7 5 4 80 

MJE5852 15 min 2 2 0.5 4 80 
MJE16080 5min 8 2 0.5 5 80 

450 MJEl6080 5 min 8 2 0.5 5 80 

10 30 D45Hl 20 min 4 50 
045H2 40 min 4 50 

40 D44El## 1000 min 5 2 typ 0.5 typ .10 50 

45 BOX33## BDX34## 750 min 4 3 70 
B0805 B0806 15 min 4 1.5 90 

D45H4 20 min 4 50 
·D44H5. 045H5 40 min 4 50 

60 BOX33A## BOX34A## 750 min '4 3 70 
B0801 B0808 15 min 4 1.5 90 
D44H1 D45H1 20 min 4 50 
044H8 D45H8 40 min 4 50 

D45H9 40 min 4 50 
MJE2801T 25/100 3 75 
·MJE3055T MJE2955T 20nO 4 75 
2N6381## 2N6661## 1 kl20k 5 20# 65 
SE9300 SE9400 lk min 4 1# 70 

80' BDX33B## BDX34B## 750 min 3 3 70 
B0809 B0810 15 min 4 1.5 90 
044E3## 1000 min 5 2 typ 0.5typ 10 50 

D45H12 40 min 4 50 
2N6388## 2N6668## lk/20k 5 20# 65 
D44Hl0 045H10 20 min 4 0.5 typ 0.14typ 5 50 typ 50 
044Hl1 D45Hll 40 min 4 0.5 iyp 0.14typ 5 50 typ 50 
SE9301 SE9401 lk min 4 1# 70 

100 BOX33C## BOX34C## 750 min 3 3 70 
SE9302 SE9402 lk min 4 1# 70 

12 300 MJE13008 6130 8 3 0.7 8 4 100 

400 MJE13009 6/30 8 3. 0.7 8 4 100 

15 30 044VHl 045VHl 20 min 4 0.7 0.09 8 50 typ 83 

40 2N6486 2N6489 20/150 5 0.6 typ 0.3 typ 5 5 75 

45 D44VH4 D45VH4 20 min 4 0.5 0.09 8 50 typ 83 

60 2N6481. 2N6490 201150 5 0.6typ 0.3 typ 5 5 75 
D44VH1 20 min 4 0.5 0.09 8 50 typ 83 

80 2N6488 2N6491 20/150 5 0.6 typ 0.3 typ 5 5 75 
D44VH10 045VH10 20 min 4 {),5 0.09 8 50 typ 83 

. 
#·Ihfel (a 1 MHz, ## Darlington 

2-.14 



TABLE 7 - PLASTIC TO-22SAA PACKAGE (Formerly TO-126) 

STYLE 1: 

CASE 77-04 
PLASTIC 

Iccont VCEO(sus) 
Amps Volts 
Max Min 

0.3 250 

350 

0.5 150 

200 

250 

300 

350 

1 40 

60 

80 

1.5 40 

45 

60 

80 

300 

400 

2 45 

60 

80 

100 

3 30 

PIN 1. EMITTER 
2. COLLECTOR 
3. BASE 

Device Type 

NPN PNP 

MJE3440 

MJE3439 

MJE341 

MJE344 

2N5655 
80157 

80158 
80232 
MJE340 MJE350 
2N5656 

2N5657 
80159 

2N4921 2N4918 

2N4922 2N4919 

2N4923 2N4920 

MJE720 

80165 80166 
80135 B0136 
B0135.6 B0136.6 
80135.10 B0136.10 
80135.16 B0136.16 

80167 B0168 
80137 B0138 
80137.6 B0138.6 
80137.10 B0138.10 
80137.16 B0138.16 

B0169 B0170 
80139 B0140 
80139.6 B0140.6 
B0139.10 B0140.10 
80139.16 B0140.16 

MJE13002. 

MJE13003. 

B0233 B0234 

80235 B0236 

80237 B0238 

MJE270 MJE271 

MJE520 MJE37D 

• Case 77 (Style 31. # Ihlel (a 1 MHz, ## Darlington 

3 

STYLE 3: 
PIN 1. BASE 

2. COLLECTOR 
3. EMITTER 

Resistive Switching 

ts tf 
hFE @IC p.s p.s @IC 

MiniMax Amp Max Max Amp 

40/160 0.02 

40/160 0.02 

25/200 0.05 

30/300 0.05 

30/250 0.1 3.51yp 0.241yp 0.1 
30/240 0.05 

30/240 0.05 
20 min 0.15 
30/240 0.05 
30/250 0.1 3.5 typ 0.241yp 0.1 

30/250 0.1 3.51yp 0.241yp 0.1 
30/240 0.05 

20/100 0.5 0.61yp 0.3 typ 0.5 

20/100 0.5 0.61yp 0.31yp 0.5 

20/100 0.5 0.61yp 0.31yp 0.5 

8 min 1 

15 min 0.5 
40/250 0.15 
40/100 0.15 
63/160 0.15 
100/250 0.15 

15 min 0.5 
40/250 0.15 
40/100 0.15 
63/160 0.15 
100/250 0.15 

15 min 0.5 
40/250 0.15 
40/100 0.15 
63/160 0.15 
100/250 0.15 

5/25 1 4 0.7 1 

5/25 1 4 0.7 1 

25 min 1 

25 min 1 

25 min 1 

1.5k min 0.12 

25 min 1 

2-15 

IT Po (Case) 
MHz Watts 
Min @25"C 

15 15 

15 15 

15 20.8 

15 20.8 

10 20 
20 

20 
20 

20.8 
10 20 

10 20 
20 

3 30 

3 30 

3 30 

20 

6 20 
12.5 
12.5 
12.5 
12.5 

6 20 
12.5 
12.5 

. 12.5 
12.5 

6 20 
12.5 
12.5 
12.5 
12.5 

5 40 

5 40 

3 25 

3 25 

3 25 

6 15 

25 

(continued) 



TABLE 7 - PLASTIC TO-225AA PACKAGE (Formerly TO-126) (continued) 

ResIstive Switching 

IcCont VCEO(susl Device Type ts tf fy Po (Cesel 
Amps Volts hFE @IC ps pS @IC MHz Watts 
Max Min NPN PNP MiniMax Amp Max Max Amp Min @25'C 

3 40 MJE180 MJE170 50/250 0.1 0.6 tvp 0.12 tvp 0.1 50 12.5 

45 B0175 B0176 40/250 0.15 3 30 
B0175.6 B0176.6 40/100 0.15 3 30 
B0175.10 B0176.10 631160 0.15 3 30 
B0175.16 B0176.16 100/250 0.15 3 30 

60 80177 B0178 40/250 0.15 3 30 
BOl77.6 B0178.6 40/100 0.15 3 30 
BOl77.10 B0178.10 63/160 0.15 3 30 
B0177.16 B0178.16 100/250 0.15 3 30 
MJE181 MJE171 50/250 0.1 0.6 tvp 0.12 tvp 0.1 50 12.5 

80 B0179 B0180 40/250 0.15 3 30 
B0179.6 B0180.6 40/100 0.15 3 30 
B0179.10 BOlaci.l0 63/160 0.15 3 30 
B0179.16 BOI80.16 100/250 0.15 3 30 
MJE182 MJE172 50/250 0.1 0.6 tvp 0.12 tvp 0.1 50 12.5 

200 BUY49P 30 min 0.5 25 20 

4 20 B0433 B0434 50 min 2 3 36 

30 B0185 B0186 15min 2 20 40 
BD435 B0436 50 min 2 3 36 

40 2N5190 2N5193 25/100 1.5 0.4 tvp 0.4 tvp 1.5 2 40 
MJE521 MJE371 40 min 1 40 
2N6037## 2N6034## 750/18k 2 1.7 tvp 1.2 tvp 2 25 40 

45 B0187 BOI88 15 min 2 20 40 
BD437 B0438 40 min 2 3 36 
B0675## B0676## 750 min 1.5 40 
B0675A## B0676A## 750 min 2 40 
B0785 B0786 20 min 2 50 15 
B0775## B0776## 750 min 2 20 15 

60 BOI89 BOl90 15 min 2 20 40 
BD439 B0440 25 min 2 3 36 
B0677## B0678## 750 min 1.5 40 
B0677A## B0678A## 750 min 2 40 
B0787 B0788 20 min 2 50 15 
B0777## B0778## 750 m'in 2 20 15 
2N5191 2N5194 25/100 1.5 0.4 tv!> 0.4tVp 1.5 2 40 

MJE800## MJE700## 750 min. 1.5 1# 40 
MJE801## MJE701## 750 mi,n 2 1# 40 
2N603B## 2N8035## 750/18k 2 1.7 tvp 1.2 tvP 2 25 40 

80 2N5192 2N5195 25/100 1.5 0.4 tvP 0.4 tvp 1.5 2 40 
BD441 B0442 15 min 2 3 36 
B0679## B068O## 750 J11in 1.5 40 
B0679A## B0680A## 750 min 2 40 
B0789 B0790 10min 2 40 15 
B0779## B0780## 750 min 2 20 15 
MJE802## MJE702## 750 min 1.5 1# 40 
MJE803## MJE703## 750 min 2 1# 40 
2N8039## 2N6036## 750/18k 2 1.7 tvP 1.2 tvp 2 25 40 

100 B0681## B0682## 750 min 1.5 40 
B0791 B0792 10 min 2 40 15 
MJE243 MJE253 40/120 0.2 0.7 tvp 0.08 tvp 0.2 40 15 

5 25 MJE200 MJE210 45/180 2 0.13 tvp 0.035 tvp 2 65 15 

• Ca.e 77 (Style 31. # Ihlel (0, 1 MHz. ## Darlington 

2-16 



TABLE 8 - PLASTIC TO-225AB (Formerly TO-1271 

STYLE 2: 

CASE 90-05 
PLASTIC 

IcCont VCEO(susl 
Amps Volts 
Max Min 

S SO 

60 

80 

8 60 

80 

100 

10 45 

60 

12 40 

60 

80 

1S 40 

60 

PIN 1. EMITTER 
2. COLLECTOR 
3. BASE 

Device Type 

NPN PNP 

MJE10S 

MJEll00## MJE1090## 
MJEll0l## 

MJEll02## MJE1092## 
MJEll03## MJE1093## 

MJE6043## MJE6040## 

MJE6044## MJE6041## 

MJE604S## 

B0206 

80207 80208 
MJE2801 MJE2901 
MJE305S MJE2955 

2NS989 2N5986 

2N5987 

2NS991 2NS988 

MJE1660 

MJE1661 

# Ihtel (/I 1 MHz, ## Darlington 

TABLE 9 - PLASTIC CASE 152 

STYLE 1: 
PIN 1. EMITTER 

2. BASE 
3. COLLECTOR 

(COLLECTOR CONNECTED TO TAB) 

IcCont VCEO(sus) Device Type 
Amps Volts 
Max Min NPN PNP 

O.S 300 MPS-U10 MPS-U60 

0.8 40 MPS-U02 MPS-US2 

1 120 MPS-U03 

180 MPS-U04 

2 20 80S0S 80S06 

30 80S07 80S08 
MPS-U01 MPS-US1 

40 80S09 80S10 
MPS-U01A MPS-US1A 
MPS-U4S## MPS-U9S## 

## Darlington 

hFE 
MiniMax 

25/100 

750 min 
750 min 

750 min 
750 min 

1 kl20k 

1 kl20k 

1 kl20k 

15min 

15min 
25/100 
20/70 

20/120 

20/120 

20/120 

20/100 

20/100 

2 
3 

hFE 
MiniMax 

30 min 

30 min 

40 min 

40 min 

40 min 

40 min 
50 min 

40 min 
50 min 
4k min 

2-17 

@IC 
Amp 

2 

3A 
4A 

3A 
4A 

4 

4 

4 

4 

4 
3 
4 

6 

6 

6 

5 

5 

@IC 
Amp 

0.03 

0.5 

0.Q1 

0.Q1 

1 

1 
1 

1 
1 
1 

Resistive Switching 

ts tf IT Po (Case) 
p.s p.s @IC MHz Watts 

Max Max Amp Min 1Jl1 2S"C 

65 

1 70 
1 70 

1 70 
1 70 

1.5 typ 1.5 typ 4 4# 75 

1.5 typ 1.5 typ 4 4# 75 

1.5 typ 1.5 typ 4 4# 75 

1.5 90 

1.5 90 
90 

2 90 

0.5 typ 0.25 typ 6 2 100 

0.5 typ 0.25 typ 6 2 100 

0.5 typ 0.25 typ 6 2 100 

3 90 

3 90 

Resistive Switching 

ts tf IT Po (Case) 
p.s p.s lJl'IC MHz Watts 

Max Max Amp Min 1Jl' 2S"C 

60 10 

150 10 

100 10 

100 10 

50 10 

50 10 
50 10 

50 10 
50 10 
100 10 

(contmued) 



II 

TABLE 9 - PLASTIC CASE 152 (continued) 

Resistive Switching 

IcCont VCEO(susl Device Type ts t, fy PD (Casel 
Amps Volts hFE @IC ,.s ,.s @IC MHz Watts 
Max Min NPN PNP MinIMax Amp Max Max Amp Min @25OC 

2 45 80515 8D516 25 min 0.5 50 10 

60 8D517 8D518 25 min 0.5 50 10 
MPS-U05 MPS-U55 60 min 0.25 50 10 

80 80519 8D520 25 min 0.5 50 10 
MPS-U06 MPS-U56 60 min 0.25 50 10 

100 8D529 8D530 30 min 0.25 50 io 
MPS-U07 MPS-U57 30 min 0.25 50 10 

## Darlington 

TABLE 10 - DPAK - SURFACE MOUNT POWER PACKAGE 
STYLE 1: 1.' CASE 369-03 ?./ 4 

CASE 369A-04 2 4 1 c.. _" 
2 c:;.. 

3 3~""""'" 

IcCont VCEO(susl Device Type" 
Amps Volts 
Max Min NPN PNP 

0.5 300 MJD340 MJD350 

1 40 MJD29 MJD30 

100 MJD29C MJD30C 

250 MJD47 

400 MJD50 

1.5 400 MJD13003 

2 100 MJD112## MJDl17## 

3 40 MJD31 MJD32 

100 MJD31C MJD32C 

4 80 MJD6039## MJD6036## 

5 25 MJD200 MJD210 

6 100 MJD41C MJD42C 

8 80 MJD44Hl1 MJD45Hl1 '. 

100 MJD122## MJD127## 

10 60 MJD3055 MJD2955 

80 MJD44E3## 

## Darlington 
* Cas.e 369-03 may be ordere.d ,by adding -1 suffix to part number. 

TABLE 11 - PLASTIC MO-040AAt 

CASE 353-01 

IcCont VCEO(susl Device Type 
Amps Volts 
Max Min NPN 

50 450 MJ10044## 

100 250 MJ10047## 
MJ10048## 

PNP 

hFE @IC 
MiniMax Amp 

30/240 0.05 

15175 1 

15175 1 

30/150 0.3 

30/150 0.3 

5/25 1 

500 min 2 

25 min 1 

25 min 1 

lk112k 2 

45/180 2 

15175 3 

4Q"rl1 in 4 

lk112k 4 

20/100 4 

lk min 5 

hFE 
MiniMax 

50 min 

75 min 
75 min 

## Darlmgton t Not recommended for new desIgns - consult Motorola. 
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Resistive Switching 

ts t, 
,.s ,.s @IC 

Typ Typ Amp 

0.6 0.3 1 

0.6 0.3 1 

2 0.2 0.3 

2 0.2 0.3 

4max 0.7 max 1 

1.7 1.3 2 

0.6 0.3 1 

0.6 0.3 1 

1.7 1.2 2 

0.15 0.04 2 

0.4 0.15 3 

0.5 0.14 5 

1.5 2 4 

1.5 1.5 3 

2 0.5 10 

1& t, 
!il'IC ,.5 ,.s 
Amp Max Max 

50 3.8 1.3 

100 4 . 1 
100 20 8 

1. BASE 
2. COLLECTOR 
3. EMITTER 
4. COLLECTOR 

fy PD (Casel 
MHz Watts 
Min @25OC 

15 

3 15 

3 15 

10 15 

10 20 

4 15 

25# 20 

3 15 

3 )5 

25 20 

65 12.5 

3 20 

50 typ 20 

4# 20 

2 20 

20 

PD (Casel 
!il' IC, Watts 
Amp (iI, 250C 

50 250 

100 250 
100 250 



Selection By Major Product Categories 

TABLE 12 - MILITARY SPECIFIED POWER TRANSISTORS 

IcCont VCEO(sus) 
Amps Volts 
Max Min 

1 300 

3 40 

60 

4 60 

80 

5 100 

8 60 

80 

250 

350 

10 40 

60 

80 

12 80 

100 

15 300 

# MIL-S-19500 Detailed 
Spec. shown by 
Devic~ Tvpe 

Device Type 
hFE @IC 

NPN/# PNP/# MiniMax Amp 

2N3739JJ402A 40/200 0.1 
TX,TXV 

2N3867Jj350A 40/200 1.5 
TX, TXV 
2N3867SJ,350A 40/200 1.5 
TX, TXV 

2N3868JJ350A 30/150 1.5 
TX, TXV 
2N3868SJ,/350A 30/150 1.5 
TX,TXV 

2N374OJ,/441A 30/100 0.25 
TX, TXV 

2N3766J,1518 40/160 0.5 
TX, TXV 

2N3741J,/441A 30/100 0.25 
TX,TXV 

2N3767J,1518 40/160 0.5 
TX, TXV 

2N5339J1560 2N6193J/561 60/240 2 
TX,TXV TX,TXV 

2N630OJj540" 2N6298J,/540" 750/1Bk 4 
TX,TXV TX,TXV 

2N6301Jj540" 2N6299J,/540" 750/1Bk 4 
TX,TXV TX,TXV 

2N6306JJ498 15n5 3 

2N6308JJ498 12/60 3 

2N6383J,1523" 2N6648J,527 lk120k 5 
TX,TXV TX,TXV 

2N6648J,/527" lk120k 5 
TX,TXV 

2N3715JJ408B 2N3791J,1379B 30/120 3 
TX, TXV TX,TXV 
2N6384JJ523" 1 kl20k 5 
TX,TXV 

2N6849J,/527 1 kl20k 5 
TX, TXV 

2N3716J,/408B 2N3792JJ379B 30/120 3 
TX,TXV TX,TXV 
2N6385JJ523" 1 kl20k 5 
TX,TXV 

2N665OJ,/527" lk120k 5 
TX,TXV 

2N6058J,/502" 2N6051JJ501" lk118k 6 
TX,TXV TX,TXV 

2N6059JJ502" 2N6052JJ501" lk11Bk 6 
TX, TXV TX,TXV 

2N6546J,/525 12/60 5 
TX 

* toft 
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Resistive Switching 

ts tf 
p.s p.s 

Max Max 

3.5' 

0.5 0.1 

0.5 0.1 

0.5 0.1 

0.055 0.035 

1-

2.5-

1-

2.5-

2 0.2 

B-

8' 

3" 

3' 

10' 

10" 

2" 

10" 

10" 

2" 

10" 

10" 

10" 

10' 

4.7" 

IT 
@IC MHz 
Amp Min 

0.5 10 

1.5 60 

1.5 60 

1.5 60 

1.5 60 

1 5 

0.5 10 

1 5 

0.5 10 

2 30 

4 25 

4 25 

3 5 

3 5 

5 20 
, 

5 50 

5 4 

5 20 

5 50 

5 4 

5 20 

5 50 

5 10 

5 10 

10 6 

** Consult 
Factory for 
qualification 
status. 

PD (Case) 
Watts Case 
@25'C JEDEC/MOT 

20 TO-213AA1BO 

10 TO-205AA131 

10 TO-205AD/79 

10 TO-205AA131 

5 TO-205AD/79 

25 TO-213AA/BO 

25 TO-213AA/BO 

25 TO-213AA1BO 

25 TO-213AA1BO 

6 TO-205AD/79 

75 TO-213AA1BO 

75 TO-213AA180 

125 TO-204/1 

125 TO-204l1 

100 TO-204/1 

B5 TO-204/1 

150 TO-204/1 

100 TO-204/1 

B5 TO-204/1 

150 TO-204l1 

100 TO-204/1 

85 TO-204/1 

150 TO-204/1 

150 TO-204l1 

175 TO-20411 



TABL~ .12 - MILITARY SPECIFIED POWER TRANSISTORS (continued) 

IcCont VCEO(susl 
Amps Volts 
Max Min 

1S 400 

20 7S 

80 

90 

100 

25 100 

120 

1S0 

30 60 

50 60 

80 

100 

120 

ISO 

# MIL-S-1S500 Detailed 
Spec. sho'wn by 
Device Type 

Device Type 
hFE 

NPN/# PNP/# MiniMax 

2N6547J,I52S 12/60 
TX 

2NS039J,I439 30/150 
TX. TXV" 

2N5303J,I456A 2N5745J.433 15/60 
TX, TXV TX, TXV 
2N6283J,I504" 2N6286J,I50S" 1250/18k 
TX,TXV TX,TXV 

2NS038J/439 50/200 
TX, TXV" 

2N6284J,1504" 2N6287J,/SOS 1250/18k 
TX, TXV .. TX.TXV 

2N6338J.I509 30/120 
TX, TXV" 

2N6437J,/S08 30/120 
TX, TXV" 

2N6438J,I509 30/120 
TX. TXV" 

2N6341 J.I509 30/120 
TX, TXV" 

2NS302J,/456A 2N4399J,/433 15/60 
TX, TXV TX,TXV 

2NS685J,I464 2NS683J,/466 15/60 
TX,TXV TX, TXV 

2N5686J,/464 2N5684J,I466 15/60 
TX, TXV lX, TXV 

2N6274J,IS14 2N6378J,151S 30/120 
TX. TXV" lX. TXV" 

2N6379J,/S 1 S 30/120 
TX, TXV" 

2N6277J,1514 30/120 
TX, TXV" 

* toff 

TABLE 13 - POWER DARLINGTONS 

IcCont· VCEO(susl Device Type Amps Volts hFE @IC 
Max Min NPN PNP MiniMax Amp 

2 40 MPS-U45 MPS-U9S 4k min 1 

60 TIP110 TIP115 lk min 1 

80 TIP111 TIP116 lkmin { 

100 TIP11Z liP" 7 lk min 1 
MJE270 MJE271 1.5k min 0.12 

Resistive Switching 

ts tf fy 
@IC /-,S /-,s @iC MHz 
Amp Max Max Amp Min 

5 4.7' 

2 2" 

10 3' 

10 10' 

2 2" 

10 10' 

10 I 

10 I 

10 1 

1 1 

15 3' 

25 3' 

25 3' 

20 1.05" 

20 1.05" 

20 1.05" 

10 6 

10 60 

10 2 

10 8 

12 60 

10 8 

10 40 

10 40 

10 40 

10 40 

)0 2 

25 2 

25 2 

20 30 

20 30 

20 30 

** Consult 
Factory -for 
qualification 
status. 

Resistive Switching 

ts tf Ihtel@ 
/-,S /-,S @.IC 1 MHz 

Max Max Amp Min 

100 

2 typ 1 typ 1 25 

2 typ 1 typ I 25 

2 typo 1 typ 1 25 
6 
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PD (Casel 
Watts 
@25OC 

175 

140 

200 

175 

140 

175· 

200 

200 

200 

200 

200 

300 

300 

250 

250 

250 

PD (Casel 
Watts 
@25OC 

10 

50 

50 

50 
25 

Case 
JEDEC/MOT 

TO-20411 

TO-204l1 

TO-20411 

TO-204/1 

TO-204/1 

TO-204/1 

TO-204/1 

TO-20411 

TO-204/1 

TO-204/1 

TO-204/1 

TO-204l197 
MOD 

TO-204/197 
MOD 

TO-204/197 
MOD 

TO-204/197 
MOD 

TO-204/197 

Case 
JEDEC/MOT 

1152 

TO-220/221 A 

TO-220/221A 

TO-220/221 A 
TO-225AAJ77 

(continued) 



TABLE 13 - POWER DARLINGTONS (continued) 

Resistive Switching 

ICCont VCEO(sus) OeviceTVpe ts tf Ihtel@ Po (Cese) 
Amps Volts hFE @IC ,..... Il' @Ic 1 MHz W_ Ca .. 
Max Min NPN PNP MiniMax Amp Max Max Amp Min @25'C JEOECIMOT 

4 40 MJE3300 MJE331 0 lk min 1 20 15 TO-225AA177R 
2N6037 2N6034 750/1k 2 1.7 typ 1.2 typ 2 25 40 TO-225AAJ77 

45 B0675 B0676 750 min 1.5 40 TO-225AA177 
B0675A B0676A 750 min 2 40 TO-225AAJ77 
B0775 B0776 750 min 2 20 15 TO-225AAJ77 

60 B0677 B0678 750 min 1.5 15 TO-225AA177 
B0677A B0676A 750 min 2 40 TO-225AA177 
B0777 B0778 750 min 2 20 40 TO-225AA177 
MJE3301 lk min 1 20 15 TO-225AAI77R 
MJEBOO MJE700 750 min 1.5 1 40 TO-225AAJ77 
MJEBOOT MJE700T 750 min 1.5 1 40 TO-220/221A 
MJE801 MJE701 750 min 2 1 40 TO-225AA177 
2N603B 2N8035 750/18k 2 1.7 typ 1.2 typ 2 25 40 TO-225AA177 
2N8294 2N8296 750/18k 2 0.9 tvP 0.7 typ 2 4 50 TO-213AAJ80 

80 B0679 BD680 750 min 1.5 40 TO-225AA177 
B0679A BD680A 750 min 2 40 TO-225AA177 
B0779 B0780 750 min 2 20 15 TO-225AAJ77 
MJE802 MJE702 750 min 1.5 40 TO-225AAJ77 
MJE803 MJE703 750 min 2 40 TO-225AAl77 
2N6039 2N6036 750/18k 2 1.7 tvP 1.2 typ 2 25 40 TO-225AAJ77 
2N6295 2N8297 750/18k 2 0.9 typ 0.7 Iyp 2 4 50 TO-213AAJ80 

100 BD661 B0682 750 min 1.5 40 TO-225AAI77 

5 60 MJEll00 MJE1090 750 min 3A 1 70 TO-225AB/90 
MJE1101 MJE1091 750 min 4A 1 70 TO-225AB/90 
TlP120 TlP125 lkmin 3 1.5typ 1.5 Iyp 3 4 65 TO-220/221A 

80 MJE1102 MJE1092 750 min 3A 1 70 TO-225AB/90 
MJE1103 MJE1102 750 min 4A 1 70 TO-225AB/90 
TIP121 TlP126 lk min 3 1.5typ 1.5typ 3 4 65 TO-220/221A 

100 TIPl22 TIP127 lk min 3 1.5 tvP 1.5 Iyp 3 4 65 TO-220/221A 

7 300 MJ3041 250 min 2.5 100 TO-204/1 

350 MJ3042 250 min 2.5 100 TO-204l1 

375 BU522 250 min 2.5 7.5 75 TO-220/221 A 

425 BU522A 250 min 2.5 7.5 75 TO-220/221A 

450 BU522B 250 min 2.5 7.5 75 TO-220/221 A 

8 40 2N6386 lk/20k 3 20 65 TO-220/221A 

45 BOX53 BOX54 750 min 3 4 60 TO-220/221A 
B0895 BD896 750 min 3 1 70 TO-220/221A 
B0895A B0896A 750 min 4 1 70 TO-220/221A 

60 BOX53A BOX54A 750 min 3 4 60 TO-220/221 A 
BOB97 B0898 750 min 3 1 70 TO-220/221A 
B0897A B0896A 750 min 4 1 70 TO-220/221A 
MJl000 MJ900 lk min 3 90 TO-204l11 
TlPl00 TIP105 lk/20k 3 1.5typ 1.5 typ 3 4 80 TO-220/221A 
2N6043 2N6040 lk/l0k 4 1.5 typ 1.5 Iyp 3 4 75 TO-220/221A 
2N6300 2N6298 750k/18k 4 1.5 typ 1.5 Iyp 4 4 75 TO-213AAJ80 
2N6055 2N6053 750k/18k 4 1.5 typ 1.5 Iyp 4 4 100 TO-204/11 
MJE6043 MJE8040 1 k/20k 4 1.5 tvP 1.5 typ 4 2 75 TO-225AB/90 

80 BOX53B BOX54B 750 min 3 4 60 TO-220/221A 
BD899 BD900 750 min 3 1 70 TO-220/221A 
BOB99A B0900A 750 min 4 1 70 TO-220/221A 
MJ1001 MJ901 lk min 3 90 TO-204l11 
TIP10l TIP106 lk/20k 3 1.5 typ 1.5typ 3 4 80 TO-220/221A 

lcontinued) 
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TABLE 13 - POWER DARLINGTONS (continu~~! 

Resi$tive Switching 

IcCont VCEO(sus) DeviCe Tvpe ts .tt Ih'el@ PD (Case) 
Amp$ Volts hFE @IC ,.s .' ,.s @IC 1 MHz Watts Case 
Max Min NPN PNP MiniMax Amp Max Max Amp Min @ 25"C JEDEC/MOT 

8 2N6044 2N6041 lk110k 4 1.5 typ 1.5 typ 3 4 75 TO-220/221 A 
2N6301 2N6299 750kl18k 4 1.5 typ 1.5 typ 4 4 75 TO-213A180 
2N6056 2N6054 750kl18k 4 1.5 typ. 1.5 typ 4 4 100 TO-204A111 
MJE6044 MJE6041 1 k120k 4 1.5typ' 1.5 typ 4 2 75 TO-225AB/90 

100 .BDX53C BDX54C 750 min 3 4 60 TO-220/221 A 
BD901 B0902 750 min 3 1 70 TO-2201221A 
MJE6045 1 k120k 4 1.5typ 1.5 typ 4. 2 : 75 TO-225AB190 
TIP102 TIP107 1 k120k 3 1.5typ 1.5typ 3 4 80 TO-220/221A 
2N6045 2N6042 1k110k 4 L5typ 1.5typ 3 4 75 TO-220/221 A 

120 BDX53D BDX54D 750 min 3 4 60 TO-220/221A 

150 BU807. 100 min 5 0.55typ 0.2 typ 5 60 TO-220/221A 

200 BU806e 100 min 5 O.55typ 0.2 typ 5 60 TO-220/221 A 

300 MJE5740 200/400 4 8 typ 2 typ .6 80 TO-220/221A 

350 MJE5741 200/400 4 8 typ 2 typ 6 80 TO-220/221A 

400 MJE5742 200/400 <I 8 typ 2 typ 6 80 TO-220/221 A 

500 BUTSOP. 30 min 2 0.75 typ 0.1 typ 5 100 TO-218/340 

140Q" MJ10011 20 min 4 i 4 80 TO-204/1 

10 40 2N6383 2N6648 1 k120k .5 20 100 TO-204111 
D44El 1000 min 5 2 typ 0.5 typ 10 50 TO-220/221A 

45 BDX33 BDX34 750 min 4 3 70 TO,220/221A 

60 BDV65 BDV64 lk min 5 125 TO-218/340 
I!DX33A BDX34A 750·min 4 3 70 TO-220/221 A , 
MJ3000 MJ2500 lk min 5 150 TO-204/1 
2N6387 2N6667 1 k120k 5 20 65 TO-2201221A 
2N6384 1 k120k 5 20 100 TO-204111 
D44EZ 1000 min '5 2 typ 0.5 typ 10 50 TO-220/221 A 
TIP140 TIP145 500 min 10 :2.5 typ 2.5 typ 5 4 _ 125 TO-218/340 

80 2N6388 2N6668 1 k120k 5 20 65 TO-220/221 A 
2N6385 lk120k 5 20 100 TO-204/11 
BDV65A BDV64A lk min 5 125 TO-218/340 
BDX33B BDX34B 750 min 3 3 70 TO-220/221 A 
D44E3 1000 min 5 2 typ 0.5 typ 10 50 TO-220/221 A 
TIP141 TIPI46 500 min 10 2.5 typ 2.5 typ 5 4 125 TO-218/340 

100 BDV65B BDV64B lk min 5 125 TO-218/340 
BDX33C BDX34C 750 min 3 3 70 TO-220/221A: 
TIPI42 TIP147 500 min 10 2.5typ 2.5 typ 5 4 125 TO-218/340 

120 BDV65C BDV64C lk min 5 125 TO-218/340 
BDX33D BDX34D 750 min 3 3 70 TO-220/221A 

200 BU323P 150 min 6 15 15 6,. .125 TO'218/340 

250 BU323AP 150 min 6 '15 15 6 125 TO-218/340 

350 BU323 150 min 6 7.5 typ 5.2 typ 6 175 TO-204/1 
MJ10002 30/300 5 2.5 1 5 10 ·1- 150 TO-204/1 

'.- MJ10006. 30/300 5 1.5 0.5 5 10 150 TO-204/1 

400 BU323A 150 min 6 '7.5typ 5.2 typ 6 175 TO-204/1 
MJH10012 100/2k 6 15 15 6 118 TO-2181340 
MJ10007. 30/300 5 1.5 0.5 5 10' 150 TO-204l1 
MJ10012 100/2k 6 1~ 15 6 175 TO-204/1 

600 MJ10014. 10/250 10 2.5 0.8 10 "175 TO-204/1 

• Darlington with speed~up diode. (continued) 
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TABLE 13 - POWER DARLINGTONS (continued) 

Resistive Switching 

IcCont VCEO(sus) DevieeType ts tf Ihtel@ PD (Case) 
Amps Volts hFE @IC ,.S ,.S @IC 1 MHz Watts Case 
'Max Min NPN PNP Min/Max 'Amp Max Max Amp Min @25"C JEDECIMOT 

12 60 2N6057 2N6050 750/18k 6 1.6typ 1,5typ 6 4 ISO TO-204/1 

80 2N6058 2N6051 750/18k 6 1.6typ 1.5 typ 6 4 150 TO-204/1 

100 2N6059 2N6052 750/18k 6 1.6typ 1.5typ 6 150 TO-204/11 

1000 BUT1&e 5 min 8 3,3 1.5 8 150 TO-204/1 

15 60 2N6576 ' 2k120k 4 2 7 10 10/200 120 TO-204/11 

90 2N6577 2k120k 4 2 7 10 10/200 120 TO-204/11 

120 2N6578 2k120k 4 2 7 10 10/200 120 TO-204111 

150 MJll018 MJll017 100 min 15 3 175 TO-204/1 
MJH11018 MJH11017 100 min 15 3 ISO TO-218/340 

200 MJ11020 MJll019 100 min 15 3 175 TO-204/1 
MJH11020 MJH11019 100 min 15 3 150 TO-218/340 

250 MJ11022 MJll021 100 min 15 3 175 TO-204/1 
MJHll022 MJH11021 100 min 15 3 150 TO-218/340 

500 BUT51P 40 min 5 1.1 0.16 10 125 TO-218/340 

16 60 MJ4033 MJ4030 lk min 10 150 TO-204/1 

80 MJ4034 MJ4031 lk min 10 150 TO-204/1 

100 MJ4035 MJ4032 lk min 10 150 TO-204/1 

20 60 2N6282 2N6285 750/18k 10 2.5 typ 2.5 typ 10 4 160 TO-204/1 
MJH6282 MJH6285 750/18k 10 2.5 typ 2.5 typ 10 4 125 TO-218/340 

80 2N6283 2N6286 750/18k 10 2.S typ 2.S typ 10 4 160 TO-204/1 
MJH6283 MJH6286 750/18k 10 2.5 typ 2.5 typ 10 4 125 TO-218/340 

100 2N6284 2N6287 7S0/18k 10 2.S typ 2.5 typ 10 4 160 TO-204/1 
MJH6284 MJH6287 750/18k 10 2,5 typ 2,S typ 10 4 125 TO-218/34O 

350 MJ10000 40/400 10 3 1.8 10 10 175 TO-20411 
MJ10011U 40/400 10 1.5 0.5 10 175 TO-204/1 

400 MJ1000l 40/400 10 3 1.8 10 10 175 TO-20411 
MJ10005. 40/400 10 1.5 0,5 10 175 TO-204/1 

450 MJ100Q8e 30/300 10 2 0,6 10 8 175 TO-204l1 

500 MJ10009. 30/300 10 2 0,6 10 8 175 TO-204/1 

700 BUT15. 15 min 12 2.5 0.8 12 175 TO-204/1 

750 MJ10024e 50/600 5 5 1.8 10 250 TO-204/1 

850 MJl0025. 50/600 S S 1.8 10 250 TO-204/1 

24 1000 BUT3&e S min 16 6 2.5 16 250 TO-204 ModJ197 

25 500 BUTl4e 15 min 16 2.8 0.8 16 175 TO-204l1 

28 400 BUT13. 20 min 20 2.6 0.8 18 175 TO-204l1 

30 60 MJ11012 MJll011 lk min 20 4 200 TO-204l1 

90 MJll014 MJll013 lk min 20 4 200 TO-20411 

120 MJ11016 MJ11015 lk min 20 4 200 TO-204/1 

40 350 MJ10022. 50/600 10 2.5 0.9 20 250 TO-204 Mod/197 

400 MJl0023. 50/600 10 2.5 0.9 20 250 TO-204 Mod/197 

700 BUT35e 15min 24 4 1.2 24 250 TO-204 Mod/197 

50 60 MJll028 MJ11029 400 min 50 300 TO-204 Mod/197 

• Darlington with speedMup diode. (continued) 
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TABLE 13 - POWER DARLINGTONS (continued) 

Resistive Switching 

ICCont VCEO(sus) DaviceType to tf Ihfel@ PD (Case) , ' 

Amps Volts hFJ: @IC ,.s ,.s @IC 1 MHz Watts ease 
Max Min NPN PNP Mi!l!Max A'1'P .Max Max Amp Min @2S'C JEDECIMOT 

·50 90 MJ11030 MJll031 400 min 50 300 TO-204 Mod/1S7 

120 MJ11032 MJll033 400 lJlin 50 
" 

300 TO-204 Mod/1S7 

400 MJl0015e 10min 40 2,5 0,5 20 10 250 TO-204 Mod/1S7 

450 MJl0044e 50 min 50 3,S 1.3 50 250 -/353 

500 BUT34. 15 min 32 3, 1,5 32 250 TO-204 Mod/1S7 
MJ100l&e 10 min 40 2,5 0,5 20 10 250 TO-204 Mod/1S7 

56 400 '!lUT33. 20 min 36 3.3 1.6 36 250 TO-204 Mod/1S7 

60 200 MJ1002C)e 75/1k min 15 3.5 0.5 3~. 250 TO-204 Modl197 

250 MJ10021. 75/1k min 15 3.5 0.5 30 250 TO-204 Mod/197 

100 250 MJ10047. 75 min 100 4, 1 100 250 -/353 
MJ10048e 75 min 100 20. 8 lOO 250 -/353 

• Darlington with spee~-up diode. 

TABLE 14 - POWER SWITCHING TRANSISTORS 

VCEO < 200 V 

Resistive Switching 

IcCont VCEO(sus) Device Type ts tf IT PD (Case) 
Amps Volts hFE @IC ,.. ,.. @IC MHz Watts Case 
Max Min NPN PNP Min/Max Amp Max Max Amp Min @2S'C J.EDEC/MOT 

O.B 40 MPS-U02 MPS-US2 30 min 0.5 150 10 -/152 

1 120 MPS-lJ03 40 min 0.1 100 10 -/152 

lBO MPS-U04 40 min 0.1 100 10 -/152 

2 20 BDSOS BDS06 40 min 1 '50 10 -/152 

30 BDS07 B050B 40 min 1 50 ' 10 -,-/152 
MPS-UOl MPS-USl 50 min 1 50 10 -/152 

40 BDS09 BDS10 40 min 1 50 10 -/152 
II/IPS-U01A MPS-US1A 50 min 1 50 10 -/152 
II/IPS-U4S# MPS-U95# 4kmin 1 100 10 -/152 

45 BDS1S BDS16 25 min 0.5 50 10 -/152 

60 80517 BDS18 25 min 0.5 50 10 -/152 
MPS-UOS MPS-U55 60 min 0.25 50 10 -/152 

BO BD519 BD520 25 min '0.5 50 10 -/152 
MPS-U06 MPS-U56 60 min 0.25 50 10 -/152 

100 BD529 BD530 30 min 0,25 50 10 -/152 
MPS-U07 II/IPS-U57 60 min 0.25 50 10 -/152 

150 2N5051 25/100 0.75 3.5 1.2 0.75 10 ' 40 TO-213AA1S0 

3 40 2N3i19 25/180 2 0.4* 1 60 6 TO-205AA131 
2N3867 40/200 2 0.4* 1 60 6 TO-205AA131 .. 

60 2N3720 25/180 2 0.4* l' 60 6 TO-205AA131 . 2N3B6B 30/150 2 0.4* 1 60 6 TO-205AA131 

BO 2N6303 30/150 2 0.4* 1 60 6 TO-205AA131 

# Darlington * toft ((11 MHz (continued) 
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TABLE 14 - POWER SWITCHING TRANSISTORS (continued) 

Resistive Switching 

IcCont VCEO(sus) Oevice Type is if fy Po (Case) 
Amp. Volts hFE @IC pS p. @IC MHz Watts Case 
Max Min NPN PNP MiniMax Amp Max Max Amp Min @25"C JEOECIMOT 

4 30 B0185 B0186 15 min 2 20 40 TO-225AA177 

45 B0187 B0188 15 min 2 20 40 TO-225AAI77 
B0785 B0786 20 min 2 50 15 TO-225AA/77 

60 2N4877 201100 4 1.5 0.5 4 30 10 TO-205AOn9 
B0189 B0190 15 min 2 20 40 TO-225AAl77 
B0787 B0788 20 min 2 50 15 TO-225AA177 

80 B0789 B0790 10 min 2 40 15 TO-225AA177 

100 B0791 B0792 10 min 2 40 15 TO-225AA177 

5 60 MJ8100 2511BO 2 1 0.15 2 30 10 TO-205A0/79 

80 2N5337 2N6191 60/240 2 2 0.2 2 30 10 TO-205A0/79 

100 2N5339 2N6193 60/240 2 2 0.2 2 30 10 TO-205A0/79 

7 60 2N6315 2N6317 20/100 2.5 1 O.B 2.5 4 90 TO-213AAlBO 

80 2N5428 60/240 2 2 0.2 2 30 60 TO-213AA/80 
2N5347 2N6187 60/240 2 2 0.2 2 30 60 TO-210AA/160 
2N6316 2N6318 20/100 2.5 1 O.B 2.5 4 90 TO-213AA/BO 

100 2N5430 60/240 2 2 0.2 2 30 60 TO-213AA/BO 
2N5349 2N6189 60/240 2 2 0.2 2 30 60 TO-210AAl160 

7.5 60 2N3447 40/120 5 2 0.35 5 10 115 TO-2041l1 

80 2N3448 40/120 5 2 0.35 5 10 115 TO-204/11 

8 120 MJ3247 MJ3237 40 min 3 0.4typ 0.18typ 5 20 75 TO-213AA/BO 
MJ4247 MJ4237 40 min 3 0.4 typ 0.1Btyp 5 20 90 TO-204/11 
MJE15028 MJE15029 20 min 4 0.4typ 0.18 typ 5 30 50 TO-220/221A 

150 MJ3248 MJ323B 40 min 3 0.4 typ 0.1Btyp 5 20 75 TO-213AA/BO 
MJ4248 MJ423B 40 min 3 0.4typ 0.1Btyp 5 20 90 TO-204/11 
MJE15030 MJE15031 20 min 4 0.4 typ 0.1Btyp 5 30 50 TO-220/221A 

10 60 MJ6700 25/1BO 2 1 0.15 2 30 60 TO-210AAl160 
2N5877 2N5875 20/100 4 1 O.B 4 4 150 TO-204/11 

80 2N5878 2N5876 20/100 4 1 0.8 4 4 150 TO-204/11 

15 60 2N5881 2N5879 20/100 6 1 O.B 6 4 160 TO-204/11 

80 2N5882 2N5880 20/100 6 1 O.B 6 4 160 TO-204/11 

18 160 BUX41N B min 12 1.2 0.25 12 8 120 TO-204/1 

20 75 2N5039 20/100 10 1.5 0.5 10 60 140 TO-204/1 

80 2N5303 2N5745 15/60 10 2 1 10 2 200 TO-204/11 

90 2N5038 20/100 12 1.5 0.5 12 60 140 TO-204l1 

125 BUX40 B min 15 1 0.25 15 B 120 TO-204/1 

160 BUVllN 10 min 15 1.2 0.25 15 B 150 TO-204/1 

25 60 2N5885 2N5883 20/100 10 1 O.B 10 4 200 TO-204/11 

80 2N5886 2N5884 20/100 10 1 O.B 10 4 200 TO-204/11 
2N6436 30/120 10 1 0.25 10 40 200 TO-204/1 

100 2N6338 30/120 10 1 0.25 10 40 200 TO-204/1 
2N6437 30/120 10 1 0.25 10 40 200 TO-204l1 

120 2N6339 30/120 10 1 0.25 10 40 200 TO-204/1 
2N6438 30/120 10 1 0.25 10 40 200 TO-204/1 

125 BUV10 10 min 20 1.2 0.25 20 8 150 TO-204/1 
BUV10N 10 min 20 1.55 0.45 1il 10 175 TO-204/1 

(continued) 
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TABLE 14 - POWER SWITCHING TRANSISTORS (continued)" 

" Resistive Switching 

IcCont VCEO(susl Device Type ts tf ,fT PD (Casel 
Amps" Volts hFE ' @IC ,.s ,.s @IC MHz Watts Case 
Max Min NPN' PNP MinIMax Amp Max Max Amp Min @25"C J.EDECIMOT 

25 140 2N634O 30/120 10 1 0.25 ,10 40 200 TO-204/1 

150 2N6341 30/120 10 1 0.25 10 40 200 TO-204fl 

30 40 2N5301 2N4398 15160 15 2 1 10 2 200 TO-204fll 

60 2N5302 2N4399 15160 15 2 1 10 2 200 TO-204/11 

90 BUX39 8 min 20 1 0.25 20 8 120 TO-204fl 

40, 160 BUV21N 10 min 40 1 0.2 40 8 250 TO-204 Mod/197 

50 BO 2N6377 30/120 20 0.8 TO-204 Modl197 

100 2N6274 2N6378 30/120 20 0.8 0.25 20 30 250 TO-204 Mod/197 

120 2N6275 2N6379 30/120 20 0.8 0.25 20 30 250 TO-204 ,Mod/l 97 

125 BUV20 10 min 50 1.2 0.25 50 8 250 TO-204 Mod/197 

140 2N6276 30/120 20 0.8 0.25 20 30 250 TO-204 Mod/197 

150, 2N6277 30/120 20 ,0.8 . 0.25 20 30 250 TO-204 Mod/197 

70 125 BUS50 15 min 50 350 TO-204 Mod/197 

TABLE 15 - SWITCHMODE POWER TRANSISTORS 

VCEO;;' 200 V 

Devices are listed in descending order of VCEOlsus). and IcGont 

Resistive Switching 

VCEO(susl IcCont VCEV Device Type ts tf fT PD (Casel 
Volts Amps Volts NPN unless hFE @IC ,.. ,.s @IC MHz Watts Case, 
Min Max Min otherwise noted MiniMax Amp Max Max Amp Min @25'C JEDECIMOT 

1000 24 1400 . BUT36## 5 min 16 6 2.5 16 250 TO-204 Mod/197 

12 1400 BUT16## 5min 8 3.3 1.5 B 150 TO-204fl 

900 2 1800 MJE1320 3 min 1 4typ O.B typ 1 BO TO-220/221A 

850 20 1200 MJ10025##* 50/600 20 5 l.B 10 TO-204/1 

3 1500 MJEl6034 4min 3 2 1.5 2 BO TO-220/221A 
1500 MJHl6034 4min 3 2 1.5 2 125 TO-2181340 

BOO 10 1400 MJ8505* 7.5 min 1.5 4 2 5 TO-204fl 
1500 MJ16018* 4min 5 4.5 typ 0.2 typ 5 TO-204/1 
1500 MJH,I6018* 4min 5 4.5 typ 0.2 typ 5 TO-2181340 

5 1400 MJ8503* 7.5 min 1 4 2 2.5 TO-204fl 
1400 MJE8503* 7.5 min 1 4 2 2.5 TO-220/221A 

2.5 1400 MJ8501* 7.5 min 0.5 4 2 1 TO-204fl 
1400 MJE8501* 7.5 min 0.5 4 2 1 TO-220/221 A 

750 20 1000 MJl0024##* 50/600 20 5 1.B 10 TO-204/1 

8 1500 MJ12005 5min 5 1 5 4typ TO-204/1 
1500 MJH12005 0.4typ 5 4 100 TO-21B/340 

5 1500 MJI2004* 2.5 min 4.5 1 4.5 4typ TO-204fl 

4 1500 MJ12003 2.5 min 3 1 3 4typ TO-204fl 

* Designers Data Sheet characterization 
., Darli"'!gton #I! Darlington with speed·up diode 

(continued I 
'Ioff " (hle( «, 1 MHz 



TABLE 15 - SWITCHMODE POWER TRANSISTORS (continued) 

Resistive Switching 

VCEO(sus) IcCont VCEV Device Type to tf fT PI) (Case) 
Voh. Amps Volts, NPN unless hFE @IC ,.s ,.s @IC MHz Watts Case 
Min Max Min otherwise noted MiniMax Amp Max Max Amp Min @25'C JEDECIMOT 

7SO 3 1500 MJE16032 4min 3 2 1.5 2 80 TO-220/221A 
1500 MJHl6032 4min 3 2 1.5 2 125 TO-21B/340 

2.5 1500 MJ12002* 1.11 min 2 1 2 4typ TO-204/1 
1500 MJE12007* 1.1 min 2 1 2 4typ TO-220/221A 

700 40 1000 BUT35## 15 min 24 4 1.2 '24 250 TO-204 Mod/197 

20 1000 BUT15## 15 min 12 2.5 O.B 12 175 TO-204/1 

10 1200 MJ8504* 7.5 min 1.5 4 2 5 TO-204/1 

8 1400 MJ10011# 20 min 4 1 4 TO-204/1 
1500 BU508,A 2.25 min 4.5 8 typ 0.5 typ 4.5 7 125 TO-218/34O 
1500 BU508D,AD 2.25 min 4.5 8 typ 0.5 typ 4.5, 7 125 TO-218/340 

5 1200 MJ8502* 7.5 min 1 4 2 2.5 TO-204/1 
1200 MJE8502* 7.5 min 1 4 2 2.5 TO-220/221 A 
1500 BU20BA 2.25 min 4.5 Btyp 0.4 typ 4.5 4 typ 90 TO-204l1 
1500 BU208D 2.25 min 4.5 0.6 typ 4.5 TO-204/1 

2.5 1200 MJE8500* '7.5 min 0.5 4 2 1 TO-220/221 A 

600 . 15 700 MJ10014##* 10/250 10 2.5 0.8 10 TO-204/1 

550 6SO MJ10013##* 10/250 10 2.5 0.8 10 TO-204/1 

500 50 750 MJ10016##* 10min 40 2.5 1 20 TO-204 Mod/197 
8SO BUT34## 15min 32 3 1.5 32 250 TO-204 Mod/197 

25 850 BUT14## 15min 16 2.8 0.8 16 175 TO-204/1 

20 600 MJ10009##* 30/300 10 2 0.6 10 8*,* TO-204/1 
800 MJ13335* 10/60 5 4 0.7 10 TO-204/1 

15 850 BUT51P## 40 min 5 1.1 0.16 10 125 TO-218/340 
1000 MJl6010A* 5 min 15 3 0.4 10 TO-204l1 
1000 MJH16010A* 5min 15 3 0.4 10 TO-218/340 

8 850 BUTSOP## 30mi,; 2 0.75 typ 0.1 typ 5 100 TO-218/340 
1000 MJl6006A* 5 min 15 3 0.4 10 TO-204/1 II 
1000 MJHl6006A* 5 min 15 3 0.4 10 TO-218/340 

5 1000 MJ16002A* 5 min 15 3 0.3 3 TO-204/1 
1000 MJH16092A* 5 min 15 3 0.3 3 TO-218/340 

450 50 SOO MJ 1 0044##* 50 min 50 3.8 1.3 50 -/353 

30 850 MJ16020 5 min 30 l.B 0.2 20 250 TO-204/1 
850 MJ16022 7 min 30 1.5·' 0.15 20 250 TO-204/1 
1000 BUS98A amin 16 2.3 0.4 16 250 TO-204 Mod/197 

20 650 MJ10008##* 30/300 10 2 0.6 10 B" TO-204/1 
850 2N6837* 10/30 15 2.5 0.25 15. 15 TO-204/1 
850 MJ16014* 5min 20 2.7 0.35 20 TO-204l197 
850 MJ16016* 7 min 20 2.2 0.25 20 TO-204/197 

15 750 MJ13091* Bmin 10 2.5 0.5 10 TO-204/1 
850 2N6836* 10/30 10 3. 0.35 10 10 TO-204/1 
850 MJ12022* q min 15 0.1 typ 10 TO-204l1 
850 MJ16010* 5min 15 1.2 typ 0.2 typ 10 TO-204l1 
850 MJ16012* 7 min 15 0.9 typ 0.15typ 10 '10-204/1 
850 MJH16010* 5min 15 1.2 0.2 .10 175 TO-218/34O 
850 MJH16012* 7 min 15 0.9 0.15 10 150 TO-218/34O 
1000 BUS48A B min 10 2 0.4 10 175 TO-204/1 

* Designers Data Sheet characterization 
# Darlington ## Darlington with speed·up diode * toff "Ihlel (a , MHz 

(continued) 
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TABLE 15 - SWITCHMODE POWER TRANSISTORS (continued) 

Resistive Switching 

VceO(susl IcCont VCEV Device Type ta tr tr Po (Casel 
Volts Amps Volts NPN unless hFE @Ic ,.s ,.. @IC MHz Watts Case 
Min Max Min otherwise noted MiniMax . Amp Max 'Max Amp Min @25OC JEDECIMOT 

450 15 1000 BUS48AP 8min 8 2 .0.4 >1.0 15.0 TO-218134O 
1000 BUWl3A 4 .0.8 ,s . 175 TO-218/34O 

9 1000 BUS47A 7 min 5 2 .0.4 5 15.0 TO-2D411 
1000 BUS47AP 7 min 6 2 .0.4 6 128 TO-218134D 

8 750 MJ13081* 8min 5 1.5 0.5 5 TO-2D411 
850 2N6835* 7.513 5 2.5 .0.25 5 1.0 TO-2D4Il 
850 MJEl6080 5min 8 2 .0.5 5 80 TO-22D/221A 
850 MJ12021* 5 min 8 .0.1 typ 8 TO-2D4Il 
850 MJl6006* 5 min 8 2.5 .0.25 5 TO-2D4/1 
850 MJl6008* 7 min 8 2.2 .0.25 5 TO,2D4/1 
850 MJHl8006* . 5min 8 2.5 .0.25 5 TO-218/34O 
850 MJHl6008* 7 min 8 2.2 .0.25 5 TO-218134O 
1000 BUWl2A 6 min 5 4 .0.8 5 125 TO-2181340 

5 750 MJl3071* 8 min 3 1.5 0.5 3 TO-204/1 
750 MJE13071* 8min 3 1.5 .0.5 3. TO-22D/221A 
850 2N6834* 1.0/3.0 3 2.7 D~35 3 15 TO-2D4Il 
850 MJ12020* 5min 5 .0'.13 typ ·3 TO-2D4Il 
850 MJl6002* 5 min 5 3 0.3 3 TO-204/1 
850 MJl6004* 8min 3 2.7 .0.35 3 TO-204l1 

, , 
850 MJE16002* 5min 5 3 .0.3 '3 TO-22D/221A 
850 MJEl6004* . 7 min 5 2.7 .0.35 3 TO-22D/221A 
850 MJHl6002* 5min 5 3 .0.3 3 TO-218134D 
850 MJHl6004* 7 min 5 2.7 0.35 3 TO"218134D 
1000 BUWllA 6min 2.5 4 .0.8 2.5 125 TO,218134D 

3 1000 BUX85 3D min .0.1 3.5 1.4 1·' ,4 5.0 TO-22D/221A 

400 56 600 BUT33##., 2.0 min 36 3.3' 1.6 '36 25Q TO-204 Mod/197 

50 650 MJl0015##* 1.0 min 4.0 2.5 1 2.0 TO-204 Mod/197 

40 600 MJl0023##* 5.0/60.0 1.0 2.5 .0.9 2.0 TO-2.o4 Mod/197 

30 850 BUS98 8 min 2.0 2.3 .0.4 2.0 25.0 TO-2D4 Mod/197 

28 600 BUT13## 2.0 min 2.0 2.6 .0.8 18 ,175 TO-2.o4Il 

20 450 BUV24 8min 12 3 .0.9 12 8 25.0 TO-2D4Il 
500 MJloool#* 40/400 1.0 3 1.8 

,~, 
1'.0 10** TO-2D4I1 

500 MJ10005#* 4.0/4.0.0 1.0 1.5 .0.5 1.0 10** TO-2D4Il 
500 MJl3333* 1.0/60 5 4 .0.7 1.0 TO-2D4Il 

15 850 MJ13090* 8 min' 1.0 2.5 .0.5 1.0 ' TO-2D4Il 
650 MJH6678 , 8min 15 2.5 .0.5 15 125 TO-218134O 
650 2N6678 8 min 15 2.5 .0.5 15 3 TO-2D4Il 
850 2N6547* 6/3.0 1.0 4 0.7 ,1.0 eto 24 TO-204/1 
850 BUS48 8 min 1.0 2 .0.4 10 175 TO-2D4Il 
850 BUS48P 8min 10 2 .0.4 1.0 150 TO-218134D 
850 BUW13 4 .0.8 1.0 175 TO-218134O 
850 BUX48 3 .0.6 1.0 TO-2D411 

12 700 MJE13009* 6/3.0. 8 3 .0.7 8 4" TO-22D/221A 

10 950 MJl2010 4.2 min 5 1 5 6typ TO-204/1 
550 MJ;0012# 1oo/2k 6 6 15 '15 6 TO-2D4Il 
500 MJl0003N* 3.0/3.0.0 5 2.5 1 5 10** TO-2D411 
500 MJ10007##* 3.01300 5 1.1 .0.25 ,5 10** TO-2D4Il 
450 MJ13015* 812.0 5 2 .0.5 5 TO-2D411 

9 850 BUS4.7 7,min 6 2 .0.4 6 150 TO-2D4Il 
850 BUS47P 7 min 5 2 .0.4 6 128 TO-218/34O 

* Designers Data Sheet characterization (continuedl 
II Darlington /III Darlington with speed-up diode 'Ioff "Ihlel @ 1 MHz 
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TABLE 15 - SWITCHMODE POWER TRANSISTORS (continued) 

Resistive Switching 

VCEO(sus) IcCont VCEV Device Type ts tf fy PD (Case) 
Volts Amps Volts NPN unless hFE @IC ,.. ,.s @IC MHz Watts Case 
Min Max Min otherwise noted MiniMax Amp Max Max Amp Min @ 25"(; JEDECIMOT 

8 850 2N6545* 7/35 5 4 1 5 6 TO-204/1 
800 MJE5742# 200/400 4 8typ 2 typ 6 TO-220/221 A 
800 MJE160BO 5min 8 2 0.5 5 80 TO-220/221 A 
850 BUW12 8min 8 4 0.8 5 125 TO-218/340 
850 BUX84 30 min 0.1 3.5 1.4 1 4 50 TO-220/221A 
700 MJE13007* 6/30 5 3 0.7 5 4 TO-220/221A 
650 MJ13080* 8 min 5 1.5 0.5 5 TO-204/1 
450 MJ6503-PNP* 15 min 2 2 0.5 4 TO-204/1 
450 MJE5852-PNP* 15 min 2 2 0.5 4 TO-220/221A 

6 900 BU326A 30typ 0.6 3.5 1" 2.5 8 90 TO-204l1 
900 BU426A 30typ O.S 2 typ 0.5 typ 2.5 6 typ 113 TO-218/340 

5 850 2N6543* 7/35 3 4 0.8 3 6 TO-204/1 
850 BUW11 6 min 3 4 0.8 3 125 TO-218/340 
650 MJ13070* 8 min 3 1.5 0.5 3 TO-204/1 
650 MJE13070* 8 min 3 1.5 0.5 3 TO-220/221 A 

4 700 MJE13005* 6/30 3 3 0.7 3 4 TO-220/221 A 

1.5 700 MJE13003* 5/25 1 4 0.7 1 5 TO-225AA177R 

0.5 400 MJ4647-PNP 20 min 0.5 0.72' 0.05 40 TO-205AD/79 

375 6 800 BU326 30 typ O.S 3.5 1" 2.5 6 90 TO-204/1 
800 BU426 30 typ 0.6 2 typ 0.5 typ 2.5 Styp 113 TO-218/340 

350 40 450 MJ10022##* 50/S00 10 2.5 0.9 20 TO-204 Mod/197 

20 450 MJ10000#* 40/400 10 3 1.8 10 10** TO-204/1 
450 MJ10004##* 40/400 10 1.5 0.5 10 10** TO-204/1 

15 550 2N6677 amin 15 2.5 0.5 15 3 TO-204/1 
375 2N6251 6/50 10 3.5 1 10 2.5 TO-204/1 
550 MJH6677 8min 15 2.5 0.5 15 125 TO-218/340 

10 450 MJ10002#* 30/300 5 2.5 1 5 10** TO-204/1 
450 MJ10006##* 30/300 5 1.5 0.5 5 10** TO-204l1 
400 MJ13014* 8/20 5 2 0.5 5 TO-20411 

8 700 2N6308 12/60 3 1.S 0.4 5 5 TO-204/1 II 
700 MJE5741# 200/400 4 8 typ 2 typ 6 TO-220/221A 
400 MJE5851-PNP 15 min 2 2 0.5 4 TO-220/221A 

2 400 2N6213-PNP 10/100 1 2.5 O.S 1 4 TO-213AAJ80 

325 30 400 BUV23 8 min 16 1.8 0.4 18 8 250 TO-204 Mod/197 

15 400 BUX13 8min 8 2.5 0.8 8 8 150 TO-204/1 

5 350 2N6235 25/125 1 3.5 0.5 1 20 TO-213AAJ80 

300 15 650 2N6546* 6/30 10 4 0.7 10 6t024 TO-204/1 
450 2N6676 amin 15 2.5 0.5 15 3 TO-204/1 
450 MJH6676 8min 15 2.5 0.5 15 125 TO-218/340 

12 600 MJE1300B* 6/30 8 3 0.7 8 4" TO-220/221 A 

B 600 2N6307 15/75 3 l.S 0.4 3 5 TO-204/1 
600 MJE13006* 6/30 5 3 0.7 5 4 TO-220/221A 
600 MJE5740 200/400 4 8 typ 2 typ S TO-220/221A 
350 MJE5850-PNP* 15min 2 2 0.5 4 TO-220/221 A 

5 400 2N6498 10/75 2.5 1.8 0.8 2.5 5 TO-220/221 A 

4 600 MJE13004* 6/30 3 3 0.7 3 4 TO-220/221A 

2 500 2N3585 25/100 1 4 3 1 10 TO-213AAJ80 
500 2N6422-PNP 25/100 1 4 3 1 10 TO-213AAJ80 
350 2N6212-PNP 10/100 1 2.5 O.S 1 4 TO-213AAJ80 

1.5 600 MJE13002* 5/25 1 4 0.7 1 5 TO-225AA177R 

* Designers Data Sheet characterization 
# Darlington ## Darlington with speed-up diode • toft ** /hfel (a 1 MHz 
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TABLE 15 - sWITCHMODE POWER. TRANSISTORS ('continued) 

Resistive Switching 

VCEDlsus) IcCont VCEV Device Type ts t, IT PoIC.se) 
Vohs Amps Vohs , NPN unless hFE @IC ,.s ,.s @IC MHz Watts Case 
Min Max Min othel'Wise noted MiniMax Amp Max Max. Amp Min @25'C JEOECIMOT 

300 1 300 2N5345-PNP 25/100 0.5 0.6 0.1 0.5 60 TO-213AA/80 

0.5 300 M.J4646-PNP 20 min 0.5 0.72" 0.05 40 TO-205AOn9 

275 15 300 2N6250 8/50 10 '3.5 1 10 2.5 TO-204/1 

250 100 300 MJ10047##* 75 min 100 4 1 100 -/353 
300 MJ10048#* 75 min 100 2 8 100 -/353 

60 350 MJ10021##* 25 min 30 3,5 0.5 30 TO-204 Mod/197 

40 300 BUV22 10 min 20 1.1 0.35 20 8 250 TO-204l1 
350 BUS52 15 min 40 350 TO-204/1 

20 300 BUV12 10 min 10 1.5 0.5 10 8 150 TO-20411 
450 MJ13331* 8/40 10 3.5 0.7 10 5/40 TO-204l1 

15 250 MJ11021#-PNP 100 min 15 3# TO"20411 
250 MJ11022# 100 min 15 3# TO-204l1 

12 300 BUX42 8 min 6 2 0.4 6 8 120 TO-204l1 

8 500 2N630& 15/75 3 1.6 0.4 3 5 TO-204l1 
400 MJ6502-PNP* 15 min 2 2 0.5 4 TO-204/1 

5 500 MJ3029 30 inin 0.4 1 3 TO-204/11 
350 2N6497 10/75 2.5 1.8 0.8 2.5 5 TO-220/221A 

2 375 2N3584 25/100 1 4 3 1 10 TO-213AA/80 
375 2N6421-PNP 25/100 1 4 3 1 10 TO-213AA/80 

1 250 2N5344-PNP 25/100 0.5 0.6 0.1 0.5' 60 TO-213AA/80 

225 2 275 2N6211 10/100 1 2.5 0.6 1 20 TO-213AA/80 

200 60 300 MJ10020##* 25 min 30 3.5 0.5 30 TO-204 Mod/197 

50 300 BUS51 15 min 50 350 TO-204/1 

40 250 BUV21 10 min 25 1.8 0.4 25 8 150 TO-204/1 

20 250 BUV11 10min 12 1.8 0.4 12 8 150 TO-20411 
400 MJ13330* 8/40 10 3.5 0.7 10 5/40 TO-204111 

15 225 2N6249 10/50 10 3.5 1 10 2.5 TO-204/11 
250 BUX41 8 min 8 1.5 0.4 8 8 120 TO-204/1 
200 MJ11019#-PNP 100 min 15 3# TO-204l1 
200 MJ 11 020# 100 min 15 3# TO-204/1 

3 250 BUV49P 30 min 0.5 25 20 TO-22SAA/77 

* Designers Data Sheet characterization 
# Darlington ## Darlington with speed-up diode * toft ** Ihfel (n 1 MHz 
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Application Selector Guides 

Application Literature 

To obtain copies of these notes. simply list the AN. AR. EB or EN numbers and send your request to: 
Technical Information Center. Motorola Semiconductor Products Inc .• P.O. Box 20924. 

Phoenix. Arizona 8503& 

AN-222A The ABC's of Solid-State DC-to-AC 

AN-484A 
AN-485 

AN-5&9 

AN-703 

AN-719 

AN-7&& 

AN-7&7 

AN-778 

AN-785 
AN-78& 

AN-803 

AN-828 

AN-845 

AN-861 

Inverters 
Medium Power Audio Amplifiers 
High-Power Audio Amplifiers with Short
Circuit Protection 
Transient Thermal Resistance - General 
Data and its Use 
Designing Digitally-Controlled Power 
Supplies 
A New Approach to Switching 
Regulators 
A Variable Frequency Control for 3</> 
Induction Motors 
A Line Operated, Regulated 5 V/50 A 
Switching Power Supply 
Mounting Techniques for Power 
Semiconductors 
Reverse-Bias Safe Operating Area 
Power Darlington Load Line 
Considerations 
The Effect of Emitter-Base Avalanching 
on High-Voltage Power Switching 
The Effects of Base Drive Conditions on 
RBSOA 
New Bipolars Compare Favorably with 
FETs for Switching Efficiency 
Power Transistors Safe Operating Area 
- Special Considerations for Motor 
Drives 

AN-873 Understanding Power Transistor 
Dynamic Behavior - dv/dt Effects on 
Switching RBSOA 
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AN-875 

AN-915 

AN-951 

AN-952 

AR-109 

AR-119 

AR-120 
AR-131 

AR-180 
AR-181 

EB-7& 
EB-78 
EB-85A 
EB-8&A 
EB-87A 
EB-88A 
EB-99 

EN-101 

Power Transistor Safe Operating Area -
Special Considerations for Switching 
Power Supplies 
Characterizing Collector-To-Emitter and 
Drain-To-Source Diodes for Switchmode 
Applications 
Drive Optimization for 1 kV Offline Con
verter Transistors 
Ultrafast Recovery Rectifiers Extend 
Power Transistor SOA 
Power Transistor Safe Operating Area -
Special Considerations for Motor Drives 
Dynamic Saturation Voltage - A Design
ers Comparison 
Speeding Up the High Voltage Transistor 
Baker Clamps, Traditional Concepts 
Updated ... 
Electronic Ballasts 
Bipolar Transistors Excel in Off-Line Res
onant Converters 
Horizontal CRT Deflection Techniques 
New ICs in Switching Supplies 
Full-Bridge Switching Power Supplies 
Half-Bridge Switching Power Supplies 
Flyback Switching Power Supplies 
Push-Pull Switching Power Supplies 
Proportional Reverse Base Current Drive 
Circuit 
Verifying Collector Voltage Ratings 



.'-, .. 

Audio 

GENERAL DESIGN CURVES FOR POWER AUDIO OUTPUT STAGES 

V IBRICEO Required on Output and Driver Transistors 

versus 

500 

300 

Output Power for 4, 8 and 18 Ohm Load 

,160"~~ 

~~ 
",0""" 

-

50 

~ 30 
E 
~ 
C 
E 10 
;S. 
o 
:; 5.0 
Co 
:; 3.0 
o 

i 
1.0 

~ 

V 10 
10 30 50 100 300 500 1000 10 

Output Power (Watts) 

Output Transistor Peak Collector Current 

versus 

Output Power for 4, 8 and 16 Ohm Loads 

~~ I--'~ 
1.0""" 
0""" ,6~ -k- .... 

~ 

30 50 100 300 500 
Output Power (Watts) 

1000 

Another important parameter that must be considered before selecting the output transistors is the 5af~
operating area these devices must withstand. For a complete discussion on these see Application Notes 
AN-484A and AN-485.· . , 

TABLE 16 - RECOMMENDED POWER TRANSISTORS FOR AUDIO/SERVO LOADS 

RMS Po for 
Power Watts hFE@ Ie MHz 158 
Output NPN PNP Case @25'C VeEO MiniMax Amps Typ Volts/Amps 

T025W MJE15030 MJE15031 TO.220 50W 150 V 20 min 4A 70 14/3.6 

25t050W 2N3055A MJ2955A TO-204 120W 120V 20/70 4A 3 60/2 
MJ15001 MJ15002 TO-204 200W 140 V 251150 4A 3 40/5 

50 to 100W MJ15015 MJ15016 TO-204 180W 120 V . 20nO 4A 3 60/3 
MJ15003 MJ15004 TO-404 250W 140V 25/150 5A 3 100/1 

Over loOW MJ15024 MJ15025 TO-204 250W 250 V 15/60 SA 8 80/2.2 

The Power Transistors shown are provided for reference only and show device capability. The·final choice 
of the Power Transistors used is left to the circuit designer and depends upon the particular safe-operating 
area required and the mounting and heat sinking configuration used. 



Base 
Drive 

CRT Deflection 

Horizontat 
Output 

The typical raster scanning television or CRT data mon
itor normally uses an inductive ·switched horizontal out
put stage. The horizontal output switching is accom
plished by a high voltage bipolar power transistor. This 
device switches from 0.5 to 5 A or higher collector current 
levels and must block a 100 to 1500 V retrace or fly back 
pulse. The listed Motorola semiconductor power devices 
will easily handle this task if the circuit electrical param
eters have been properly established. 

r-
CA I 

I 
I 
I 

--, 
I 
I 
I 
I 

I I 
L"? ___ J 

Rectifier-Capacitor 
Ctamp Network 

~CS 

TABLE 17 - HORIZONTAL CRT DEFLECTION TRANSISTOR SELECTOR GUIDE 

Retrace IpK Scan Preferred VeEX 
Applications Voltage Amps Rate Devices* Volts 

Line Operated T.V. (120 Vae} 
Small Screen BIW Up to 975 1 to 2 15 k MJ12002 1500 
Large Screen BIW, or 
Small Color Up to 975 2 to 3 15 k MJ12003 1500 
Large Screen Color Up to 975 4to 5 15 k BU508,D 1500 

Battery Operated T.V. Up to 250 3 to 10 15 k BU407 350 

Display Monitors 
Low End Up to 250 3to 10 20 k BU407 350 
High End Up to 975 2 to 5 30 k MJH16018 1500 

* Additional selections are available for specific circuit requirements - see Device Selection By Package Type. 
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Ie 
Amps 
II 
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Preferred Leadform Options For Motorola 
Plastic Power Transistors 

; ~> '.- '. ; ,: \:", , 

ORDERING INFORMATION 

. TO-225AA (Case 771. T0.,225AB (CaSe 90), TO-220AB (Case 221A) .. 
i)evices maybe leadformed by first converting toa spedal "SJE" number. TheJactory m~st be given the 
designation of the package and the applicable lelldform suffix letter. The factory rj1usfbe·consulted. 

TO-22SAA LEAD FORMS 

LEADFORMA LEADFORM B 

0.860 

-J] .11 
~ roo93T" j 1-0931,. 

~=k L ~---l,5' 
C'S,"," 0.100 ."""'s,,,.,, ~ 

LEADFORMD 
0.391 0.556 

-11 
at"" r-;:::o' -Bro.m 

0531 Rad.Typ. 

0:481 ~:~~: 

LEADFORMA 

g:~~~ 0.857 

.J.T 
~ rt°· ... _\ 0.820 

0.590_ 
0.166 l-0.570 

~ L. O.O"'~d.T". 
0.205 
lIn. 

. T 
MOllntinaSurfau 

LEADFORM E 

'~J.o± Min. MIX. .OlSR'd.Typ. 

. =f""T I. 0.'90 
I .--0.570 

O",I;"S,"". to.m~ 
.0.66' 

TO-225AB LEADFORMS 
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LEADFORM C 

ll~ E:i~o'53I =r 0.481 O.25Rad.lyp. 

1 1-0380 

.",I",S"',,. ~o."'~ 

O.093Typ, 

!!~ 0.226 
0.186 

Mountinl 
Surface 

t 
-.1 or 

LEADFORM F 

LEADFORM C 

-l f-0166 
~L~ ~0,4<)90'304" t O.OZ5Rad.Typ. 

.",,;,;t U:0'''~ SlIrtlee I 
.680 . 



TO-220 LEADFORMS 
Options are listed in parenthesis below standard dimensions. 

LEADFORMAJ 

.580 :!: O.O,~ -+II'+- 0.017 10 0.004 ~
0'7" = 0.030-+11 

UYJo"'=E~ 
I 

LEADFORMS W 110 WC 

c±:C}===j 
I-- 0.800 = 0.010 J 

10.750 .t 0.010) 

LEADFORMS 5F 110 5FA 

~
O'928.:tO'020 
to.920:!:O.020~ 

E5
0'653=0'010~ I ~ 

0.312 
-1:0.Q15 

, "03O=0'010~.L 

LEADFORMAK 

~b o,b,ffiff 
0.590 :!:O.010..j ··.H .... o.ol'~f--

O.790:!:O.030~ _0.0 

LEADFORM 2A 

LEADFORMS 5R 110 5RA 

1Cj'00201 -L 
, G·'20'O.015~ 
1- 0.653'0.010-1 It r:::.: 0.928 .t 0.010 ~ 

(0.920 :!: 0.020) 

LEADFORMS 

LEADFORMS 3 110 3A 

0.325 .:t 0.020 

~.I 1O.'OO'0.020r~ 

b ~ ~Jo~o,o'] u ~ 
0.600,0.010.1 I L 
O.750'.0.010~ 

LEADFORMS 10R 110 10RC 

[--,.030, 0.0201 

J--r=J :r~ 
~fLJLJ 

~".,0.01O-IJ 1.000:!:0.020 
(0.7451:0.0201 

LEADFORM 15FA LEADFORM 16 

iO.620 , 0.D1~-.l 
~JO~0015~ 

1--0.780 ,0.010 

d---CA, 
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j..-O.680 :': 0.005--1 

+=-flBB 
0.005:':0.005 
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TO-204AA 

Mounting Hardware 

./ CHASSIS OR 
, HEATSINK 

TO-213AA 

• Longer screws (not available from Motorola) and multiple bushings may he required 

ior thick chassis or heat sink. 

• Longer screws (not available from Motorola! and multiple 

bushIngs may be required for thick chaSSIS or heat smk 

TO-22SAA 

~ 
~ _4-40 HEX HE, AO SCREW 
tifjjJ , B09489A030 

/~ _COMPRESSION WASHER 
~ B52200F006 

TORQUE REQUIREMENTS 
O.68N·m f6IN·LBS.) MAX. 
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MOUNTING HARDWARE - continued 

Part numbers In this 
column for 

Part numbers In this 

column for 

INSULATED *HIGH VOLTAGE 
MOUNTING ~ INSULATED MOUNTING 

.. 6-32 HEX HEAD SC:e'W '-440 HEX HEAD SCREW .. 
809489A030 

B09489A031 

STEEL COMPRESSION WASHER 
(For 6-32 Screwl 

B52200FOO4 

RECTANGULAR 
MICA INSULATOR 

B05608AOOl 

OR 

ROUND MICA INSULATOR -. 
B52600F013 

HEAT SINK OR CHASSIS_ 

TO·225AB 

"'- RECTANGULAR 
'- MICA INSULA TOR 
\. '" B0560BA002 

OR 
ROUND MICA INSULATOR 

852600F015 

@ 4-40 HEX NUT 

6-32 HEX HEAD NUT - -- B09490A005 

B09490AOOS 

TORQUE REaUIREMENTS 
Insulated 0.68 N-m i6 IN. LBS.} MAX 

High Voltage Insulated 0.90 N-m (8 IN. LBS.) MAX 

• High voltage mounting reqUirements depend on use environment User IS encouraged 

to make hiS own evaluation 

Part Numbers in This 
Column for 

NON-ISOLATED 
TO·218AC 

Part Numbers In This 
Column for 

INSULATING MOUNTING 
FROM SCREW .. .. /'" T 4-40 HEX HEAD SCREW 

6-32 HEX HEAD _ B09489A030 
SCREW 

B09489A032 , STANDARD \Llf ~ NYLON INSULATING BUSHING 
, B51547F018 

MOTOROLA 
SEMiCONDUCTOR ........... 

CASE 340-01 ! \:===:::::1 

HEAT SINK <., , I ~--~ "-. STANDARD i MICA INSULATOR OR CHASSIS -SL. ___ ..J. 
,-------' B52600F018 

(1) FLAT WASHER --==~== COMPRESSION WASHER 

COMPRESSION ~L-'-~_( ---- B52200FOO5 

NUTOR 
LOCK WASHER 

B52200F004 (,-.c.L~-,;:",-,) -- 4-40 HEX NUT 
/ B09490AOO5 

6-32 HEX NUT 
B09490AOO6 TORQUE REQUIREMENTS 

0.68 NM (6 in.llbs.) rna •. 
Recommended Torque: 0.57 Nm/5 in.llbs. - 5.5 kg/cm. 

(1) USE WITH LOCK WASHER 
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TO·220AB 
PREFERRED ARRANGEMENT 

for Isolated or Non-Isolated 
Mounting. Screw is at Semi
conductor Case Potential. 
6-32 Hardware is Used. 

Choose from Parts Listed 

T - ::::EX ~SCREW 
B09489A035 

111 RECTANGULAR STEEL 

/ WASHER Y / I B09002AOOl 

: I SEMICONDUCTOR===:> 
(CASE 221, 221A) 

i : , 
n 1 1 ( 121 RECTANGULAR 
LJ . S MICA INSULATOR 

'Ir_~ __ '-----l'--.. BOBB53AOO' 

L I ,: ~ __________ 12::toE:!~~~~NG 
I B51547F005 

",-r-'-~-7 ---------- 131 FLAT WASHER 
'-....L.~~..J( B51567F036 

, 
\ : : 

---- 141 COMPRESSION o. 
) 6-32 HEX NUT LOCK WASHER 

I B09490A006 B52200F004 

: 
( L :r 

(1) Used With thin chaSSIS and/or large hole. 

(2) Used when Isolation IS required . 

(3) ReqUired when nylon bushing and lOCK washer are used. 

(4) CompreSSion washer preferred when plastiC insulating 

matenel IS used 

ALTERNATE ARRANGEMENT 
for Isolated MountlMg 

when Screw must be at 112 Heat'Slnk PotentiaL 
4·40 Hardware IS Used. 

~ U,e PO''' .Be'ow. 

I 4-40 HEX HEAD SCREW c::: ~ B09489A034 

~-- NYLON INSULATING BUSHING 
: I : I B515.47F019 

SEMICONDUCTOR ===:> 
(CASE 221.221 A) 

] I, rl-----,( " RECTANGULAR 

L. ___ -'< MICA INSULATOR 

fTT~ 
~ B088&3AQOl 

HEAT SINK 

I 
, :, :, ( __ COMPRESSION WASHER 

\L. _'-; -,-~; _ B52200F005 
: (L ;: ) ____ 4_40HEXNUT 

'-<"'"--I-Lo..... B09490A005 

, 
TORQUE 

REQUIREMENTS 

Insulated 

0.68 N M (6 In·lbs) max 

Noninsulated 

0.9 N·M (8 In·lbs) max 
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Data Sheets 
The following power transistor data sheets 

are arranged in alphanumeric sequence, 
some data sheets may contain information 
applying to more than one transistor - e.g. 
2N4398, 2N4399, 2N5745. To determine if a 
particular device type is covered by a data 
sheet in this section, either refer to the alpha
numeric listing of the Index and Cross Ref
erence on page 1-2 or simply turn to the 
proper sequence for indication of where the 
Data Sheet can be found. 

3-' 



MOTOROLA 
, - SEMICONDUCTOR 

TECHNICAL DATA 

MEDIUM-POWER NPN SILICON TRANSISTORS 

· .. designed for general purpose switching and amplifier applications. ' 

• Excellent Safe Operating Area 

• DC Current Gain Specified to 3.0 Amperes 

• Complement to PNP Type 2N6049 or 2N4912 

*MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Emitter Voltage 
(RSE ~ lOOn) 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 
Peak 

Base Current 

Total Device Dissipation @TC == 2SoC 
Derate above 25°C 

Operating and Storage Junction, 
Temperature Range 

*Indicates JEDEC Registered Data 
**Addition to JEDEC Registered Data 

THERMAL CHARACTERISTICS 

Characteristic, 

Thermal Resistance. Junc~ion ,to Case 

Symbol 2N3D54A I 2N3054 

VeEO 55 

VeER 60 

Ves 90 

VES 7.0 

Ie 4.0 
10** 

IS 2.0 

Po 75 I 25 
0.43 0.143 

TJ. Tstg -65 to +200 

F,IGURE 1 - POWER·TEMPERATURE DERATING 
80 
t--r-.-
~ 

"" "'- 2N3054A 

'" I'.. 
r- "~ -r--~N3054 ~ 

r----~ o 
o ~ ~ 80 80 ~ m ~ ~ ~ ~ 

TC. CASE TEMPERATURE IOC) 

3-2 

Unit 

Vdc 

Vdc 

Vdc 

Vdc 

Adc 

Adc 

Watts 
wloe 

°c 

STYLE 1: 

2N3054 
2N3054A, 

4 AMPERE 

POWER TRANSISTORS 
NPN SILICON 

55 VOLTS 
26 WATTS - 2N3054 

75 WATTS - 2N3D54A 

PIN 1. 8ASE 
2. EMITTER 

00', ro~':rl_?_":: __ --c-::=-..jir--t---r 

TT 
E 

SEATING PLANE 

s 

LMtLLlMETERS INCHES 
DIM MIN MAX MI MAX 
B 11.94 12.70 0.470 0.500 
C 6.35 8.64 0.250 0.340 
0 0.71 0.86 0.028 0.034 
E 1.27 1.91 0.050 0.075 
F 24.33 24.43 0.958 0.962 
G 4.83 5.33 0.190 0.210 
H 2.41 2.67 0.095 0.105 
J 14.48 14.99 0.570 0.590 
K 9.14 - 0.380 
P 1.27 0.050 
n 3.61 3.86 . 0.142 0.152 
S 8.89 - 0.350 
T - 3.68 0.145 
U 15.75 0.6~ 

All JEDEC Dimensions and and Notes Apply. 

CASE 80-02 
TO-213AA 

• 



2N3054,A 

ELECTRICAL CHARACTERISTICS ITC = 250 unless otherwise noted) 

Characteristic 

*OFF CHARACTERISTICS 

Colieetor-Emitter SustainingVoltage 11) 
(lC = 100 mAde, IB = 0) 

Collector-Emitter Sustaining Voltage (1) 

(lC = 100 mAde, RBE = 100 n) 

Collector Cutoff Current 
IVCE = 30 Vde, IB = 0) 

Collector Cutoff Current 

IVCE = 90 Vde, VBEloff) = L5 Vde) 
IVCE = 90 Vde, VBEloll) = 1.5 Vde, TC = 1500 C) 

Emitter Cutoff Current 

IVBE = 7.0 Vde, IC = 0) 

*ON CHARACTERISTICS 11) 

DC Current Gain 
IIC = 0,5 Ade, VCE = 4.0 Vde) 
IIc = 3.0 Ade, VCE = 4.0 Vde) 

Collector-Emitter Saturation Voltage 
IIc = 500 mAde, I B = 50 mAde) 
IIC =3.0 Adc, I B = 1.0 Adc) 

Base-Emitter On Voltage 
IIc = 500 mAde, VCE = 4.0 Vde) 

DYNAMIC CHARACTERISTICS 

Current-Gain-Bandwidth Product 
IIc = 200 mAde, VCE = 10 Vde) 

*Small-Signal Current Gain 
IIc = 100 mAde, VCE = 4.0 Vde, I = 1.0 kHz) 

*Common-Emitter Cutoff Frequency 

IIc = 100 mAde, VCE = 4.0 Vde) 

·'ndicates JEDEC Registered Data 
(1) Pulse test: Pulse Width ~300 J,l.s, Duty Cycle ':::;;2.0% 

FIGURE 2 - SWITCHING TIME EQUIVALENT TEST CIRCUIT 

APPROXnTURN_ON PULSE 
+11 V I 

- 11 Vin II 

VBEloff) : 

APPROX 
+11 V 

" 
I 
I 
I I 

Vin -,-- --I 

13 

VCC o-~vw-----, 

-4.0 V 
11 < 15 ns 
100<12<500". 
t3 < 15 ns 

DUTY CYCLE ~ 2.0% 
I I 

-: 12 I.-
APPROX 9.0 V 

l---
TURN·OFF PULSE 

3·3 

Symbol 

VCEOlsus) 

VCERlsus) 

ICED 

ICEX 

lEBO 

hFE 

VCEls.t) 

VBElon) 

3.0 

2.0 

1.0 

IT 

hie 

Ihle 

Min M.x 

55 -
60 -
- 500 

- 1.0 

- 6.0 
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FIGURE 4 - THERMAL RESPONSE 
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There are two limitations on the power handling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate Ie - VeE limits of the tran· 
sistor that must be observed for reliable operation; i.e., the transistor 
must not be subjected to greater dissipation than the' curves indicate. 

The data of Figure 5 is based on T J(pk) := 200°C; TC is variable 
depending on conditions. Second breakdown pulse limits are valid 

for duty cycles to 10% provided T J(pk) < 200°C. T J(pk) may be 
calculated from the data in Figure 4. At high case temperatures, 
thermal limitations will reduce the p~wer that can be handled. to 
values less than the limitations imposed by second breakdown. 

FIGURE 1 - CAPACITANCE 
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FIGURE B - DC CURRENT GAIN 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

COMPLEMENTARY SILICON POWER TRANSISTORS 

· .. designed for general-purpose switching and amplifier applications. 

• DC Current Gain - hFE = 20-70@ IC = 4 Adc 

• Coliector·Emitter Saturation Voltage -
VCE(sat) = 1.1 Vdc (Max) @ IC ~ 4 Adc 

• Excellent Safe Operating Area 

MAXIMUM RATINGS 

Rating Symbol 

Collector-Emitter Voltage VeEO 

Collector-Emitter Voltage VeER 

Collector-Base V91tage Vee 

Emitter-Base Voltage VEe 

Coilector Current - Continuous Ie 

B,ase Cu'-;rent IS 

Total Power Dissipation@ TC = 2SoC Po 
Derate above 2SoC 

Operating arid St()rage Junction TJ. Tst9 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case 

FIGURE 1 - POWER DERATING 
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Unit 

Vdc 

Vdc 

Vdc 

Vdc 

Adc 

Adc 

Watts 
WIDe 

De 

NPH 
2N3055 

PHP 
MJ2955 

15 AMPERE 
POWER TRANSISTORS 

COMPLEMENTARY SILICON 

60 VOLTS 
115 WATTS 

L~'~ 
~ K T 
SEATING· D I 

PLANE 

NOTES: 
1. OIAMETERS D. V ANO SURFACET ARE DATUMS. 
2. POSITIONAL TOLERAN.CE FOR HOLE D: 

1 .. 1.0.25(0.010)@ITIV@1 
3. POSITIONAL TOLERANCE FOR LEADS: 

1 $1.0.30 (0.012) I9ITI V@IQ@1 
4. DIMENSIONING AND TOLERANCING PER ANSI 

YI4.5.1973. 

STYLE 1: 
PIN 1. SASE 

2. EMITTER 
CASE: COLLECTOR 

MILLIMETERS 
DIM MIN MAX 

A 39.37 
B 21.08 
C 6.35 7.62 
o 0.99 1.09 
E 3.43 
F 30.15 BSC 
G 10.92 SSC 
N 5.46 BSC 

16.89 SSC 
K 11.18 12.19 
n 3.84 4.09 
R 26.67 
V 3.84 409 0.151 

CASE 11-01 
TO-204M 

• 



2N3055 NPN/MJ2955 PNP 

ELECTRICAL CHARACTERISTICS (TC = 25°C unless otherwise noted) 

I Characteristic I Symbol Min Max Unit 

'OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage (1) 
IIC = 200 mAde, IB = 0) 

Collector-Emitter Sustaining Voltage (1) 

IIc = 200 mAde, RBE = 100 Ohm.) 

Collector Cutoff Current 
(VCE = 30 Vde, IB = 0) 

Collector Cutoff Current 
(VCE = 100 Vde, VBE(oll) = 1.5 Vdc) 
(VCE = 100 Vde, VBE(off) = 1.5 Vde, TC = lSOoC) 

Emitter Cutoff Current 
(VBE = 7.0 Vde, IC = 01 

'ON CHARACTERISTICS (1) 

DC Current Gain 
IIC = 4.0 Ade, VCE = 4.0 Vde) 
(lC = 10 Ade, VCE = 4.0 Vde) 

Collector-Emitter Saturation Voltage 
(lC = 4.0 Ade,.IB = 400 mAde) 
(lC = 10 Ade, IB = 3.3 Ade) 

Base-Emitter On Voltage 
(lC = 4.0 Ade, VCE = 4.0 Vde) 

SECOND BREAKDOWN 

Second Breakdown Collector Current with Sase Forward Biased 
(VCE = 40 Vde, t = 1.0 s; Nonrepetitive) 

DYNAMIC CHARACTERISTICS 

Current Gain - Bandwidth Product 
(lC = 0.5 Ade, VCE = 10 Vde, I = 1.0 MHz) 

"'Smal'-Signal Current Gain 

IIC.= 1.0 Ade, VCE = 4.0 Vde, I = 1.0 kHz) 

*Small-Signal Current Gain Cutoff Frequency 
(VCE = 4.0 Vde, IC = 1.0 Ade, I = 1.0 kHz) 

* Indicates Within JEDEC Registration. (2N305S) 

(1) Pulse Test: Pulse Width .. 300l's, Duty Cycle .. 2.0%. 

VCEO(sus) 60 - Vde 

VCER(sus) 70 - Vde 

ICEO - 0.7 mAde 

ICE X mAde 
- 1.0 
- 5.0 

lEBO - 5.0 mAde 

hFE -
20 70 
5.0 -

VCE(sat) Vde 
- 1.1 

3.0 

VBE(on) - 1.5 Vde 

IT MHz 
2.5 -

hIe -
lS 120 

Ihle 10 - kHz 

FIGURE 2 - ACTIVE REGION SAFE OPERATING AREA 
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There 8re two limitations on the power handling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate Ie-VeE limits of the transistor 
that must be observed for reliable operation; i.e., the transistor must 
not be subjected to greater dissipation than the curves indicate . 

The data 01 Figure 2 i. based on TC = 250 C; TJ(pk) i. variable 
depending on poV\ler level. Second breakdown pulse limits are 
valid for duty cycles to 10% but must be derated for temperature 
according to Figure 1. 



2N3055 NPN/MJ2955 PNP 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

COMPLEMENTARY SILICON 
HIGH-POWER TRANSISTORS 

· .. PowerBase complementary transistors designed for high power 
audio, stepping motor and other linear applications. These devices 
can also be used in power switching circuits such as relay or solenoid 
drivers, dc-to-dc converters, inverters, or for inductive loads requiring 
higher safe operating area than the 2N3055 and MJ2955. 

• . Current-Gain - Bandwidth-Product @ IC ;, 1.0 Adc 
fT = 0.8 MHz (Min) _ NPN 

= 2.2 MHz (Min) - PNP 

• Safe Operati ng Area - Rated to 60 V and 
120 V, Respectively 

*MAXIMUM RATINGS 

2N3055A MJ15015 
Rating Symbol MJ2955A MJ15016 

Collector-Emitter Voltage VCEO 60 120' 

Collector-Base Voltage VCBO 100 200 

Collector-Emitter Voltage Base VCEV 100 200 
Reversed Biased 

Emitter-Base Voltage VEBO 7.0 

Collector Current - Continuous IC 15 

Base Current IB 7.0 

Total Device Dissipation @ T C == 2SoC Po 115 180 
Derate above 2SoC 0.65 1.03 

Operating and Storage Junction TJ. Tstg -65 to +200 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic I Symbol I Max Max 

Thermal Resistance, Junction to Case 8JC 1.52 0.98 

'Indicates JEOEC Registered Data (2N3055Al 

FIGURE 1 - POWER DERATING 
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Unit 

Vdc 

Vdc 

Vdc 

Vdc 

Adc 

Adc 

Watts 
W/oC 

°c 

I Unit 

°CIW 

NPH 
2N3055A 
MJ15015 

PHP 
MJ2955A 
MJ15016 

15 AMPERE 

COMPLEMENTARY SILICON 
POWER TRANSISTORS 

60,120 VOLTS 
115,180WATTS 

r= A-----j 

1;:-1 1 i rC 

1: - tm L'~ 
E D K 

SEATING PLANE _ - .t 

1--- J 

QI-v-l @F 

~. '~dj 

NOTES: 

u· • 

STYlET: 
PIN 1. BASE 

Z.EMITIER 
CASE COllECTOR 

1. Al.l RULES AND NOTES ASSOCIATED WITH 
REFERENCED TO·204M OUTLINE SHALL APPLY, 

2. DIAMETER V AND SURfACEWARE DATUMS. 
3. POSIT ER"NCE FOR HOLE Q: 

• 

CASE 1-04 
TO-204AA 

• 



NPN 2N3055A, MJ15015 
PNP MJ2955A, MJ15016 

ELECTRICAL CHARACTERISTICS (TC = 25°C unless.otherwise notedl. 

Characteristic I Symbol 

OFF CHARACTERISTICS (11 

·Collector-Emitter Sustaining Voltage 2N3055A, MJ2955A 
(lC = 200 mAde, IB = 01 MJ15015, MJ15016 

Collector Cutoff Current 

(VCE =30Vde, VBE(offl = 0 Vdel 2N3055A, MJ2955A 
(VCE = 60 Vdc, VBE(offl = 0 Vde) MJ15015, MJ15016 

·Collector Cutoff Current 2N3055A, MJ2955A 
(VCEV = Rated Value, VBE(offl = 1.5 Vde) MJ15015, MJ15016 

Collector Cutoff Current 2N3055A, MJ2955A 
(VCEV = Rated Value, VBE(off) = 1.5 Vde, MJ15015, MJ1.Sp16 

TC = i500 C) 

"'Emitter Cutoff Current 2N3055A, MJ2955A 
(VEB = 7.0 Vde, IC = 0) MJ15015, MJ15016 

·SECOND BREAKDOWN 

Second Breakdown Collector Current with Sase Forward Biased 
(t = 0.5 s non·repetitive) 2N3055A, MJ2955A 

(VCE = 60 Vde) MJ15015, MJ15016 

'ON CHARACTERISTICS (1) 

DC Current Gain 
(lC = 4.0 Ade, VCE = 2.0 Vdc) 
(lc = 4.0 Ade, VCE = 4.0 Vde) 
(lC· 10 Ade, VCE = 4.0 Vde) 

Collector-Emitter Saturation Voltage 
(lC = 4.0 Ade, IB = 400 mAdel 
(lC = 10 Ade, IB = 3.3 Adel 
(lC = 15 Ade, IB = 7.0 Adel 

Base-Emitter On Voltage 
(lC = 4.0 Ade, VeE = 4.0 Vdel 

"DYNAMIC CHARACTERISTICS 

Current-Gain-Bandwidth" Product .2N3055A, MJ15015 
(lC = 1.0 Ade, VCE = 4.0 Vde, f = 1.0 MHzl MJ2955A, MJ15016 

Output Capacitance 
(VCB • 10 Vde, Ie = 0, i = 1.0 MHz) 

* SWITCHING CHARACTERISTICS (2N3055A only) 

RESISTIVE LOAD 

Delay Time 

Rise !ime (VCC = 30 Vde, IC = 4.0 Ade, 

Storage Time 
IBl = IB2 = 0.4 Ade, 
tp = 25 "s Duty Cycle <; 2%1 

Fall Time' 

(1 t Pulse Test: Pulse Width = 300 "s, Duty Cycle <; 2%. 
"Indicates JEDEC Registered Data (2N3055A) 

3-10 

VCEO(sus) 

ICEO 

ICE V 

ICE V 

lEBO 

hFE 

VCE(satl 

VBE(onl 

fT 

Cob 

td 

tr 

ts 

tf 

Min Max Unit 

60 - Vde 
120 -

mAde 
- 0.7 

- 0.1 

- 5.0 mAde 

- 1.0 

30 mAde 
- 6.0 

- 5.0 mAde 
- 0.2 

-
10 70 
20 70 
5.0 -

Vde 
- 1.1 ,. 

- 3.0 

- 5.0 

0.7 1.8 Vde 

0.8 .. 6.0 MHz 
2.2 18 

60 600 pF 

- 0.5 '" - 4.0 '" - 3.0 "s 
,- 6.0 "s 



NPN 2N3055A, MJ15015 
PNP MJ2955A, MJ15016 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

NPN SILICON POWER TRANSISTOR 

• .. 2N3441 transistor is designed for use in general·purpose switching 
and linear amplifier applications requiring high breakdown voltages. 
It is characterized for use as: 

• Driver for High Power Outputs 

• Series and Shunt Regulators 

• Audio and Servo Amplifiers 

• Solenoid and Relay Drivers 

• Power Switching Circuits 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector·Emitter Voltage VCEO 140 Vdc 

Collector-Base Voltage VCBO 160 Vdc 

Emitter-Base Voltage VEBO 7 Vdc 

Collector Current - Continuous IC 3 Adc 

Base Current Continuous IB 2 Adc 

Total Power Dissipation @TC = 2SoC PD 25 Watts 
Derate above 25°C 0.142 W/oC 

Operating and Storage Junction TJ.TSIg -6510 +200 °c, 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic I Symbol I Max I Unit 

Thermal Resistance, Junction to Case R8JC 7 °C/W 
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2N3441 

3 AMPERES 

NPN SILICON 
POWER TRANSISTOR 

140 VOLTS 

25 WATTS 

I-U
-r II-B-

-'---t-~-------

SEA:I}G PLANE/ t 
---F--

-J-

~ ~ ,Q)<; I 

H " 
\)\ 

I 

~ 
STYLE I: 

PIN I, BASE 
2. EMITTER 

~ 
I)(.T 

CASE: CO LLECTOR 

e 

I 
K 
I 

~ 

I DIM !F 
10.340 
1D.034 

1.590 
-

,-
- -
- -

AlIJEOEC Oimonlionlln,hnd Not.Apply. 

CASE 80-02 
TO·213M 

• 



2N3441 

ELECTRICAL CHARACTERISTICS (TC = 26°C unless otherwise noted) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage (1) 
IIC = 100 mAde, IB = 0) 

Collector Cutoff Current 
(VCE = 140 Ade, IB = 0) 

Collector Cutoff Current 
(VCE = 140 Vde, VBE(off) = 1.5 V) 
(VCE = 140 Vde, VBE(oll) = 1.5 V@ 150°C) 

Emitter Cutoff Current 
(VSE = 7.0 Vdc, IC = 0) 

ON CHARACTERISTICS 

DC Current Gain (1) 
IIc = 0.5'Adc, VCE = 4.0 V) 
IIc = 2.7 Adc, VCE = 4.0 V) 

Collector-Emitter Saturation Voltage (11 
IIc = 2.7 Adc, IB = 0.9 Adc) 

Base-Emitter On Voltage (1) 
(lC = 2.7 Adc, V CE = 4.0 Vde) 

DYNAMIC CHARACTERISTICS 

Small-Signal Current Gain 

IIC = 0.5 Adc, VCE = 4.0 Vdc.ltest = 1 kHz) 

Small-Signal Current Gain 
IIC = 0.5 Ade, VCE = 4.0 Vdc. f test = 0.4 MHz) 

FIGURE 1 - ACTIVE·REGION SAFE OPERATING AREA. 
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VCE, COLLECTOR·EMITTER VOLTAGE (VOtTS) 
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Symbol I Min Max Unit 

VCEO(suS) 140 Vde 

ICED 100 mA 

ICEX rnA 
- 5.0 
- 6.0 

lEBO 1.0 rnA 

hFE 
25 100 
5.0 -

VCE(s.t) - 6,0 Vdc 

VBE(on) 6.7 Vdc 

hIe 15 75 

Ihle l 5.0 

There are two limitations on the' power-handli,ng ability 
of a transistor: average junction temperature and second break
down. Safe operating area curves,indicate Ie-VeE limits of the 
transistor that must ,be observed for reliable operation, i.e., 
the transisto,r must not be subjected to greater dissipation 
than the curves indicate . 

The data of Figure 1 is based on T J(pk) = 200°C; TC is 
variable depending on conditions. At high case temperatures, 
thermal limitations will reduce the power that can be handled 
to values less than the limitations imposed by second break
down. 



MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

HIGH-POWER INDUSTRIAL TRANSISTORS 

NPN silicon power transistors designed for applications in 
industrial and commercial equipment including high fidelity audio 

amplifiers, series and shunt regulators and power switches. 

• Low Collector· Emitter Saturation Voltage _. 

VCE!sat) = 1.0 Vdc !Max) @ IC = 2.0 Adc - 2N4347 

• Collector-Emitter Sustaining Voltage -

VCEO!sus) = 120 Vdc !Min) - 2N4347 
140 Vdc !Min) - 2N3442 

• Excellent Second·Breakdown Capability 

*MAXIMUM RATINGS 

Rating Symbol 2N4347 

Collector-Emitter Voltage VCEO 120 1 
Collector-Base Voltage VCS 140 1 
Emitter-Base Voltage VFR 7.0 

Collector Current - Continuous IC 5.0 
Peak 10 

Base Current - Continuous IS 3.0 
Peak 8.0 

Total Power Dissipation @ T C :: 25°C PD 100 
Derate above 25°C 0.57 

2N3442 

140 

160 

10 
15'" 

7.0 
-

117 
0.67 

Operating and Storage Junction TJ, Tstg -65 to +200 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol 2N4347 2N3442 

Thermal Resistance, Junction to Case ReJC 1.75 1.5 

*Indicates JEDEC,Registered Data. 

**This data guranteed in addition to JEDEC registered data. 
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Unit 

Vdc 

Vdc 

Vdc 

Adc 

Adc 

Watts 
W/oC 

°c 

Unit 

°C/W 

2N3442 
2N4347 

5.0 AND 10 AMPERE 

POWER TRANSISTORS 
NPN SILICON 

120, 140 VOLTS 
100,117 WATTS 

L~'~ 
1; K T 

SEATING 0 I 
PLANE 

STYLE 1: 
PIN 1. BASE 

2. EMITTER 
CASE: COLLECTOR 

1. OIAMETERS n, V ANO SURFACE TARE OATUMS. 
2. POSITIONAL TOLERANCE FOR HOLE n: 
I." 0.251O.010} @ITI V @I 

3. POSITIONAL TOLERANCE FOR LEADS: 
1_1'0.3010.D12} ~* I V <91 nIBI 

4. DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5,1973. 

DIM 
A 
8 
C 
D 
E 
F 
G 
H 
J 
K 
n 
R 
V 

MILLIMETERS INCHES 
MIN MAX MIN MAX 
- 39.37 1.550 

21.08 0.B30 
6.35 7.62 0.250 0.300 
0.99 1.09 0.039 0.043 

3.43 0.135 
30.15 SSC l.lS7 SSC 
10.92 SSC 0.430 SSC 
5.46 SSC 0.215 SSC 

18.89 SSC 0.665 SSC 
11.18 12.19 0.440 OABO 
3.84 4.09 0.151 0.161 

26.67 1.050 
4.09 0.1 0.16 

CASE 11-01 
TO-Z04AA 

• 

II 



2N3442; 2N4347 

ELECTRICAL CHARACTERISTICS (TC = 250C unless otherwise noted) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage 
(lC =200 mAde, IS = 0) 2N4347 

2N3442 

Collector Cutoff Current 
(VCE e 100 Vde, IS - 0) 2N4327 
(VCE = 140 Vdc, IS = 0) 2N3422 

Collector Cutoff Current 
(VCE = 125 Vde, VSE(oll) = 1.5 Vde) 2N4347 
(VCE = 140 Vde, VSE(off) = 1.5 Vde) 2N3442 
(VCE = 120 Vde, VSE(off) = 1.5 Vde, TC = 150DC) 2N4347 
(VCE = 140 Vde, VSE(off) = 1.5 Vde, TC = lS0DC) 2N3442 

Emitter Cutoff Currant 
(VSE = 7.0 Vde, IC = 0) 2N4347,2N3442 

ON CHARACTERISTICS (1) 

DC Current Gain 
(lC • 2.0 Ade, VCE = 4.0 Vde) 2N4347 
(Ie· 5.0 Ade, VCE = 4.0 Vde) 2N4347 
(lC - 3.0 Ade, VCE = 4.0Vde) 2N3442 
(lC = 10 Ade, VCE = 4.0 Vde) 2N3442 

COllector-Emitter Saturation Voltage 
(lC = 2.0 Ade, IS = 200 mAde) 2N4347 
(lC = 5.0 Ade, IS = 0,63 Adc) 2N4347 
(lC = 10 Ade, Ie = 2;1') Ade) 2N3442 

Base-Emitter On Voltage 
(lC = 2.0 Adc:VCE' 4.0 Vdc) 2N4347 
(lc = 5.0 Ade, VCE • 4.0 Vdc) 2N4347 
(lc = 10 Ade, VCE ·4.0 Vdc) 2N3442 

OYNAMIC CHARACTERISTICS 

Current-Gain-Bandwidth Product (2) 
(lC - 0.5 Ade, VCE = 4.0 Vde; I test = 50 kHz) 2N4347 
(lC· 2.0 Adc, VCE = 4.0 Vdc, I test = 40 kHz) 2N3442 

Small-8ignal Current Gain 
(lC = 0.5 Ade, VCE = 4.0 Vdc, I = 1.0 kHz) 2N4347 
(lc = 2.0 Ade; VCE = 4.0 Vde, I = 1.0 kHz) 2N3442 

·'ndicates JEDEC Registered Data 

NOTES: 1. Pulse Test: Pulse Wid,th - 300l's, Duty Cycle .. 2.0%. 
2. IT = Ihlel • I test 

Symbol' 

VCEO(sus) 

ICEO 

ICEX 

IESO 

hFE 

VCE(sat) 

VSE(on) 

IT 

hIe 

FIGURE 1- POWER DERATING 
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Min Max Unit 

Vdc 
120 -
140 ,,-

mAde 
- 200 
- 200 

mAde 
- 2.0 
- 5.0 
- 10 
- 30 

mAde 
- 5.0 

-
'15 60 
10 -
20 70 
7.5 -

Vde 
- 1.0 
- 2.0 
- 5.0 

Vdc 
- 2.0 
- 3.0 

- 5.7 

kHz 
200 -
80 -

-
40 -
12 72 

"-
.......... 

175 200 



2N3442, 2N4347 

ACTIVE REGION SAFE OPERATING AREA INFORMATION 
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There are two limitations on the power-handling ability 
of a transistor: average junction temperature and second break
down. Safe operating area curves indicate Ie-VeE limits of the 
trensistor that must be observed for reliable operation, i.e., 
the transistor must not be subjected to greater dissipation 
than the curves indicate. 

The data of Figures 2 and 3 is based on TJ(pk) = 200°C; TC 
is variable depending on conditions. At high case temperatures, 
thermal limitations will reduce the power that can be handled 
to values less than the limitations imposed bV second breakdown. 

FIGURE 5 - COLLECTOR-8ATURATION REGION 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

HIGH-SPEED SILICON ANNULAR 
NPN POWER TRANSISTORS 

· .. for switching and amplifier applications 

FEATURES 

• Fast Switching: Total Switching Time = 1.2!J.S (Typ) @ 5.0 A 

• ; High Gain: hFE = 40 to 120 @ 5.0 Amps 

• Guaranteed De Safe Area: 1.5 Amps (Min) @ VeE = 40 Vdc 

• Low VeE(sat): 1.0 Volt (Typ), 1.5 Volts (Max) @ 5.0 Amps 

• Excellent Beta Linearity 

APPLICATIONS 

• Specified safe area of this series allows reliable design for inverters, 
converters, hammer, and servo drivers. 

• ' Fast response makes it ideal for series regulators; high switching 
speeds enhance its use in switching regulators. 

• Wide bandwidth and flat beta hold-up result in exceptional ampli· 
fier characteristics. 

MAXIMUM RATING 

Ra~ing Symbol 2N3447 2N3448 

Collector-Em~tte'r Voltage VCEO 60 80 
Collector-Base Voltage Vce 80 100 

Emitter·ease Voltage VEe 6.0 10 

Collector Current-Continuous IC 7.5 
Base Current - Continuous Ie 4.0 

Unit 

Vdc 

Vdc 

Vdc 

Adc 

Adc 

Total Device Dissipation Po Figur. 1,21 Figur. 1,3 Watt. 
Operating Junction Temperature TJ -65 to +200 °c 

Ranoa 

FIGURE 1 - POWER DERATING CURVE 

Ii :~[~i;-lji4t8 
o 25 50 75 100 125 150 175 200 

T c, CASE TEMPERATURE (OC) 

These transistor. are also lubjec;t. to •• ta area curves as Indicated by Flguras2. 
3. Both limits are applicable ~nd niUlt be oble~ve~. 
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2N3447 
2N3448 

7.5 AMPERE 

POWER TRANSISTORS 
SILICON NPN 

STYLE I: 

60-80 VOLTS 
115 WATTS 

PIN 1. BASE 
2. EMITTER 

CASE: COLLECTOR 

NOTES: 
1. OIAMETERSQ, V AND SURFACET ARE DATUMS. 
2. POSITIONAL TOLERANCE FOR HOLE Q: 

1.1. 0.25 (0.0101 @ITlv@1 
3. POSITIONAL TOLERANCE FOR LEAOS: 

I ilil. 0.30(0.012) @ITIV@IQ@I 
4. OIMENSIONING AND TOLERANCING PER ANSI 

YI4.5,1973. 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 

A 

c 
o 

F 
G 
H 
J 
K 
Q 

V 

• 



2N3448 

ELECTRICAL CHARACTERISTICS (TC = 25"C unless otherwise noted) 

Characteristic Symbol 

Emitter-Base Cutoff Current lEBO 
(VEB = 6.0 Vdc) 2N3447 
(VEB = 10 VDc) 2N3448 

Collector-Emitter Cutoff Current ICEX 
(VCE = 60 Vdc, VBE = -1.0 Vdc) 2N3447 
(VCE = 60 Vdc, VBE = -1.0 Vdc, T C = 150"C) 2N3447 
(VCE = 80 Vdc, VBE = - 1.0 Vdc) 2N3448 
(VCE = 80 Vdc, VBE = -1.0 Vdc, TC = 150"C) 2N3448 

Collector-Emitter Cutoff Current ICEO 
(VCE = 40 Vdc, IB = 0) 2N3447 
(VCE = 60 Vdc, IB = 0) 2N3448 

Collector-Base Breakdown Voltage V(BR)CBO 
(lC = 1.0 mAde, IE = 0) 2N3447 

2N3448 

Collector-Emitter Sustaining Voltage VCEO(sus) 
(lC = 100 mAde, IB = 0) 2N3447 

2N3448 

DC Current Gain hFE 
(lC = 0.5 Adc, VCE = 5.0 Vdc) 
(lc = 5.0 Adc, VCE = 5.0 Vdc) 

Collector-Emitter Saturation Voltage VCE(sat) 
(lC = 5.0 Adc, IB = 0.5 Adc) 

Base-Emitter Saturation Voltage VBE(sat) 
(lC = 5.0 Adc, IB = 0.5 Adc) 

Base-Emitter Voltage VBE 
(lC = 5.0 Adc, VCE = 5.0 Vdc) 

Small Signal Current Gain hfe 
(VCE = 10 Vdc, IC = 0.5 Adc, f = 1.0 kHz) 
(VCE = 10 Vdc, IC = 0.5 Adc, f = 10 MHz) 

Common Base Output Capacitance Cob 
(VCB = 10 Vdc, f = 0.1 MHz) 

Switching Times 
(VCC = 25 Vdc, RL = 5.0 ohms, IC = 5.0 A, IBI = IB2 = 0.5 A) 
Delay Time plus Rise Time Id + tr 
Storage Time ts 
Fall Time tf 

FIGURE 2 - 2N3447 

SAFE OPERATING AREAS 

FIGURE 3 - 2N3448 
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r 
40 50 60 70 80 

Typ Max Unit 

mAde 
- 0.25 
- 0.25 

mAde 
- 0.1 
- 1.0 
- 0.1 
- 1.0 

mAde 
- 1.0 
- 1.0 

Vdc 
- -
- -

Vdc 
- -
- -

-
85 -
75 120 

O.S 1.5 Vdc 

1.0 1.5 Vdc 

1.0 1.4 Vdc 

-
- 200 
1.6 -
260 400 pF 

p.s 

0.15 0.35 
0.9 2.0 
0.15 0.35 

The Safe Operating Area 
Curves indicate Ie - VCE 
limits below which the de
vice will not go into secon
dary breakdown. Collector 
load lines for specific cir
cuits must fall within the 
applicable Safe Area to 
avoid causing a collector
emitter short. (Duty cycle 
of the excursions make no 
significant change in these 
safe areas.) To insure opera
tion below the maximum 
T J the power-temperature 
de;ating curve must be ob
served for both steady state 
and pulse power conditions. 



MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

COMPLEMENTARY MEDIUM·POWER HIGH VOL TAGE 
POWER TRANSISTORS . 

· .. designed for high-speed switching and linear amplifier applica
tions .for high,lioltage operational amplifiers, switching reglJlators, 
converters, inverters, deflection stages and high fidelity amplifiers. 

• Collector-Emitter Sustaining Voltage --' 
VCEO(sus) = 175 to 300 Vdc @ IC = 200 mAdc 

• Second. Breakdown Collector Current ~ 
Islb = 350 mAdc @ VCE = 100 Vdc - NPN 

= 150 mAdc@ VCE = 100 Vdc - PNP 

• Usable DC Current Gain to 2.0 Adc 

.. 

*MAXIMUIlil RATINGS 

2N3583 2N3584 
Rating Symbol ·2N6420 2N6421 

Collector·Emitter Voltage VCEO 175 250 

Collector-Base Voltage VCs 250 375 

2N3585 
-2N6422 

300 

500 

Emitter-Base Voltage VEe · 6.0 

Collector Current Continuous IC 1.0 
I : 

2.0 
Peak (11 5.0 .. 5.0 

Base Current 18 · 1.0 

2N4240 

300 

500 

-. 

Unit 

Vdc 

Vdc 

Vdc 

Adc 

Adc 

Total Power Dissipation Po Watts 
. @TC=250 C, - 35 -

Derate above 250C · 0.2 . W/oC 

Operating and "Storage Junc- TJ,Tstg · -65 to +200 .. DC 

tion Temperature Range 

THERMAL CHARACTEFjISTICS 

Characteristic J Symbol J Max I ".U"nit 

Thermal ReSistance, Junction t6 Case I R9JC 1 5.0. I °C/W 

"'lndicates,JEDEC Registered Data 

(1) 'Pulse Test: Pulse Width = 5.0 ms, D~ty Cycle": 10%. 

.. 
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NPN 

2N3583 thru 2N3585 
2N4240 

PNP 

2N6420 thm 2N6422 

1.0 AND 2.0 AMPER E 

POWER TRANSISTORS 
COMPLEMENTARY SILICON 

STYlE 1: I 

250-500 VO L TS 
35 WATTS 

I-U
7-

1448 
t t .. --.. --: 

E , 0 . K 
SEAT!NG PLANE . i 

PIN 1. BASE --F--

2. EMITTER 
CASE: COLLECTOR 

Q 

L 
H 

I MILLIMETERS 
DIM MIN MAX 
B 1.1.94 12.70 
C 6.35 8.64 
D 0.71 0.86 
E 1.27 1.91 
F 24.33 24.43 
G 4.83 5.33 
H 2.41 2.67 
J 14.48 14.99 
K 9.14 -
p - 1.27 
Q 3.61 3.86 
S - 8.89 
T 3.68 
U 15.75 

-J-

s 
INCHES 

MIN MAX 
0.470 0.500 
0.250 0.340 
0.02B 0.034 
0.050 0.075 
0.958 0.962 
0.190 0.210 
0.095 0,105 
0.570 0.590 
0.360 -
- 0.050 

0.142 0.152 
0.350 
0.145 
0.620 

All JEOEC Dimensions and and Notes Apply. 

CASE 80·02 
TO·213AA 

• 



2N3583 thru 2N3585 • 2N4240 - NPN 
2N6420 thru 2N6422 - PNP 

ELECTRICAL CHARACTERISTICS ITC = 25°C unless otherwISe noted.1 

Characteristic 

'OFF CHARACTERISTICS 111 

Collector-EmItter Sustainrng Voltage 2N3583 2N6420 
IIC = 200 mAde. IS = Ol NPN 2N3584 2N6421 

2N3585 2N6422 
IIc = 50 mAde. IS = 01 PNP 2N4240 

Collector Cutoff Current 
IVCE = 150 Vde. IS = 0) 2N3583 2N6420 

2N3584 2N6421 
2N3585 2N6422 
2N4240 

Collector Cutoff Current 

IVCE = 225 Vde. VSEloffl = 1.5 Vdel 2N3583 2N6420 
IVCE = 340 Vde. VSEloffl = 1.5 Vdel 2N3584 2N6421 
IVCE = 450 Vde. VSEloffl = 1.5 Vdel 2N3585 2N6422 

2N4240 
IVCE = 225 Vde. VSEloffl = 1.5 Vde. TC = 150uCI 2N3583 2N6420 
IVCE = 300 Vde. VSEloffl = 1.5 Vde. TC = 1500CI 2N3584 2N6421 

2N3585 2N6422 
2N4240 

Emitter Cutoff Current 

IVSE = 6.0 Vde. IC = 01 2N3583 2N6420 
2N3584 2N6421 
2N3585 2N6422 
2N4240 

ON CHARACTERISTICS (I) 

DC Current Gain All All 
(lC = O. lAde. VCE = 10 Vdel 

'IIC = 0.5 Ade. VCE = 10 Vdel 2N3583 2N6420 
'IIC = 0.75 Ade. VCE = 2.0 Vde) 2N4240 
(lc = 0.75 Ade. VCE = 10 Vde) 2N4240 

'IIC = 1.0 Ade. VCE = 2.0 Vdel 2N3584 2N6421 
2N3585 2N6422 

(lc = 1.0 Ade. VCE = 10 Vdel 2N3583' 2N6420 
2N3584 2N6421 
2N3585 2N6422 

*Collector-Emitter Saturation Voltage 
IIc = 0.75 Ade. I B = 75 mAdel 2N4240 
IIC = 1.0 Ade. IS = 125 mAdel 2N3583 2N6420 

2N3584 2N6421 
2N3585 2N6422 

*8ase-Emitter Saturation Voltage 
IIC = 0.75 Ade. IS = 75 mAdel 2N4240 
(lC = 1.0 Ade. IB = 100 mAdel 2N3584 2N6421 

2N3585 2N6422 

Base-Emitter On Voltage All All 

IIc = 1.0 Ade. VCE = 10 Vde) 

*Indicates JEDEC Registered Data. 
II I Pulse Test: Pul,e Width = 300 !,S. Duty Cycle .. 2%. 
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VCEOl,u,1 

ICED 

.ICEX 

IESO 

hFE 

VCEI,at). 

VBEl,atl 

VBElonl 

175 - 175 - Vde 
250 -- 250 -
300 - 300 -
300 - 300 -

mAde 
- 10 - 10 
- 5.0 - 5.0 
- 5.0 - 5.0 
- 5.0 - 5.0 

mAde 

- 1.0 - 1.0 
- 1.0 - 1.0 
- 1.0 - 1.0 
- 2.0 - 2.0 
- 3.0 - 3.0 

- 3.0 - 3.0 
- 3.0 - 3.0 
- 5.0 - 5.0 

mAde 

- 5.0 - 5.0 
- 0.5 - 0.5 

- 0.5 - 0.5 
- 0.5 - 0.5 

-
40 - 40 -

40 200 40 200 
10 100 10 100 
30 150 30 150 

8.0 80 8.0 80 
8.0 80 8.0 80 
10 - 10 -
25 lOa 25 lOa 
25 lOa 25 lOa 

Vde 
- 1.0 - 1.0 
- 5.0 - 5.0 
- 0.75 - 0.75 
- 0.75 - 0.75 

Vde 
- 1.8 - 1.8 

- 1.4 - 1.4 
- 1.4 - 1.4 

Vde 
- 1.4 - 1.4 



2N3583 thru 2N3585 • 2N4240 - NPN 
2N6420 thru 2N6422 - PNP 

ELECTRICAL CHARACTERISTICS (Te = 250 e unless otherwise noted.) 

Characteristic 

DYNAMIC CHARACTERISTICS 

*Current Gain - Bandwidth Productl1 , 

lie = 200 mAde. VCE = 10 Vde, f test = 5.0 MHz) 

Output Capadtance 
(VCB = 10 Vde, IE = 0, f= 1.0 MHz) 

*S'mall-Signal Current Gafn 
liC = .100 mAde, VeE = 30 Vde,!= .. 1.0 kf{z) . SWITCHING CHARACTERISTICS 

AiseTime 
(Vec = 200 Vde, IC = 1.0 Ade, RL = 200 Ohms, 
IB1.=100 mAde) 

(Vet = 200 Vde, IC = 0.75 Ade, RL = 267 Ohms, 
IBI = 75 mAde) 

Storage Time 
. (VCC = 200 Vde, Ie = 1.0 Ade, 
. IBI = IB2 = l00'mAde) 
(VCC = 200 Vde, Ie = 0.75 Ade, 
IBI = IB2 = 75 mAde) 

Fall Time 
(VCC = 200 Vde, Ie = 1:0 Ade, 
IBI = IB2 = 100 mAde) 

(Vec = 200 Vde, IC = 0.75 Ade, 
IB 1 = IB2 = 7~ mAde) 

Second Breakdown Collector Current 
(VCE = 100 Vde) 

* Indicates JEDEC Registered Data 

WfT ='!hfel- f test. 

2N3583 2N6420 
2N3584 2N6421 
2N3585 2N6422 
2N4240 

All 

2N3583 2N6420. 

2N3584 2N6421 
2N3585 '2N6422 
2N4240 

2N3584 2N6421 
2N3585 2N6422 
2N4240 

2N3584 2N6421 
2N3585 2N6422 
2N4240 

fT 
10 

15 

Cob 
-

hfe 
25 

'r 
-

-

's 
-

-

tf 
-

-

FIGURE 1 - SWITCHIN.G TIME TEST CIRCUIT 

tr.tf";; 10 ns 
DUTY CYCLE ,.1.0% 

51 

RS 

VCC 

-4 V 

RS and RC VARIED TO OSTAIN DESIRED CURRENT LEVELS 
01 MUST BE FAST RECOVERY TYPE, ego 

MS05300 USED ABOVE IB ~ 100 mA 
MS06100 USED BELOW IB ~ 100 mA 

FOR td and tr, OilS DISCONNECTED AND V2" O. 
FOR PNP TEST CIRCUIT, REVERSE DIODE AND VOLTAGE POLARITIES. 

3-22 

MHz 
- lQ -

- 15 -
pF 

120 - 120 

-
350 25 350 

~s 

3.0 .- 3.0 

0.5 - 0.5 

~s 

4.0 - 4.0 

6.0 - 6.0 

. ~s 
3.0 - 3.0 

3.0 - 3.0 . 



2N3583 thru 2N3585 • 2N4240 - NPN 
2N6420 thru 2N6422 - PNP 

NPN 
2N3583 thru 2N3585, 2N4240 

FIGURE 2 - TURN-oN TIME 
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FIGURE 3 - TURN·OFF TIME 
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FIGURE 4 - CURRENT·GAIN - BANDWIDTH PRODUCT 
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II -r-
50 70 100 200 300 500 700 1.0 k 2.0k 

IC. COLLECTOR CURRENT (mA) 

VCC 200 V 
ICIIB" s.a= 
IcIIB-10-- -.. TJ"250C-

-.~ 

Is 

~, 

- If -
50 70 100 200 300 500 700 1.0 k 2.0 k 

IC. COLLECTOR CURRENT(mA) 

FIGURE 5 - CAPACITANCE 

TJ" 25°C 
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.... 
0.5 1.0 2.0 5.0 10 20 50 100 

VR. REVERSE VOLTAGE (VOLTS) 



2N3583 thru 2N3585 • 2N4240 - NPN 
2N6420 thru 2N6422 - PNP 

FIGURE 6 - THERMAL RESPONSE 
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READ TIME AT II 
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50 100 200 500 1000 

ACTIVE-REGION SAFE OPERATING AREA 

FIGURE 7 - 2N3583 thru 2N3585, 2N4240 
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FIGURE 9 - POWER DERATING 
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FIGURE 8 - 2N6420 thru 2N6422 
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There are two limitations on the pOW'er handling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate le·VeE limits of the transistor 
that must be observed for reliable operation; i.e., the transistor must 
not be subjected to ,greater dissipation than the curves indicate. 

The data of Figures 7 and 8 is based on TC = 25°C;' TJ(pk) 
is ,variable depending'on ·pO'.Ver level. Second breakdown pulse 
limits are valid for duty cycles to 10% but must be derated for 
temperature according to Figure 9 . 

TJlpk) may be calculated from the data in Figure 6. At high 
case temperatures, thermal limitations will reduce the power that 
can ~e han~led to values less than the limitations imposed by 
second breakdown. Second breakdown limitations do not derate 
the same as thermal limitations. AIIOW'abie current at the voltages 
shown on Figures 7 and 8 may be found at any case temperature 
by using the appropriate curve on Figure 9. ' 



2N3583 thru 2N3585 • 2N4240 - NPN 
2N6420 thru 2N6422 - PNP 

NPN 
2N3583 thri.l 2N3585. 2N4240 

FIGURE 10 - DC CURRENT GAIN 
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FIGURE 11 - COLLECTOR SATURATION REGION 
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FIGURE 12 - "ON" VOLTAGES 
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NOTE: OC CURRENT LIMIT FOR 2N3583, 2N6420 Is 1,0 Amp. 
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MOTOROLA . 
- SEMICONDUCTOR 

TECHNICAL DATA 

SILICON NPN POWER TRANSISTORS 

· .. designed for medium-speed switching and amplifier applications. 
These devices feature:, 

• Total Switching Time at 3 A typically 1.16/AS 

• Gain Ranges Specified at 1 ~ and 3 A 

• Low VCE(sat): typically O.6V at IC = 6A and Ie = O.6A 

• Excellent Safe Operating Areas 

• Complement to 2N3789.92 

MAXIMUM RATINGS 

2N3714 
Rating Symbol 2N3715 2N3716 Unit· 

Coliector·S ••• Voltage VCS 80 100 Volts 

Collector-Emitter Voltage VCEO 60 80 Volts 

Emitter·S ... Voltage VES 7.0 7.0 Volts 

Collector Cu rrent 'Ic 10 10 Amps 

Base Current IS 4.0 4.0 Amps 

Power Dissip~t.ion Po 150 150 Watts 

Thermal Resistance 6JC 1.17 1.17 °CIW 

Operating Junction and TJand 
Storage Temperature Range T~tg ~5to +200 °c 

FIGURE 1 - POWER·TEMPERATURE DERATING CURVE 
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Tc. CASE TEMPERATURE lOCI 

Safe Area Limits are indicated by Fi8urcs 12. 13. Both limits are applicable and must be observed. 
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NPN 

2N3714 thru 
2N3716 

10 AMPERE 

POWER TRANSISTORS 
SILICONNPN 

STYLE 1: 

60-80 VOLTS 
150 WATTS 

PIN 1. SASE 
2. EMITTER 

CASE: COLLECTOR 
NOTES: 

1. DIAMETERS n. V AND SURFACE T ARE DATUMS. 
2. POSITIONAL TOLERANCE FOR HOLE n: 

1.110.25(0.010) alTI v@1 
3. POSITIONAL TOLERANCE FOR LEADS: 

I ilio.30(O.0121 I9IT Iv 91n91 
4. DIMENSIONING AND TDLERANCING PER ANSI 

Y14.5,1973. 

DIM 
A 

• C 
0 
E 
F 
G 
H 
J 
K 
Q 

R 
V 

MILLIMETERS INCHES 
MIN MAX' MIN MAX 

39.37 1.550 
21.08 0.830 

8.35 7.62 0.250 0.300 
0.99 1.09 0.039 0.043 
- 3.43 0.135 
30.15 sse 1.187 sse 
10.92 SSC 0.43QJtSe 
5.48 sse 0.215 sse 

16.89 sse 0.&65 BSC 
IUS 12.19 0.440 0.480 
3.14 4.09 0.151 0.161 

28.67 1.050 
3M. J.l!!!.. IJ!J.5J 0..11: 

CASE 11-01 
TO-204AA 

• 



2N3714 thru 2N3716 NPN 

ELECTRICAL CHARACTERISTICS ITC = 2Soc unless otherwise noted) 

Characteristic Symbol Min Max Unit 
Emitter-Base Cutoff Current lEBO mAde 

IVEB = 7 Vde) All Types - 5 

Collector-Emitter Cutoff Current ICEX mAde 
(VCE = BO Vde. VBE = -1.'5 Vde) 2N3715 - 1 
(VCE = 100 Vde, VBe= -1.5 Vde) 2N3714, 2N3716 - 1 
(VCE = 60 Vdc. VBE = -1.5 Vdc, TC = 1500 C) 2N3715 - 10 
(VCE =BO Vdc, VBE = -1.5 Vdc. TC = 150°C) 2N3714, 2N3716 - 10 

Coll~ctor-Emltter Sustaining Voltage* VCEO(sus)* Vdc 
(IC = 200 mAde, IB = 0) 2N3715 60 -

2N3714, 2N3716 BO -
DC Current Gain * hFE* -

(IC = I Adc, VeE = 2 Vdc) 2N3714 25 90 
2N3715, 2N3716 50 150 

(Ic = 3 Adc, VCE = 2 Vde) 2N3714 15 -
2N3715, 2N3716 30 -

Collector-Emitter Saturation Voltage * VCE(sal) * Vde 
(Ie = 5 Adc, IB = 0.5 Ade) 2N3714 - 1.0 

2N3715, 2N3716 - O.B 

Base-Emitter Saturation Voltage * VBE(sal) * Vdc 
(Ie = 5 Adc, IB = 0.5 Adc) 2N3714 - 2.0 

2N3715, 2N3716 - 1.5 

Base-Emitter Voltage * VBE * Vde 
(Ie = 3 Ade, VeE = 2 Vdc) All Types - 1.5 

Small Signal Current Gain hIe -
(VeE = 10 Vde, IC = 0.5 Ade, I = 1 MHz) All Types 4 -

Switching Times (Figure 2) Typ /J.s 
(Ilils: i~!Bl = IB2 = 0.5 Adc) 
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FIGURE 2 - TYPICAL SWITCHING TIMES 
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2N37~4 thru 2N3716 NPN 

FIGURE 3 - COLLECTOR CURRENT versus BASE CURRENT 
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2N3714 thru 2N3716 NPN 
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2N3714 thru 2N3716 NPN 
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2N3714 thru 2N3716 NPN 

SAFE OPERATING AREAS 

FIGURE 12 - 2N3715 FIGURE 13 - 2N3714. 2N3716 
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The Safe Operating Area Curves indicate Ir - V rl< limits 
below which the device will not go into secondary break
down. Collector load lines for specific circuits must fall 
within the applicable Safe Area to avoid causing a collector
emitter short. (Duty cycle of the excursions make no signifi-

cant change in these safe areas.) To insure operation below 
the maximum T... the power-temperature derating curve 
must be observed for both steady state and pulse power 
conditions. 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

SILICONcPNP POWER TRANSISTORS 
· .. designed for high·speed, medium-eurrent switching and high· 
frequency amplifier applications. .. 

• Coliector·Emitter Sustaining Voltage -
VCEO(sus) = 40. Vdc (Min) - 2N3719,2N3867 

= 60. Vdc (Min) - 2N372o.,2N3868 
= 80 Vdc. (Min) - 2N63o.3 

• DC Current Gain .:. 
hFE = 25·180. @ IC = 1.0. Adc - 2N3719,2N372o. 

= 40.·200 @ Ie = 1.5 Adc - 2N3867 
=3o.·150@ IC = 1.5 Adc - 2N3868,2N63o.3 

• Low Coliector··Emitter Saturation Voltage -
VCE(sat) = 0..75 Vdc @ IC = 1.0. Adc - 2N3719,2N372o. 

= 0..75 Vdc@ IC = 1.5 Adc - 2N3867,2N3868, 
2N63o.3 

• High Current·Gain - Bandwidth Product -
.fT = 90. MHz (Typ) 

• 2N3867 JAN and 2N3868 JAN also Available 

"MAXIMUM RATINGS 

Rating 

Collector·Emitter Voltage 

Collector·Base Voltage 

Emitter-Base Voltage , 

Collector Current Continuous 
Peak 

Base Current 

Total Device Dissipation @ T C '" 25 C 
Derate above 2SoC 

Total Device Dissip8tion @ TA = 25 C 
Derate above 2SoC 

Symbol 

VCEO 

Vce 

VEe 

19 

Ie 

Po 

Po 

2N3719 2N3720 
2N3867 2N3868 

40 60 

40 60 

4.0 

3.0 
10 

0.5 

6.0 
34.3 

1.0 
5.71 

2N6303 

80 

80 

Operating and Storage Junction 
Temperature Range TJ,Tstg --- -65 to +200 ---

THERMAL CHARACTERISTICS 
Characteristic Symbol Ma. 

Thermal Resistance. Junction to Case 29 

Thermal Resistance, Junction to Ami:uent 175 

*'ndicates JEOEC Registered Data 

FIGURE 1 - POWER OERATING 
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~ 
........... 

I'.... 
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TC. CASE TEMPERATURE (DC) 

"'-.. 
175 200 
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Unit 

Vde 

Vde 

Vde 

Ade 

Ade 

···Watts 
mW/oC 

Watt 
mW/oC 

'c 

2N3719,2N3720 
2N3867,2N3868 

2N6303 

3 AMPERE 

POWER TRANSISTORS 
PNPSILICON 

STYLE I: 

40.,60.,80. VOLTS 
6 WATTS 

PIN I. EMITTER 
2. BASE 
3. COLLECTOR 

INCHES 
MIN MAX 

0.335 0.370 
0.305 0.335 
0.240 0260 
ODl6 0.021 
0.009 0.125 
ODl6 0.019 

0.200 BSC 
0.028 0.034 
0.029 0.048 
1.500 1.750 
O. 50 

450 BSC 

1.27 0.050 
2.54 - 0.100 

0.25 0.010 

All JEDEC dimensions and notes apply. 

CASE 31·03 
TO·205AA 

• 



2N3719,2N3720,2N3867,2N3868,2N6303 

*ELECTRICAL CHARACTERISTICS fTc = 25°C unless otherwise noted) 

I a.._iItic I Symbol 

OFF CHARACTERISTICS 

Callactor-Emitter Sustaining Voltage (1) 
(lC - 20 mAde, la = 0) 2N3867 

2N3868 
2N6303 

collactor-aase areakdown Voltage 
(lC = 100 ,.Ade, 'E = 0) 2N3867 

2N3868 
2N6303 

Emitter-Base areakdown Voltage 
(IE = l00,.Ade, IC = 0) 

COllector Cutoff Currant 
(VCE = Rated Vca, VaE(off) = 2_0 Vde) 

Collector Cutoff Current 
(Vca = Rated Vca, 'E = 0, TC = 150°C) 

ON CHARACTERISTICS (1) 

DC Current Gain 
(lC = 500 mAde, VCE = 1.0 Vdc) 2N3867 

2N3868,2N6303 

(lC = 1.5 Adc, VCE = 2_0 Vde) 2N3867 
2N3868,2N6303 

(lc = 2.5 Ade, VCE = 3.0 Vde) 2N3867 
2N3868,2N6303 

(lc '" 3.0 Ade, VCE = 5.0 Vde) 2N3867 
2N3868,2N6303 

Collector-Emitter Saturation Voltage 
(lC = 500 mAde, la = 50 mAde) 
(lC = 1.5 Adc, la = 150 mAde) 
(lC = 2.5 Ade, la = 250 mAde) 

Base-Emitter Saturatio,", Voltage 
(lC = 500 mAde, la = 50 mAde) 
(lC = 1.5 Ade, la = 150 mAde) 
(lC = 2.5 Adc, la = 250 mAde) 

DYNAMIC CHARACTERISTICS 

Current-Gain - Bandwidth Product (2) 
(lc = 100 mAde, VCE = 5.0 Vdc, f test = 20 MHz) 

Output Capacitance 
(Vca = 10 Vdc, 'E = 0, f = 0.1 MHz) 

Input Capacitance 
(VEa = 3.0 Vde, IC = 0, f = 0.1 MHz) 

SWITCHING CHARACTERISTICS 

Delay Time (VCC = 30 Vdc, VaE(off) = 0, 
Rise Time IC = 1.5 Adc, 'Bl = 150 mAde) 

Storage Time (VCC = 30 Vdc, IC = 1.5 Adc, 
Fall Time lal = la2 = 150 mAde) 

-Indicates JEDEC Registered Data 
(1) Pulse Test: Pulse Width ~ 300 Ils, Duty Cycle, 2.0%. 

(2) 'T = I h'e I- 'test· 

VCEO(sus) 

V(aR)CaO 

V(aR)EaO 

'CEX 

'cao 

hFE 

VCE(sad 

VBE(sad 

ry 

Cob 

Cib 

ld 

tr 

to 
tf 
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Min •• Unit 

Vde 
40 -
60 -
80 -

Vde 
40 -
60 -
80 -

Vdc 
4.0 -

,.Ade 

- 1.0 

,.Ade 
- 150 

-
50 -
35 -
40 200 
30 150 

25 -
20 -
20 -

Vdc 
- 0.5 
- 0.75 
- 1.3 

Vdc 
- 1.0 

0.9 1.4 
- 2.0 

:11 MHz 
60 -

pF 
- 120 

pF 
- 1000 

- 35 ns 

- 65 ns 

- 325 ns 

- 75 ns 



2N3719, 2N3720, 2N3867, 2N3868, 2N6303. 

*ELECTRICAL CHARACTERISTICS (TC = 25°C unle .. otherwise noted) 

I a..recteristic I Symbol Min Max 

OFF CHARACTERISTICS 
Collector-Emitter Sustaining Voitage (1) VCEO(sus) 

(lC = 20 mAde, la = 0) 2N3719 40 -
2N3720 60 -

CollectOr Cutoff Current ICEX 
(VCE = 40 Vde, VaE(off) = 2.0 Vde) 2N3719 - 10 

(VCE = 60 Vde,VaE(off) = 2,OVde) 2N3720 - 10 

(VCE =4OVde, VaE(off) = 2.0Vde, TC= 150°C) 2N3719 - 1.0 
(VCE =60Vde, VaE(off) = 2.0Vde, TC= 150°C) 2N3720 - '1.0 

Collector Cutoff Current Icao 
(Vca = 40 Vde, IE = 0) 2N3719 - 10 
(Vca = 60Vde, IE = 0) 2N3720 - 10 

Emitter Cutoff Current IEaO 
NaE = 4.0 Vdc, IC = 0) - 1.0 

ON CHARACTERISTICS (1) 

OC Current Gain hFE 
(IC = 500 mAde, V CE = 1.5 Vde) 20 -
(lc = 1.0 Ade, VCE = 1.5 Vde) 25 lao 
(lc = 1.0 Ade, VCE = 1.5 Vde, TC = -40°C) 15 -

Coliector,Emitter Saturation Voltage VCE(sed 
(lC = 1.0 Adc, la = 100 mAde, TC =-400 C to +1000C) - 0.75 
(lC = 3.0 Ade, la = 300 mAde, TC = -40°C to +1000C) - 1.5 

Base-Emitter Saturation Voltage Va.E(sed 
(lC = 1.0 Ade, la = 100 mAde, TC = -400C to +1000C) - 1.5 
(lC = 3.0 Ade, la = 300 mAde, TC = -400c to +1000 C) - 2.3 

DYNAMIC CHARACTERISTICS 

Current-Gain - aandwidth Product (2) fT 
(lC = 500 mAde, VCE = 10 Vde, f test = 30 MHz) 60· -

Output Capacitance Cob 
(Vca = 10 Vde, IE = 0, f = 0.1 MHz) - 120 

Input Capacitance Cib 
(VEa = 0.5 Vde, IC = 0, f = 0.1 MHz) - 1000 

SWITCHING CHARACTERISTICS 

Turn-On Time ton 
(VCC = 12 Vde, VaE(off) = 0, IC = 1.0 Ade, lal = 0.1 Ade) 100 

Turn-Off Time 
(VCC= 12Vde, IC= 1.0 Ade, lal =)a2= 100 mAde) 400 

-Indicates JEDEC Registered Data 
(1) P~lse Test: Pulse Width"; 300 "s, Duty Cycle = 2.0%. (2) 'T = Ihfe I- 'test· 

FIGURE 2 - SWITCHING TIMES TEST CIRCUIT FIGURE 3 - TURN-ON TIME 

VCC 

t,. 'f" IOns 2N3887 

-= 213111 2N38&1 
213720 2111303 

DUTY CYCLE -I.II'JIi -= 
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700 
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! 200 

w 
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t-
-- 70 

50 

'riD VCC = 30 V 

to.... 
r-.. 

I"-..: ~ 

I-- td @I VaE(olf) = 4.0 

Unit 

Vde 

"Ade 

mAde 

"Ade 

mAde 

-

Vde 

Vde 

MHz 

pF , 

pF 

ns 

ns 

lella-IO-
Tr 250C-

Vaa 
VCC -12V -30V 

30 

20 
IIII I I r-..... 

NOTE: 
For information on Figures 3 and 6, RB and He ware 
varied to obtain desir&d test conditions. 
For td and tr specifications, remove diode and 
.tVI-O. 

RC 
Ra 
VI 
V2 

Vaa 

Illl 
10011 
+a.ov 
-11 V 

==3.0 V 
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10011 
13.6 V 

-IS.4V 
.. 3.0 V 

0 I 
0.03 

I""" 

I II 
0.05 0.07 0.1 0.2 0.3 0.5 0.7 1.0 2.0 3.0 

Ie. COLLECTOR CURRENT (AMP) 



2N3719,2N3720,2N3867,2N3868,2N6303 

FIGURE 4 - THERMAL RESISTANCE 
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2NW~6~~r68 

5.,0f" 
50,... There are tw:o limitations on the power handling ability of a 

transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate Ie -- VeE limits of the 
transistor that must be observed for reliable operation; i.e .• the 
transistor must not be subjected to greater dissipation than the 
curves indicate . 

The data of Figure 5 is based on T J(pk) = 2000 C; TC is 
variable depending on conditions. Second ~reakdown pulse 
limits are valid for duty cycles to 10% provided T J(pk)";;;; 200u C . 
T J(pk) may be calculated from the data in Figure··4. At high case 
temperatures, thermal limitations will reduce the power that can 
be handled to values less than the limitations imposed by second 
breakdown. 0.111 
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FIGURE 7 - CAPACITANCE 
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2N3719, 2N3720, 2N3867, 2N3868, 2N6303 

FIGURE 8 - DC CURRENT GAIN 
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FIGURE 10 - "ON" VOLTAGES 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

HIGH VOLTAGE SILICON POWER TRANSISTORS 

· .. designed for high-speed switching, linear amplifier applications, 
high-voltage operational amplifiers, switching regulators, converters, 
inverters, deflection stages and high fidelity amplifiers. 

• Collector-Emitter Sustaining Voltage -
VCEO(sus) = 225 Vde@ IC = 5.0 mAdc (2N3738 ) 

= 300 Vde @ IC = 5.0 mAde (2N3739) 

• DC Current Gain -
hFE = 40-200@ IC = 100 mAdc 

• Current-Gain - Bandwidth Product -
fT = 10 MHz IMin) @ IC = 100 mAde 

• ISlb Rated to 2.0 Amperes 

'MAXIMUM RATINGS 

Rating Svmbol 2N3738 .2N3739 

Collector-Emitter Voltage VCEO 225 300 

Collector-Base Voltage VCS 250 325 

Emitter-Base Voltage VES 6.0 

Collector Current - Continuous IC 1.0 
~ Peak 2.0 

Base Current - Continuous IS 0.50 
- Peak 1.0 

Total Device Dissipation @ TC = 2SoC Po 20 
Derate above 2SoC 0.133 

Operating and Storage Junction TJ,T,tg -65 to +200 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance. Junction to Case 

* Indicates JEDEC Registered Data 

FIGURE 1 - POWER DERATING 
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Unit 

Vdc 

Vdc 

Vdc 

Adc 

Adc 

Watts 
WloC 

°c 

2N3738 
2N3739 

1.0 AMPERE 

POWER TRANSISTORS 
NPN SILICON 

225, 300 VOLTS 
20 WATTS 

STYLE1, 
PIN 1. SASE 

2. EMITTER 
CASE, COLLECTOR 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 
a 11.94 12.70 0.470 0.500 
C 6.35 a.64 0.250 0.340 
D 0.71 0.86 0.028 0.034 
E 1.27 1.91 0.050 0.075 
f 24.33 24.43 0.958 0.962 
G 4.83 5.33 0.190 0.210 
H 2.41 2.67 0.095 0.105 
J 14.48 14.99 0.570 0.590 
K 9.14 0.360 
P 1.27 - 0.050 
0 3.61 3.86 0.142 0.152 
S S.89 - 0.350 
T - 3.68 - 0.145 
U 15.75 0.620 

All JEDEC Dimensions and and Notes Apply. 

CASE 80-02 
TO-213AA 

-

I 
R 

I 



2N3738, 2N3739 

ELECTRICAL CHARACTERISTICS' (Tc ~ 25°C unless otherwise noted.1 

I Charec'teristic I Symbol 

·OFF CHARACTER ISTleS 

Collector-Emitter Sustaining Voltage, (11 
(lC - 5.0 mAde, I B = 01 2N3738 

2N3739 

Collector-Emitter Cutoff Current 
(VCE = 125 Vde, IB = 01 2N3738 
(VCE = 200 Vde, IB = 01 2N3739 

Collector-Bese Cutoff Current 
(VCB = 250 Vde, IE = 01 2N3738 
(VCB = 325 Vde, IE = 01 2N3739 

Collector Cutoff Current 
(VCE = 250 Vde, VEB(offl = 1.5 Vdel 2N3738 
(VCE = 300 Vde, VEB(offl = 1.5 Vdel 2N3739 
(VCE = 125Vde, VEB(offl = 1.5Vde, TC= 1000CI 2N3738 
(VCE = 200Vde, VEB(off) = 1.5 Vde, TC = l000CI 2N3739 

Emitter-Base Cutoff Current 
(VEB = 6.0 Vdel 

'ON CHARACTERISTICS 

DC Current Gain (11 
(IC = 50 mAde, VCE = 10 Vdel 
(lC = 100 mAde, VCE = 10 Vdel 
(lC = 250 mAde, VCE = 10 Vdel 

Collector-Emitter Saturation Voltage (11 
(lC = 250 mAde, IB = 25 mAdel 

Bese-Emitter ''ON'' Voltage (11 
(lC = 100 mAde, VCE = 10 Ydel 

SMALL SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product (2) 
(lC = 100 mAde, VCE = 10 Vde, f = 10 MHzl 

·Output Capacitance 
(VCB = 100 Vde, IE = 0, f = 100 kHz) 

'Small-Signal Current Gain 
(lC = 100 mAde, VCE = 20 Vde, f = 1.0 kHz) 

• Indicates JEDEC Registered Data 
(11 Pulse Test: Pulse Width ":300 /.IS, Duty Cycle ":2%. 

(21 fT = I h,.l- frequency 

VCEO(susl 

'CEO 

ICBO 

ICEV 

lEBO 

hFE 

VCE(satl 

VBE(on) 

fT 

Cob 

hIe 

FIGURE 2 - SWITCHING TIMES TEST CIRCUIT 

01 Must Be Fast Recovery Type, e.g. Vee 

Min 
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-
-

-
-

-
-
-
-

-

30 
40 
25 

-

-

10 

-

35 

MBD5300 Used Above IB = 100 rnA 
MS06100 Used Below I B = 100 rnA 

+150 V 

t r • tf ~10 ns 
Duty Cycle == 1.0% 

51 
01 

-4.0 V 

RB and RC Varied to Obtain Desired Current Levels 

For td and t r • 01 is disconnected and V2 = 0 

Re 

For PNP test circuit, reverse diode and voltage polarities. 
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Scope 

Max Unit 

Vde 
-
-

mAde 
0.25 
0.25 

mAde 
0.1 
0.1 

mAde 
0.5 
0.5 
1.0 
1.0 

mAde 
0.1 

-
-

200 
-

Vde 
2.5 

Vde 
1.0 

MHz 
-

pF 
20 

_. 
-



2N3738, 2N3739 
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VCE, COLLECTOR·EMITTER VOLTAGE (VOLTSI VCE. COLLECTOR·EMITTER VOLTAGE (VOLTSI 

There are two limitations on the power handling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate Ie - VeE limits of the transistor 
that must be observed for reliable operation; i.e., the transistor must 
not be subjected to greater dissipation than the curves indicate. 

The data of IFigures 4 and 5 is based on T C ~ 25°C; T J(pk) is 
variable depending on pOwer level. Second breakdown pulse limits 
are valid for duty cycles to 10% provided TJ(pk) .;;; 175°C. T J(pk) 
may be calculated from the data in. Figure 3. At high case temp
eratures. thermal limitations will reduce the power that can be 
handled to values less than the limitations imposed by second 
breakdown. Second breakdown limitations dQ not derate the same 
as thermal limitations. Allowable current at the voltages shown 
on Figures 4 and 5 may be found at any case temperature by 
using the appropriate curve on Figure 1 . 
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2N3738, 2N3739 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

MEDIUM-POWER PNP TRANSISTORS 

· . . ideal for use as drivers, switches and medium·power amplifier 
applications. These devices feature: 

• Low Saturation Voltage - 0.6 VCE(sat) @ IC = 1.0 Amp 

• High Gain Characteristics - hFE@ IC = 250 mA: 30-100 

• Excellent Safe Area Limits (See Figure 2) 

• Low Collector Cutoff Current -
100 nA (Max) 2N3740, 2N3741A 

• Complementary to NPN 2N3766 (2N3740) and 2N3767 (2N3741) 

*MAXIMUM RATINGS 

Rating Symbol 2N3741 Unit 2N3740 2N3741A 

Coliector·Emitter VOltage VCEO 60 SO Vdc 

Emitter-Base Voltage VES 7.0 7.0 Vdc 

Collector·Base Voltage VCS 60 80 Vdc 

Collector Current - Continuous IC 4.0 Adc 

- Peak INote 1) 10 

Base Current IS 2.0 Adc 

Total Device Dissipation@Tc = 25°C Po 25 Watt< 
Derate above 2SoC 0.143 W/oC 

Operating and Storage Junction TJ.Tstg -65 to +200 °c 
Temperature Range 

Note 1: See Figura 2 

FIGURE 1 - POWER·TEMPERATURE DERATING CURVE 
25 

~ 
~ 20 ~ 

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

'-...... z 
~ 15 
~ ~ ~ 10 .. ~ ~ '-... 0 

~ 5.0 ........ 

~ 0 
0 25· 50 75 100 125 150 175 200 

TC' TEMPERATURE IDC) 

Safe Ar •• Curves are indicated by Figura 2. 
Both limits are applicable and must be obsarved. 

'Indicates JEDEC Regllterad Oata. 
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2N3740 
2N3741,A 

POWER TRANSISTORS 

PNPSILICON 

60-aoVOLTS 
2& WATTS 

I
- u-' 

P -8--

4- ------
Tf 

E 
SEATING PLANE 

STYLE I: 
PIN I. BASE 

2. EMITTER 
CASE: COLLECTOR 

s 

MILLIMETERS INCHES 
DIM ,MIN MAX MIN MAX 
8 11.94 12.70 0.470 0.500 
C &.35 8.&4 0.250 0.;J4!l 
0 0.71 0.8& 0.028 0.034 
E 1.27 1.91 0.050 0.075 
F 24.33 24.43 0.958 0.962 
G 4.83 5.33 0.190 .210 
H 2.41 2.67 0.095 0.105 
J 14.4B 14.99 0.570 0.59!l 
K. 9.14 - 0.380 -
p 1.27 0.050 
Q 3.61 3.86 0.142 0.5 
S 8.89 0.350 
T 3.68 - 0.145 
U 15.75 - 0.&20 

All JEDEC Dimensions and and Nota Apply. 

CASE 80-02 
TO·2'~ 

• 

II 



II 

2N3740,2N3741,A 

*ELECTRICAL CHARACTERISTICS (Jc =:2~oCunless otherwise noted), 

Chl_wistic Symbol Min MIX Unit', 

OFF CHARACTERISTICS 

Coliector"Emitter Sustaining Voltega <D VCEO(sus) <D Vde 
(lC ~ ,100 mAde, IB ~ 0) ,2N3740, 60 -

2N3741,2N3741A 80 -
Emitter B ... Cutoff Current lEBO 

(VEB ~ 7.0 Vde), 2N3740, 2N3741 - 0.5 mAde 
2N3741A 100 nAde 

Collector Cutoff Current ICEl< 
(VCE ~ 60 Vde, VBE(off) ~ 1.5 Vdel 2N374O - 100 "Ade 

- 100 nAde 
(VCE ~ 80 Vde, VBE(off) = 1.5 Vde) 2N3741 - 100 I'Ade 

2N3741A - 100 nAde 
(VCE =40 Vde, VBE(off) = 1.5 Vde, TC = 1500 C) 2N374O - 1.0 mAde 

- 0.5 
(VCE = 60 Vde, VBE (off) = 1.5 Vdc, T C = 1500 Cl 2N3741 - 1.0 mAde 

2N3741A - 0.5 

Coliector·Emitter Cutoff Current ICEO 
(VCE - 40 Vde,IB = 0) 2N374O - 1.0 mAde 

- 1.0 'IlAde 
(VCE = 60 Vde,IB = 0) 2N3741 - 1.0 mAde 

2N3741A - 1.0 I'Ade 

Collector Base Cutoff Current ICBO 
(VCB = 60 Vde, IE = 0) 2N3740 - 100 "Ade 

- 100 nAde 
(VCB = 80 Vde, IE = 0) 2N374.1 - 100 "Ade 

2N3741A - 100 nAde 

ON CHARACTERISTICS 

DC Current Gain hFE(D -
(lC = 100 mAde, VCE = 1.0 Vde) 40 -
(lC = 250 mAde, VCE = 1.0 Vde) 30 100 
(lC = 500 mAde, VCE = 1.0 Vdc) 20 -
(I C = 1.0 Ade, V CE = 1.0 Vde) 10 -

Coliector·EmitterSaturation Voltage VCE(sat)(D. - 0.6 ' Vde 
(lC= 1.0Ade,IB = 125 mAde) 

B ... ·Emitter Voltage VBE(D. - 1.0 Vde 
(lC = 250 mAde, VCE = 1.0 Vde) 

TRANSIENT CHARACTERISTICS 

Current·Gain-Bandwidth Product fT MHz 
(lC = 100 mAde, VCE = 10 Vde, f = 1.0 MHz) 3.0 -

" 4.0t -

Common Base Output Capacitance Cob - 100 PI". 
(VCB = 10 Vde, IC = 0, f = ,100 kHz) 

Small-5ignal Current Gain hfe 25 - -
(lC = 50 mAde, VCE =,10 Vde, f ='1.0 kHz) 

·Ind!!?~t .. J.EDE,C Regi.~ered Data. 
tMotoro'la guarantees this· value in addition to the JEDEC registered data shown. 

G) Pul. Test: Pulse Width'.S 300 "I, Duty Cvcl.,S2.0%. 

FIGURE 2 -ACTIVE REGION SAFE OPERATING AREA 
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II I ' I 

The Safe Operating Area Curves indicate IC - VCE limit. below 
which the device will no~ enter secondary breakdown. Collector 
1000d lineS for specific circuits must fall within the applicable Safe 
Area to avoid causing a catastrophic failure. To insure operation 
below the maximum' T J, power-t~mperature derating must be ob
served for both steady sta~e and pulse wwer condit.ions . 
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VeE. COLLECTOR·EMITTER VOLTAGE IVOLTS) 
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2N3740, 2N3741,A 
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To compute saturation voltages: 
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MOTOROLA 

• SEMICONDUCTOR ----
TECHNICAL DATA 

II 

MEDIUM-POWER NPN SILICON TRANSISTORS 

.... for use in driver circuits, switching, 
and medium-power-amplifiers appHca
tions. These high performance devices 
feature: . 

• Low Saturation Vol~ge - 1.0 VCE(sat) @ Ie = 500 mA 
• High Gain Characteristics...., hFE = 40-160 @ IC = 500 mA 
• Packaged in the Compact, High-Efficiency TO-213AA Package 
• ~omplementary to PNP 2N3740(2N3766) and 2N3741 (2N3767) 

MAXIMUM RATINGS 

Rating Symbol 2N3766 2N3767 Unit 

Collector-Emitter Voltage VCEO 60 80 Vdc 

Collector-Base Voltage VCB 80 100 Vdc' 

Emitter-Base Voltage VEB 6.0 Vdc 

Collector Current Ie 4.0 Adc 

Base Current IB 2.0 Adc 

Total Device' Dt~sipation @ T C = 25°C PD 20 Watte 
Derate above 25°C 0.133 w/oC 

Operating and Storage Junction TJ.Tstg -6510+200 °c 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Therma~ Resistance, Junction to Case 

FIGURE 1 - POWER·TEMPERATURE DERATING CURVE 
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............ 
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............. 
2~ so ' 7~ 100 . 125 ISO 17~ 

Te. CASE TEMPERATURE ,0CI 

Safe Ar •• Curve. are indicated by Fiau,. 2. 80th limits at. applicable and must be observed. 
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2N3766 
2N3767 

4 AMPERE 
POWER TRANSISTORS 

STYLE 1: 

NPN SILICON 
60-SO VOLTS 

20 WATTS 

i~ljJl '1- -I 
E _ 0 K 

SEATING PLANE _ I 

-.--F--
PIN 1. 8ASE 

-J-2. EMITTER 
l:ASE: COLLECTOR 

o 
I 
H 

MI LlMETERS 
DIM MIN MAX 

8 11.94 12.70 
C 6.35 8.64 
D 0.71 0.86 
E 1.27 1.91 
F 24.33 24.43 
G 4.83 5.33 
H 2.41 2.67 
J 14.48 14.99 
K 9.14 
P 1.27 
Q 3.61 3.86 
S 8.89 
T 3.68 
U 15.75 

s 

I CHES 
MIN MAX 

0.470 
0.250 
0.028 
0.050 
0.958 
0.190 
0.095 
0.570 
0.360 

0.050 
0.142 0.152 

0.350 
0.145 
0.620 

All JEDEC Dimensions and and Notes Apply. 

CASE 80-02 
TO-213AA 

• 



2N3766, 2N3767 

ELECTRICAL CHARACTERISTICS (Te = 2S'C unless otherwise noted) 

Characteristic 

OFF CHARACTERISTICS 

CollectOr-Emitter Voltage IU 
Uc' 100 mAde, IB • 0) 

Emitter-Base Cutoff Current 
(VEB ' 6.0 Vde) 

CoUector Cutoff Current 
(VCE' 80 Vdc, VBE' 1.5 Vdc) 
(VeE'" 100 Vdc, VOE"" 1.15 Vdc) 

(VCE' 50 Vd., VBE • 1.5 Vde, TC • 1500C) 
(VCE' 70 Vdc, VBE • 1.5 Vde, TC' 1500C) 

Collector-Emitter Cutoff Current 
(VCE' 60 Vde, lB' 0) 

(VCE' 80 Vde, lB' 0) 

Collector-Base Cutoff Current 
(VeB' 80 Vde, IE • 0) 

(V CB "" 100 Vdc, IE == 0) 

ON CHARACTERISTICS 

DC Current Gain 
(Ie' 50 mAde, VCE.· 5.0 Vde) 

(Ie • 500 mAde, VCE • 5.0 Vde) 

(Ie • 1.0 Ade, V CE • 10 Vde) 

Collector-Emitter S ... turation Voltage 
<Ie ::; 1.0 Adc, IB::; 0.1 Adc) 

(Ie' 500 mAde, lB' 50 mAde) 

Base-Emitter Voltage 
(IC • 1.0' Ade, V CE • 10 Vdc) 

TRANSIENT CHARACTERISTICS 

Current-Gain - Bandwidth Product 
(Ie' 500 mAde, VCE • 10 Vde, f· 10 MHz) 

Common-Base Output Capacitance 
(V CB' 10 Vdc, Ie' 0 Ade, t· 100 kHz) 

Small-Signal Current Gain 
(Ie == 100 mAde, VeE'" 10 Vdc, f '" 1.0 kHz) 

2N3766 
2N3767 

2N3766 
2N3767 

2N3766 
2N3787 

2N3'l66 

2N3767 

2N3766 

2N3767 

m Pulse Test: Pulse Width '::::;SOO,us, Duty Cycle !sZ.O%. 

Symbol 

V(BRICEO 

lEBO 

IeEX 

ICEO 

IeBO 

hFE 

VCE(""t) 

VBE 

fT 

Cob 

"to 

FIGURE 2 - ACTIVE REGION SAFE AREAS 
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Min Max Unit 

Vd. 
60 -
80 -

mAde 

- 0.75 

mAde 
- 0.1 
- 0.1 

- 1.0 
- 1.0 

mAde 

- 0.7 

- 0.7 

mAde 
- 0.1 

- 0.1 

30 

40 160 

20 

Vde 
2.5 

1.0 

Vde 
1.5 

MHz 
10 -

pF 

- 50 

-
40 -

The Safe Operating Area Curves indicate 
le·Ve, limits below which the device will not 
go into secondary breakdown. Collector 
load lines for specific circuits must fall 
within the applicable Safe Area to avoid 
causing a collector·emitter short. (Ca.se 
temperature and duty cycle of the excur· 
sions make no significant change in these 
safe areas.) The load line may exceed the 
BVe,o voltage limit only if the collector cur· 
rent has been reduced to 20 mA or less be· 
fore or at the BVe" limit; then and only then 
may the load line be extended to the abso· 
lute maximum voltage rating of BVe.o. To 
insure operation below the maximum TJ , 

the power·temperature derating curve must 
be observed for both steady state and pulse 
power conditions. 



2N3766, 2N3767 

LARGE SIGNAL CHARACTERISTICS 

. FIGURE 3 - TRANSCONDUCTANCE 
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2N3766, 2N3767 
FIGURE 7 - CURRENT GAIN 
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. MOTOROLA 
• SEMICONDUCTOR ----

TECHNICAL DATA 

HIGH POWERNPN SiliCON POWER TRANSISTORS 

... designed for linear amplifiers, series pass regulators, and inductive 
switching applications. 

• Forward Biased Secqn.d Breakdown Current Capability 

'S/b" 3.75 Adc @ VCE = 40 Vdc - 2N3771 
= 2.5 Adc @ VCE = 60 Vdc:-- 2N3772 

*MAXIMUM RATINGS 

Rating Symbol 2N3771 2N3772 

Collector·Emitter Voltage VCEO 40 60 
Collector~Emitter Voltage VCEX 50 80 

Colle~tor-Base Voltage VCB 50 100 

Emitter-Base" Voltage VEB .... 5.0 7.0 

Collector Current - Continu'ous Ie 3Q 20 
Peak 30 39 

Base Current - Continuous IS 7.5 5.0 
Peak .. 15 15 

Total Device Dissipation @ Te = 2So.C .PD 150 
Derate above 250e 0.855 

OP.erating and Storage Junction TJ~Tstg -65 to +200 
Temperature Range 

THi:RMAL CHARACTERISTICS 

i 
z 
o 

i 
o .. 
i 
e 

200 
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50 
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0 

FIGURE 1 - POV\lER DERATING 
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Unit 

Vdc 

Vdc 

Vdc 

Vdc 

Adc 

Adc 

Watts 
w/oe 

°c 

2N3771 
2N3772 

20 and 30 AMPERE 

POWER tRANSISTORS 
NPN SILICON 

40 and 60 VOLTS 
1511 WATTS 

STYLE 1: STYLE 3: 
PIN 1. BASE PIN 1. ANODE 

2. EMITIER 
CASE: COLLECTOR 

NOTES: 

2. CATHODE 

1. DIAMETERS D. V AND SURFACE T ARE DATUMS. 
2. POSITIONAL TOLERANCE FOR HOLE D: 

I." 0.25 10.010) !@ITI V !@I 
3. POSITIONAL TOLERANCE FOR LEADS: 

1 ilh.3010.012) I9ITI V 1810191 
4. DIMENSIONING AND TDLERANCING PER ANSI 

YI4.5.1973. 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 

A 39.37 
8 21.08 
C 6.35 7.62 
D 0.99 1.09 
E 3.43 
F 30.15 BSC 
G 10.92 BSC 
H '5.46 BSC 
J 16.89 BSC 
K lUB 12.19 
11· 3.84 4.09 
R 26.67 
V 4.09 0.151 

CASE 11-01 
To-204AA 

-



2N3771, 2N3772 

ELECTRICAL CHARACTERISTICS (TC = 25°C unless otherwise noted) 

I Char_istic Symbol Min Max Unit 

OFF CHARACTERISTICS 

·Collector-Emitter Sustaining Voltage (1) 2N3771 VCEO(sus) 40 - Vdc 

(lc = 0.2 Ade, lB. =:0)_ 2N3772 60 - -. .--.- . 

Collector-Emitter Sustaining Voltage 2N3771 VCEX(sus) 50 - Vde 
(lc = 0.2 Ade, VEB(off) = 1.5 Vde, RB_E = 100 Ohms) 2N3772 80 -

Collector-Emitter Sustaining Voltage 2N3771 VCER(sus) 45 - Vde 
Oe = 0.2 Ade, RBE = 100 Ohms) 2N3772 70 --

·Collector Cutoff Current ICEO mAde 
(VCE = 30 Vde, IB = 0) 2N3771 - 10 
(VCE =.50 Vde, IB = 0) 2N3772 - 10 
(VCE = 25 Vde, IB = 0) 

·Collector Cutoff Current ICEV mAde 
(VCE = 50 Vdc, VEB(off) = 1.5 Vdc) 2N3771 - 2.0 
(VCE = 100 Vdc, VEB(off) = 1.5 Vdc) 2N3772 - 5.0 
(VCE = 45 Vdc, VEB(off) = 1.5 Vdc) 2N6257 - 4.0 

(VCE = 30 Vdc, VEB(off) = 1.5 Vdc, TC = 150°C) 2N3771 - 10 
2N3772 - 10 

(VCE = 45 Vdc, VEB(off) = 1.5 Vdc, TC =··150oC) 

• Collector Cutoff Current ICBO mAdc 
(VCB = 50 Vdc, IE - 0) 2N3771 - 2.0 
(VCB = 100 Vdc, IE = 0) 2N3772 - 5.0 

• Emitter Cutoff Current lEBO mAde 
(VBE = 5.0 Vdc, IC = 0) 2N3771 - 5.0 
(VBE = 7.0 Vdc, IC = 0) 2N3772 - 5.0 

'ON CHARACTERISTICS 

DC Current Gain (1) hFE -
(lC = 15 Adc, VCE = 4.0 Vdc) 2N3771 15 60 
(lc = 10 Adc, VCE = 4.0 Vdc) 
(lc = 8.0 Ade, VCE = 4.0 Vdei 

2N3772 15 60 

(lc = ·30 Adc, VCE = 4.0 Vdc) 2N3771 5.0 -
(lc =.20 Adc, VCE = 4.0 Vdc) 2N3772 5.0 -

Collector-Emitter Saturation Voltage VCE(sat) Vdc 
(lC = 15 Adc. IB = 1.5 Adc) 2N3771 - 2.0 
(lC = 10 Adc, IB = 1.0 Adc) 2N3772 - 1.4 

(lC = 30 Adc, IB = 6.0 Adc) 2N3771 
"- - 4.0 

(lC = 20 Adc, IB = 4.0 Adc) 2N3772 - 4.0 

Base-Emitter On Voltage VBE(on) Vdc 
(lC = 15 Adc, VCE = 4.0 Vdc) 2N3771 - 2.7 
(lc = 10 Adc, VCE = 4.0 Vdc) 2N3772 - 2.2 
(lc = 8.0 Ade, V CE = 4.0 Vdc) 

'OYNAMIC CHARACTERISTICS 

Current-Gain-Bandwidth Product, IT 0.2 - MHz 
(lC = 1.0 Adc, VCE = 4.0 Vdc, I test = 50 kHz) 

Small-Signal Current Gain . hie 40 - -
(lc = 1.0 Adc, VCE - 4.0 Vdc, I = 1.0 kHz) 

SECOND BREAKDOWN 

Second Breakdown Energy with Base Forward Biased ISlb Ade 
t = 1.0 s (non-repetitive) 

(VCE = 40 Vde) 2N3771 3.75 -
(V CE = 60 Vde) 2N3772 2.5 -

* Indicates JEDEC Registered Data 
(1) Pulse Test: 300 ,",S, Rep. Rate 60 cps. 



2N3771, 2N3772, 

FIGURE 2 - THERMAL RESPONSE - 2N3771. 2N3772. 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

COMPLEMENTARY SILICON POWER TRANSISTORS 

The 2N3773 and 2N6609 are,PowerBase power transistors de
. signed for high power audio, disk head positioners and other linear 

appl ications. These devices can also be used in power switching cir
cuits such as relay or solenoid drivers, de to de converters or inverters. 

• High Safe Operating Area (100% Tested) 

150W@I00V 

• Completely Characterized for Linear Operation 

• High DC Current Gain and Low Saturation Voltage 
hFE = 1.5 (Min) @ 8 A, 4 V 
veE (sat) = 1,4 V (Max) @ IC = 8 A, Ie = 0.8 A 

• For Low Distortion Complementary Designs 

"MAXIMUM RATINGS 
Rilling Symbol Value 

Collector Emitter Voltage VCEO 140 

Unit 

Vdc 

II 
Collector-Emitter Voltage VCEX 160 Vdc 

Collector-Ba .. Voltage VCBO 160 Vdc 

Emitter-Ba .. Voltage VEBO 7 Vdc 

Collector Current - Continuous IC 16 Adc 
-Peak (11 30 

Base Cu rrant - Continuous IB 4 Adc 
- Peak (11 15 

Total Power Dissipation @ TC : 250C Po 150 Watt. 
Derate above 250C 0.855 wf'c 

Operating and Storage Junction TJ. T Itg -65 to +200 °c 
Temperature Range 

THERMAL CHARACTERISTICS 
Characteristic I Symbol I Max I Unit 

Thermal Resistance, Junction to Case R6JC 1.17 °C/W 

"Indicate. JEDEC Registered Data 

(11 Pulse Test: Puis. Width = 5ms, Duty Cvcle"; 10%. 

3-52 

NPN 
2N3773 

PNP 
2N6609 

16 AMPERE 
COMPLEMENTARY 

POWER TRANSISTORS 

140 VOLTS 
150 WATTS 

STYLE 1: 
PIN 1. BASE 

2. EMITTER 
CASE: COLLECTOR 

NOTES: 

STYLE 3: 
PIN 1. ANODE 

2,'CATHODE 

1. DIAMETERS Q. V AND SURFACE T ARE DATUMS. 
2. POSITIONAL TOLERANCE FOR HOLE Q: 

1*1'0.25(0.0101@ITl v 81 
3. POSITIONAL TOLERANCE FOR LEADS: 

I iiljo·30(0.012l@ITI V8I Q sl 
4. DIMENSIONING AND TOLERANCING PER ANSI 

YI4.5.1973. 

DIM 
A 
8 
e 
D 
E 
F 
G 
H 
J 
K 
Q 

R 
V 

MILLIMETERS INCHES 
MIN MAX MIN MAX 

39.37 1.550 
21.08 0.830 

6.35 7.62 0.250 0.300 
0.99 1.09 0.039 0.043 
- 3.43 0.135 
30.15 BSe 1.187 BSe 
10.92 BSC 0.430 BSC 
5.46 BSe 0.215 BSe 

16.89 BSe 0.665 BSe 
11.18 12.19 0.440 0.480 
3.84 4.09 0.151 0.161 

26.87 1.050 
3.84 4.09 0.1 1 0181 

CASE 11-91 
TO-204AA 

• 



2N3773 NPN/2N6609 PNP 

ELECTRICAL CHARACTERISTICS (TC ~ 250 C unle. otherwi. noted.) 

Char__ I Symbol 

OFF CHARACTERISTICS (1) 
"Coliector·Emltter areakdown Voltage 

(lC = 0.2 Ade, la eO) 

"Collector-Emitter Susteinlng Voltage 
(lC - 0.1 Ade, VaE(off) - 1.5 Vdc, RBE • 100 Ohms) 

Collector-Emitter Sustaining Voltage 
(lC· 0.2 Adc, RaE· 100 Ohms) 

'Collector Cutoff Currant 
(VCE· 120 Vdc, la ·0) 

'Collector Cutoff Currant 
(VCE -140 Vdc, VBE(off) - 1.5 Vdc) 
(VCE -140 Vdc, VaE(off) = 1.5 Vdc, TC • 1500 C) 

Collector Cutoff Current 
(Vca = 140 Vdc, IE e 0) 

-Emitter Cutoff Current 
(VBE = 7 Vdc, IC = 0) 

ON CHARACTERISTICS (1) 

DC Currant Gain 
'(lC = 8 Adc, VCE = 4 Vdc) 

(lC = 18 Adc, VCE = 4 Vdc) 

Collector-Emitter Saturation Voltage 
'(lC = 8-Adc, 18 = BOO mAde) 

(lC = 16 Ade, 16 = 3.2 Adc) 

'Basa-Emltter On Voltage 
(lC = 8 Adc, VCE = 4 Vdc) 

DYNAMIC CHARACTERISTICS 

Magnitude of Common-Emitter 
Small-Signal, Short-Circuit, Forward Currant Transfer Ratio 

(lC = 1 A, f = 50 kHz) 

'Small-Slgnal Currant Gain 
(lC - 1 Adc, VCE = 4 Vdc, f = 1 kHz) 

- --
SECOND BREAKDOWN CHARACTERISTICS 

Second Breakdown Collector Currant with Ba. Forward Blaoad 
t = 1 s (non-rapetitive), VCE = 100 V, S .. Figura 12 

(1) Pulsa Tilt: Pulsa Width· 300 "s, Duty Cycle ... 2%. 

-Indicates JEDEC Registered Data 

VCEO(luI) 

VCEX(lus) 

VCER(suI) 

ICED 

ICEX 

Icao 

lEBO 

hFE 

VCE(sa!) 

VaE(on) 

Ihfel 

hfe 
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Min Max Unit 

140 - Vdc 

180 - Vdc 

150 - Vdc 

mAdc 
- 10 

mAdc 
- 2 
- 10 

- 2 mAdc 

- 5 mAdc 

-
15 80 
5 

Vdc 
- 1.4 
- 4 

- 2.2 Vdc 

4 - -

40 - -

II 



2N3773 NPN/2N6609 PNP 
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2N3773 NPN/2N6609 PNP 
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VCE. COLLECTOR·EMITTER VOLTAGE (VOLTSI 

There are two limitations on the powerhandl1ng abilitY of 8 

transistor: average junction temperature and second breakdown. 
Safe operating areB curves indicate Ie - VeE limits of the tran~ 
sistor that must be observed for reliable operation: i.e., the tran
sistor must not be subjected to greater dissipation than the curves 
indk:ate. 

The data-of Figure 7i.basecl onTJlpkl = 2000 C;TC i.variable 
dapanding on condition •. Second breakdown pulse limit. are valid 
for duty cycle. to 10% provided T J(pk) < 200oC. At high case 
temperatures, thermal limitations will reduce the power that can 
be handled to values less than the limitations imposed by second 
breakdown. 

FIGURE 8 - POWER DERATING 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

SILICON PNP POWER TRANSISTORS 

· .. designed for medium·speed switch'ing 'and 'amplifier applications. 
These devices feature: 

• Total Switching Time @ 3 A'" 1 ~s(typ) 

• Two Gain Ranges: 
hFE (min) = 15 and 30 @3A (2N3189. 2N3790) 

25 and 50 @ 1 A (2N3791. 2N3792) 

• Low VCE(sat) = 0.5 V (typ) @ I,C = 4.0,A, 18 = 0.4 A 

• Excellent Safe Area Limits 

• Complementary NPNtypes available - 2N3713 thru 2N3716 

MAXIMUM RATINGS 

2N37B9 2N3790 
Characteristic Symbol 2N3791 2N3792 Unit 

Collector-Base Voltage VCS 60 80 Volts 

Collector-Emitter Voltage VCEO 60 80 Volts 

Emitter-Base Voltage VEa 7.0 7.0 Volts 

Collector Current (Continuous) IC 10 10 Amps 

Base Current (Continuous) la 4.0 4.0 Amps 

Power Dissipation Po 150 150 Watts 

The.rmal Resitance 6JC 1.17 1.17 ' °C/W 

Junctipn Operating and 
Storage Temperature Range T J, Tstg -65 to +200 °c 

FIGURE 1 - POWER·TEMPERATURE DERATING CURVE 
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T c, CASE TEMPERATURE ('CI 

Safe Area limits are indicated by Figures 15, 16. Both limits are applicable and 
must be observed. 
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, 

'",'" 

;' 

2N3789 
thru 

2N3792 

10 AMPERE 

POWER TRANSISTORS 
PNPSILICON 

60-80 VOLTS 
160 WATTS 

~ 

0 

F 

NOTES, 
1, DIMENSIONS a AND v ARE OATUMS, 
2, W IS SEATING PLANE AND DATUM, 
3, POSITIONAL TOLERANCE FOR 

MOUNTING HOLE D: 

t • t .,13 10,0051 @ t T t v @ t 
FOR LEADS: 

t t 1.,1310,0051@T 1 v@ t n@t 
4, DIMENSIONS AND TOLERANCES PER 

ANSI Y14,5, 1973, 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 

A 39,37 1,550 
B 21.08 0,830 
C 6,35 7,62 0,250 0,300 
0 0,97 1,09 0,038 0,043 
E 1.40 1,78 0,055 0,070 
F 30,15 SSC 1,1S7 sse 
G 10,92 sse 0,430 sse 
H 5,46 sse 0.215 sse 
J 16,89 sse 0,665 sse 
K 11,18 12,19 0,440 0,480 
n 3,81 4,19 0,150 0,165 
R 26,67 1,050 
U 4,83 5,33 0,190 0,210 
V 3,81 4.19 0,150 0,165 

CASE 1-05 
TO-204AA 

• 



2N3789 thru 2N3792 

ELECTRICAL CHARACTERISTICS (Tc = 2S"C unless otherwise noted) 

Characteristic Symbol 

Collector·Emitter Sustaining Voltage* VCEO(sus)* 
(lC = 200 mAde, IB = 0) 2N37B9,2N3791 

2N3790, 2N3792 

Collector-Emmiter Cutoff Current ICEX 
(VCE = 60 Vde, VBE = -1.5 Vde) 2N3789, 2N3791 
(VCE = 80 Vde, VBE = -1.5 Vde) 2N3790,2N3792 
(VCE = 60 Vde, VBE = -1.5 Vde, TC'~ 150"c1 2N3789,2N3791 
(VCE = SO Vde, VSE = -1.5 Vde, TC = 150"c1 2N3790,2N3792 

Emitter-Base Cutoff Current lEBO 
(VES = 7 Vdel All Types 

DC Current Gain* hFE" 
(lC = 1 Ade, VCE = 2 Vdel 2N3789,2N3790 

2N3791,2N3792 
(lC = 3 Ade, VCE = 2 Vdcl 2N3789,2N3790 

. 2N3791, 2N3792 

Collector-Emitter Saturation Voltage'" VCE(satl* 
(IC = 4 Ade, IS = 0.4 Adc) 2N3789,2N3790 
(IC = 5 Ade, IS = 0.5 Adc) 2N3791,2N3792 

Base-Emitter On Voltage* VSE(onl* 
(lc = 5 A, V CE = 2 vdcl 2N3789,2N3790 

,2N3791, 2N3792 
(lC = 10 Ade, VCE = 4 Vdc) All Types 

Current Gain - Bandwidth Product fT 
(VCE = 10 Vdc, IC = 0_5 Adc, f ='1 MHz) All Types 

·Sweep Test: 1/2 sine wave cYcle@ 60 cps. 

FIGURE 2 - TYPICAL SWITCHING TIMES AND TEST CIRCUIT 
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Min Max 

60 -
80 -

- 1 
- 1 
- 5 
- 5 

- 5 

26 SO 
50 180 
15 -
30 -

- 1.0 

- 1.0 

- 2.0 
- 1.8 
- 4.0 

4 -

VAlUES SHOWN FOR 
Ie ~ SA. I" ~ -I .. ~ 0.5 A 
f - 150 cps. DUTY CYClE = 2% 

-lOV 

6!l 
4W 

Unit 

Vde 

mAde 

mAde 

-

Vde 

Vde 

MHz 

J 
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2N3789 thru 2N3792 
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FIGURE 3 - CURRENT GAIN VARIATIONS 
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2N3789 thru 2N3792 

SAFE OPERATING AREAS 

FIGURE 7 - 2N3789,2N3791 FIGURE 8 -. 2N3790, 2N3792 
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VeE. COLLECTOR.EMITTER VOLTAGE (VOlTS) 

The Safe Operating Area Curves indicate Ie - VeE limit~ 

below which the device will not go into secondary breakdown. 
Collector load lines for specific circuits must fall within the ap· 
plicable Safe Area to avoid causing a collector·emitte·r short. 
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(Duty cycle of the excursions make no significant change in 
these safe areas.) To insure operation below the maximum T" 
the power·temperature derating curve must be observed for 
both steady state and pulse power conditions. 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

HIc:;H VOLTAGE NPN SILICON TRANSISTORS 

· .. designed for use in high·voltage inverters, converters, switch"ing 
regulators"and line operated amplifiers. 

• High Coliector·Emitter Voltage - VCEX = 700 Vdc 

• Excellent DC Current Gain -
hFE = 10 (Min) @ IC = 2.5 Adc 

• Low Coliector·Emitter Saturation Voltage -
. VCE(sat) = 0.8 Vdc (Max).@ IC = 1.0 Adc 

*MAXIMUM RATINGS 

Rating Symbol 

Coliector·Emitter Voltage VeEO 

Coliector·Emitter Voltage VeEX 

Emitter-Base Voltage VEa 

Collector Current - Continuous Ie 

Base Current la 

Total Device Dissipation @ T C == 7SDC Po 
Derate above 75°C 

Operating Junction Temperature Range TJ 

Storage Temperature Range T,tg 

ITHERMAL CHARACTERISTICS 

2N3902 

400 

700 

S.O 

3.S 

2.0 

100 
1.33 

-65 to +150 

-65 to +200 

Charact~r,istic i Symbol I Max 

Thar,mal Resistance. Junction to. Case 8Je I 0.75 

·Indicatas JEOEC ~egi.t.r.d Data 

FIGURE 1_POWER DERATING 
100 

" 
~ 80 " l- f'.... 
" ~ "-z 60 0 

"" ;:: 
;t 

"'-~ 40 15 1"'-'" ~ "-~ 20 
~ " 0 " 60 80 100 120 140 160 

TC. CASE TEMPERATURE IOC) 

3-60 

Unit 

Vdc 

Vdc 

Vdc 

Adc 

Adc 

Watts 
wloe 
°e 

°e 

Unit 

°elw 

NPH 
2N3902 

3.5 AMPERE 

YOWERTRANSISTORS 
NPN SILICON 

4OO~VOLTS 
100 WATTS 

F -

NOTES; 
1. DIMENSIONS Q AND V ARE DATUMS. 
2. m .s SEATING PLANE AND DATUM. 
3. POSITIONAL TOLERANCE FOR 

MOUNTING HOLE Q; 

I * I •. 13(O.005)@ I T I V@ I 

FOR LEADS: 

I *1.·1310.005)@T I v@1 Q@I 

4. DIMENSIONS AND TOLERANCES PER 
ANSI Y14.5. 1973. 

DIM 
A 
B 
C 
D 
E 
F 
G 
H 
J 
K 
Q 

R 
U 
V 

MILLIMETERS INCHES 
MIN MAX MIN" "MAX 
- 39.37 "~ 1.550 

21.08 0.830 
6.35 7.62 0.25U 0.300 
0.97 1.09 0.038 0.043 
14 1.78 0.055 0.070 
30.158SC 1.187 SSC 
10.92 BSC 0.430 BSC 
5.46 SSC 0.215 BSC 

16.89 BSC 0.665 BSC 
11.18 12.19 0.440 0.480 
3.81 4.19 0.150 0.165 

26.67 1050 
4.83 5.33 0.190 0.210 
3.81 4.19 0.150 0.165 

CASE 1-05 
TO-204M 

• 



2N3902 

*ELECTRICAL CHARACTERISTICS (TC; 25°C unle .. otherwise noted) 

f Characteristic 

OFF CHARACTERISTICS 

Collector·Emitter Sustaining Voltage 
(lC ; 100 mAde, 18 ; 0) (See Figure 12) 

Collector Cutoff Current 
(VCE ; 400 Vde, 18 ; 0) 

Collector CUloff Current 

(VCE = 700 Vde, VE8(o!!); 1.5 Vde) 
(VCE = 400 Vde, VE8(o!!) = 1.5 Vde, TC= 125°C) 

Emitter Cutoff Current 

(V8E = 5.0 Vde, IC = 0) 

ON CHARACTERISTICS (1) 

DC Current Gain 
(lC = 1.0 Ade, VCE = 5.0 Vdc) 
(lc = 2.5 Ade, VCE = 5.0 Vdc) 

Collector·Emitter Saturation Voltage 
(lC = 1.0Ade,18 = 0.1 Ade) 
(lC = 2.5 Ade, 18 - 0.5 Ade) 

Base-Emitter Saturation Voltage 
(lC = 1.0 Ade, 18 - 0.1 Ade) 
(lC 2.5 Adc, 180.5 Ade) 

DYNAMIC CHARACTERISTICS 

Current-Gain-Bandwidth Product 
(lC = 0.2 Ade, VCE = 10 Vde) 

*Indicates JEDEC Registered Data 
(1) Pulse Test: Pulse Width" 300 itS, Duty Cyel." 2.0%. 

FIGURE 2 - SWITCHING TIMES TEST CIRCUIT 

""500mA I~ 
-,--~~ ISI'100mA 

__ L_ --f-~---rv~s--
5.0,us 182""RB(""SOOmA) 

____________ .l_ 
INPUT CURRENT WAVEFORM 

5.0% Duty evere 
Ir'" lOOns 

RT 50 

S.DV 

RL 
125 

~ 
w .. 
>= 
~. 

3-61 

Svmbol Min Max Unit 
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ICEX. mAde 
- 2.5 
- 0.5 
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2N3902 

FIGURE 4 - THERMAL RESPONSE 
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FIGURE 6 - TURN,OFF TIME 
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.IC. COLLECTOR CURRENT (AMP) 

There are two limitations on t"e power handling ability of a 
transistor: junction temperature and secondary breakdow~. Safe 
operating area curves indicate Ie-VeE ·fimits of the transistor that 
must be observed for reliable ope~ation; i.e., the transistor must not 
be subjected to greater dissipation than the curves indicate. 

The data of Figure S is based on'T J(pk) = 150°C; TC is variBble 
depending on conditions. Pulse curves are valid for du~y cycles of 
10% provided T J(pk) ~ ISOoC. At high case temperatures. thermal 
limitations will reduce the power that can be handled to values 
less than the li.mit8tions imposed by secondary breakdown. 
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FIGURE 7 - CAPACITANCE 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

MEDIUM-POWER SILICON TRANSISTOR 

designed for general-purpose power amplifier and switching 
applications. 

• Low Collector-Emitter Saturation Voltage -
VCE(sat) = 0.7 Vdc (Max) @ IC = 1.!i Adc 

• Low Leakage Current':" ICEX = 0.1 mAdc (Max) 

• Excellent DC Current Gain - hFE = 25~100@IC = 1.5 Adc. 

• High Current Gain - Bandwidth Product -
fT = 4.0 MHz @ IC = 0.25 Adc 

-MAXIMUM RA11NGS 

RatIng Symbol 

Collector-Emitter Voltege VCEO 

Collector-Base Voltage VCB 

Emitter-Base Voltage VEB 

Collector Current - Ie 
Continuous 
Peak 

Base Current IB 

Total Device Dissipation @ Po 
TC = 25'C 
Derste above 25'C 

Value 

80 

80 

5.0. 

5.a. 
10. 

2.0. 

75 
0..43 

Operating and Storage TJ. Tstg -65 to +20.0. 
Junction Temperature Range 

*THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case 

Unit 

Vdc 

Vdc 

Vdc 

Adc 

Adc 

Watts 
wrc 

·C 

-Indicates JEOEC registered data. (All values meet or exceed JEDEC registered datal. 
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FIGURE 1 - POWER DERATING 
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STYLE 1: 

2N4233A 

5_0 AMPERE 
SILICON· . 

POWER TRANSISTOR 

P 

I I 
t ! 

aoVOLTS 
75 WATTS 

I
- U -.' 

-8--

E 
SEATING PLANE 

---f--
PIN 1. BASE 

2. EMITTER 

s 
MILL! ETERS INCHES 

DIM MIN MAX MIN MAX 
B 11.94 12.70 0.470 0.500 
C B.35 8.64 0.250 0.340 
D 0.71 0.86· 0.028 0.034 
E 1.21 1.91 0.050 0.075 
F 24.33 24.43 0.958 0.962 
G 4.83 5.33 0.190 0.210 
H 2.41 2.67 0.095 0.105 
J 14.48 14.99 0.510 0.590 
K 9.14 - 0.360 -
p - 1.27 - 0.050 
Q 3.61 3.86 0.142 0.152 
S - 8.89 - 0.350 
T 3.68 - 0.145 
U 15.75 - 0.620 -

All JEDEC Dlmen"ons and and Notas Apply. 
CASE 80-02 
TO-213AA· 

• 

c 



2N4233A 
ELECTRICAL CHARACTERISTICS ITc = 25"C unle.s otherwise noted} 

I Characteristic 

"OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage (1) 
(lC = 100 mAde, IB = 0) 

Collector Cutoff Current 
(VCE- = 70 Vdc, IB = 0) 

Collector Cutoff Current 
(VCE = BO Vdc, VBE(off) = 1.5 Vdc) 
(VCE = 80 Vdc, VBE(off) = 1.5 Vdc, TC = 150"C) 

Collector Cutoff Current 
(VCB = 80 Vdc, IE = 0) 

Emitter Cutoff Current 
(VBE = 5.0 Vdc, IC = 0) 

ON CHARACTERISTICS 

DC Current Gain (1) 
'(lC = 0.5 Adc, VCE = 2.0 Vdc) 
'(lC = 1.5 Adc, VCE = 2.0 Vdc) 
'(lc = 3.0 Adc, VCE = 2.0 Vdc) 
'(lc = 5.0 Adc, VCE = 4.0 Vdc) 

'Collector-Emitter Saturation Voltage (1) 
(lC = 1.5 Adc, IB = 0.15 Adc) 
(lC = 3.0 Adc, IB = 0.3 Adc) 
(lC = 5.0 Adc, IB = 1.25 Adc) 

'Base-Emitter On Voltage (1) 
(lC = 1.5 Adc, VCE = 2.0 Vdc) 

"DYNAMIC CHARACTERISTICS 

Current Gain - Bandwidth Product 
(lc = 0.5 Adc, VCE = 10 Vdc, ftest = 1.0 MHz) 

Output Capacitance 
(VCB = 10 Vdc, IE = 0; f = 0.1 MHz) 

Small-Signal Current Gain 
(lC = 0.5 Adc, VCE = 10 Vdc, I = 1.0 kHz) 

*Indicates JEOEC registered data. 
(1) Pulse Test: Pulse Width =s;: 300 ILB, Duty Cvcle .:s;;; 2.0%. 

FIGURE 2 - SWITCHING TIME TEST CIRCUIT 
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t3<15n5 

DUTY CYCLE = 2.0% 

APPROX-9.0 V iSO~I~~~~~~C~~D 
t2 I--- FOR PNPTEST CIRCUIT, 

TURN.QFF PULSE REVERSE ALL POLARITIES AND 01 
FOR CURVES OF FIGURES 3AND 6, RB AND RC 
ARE VARIED TO OBTAIN DESIRED CURRENT LEVELS 

01 MUST BE FAST RECOVERY TYPE, eg 
MB05300 USED ABOVE IB = 100 rnA 
MSD6100 USED BELOW IB = 100 rnA 

Symbol 

VCEO(sus) 

ICEO 

ICEX 

ICBO 

lEBO 

hFE 

VCE(sat) 

VBE(on) 

2.0 

1.0 

0.7 

0.5 

] 0.3 

~ 0.2 
i= 

0.1 

0.07 

0.05 

iT 

Cob 

hIe 

Min Max Unit 

80 - Vdc 

- 1.0 mAde 

mAde 
- 0.1 
- 1.0 

- 0.05 mAde 

- 0.5 mAde 

-
40 -
25 100 
10 -
4.0 -
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FIGURE 3 - TURN "ON" TIME 
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IC. COLLECTOR CURRENT IAMPERESI 
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2N4233A 

FIGURE 4 - THERMAL RESPONSE 
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There are two limitations on the power handling ability of a 
transistor; average junction temperature and second breakdown . 
Safe operating area curves i~dicate Ie - VeE timit~ of the 
transistor that must be. observed for reliable operation; i.e., the 
transistor must not be subjected to greater dissipation than the 
curves indicate. 

The data of Figure 5 is based on T J(pk} = 200°C; T C is variable 
depending on conditions. Second breakdown pulse limits are valid 
for duty cycles to 10% provided T J(pk} < 200°C. T Jlpk} may be 
calculated from the data in Figure 4. At high case temperatures, 
thermal limitations will reduce the power than can be handled to 
values less than the limitations imposed by second breakdown. 
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FIGURE 9 - COLLECTOR SATURATION REGION 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

PNP SILICON HIGH-POWER TRANSISTORS 

... designed for use in power am'plifier and switching circuits. 

• Low Collector-Emitter Saturatio'n Voltage -
IC = 15 Adc, VCE(sat) = 1.0 Vdc (Max) 2N4398,99 

= 1.5 Vdc (Max) 2N5745 
• DC Current Gain Specified - 1.0 to 30 Adc 
• Complements to NPN 2N5301, 2N5302; 2N5303 

*MAXIMUM RATINGS 

Ratina Svmbol 2N4398 2N4399 

Collector-Emitter Voltage VCEO 40 60 

Collector-Base Voltage VCB 40 sO 
Emitter-Ba .. Voltage VEB 5.0 

Collector Current - Continuous IC 30 30 
Peak 50- 50 

Base Current Continuous IB 7.5 
Peak 

, 
15 

Total Device Dissipation@TA = 250 CM -PO 5.0 
Derate above 2SoC 28.6 

Total Device Dissipation@Tc = 25°C Po 200 
Derate abo~e 25°C 1.15 

N5746 

80 

80 

20 
50 

Unit 

Vdc 

Vdc 

Vdc 

- Adc 

Adc 

Watts 
mWfOC 

Watts 
wfOc 

Operating and Storage Junction TJ,Tstg ~-65to+200-----' °c 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance, Junction to Case BJC 0.875 

Thermal Resistance, Junction to Ambient BJA 35 

-Indicates JEDEC Registered Data 

"Motorola guarantees this data in addition:to JEOEC Registered Data. 

FIGURE 1 - POWER-TEMPERATURE DERATING CURVE 
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T. TEMPERATURE IOC) 

Safe Area Curves are indicated by Figure 13. All 
limits are applicable and must be observed. 

175 200 
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2N4398, 
2N4399 2N5745 

20,30 AMPERE 
POWER TRANSISTORS 

PNP SILICON 

40-60-180 VOLTS 
200 WATTS 

STYLE 1: 9TYLE 3: 
PIN 1. 8ASE 

2. EMITTER 
CASE: COLLECTOR 

NOTES: 

PIN 1. ANODE 
2. CATHODE 

1. OIAMETERS Q, V AND SURFACE T ARE DATUMS. 
2. POSITIONAL TOLERANCE FOR HOLE Q: 

1*1.0.25 (0.010) §PI T I V §P \ 
3. POSITIONAL TOLERANCE FOR LEADS: 

1 ililio.30(0.012) ~wl V@IQ@\ 
4. DIMENSIONING AND TOLERANCING PER ANSI 

Y14.5,1973. 

DIM 
A 
8 
e 
D 
E 
F 
G 
H 
J 
K 
Q 

R 
V 

MILLIMETERS INCHES 
MIN MAX MIN MAX 

39.37 1.550 
- 21.08 0.830 
6.35 7.62 0.250 0.300 
0.99 1.09 0.039 0.043 
- 3.43 0.135 
30.15 ase 1.187 asc 
10.92 asc 0.430 ase 
5.46 asc 0.215 ase 

16.a98SC 0.6658SC 
11.18 12.19 0.440 0.480 
3.84 4.09 0.151 0.161 

26.67 1.050 
384 4 0.151 0.16 

CASE 11-01 
TO-204AA 

• 



2N4398,2N4399,2N5745 

ELECTRICAL CHARACTERISTICS (T e = 25"C unless otherwise noted) 

I Ch_ I Symbol I Min Mox Un~ 
OFF CHARACTEAI&nCS 

Collector-Emitter Sustaining Voltage (1) VCEO(sus) 
(lC = 200 mAdc, 'a "" 0) 2N4398 

2N4399 
2N5745 

Collector Cutoff Current ICEO 
(VCE "" 40 Vdc, 'a "" OJ 2_ 
(VeE"" 60 Vde, 'e := 0) 2N4399 
(VCE "" 80 Vde, 18 "" D) 2N5745 

Collector Cutoff Current ICEX 
(VCE "" 40 Vde, VeE(off) "" 1.5 Vdc) 2N4398 
(VCE = 60 Vdc, VeE(offl "" 1.5 Vdc) 2N4399 
(VCE "" 80 Vdc, VeE(off) := 1.5 Vde) 2N5745 
(VCE := 30 Vdc. VeE(off) := 1.5 Vde, 2N4398, 2N4399 
TC "" 1SOOCI 
(VCE "" 80 Vdc. VeE(off) "" 1.5 Vdc, 2N5745 
TC = 150"<:) 

Collector Cutoff Current Iceo 
(Vce "" 40 Vdc. Ie == 0) 2N4398 
(VCB = 80 Vdc, 'E = 0) 2N4399 
(Vce "" 80 Vdc. Ie '" 0) 2N5745 

Emitter Cutoff Current IEeO 
(VEe == 5.0 Vdc, IC := 0) 

ON CHARACTERlS11CS 

DC Current Gain (1) hFE 
(Ie = 1.f:l Adc. VCE = 2.0 Vdcl All Types 
(lc = 10 Adc, VeE = 2.0 Vdcl 2N5745 
(lc = 15 Adc, VeE "" 2.0 Vde) 2N4398, 2N4399 
HC = 20 Adc, VeE == 2.0 Vde) 2N5745 
(lC = 30 Adc, Vee = 4.0 Vdc) 2N4398. 2N4399 

Collector-Emitter Saturation Voltage (1) VeE(sat) 
(lC = 10 Adc, Ie = 1.0 Adc) 2N4398, 2N4399 

2N5745 
(Ie = 15 Adc.le = 1.5 Adc) 2N4398, 2N4399 

2N5745 
(lC = 20 Adc, Ie = 2.0 Adc) 2N4398, 2N4399 
(lc = 20 Adc, Ie = 4.0 Adcl 2N5745 
(Ie = 30 Adc, Ie = 6.0 Adcl 2N4398, 2N4399 

ease Emitter Saturation Voltage (1) VeE(sat) 
(lC = 10 Adc, Ie = 1.0 Adc)** 2N4398, 2N4399 

2N5745 
(Ie = 15 Adc, 18 = 1.5 Adc) 2N4398, 2N4399 

2N5745 
(lC = 20 Adc. 18 = 2.0 Adc)** 2N4398, 2N4399 
(lC =.20 Adc, Ie = 4.0 Adc) 2N5745 

Base-Emitter On Voltage (1) VBE(on) 
(Ie = 10 Adc, VCE = 2.0 Vdc) 2N5745 
(Ie '" 15 Adc. VeE = 2.0 Vdc) 2N4398, 2N4399 
(Ie = 20 Adc. VCE '" 4.0 Vdc) 2N5745 
(lc = 30 Adc, VCE = 4.0 Vdc) 2N4398, 2N4399 

DYNAMIC CHARACTERISTICS 

Current-Gain Bandwidth Product (2) fr 
(Ie = 1.0 Ade. VCE = 10 Vde. 2N4398. 2N4399 
f = 1.0 MHz) 2N5745 

Small-Signal Current Gain hfe 
(lC = 1.0 Adc, VeE = 10 Vdc. f =·1.0 kHz) 

SWITCHING CHARACTERISTICS 

Rise Time 2N4398,2N4399 t, 
2N5745 

Storage Time 
(Vec = 30 Vdc, 
Ie = 10 Adc. 

2N4398, 2N4399 ts 

IB1 ::: le2 = 1.0 Ade) 
2N5745 

Fall Time 2N4398, 2N4399 If 
2N5745 

*/ndlcates JEDEC RegIstered Data. 
**Motorola Guarantees this Data in Addition to JEDEC Registered Data. 
(1) Pulse Test: Pulse Width ... 300 ,...s, Duty Cycle ... 2.0%. 
(2) tr is defined as the frequency at which Ihfel extrapolates to unity. 
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SWITCHING TIME EQUIVALENT TEST CIRCUITS 
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2N4398~2N4399,2N5745 
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FIGURE 4 - DC. CURRENT GAIN 
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FIGURE 7 - TEMPERATURE COEFFICIENTS 
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2N4398,2N4399,2N5745 

RATINGS AND THERMAL DATA 

FIGURE 8 - ACTIVE REGION SAFE OPERATING AREA 
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There are two limitations on the power handling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate Ie-VeE limits of the transistor 
that must be observed for reliable operation; i.e., the transistor must 
not be subjected to greater dissipation than the curves indicate. 

The data of FigUre 8 is based on T J(pk) = 20o"C; TC is variable 
depending on conditions. Second breakdown pulse limits are valid 
for duty cycles to 10% provided TJ(pk)";200oC. TJ(pk) may be 
calculated from the data in Figure 9.. At high case temperatures, 
thermal limitations will reduce the power that can be handled to 
values less than the limitations imposed bV second breakdown. 

FIGURE 9 - THERMAL RESPONSE 
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A train of periodical power pulses can be represented by the 
model as shown in Figure A. Using the model and the device 
thermal reponse, the normalized effective transient thermal 
resistance of Figure 9 was calculated for various duty cycles. 

To find 8Jc(t), multiply the value obtained from Figure 9 by the 
steady state value 8Jc( co). 

Example: 
The 2N4398 is dissipating 100 watts under the following 
conditions: t, = 1.0 ms, tp = 5.0 ms. (0 = 0.2) 

Using Figure9, at a pulse width of 1.0msand 0=0.2, the reading 
of r (t) is 0.28. 

The peak rise in junction temperature is therefore 
c\ T = r(t) X Pp X 8Jc(co) = 0.28 X 100 X 0.875 = 24.5°C 



MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

MEDIUM-POWER PNP SILICON TRANSISTORS 

· .. designed for driver circuits, switching, and amplifier applications. 
These high·performance devices feature: 

• Low Saturation Voltage - VCE(sat) = 0.6 V max @ IC = 1.0 Amp 

• Excellent Safe Operating Area 

• Gain Specified to IC = 1.0 Ampere 

• 2N4900 Complementary to NPN 2N4,912 

MAXIMUM,RATINGS 

Rating Svmbol 2N4898 2N4899 2N4900 

Collector-Emitter Voltage VCEO 40 60 80 

Conector·Base Voltage VCB 40 60 80 

Emitter-Base Voltage VEB 04 5.0 ~ 

Collector Current Continuous* IC' .. 1.0 ~ .. 4.0 ~ 

Base Current IB 04 1.0 ~ 

Total Device Dissipation T C = 25°C Po 04 25 ~ 

Derate above 250 C _0.143_ 

Operating & Storage Junction TJ, Tstg +---65 to +200 --,-.. 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Max 

Thermal Reistance, Junction ,to Case 7.0 

*The 1.0 Amp maximum Ie value is based upon J·EDEC current gain"requiremeryts. 

Unit 

Vele 

Vdc 

Vdc 

Adc 

Adc 

Watts 

W!"C 
o~ 

The 4.0 Amp m~ximum value is based upon actual'current-h~ndling capabiHty of the device 
(see Figure 5). 

FIGUR.E 1 - POWER·TEMPERATURE,DERATING CURVE 
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Safe Area Curves are indicated by Figure 5. All limits are applicable and must be observed. 
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2N4898 
thru 

2N4900 

4 AMPERE 

GENERAL PURPOSE 
POWER TRANSISTORS 

4O-BOVOLTS 
25 WATTS 

--U--j 

P -8--

4-:--
If 

E 
SEATING PLANE 

STYLE 1: 
PIN 1. BASE 

2. EMITTER 
CASE: COLLECTOR 

--'-F--. 

-J-

s 
MILLIMETERS INCHES 

OIM MIN MAX MIN MAX 
B 11.94 12.10 0,410 0,500 
C 6,35 8.64 0,250 0,340 
0 0.11 0.86 0.028 0.034 
E 1.21 1.91 0.050 0,015 
F 24,33 24,43 0.958 0.962 
G 4.83 5.33 0.190 0.210 
H 2.41 2.61 0.095 0.105 
J 14.48 14.99 0.510 0,590 
K 9.14 0.360 
p - 1.21 - 0.050 
Q 3,61 3.86 0.142 0.152 
S - 8.89 0.350 
T - 3.68 - 0.145 
U 15.15 - 0.620 

All JEDEC Dimensions and and Notes Apply. 
CASE 80-02 
TO-213AA 

• 



2N4898 thru 2N4900 

ELECTRICAL CHARACTERISTICS (T c = 25"C ""'ess olh"wlse "oled) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage" 
(IC = O. lAde, IB = 0) 2N4898 

2N4899 
2N4900 

Collector Cutoff Current 
(V CE = 20 Vde, IB = 0) 2N4898 

(VCE = 30 Vde, IB = 0) 2N4899 

(VCE = 40 Vde, IB = 0) 2N4900 

Collector Cutoff Current 
(V CE = Rated V CEO' V BE (off) = 1. 5 Vde) 

(VCE = Rated VCEO' VBE(off) = 1.5 Vde, TC = 150'C) 

Collector Cutoff Current 
(V CB = Rated V CB' ~ ~ 0) 

Emitter Cutoff Current 
(VBE = 5.0 Vde, IC = 0) 

ON CHARACTERISTICS 

DC Current Gain* 
(IC = 50 mAde, V CE = 1. 0 Vde) 

(IC = 500 mAde, V CE = 1.0 Vde) 

(IC = 1. 0 Ade, V CE = 1. 0 Yde) 

Collector-Emitter Saturation Voltage" 
(IC = 1. 0 Ade, lEi = O. 1 Ade) 

Base-Emitter Saturation Voltage" 
(IC= 1. 0 Ade, IB = O. lAde) 

Base-Emitter On Voltage" 
(IC = 1. 0 Ade, V CE = 1. 0 Vde) 

SMALL SIGNAL CHARACTERISTICS 

Current-Gain-Bandwidth Product 
(IC - 250 mAde, V CE = 10 Vde, f = 1. 0 MHz) 

Output Capacitance 
(V CB = 10 Vde, ~ = 0, f = 100 kHz) 

Smail-Signal Current Gain 
(IC = 250 mAde, V CE = 10 Vde, f = 1. 0 kHz) 

" Pulse Test: PW ~300 /-LB, Duty Cycle ~ 2.0% 

FIGURE 2 - SWITCHING TIME EQUIVALENT CIRCUIT 

TURN·ON PULSE 
Vee o---'W'v-----. 

RL 

APPROX 9.0 V _ I, ~ 

I , 
I " + 4.0 V 

v· -I- - - -1- + -
"' 1 I I tl < 15n5 

I I 100 < I, < 500 I" 
APPROX I I I, < 15 ns 
-11 V DUTY CYClE::O:2.D% 

Symbol Min Max Unit 

VCEO(sus)* Vde 
40 -
60 -
80 -

ICEO mAde 
- 0.5 

- 0.5 

- 0.5 

ICEX mAde 
- 0.1 

- 1.0 

ICBO . mAde 
- O. I 

lEBO mAde 
- 1.0 

hFE * -
40 -
20 100 

10 -
V " Vde CE(sat) - 0.6 

VBE(sat) " Vde 
- 1.3 

V " Vde BE(on) - 1.3 

fT MHz 
3.0 

Cob pF 
100 

hre 
25 
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2N4898 thru 2N4900 

FIGURE 4 - THERMAL RESPONSE 
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The safe operating area curves indicate lc-VeE 
limits of the transistor which must be observed for 
reliable operation .. tollector load lines for specific 
circuits must fall below the limits indicated by the 
applicable curve. 

The data of Figure 5 is based upon T J(p.' = 
20QoC; Tc is variable depending upon conditions. 
Pulse curves are valid for duty cycles to 10% pro· 
vided TJlpkJ -':::·200°C. TJlp~! may be' calculated 
from the data in Figure 4 . At high case tempera· 
tures, thermal limitations will reduce the power -
which can be handled to values less than the limita
tions imposed by secondary breakdown. 

FIGURE 7 - FALL TIME 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

NPN SILICON TRANSISTOR 

· .. designed for driver circuits, switching, and amplifier applications. 
This high·performance device features: 

• Low Saturation Voltage - VCE(sat) = 0.6 V max @ IC = 1.0 Amp 

• Excellent Safe Operating Area 

• Gain Specified to IC = 1.0 Amp 

• Complement to PNP 2N4900 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage VCEO 80 Vdc 

Collector-Base Voltage VCB 80 Vdc 

Emitter-Base Voltage VEB 5.0 Vdc 

Collector Current - Continuous* IC' 1.0 Adc 

Base Current - Continuous Ie 1.0 Adc 

Total Device Dissipation TC = 25°C Po 25 Watts 
Derate above 25°C 0.143 mW/oC 

Operating & Storage Junction TJ, Tstg -65 to +200 °c 
Temperature Range 

THERMAL CHARACTERISTICS 
Characteristic I Symbol I Max I Unit 

Thermal Resistance, Junction to Case I ReJC I 7.0 I °CIW 

*The 1.0 Amp maximum Ie value is based upon JEDEC current gain requirements. 

FIGURE 1 - POWER-TEMPERATURE DERATING CURVE 
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Safe Area Curves are indicated by Figure 5. All limits are applicable and must be observed. 
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2N4912 

1 AMPERE 

NPN SILICON 
POWER TRANSISTOR 

80 VOLTS 
25 WATTS 

I
- u-: 

p -8-

4- ------II ----
E 

SEATING PLANE 

~;j 
-J-

Q I 

H T 

I G 

DIM 
B 

D 
E 
F 
G 
H 
J 

• P 

" S 
T 
U 

S 

STYLE 1: 
PIN I. BASE 

2. EMITTER 
CASE: COLLECTOR 

MILLIMETERS INCHES 
MIN MAX MIN MAX 

11.94 12.10 0.470 0.500 
6.5 '.64 0.250 D. 
0.71 D.'6 D~2' 0,034 
1.21 1.91 0.050 0.015 

24.33 24.43 0.958 0.962 
4.83 5.33 0.190 0.210 
2.41 2.67 0.095 0.105 

14.48 14.99 0.570 0.590 
9.14 0.3611 

1.27 - 0.050 
3.61 3.86 0.142 0.152 

8.89 - 0.350 
3.68 - 0.145 

15.75 - 0.620 

All JEDEC Dimensions and and Notes AppiV. 

CASE 80-02 
TO-213AA 

• 

II 



2N4912 

ELECTRICAL CHARACTERISTICS (TC - 2SoC unle .. otherwise noted) 

Charactorlstlc 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage (1) 
(lC = 0.1 Ade, Ie = 0) 

Collector Cutoll Current 
(VCE = 40 Vde, Ie = 0) 

Collector Cutoff Current 
(VCE = Rated VCEO, VEe(off) = 1.5 Vde) 
(VCE = Rated VCEO, VEe(olf) = 1.5 Vde, TC = 150°C) 

Collector Cutoff Current 

(Vce = Rated Vce, IE = 0) 

Emitter Cutoff Current 
(VEe = 5.0 Vdc, IC = 0) 

ON CHARACTERISTICS (1) 

DC Current Gain 
(lC = 50 mAde, VCE = 1.0 Vde) 
(lC = 500 mAde, VCE = 1.0 Vde) 
(lC =1.0 Ade, VCE = 1.0 Vde) 

COllector-Emitter Saturation Voltage 

(lC= 1.0"'de;le =0.1 Ade) 

Base-Emitter Saturation Voltage 

IIc = 1.0 Ade, Ie = 0.1 Ade) 

Base-Emitter On Voltage 
(lc =.1.0 Ade, VCE ·1.0 Vde) 

SMALL SIGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
(lC = 250 mAde, VCE = 10 Vde, I = 1.0 MHz) 

Output Capacitance 
(Vce = 10 Vde, IE = 0, I = 100 kHz) 

Small-Signal Current Gain 
IIc = 250 mAde, VCE = 10 Vde, I = 1.0 kHz) 

(1) Pulse Test: Pulse Width = 300 !,S, Duty Cycle = 2.0%. 

FIGURE 2 - SWITCHING TIME EQUIVALENT CIRCUIT 
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FIGUR'E 3 - TURN'()N TIME 
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2N4912 

FIGURE 4 - THERMAL RESPONSE 
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There are two limitations on the power han· 
dling ability of a transistor: junction temperature 
and secondary breakdown. Safe operating area 
curves indicate ic-VeE limits of the transistor that 
must be observed for reliable operation; i.e., the 
transistor must not be subjected to greater dissi· 
pation than the curves indicate. 

The data of Figure 5 is based on TJ(p.' = 
200·C; Tc is variable depending on conditions. 
Pulse curves are valid for duty cycles of 10% pro· 
vided TJI"I :;; 2OO"C. TJI"I may be calculaled 
from the data in Figure 4. At high case tempera· 
tures, thermal limitations will reduce the power 
that can be handled to values less than the 
limitations imposed by secondary breakdown. 

FIGURE 7 - FALL TIME 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

MEDIUM-POWER PLASTIC PNP SILICON TRANSIs,-ORS 

· .. designed for driver circuits, switching, and amplifier applications. 
These high-performance plastic devices feature: 

.' Low Saturation Voltage - VCE(sat) = 0.6 Vdc (Max) @ IC = 1.0 
Amp 

• Excellent Power Dissipation Due to Thermopad Construction-
PD = 301@ TC = 250 C 

• Excellent Safe Operating Area 

• Gain Specified to IC ~ 1.0 Amp 

• Complement to NPN 2N4921, 2N4922,,2N4923 

*MAXIMUM RATINGS 

Ratings Symbol 2N4918 2N4919 2N4920 

Coliector·Emitter Voltage VCEO 40 60 80 

Collector· Base Voltage VCB 40 60 80 

Emitter~Base Voltage VEe . 5.0_ 

Collector Current - Continuous (11 IC' 0 1.0_ 

3.0-

Base Current Ie 0 1.0_ 

Total Power Dissipation @ T C = 25°C Po 30 
Derate above 25°C 0.24 

Operating & Storage Junc~ion TJ. Tstg - -65to+150 -
Temperature Range 

THERMAL CHARACTERISTICS 2) 

Characteristic Max 

Thermal Resistance, Junction to Case 4.16 

• Indicates JEDEC Registered Data for 2N4918 Series 

Unit 

Vdc 

Vdc 

\ide 

Adc 

Adc 

Watts 
W/oC 

°c 

(1) The 1.0 Amp maximum Ie value is based upon JE OEC current gain requirements. 
The 3.0 Amp maximum value is based upon actual current-handling capability of the 
device (See Figure 5). 

Aecommend use of thermal compound for lowest.thermal resistance. 

FIGURE 1 - POWER DERATING 
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3 AMPERE 
GENERAL-PURPOSE 

POWER TRANSISTORS 

S 

40-80 VOLTS 
30 WATTS 

---;tH K 

L 
~D .JLJ 

GJ..j 
E3=i-r STYLE 1: 

M-A.o PIN 1. EMITTER 
2. COLlECTOR 
• BAS' 

NOTES: 
1. LEADS, TRUE POSITIONEO WITHIN O.25mm ~0.010! 

O!A TO DIM A & B AT MAXIMUM MAl£ftlAl 
CONomoN. 

OIl 

• • C 
D 
F 
G 
H 
J 

• • Q 

R 

U 
V 

IIIWMEIBIS """'" ... MIN .... 
10.80 11.04 0, 0 
7," 7.74 0,'" 0,'" "., 2,,. ° 1 
0.51 0,,. 0,'" 0, 
2," 3.11 0.115 0.125 
.." 0.091 0, 7 
1.27 ,., 0, 0, 
0, 0.01 0," 

14.61 16.63 0.575 0,"" 
3"TYP ,.TYP 

3.7' ." 0,1 0.1 
1.15 1. 0, 0.0; ... 0, 0., 0 ," 3," 0.1 0.155 
1." 0,"" 

CASE n-oS 
TO-225AA 

• 



2N4918 thru 2N4920 

ELECTRICAL CHARACTERISTICS (TC = 250 C unless otherwise notedl 

Ch.acteriotic Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage (11 
(lC = 0.1 Ade, la = 01 2N4918 

2N4919 
2N4920 

Collector Cutoff Current 
(VCE = 20 Vde, la = 01 2N4918 
(VCE = 30 Vde, la = 01 2N4919 
(VCE = 40 Vde, la = 01 2N492D 

Collector Cutoff Current 
(VCE = Rated VCEO, VaE(offl = 1.5 Vdel 
(VCE = Rated VCEO, VaE(offl = 1.5 Vde, TC = 1250 CI 

Collector Cutoff Current 
(Vca = Rated Vee, IE = 01 

Emitter Cutoff Current 
(VaE = 5.0 Vde, IC = 0) 

ON CHARACTERISTICS 

OC Current Gain (11 
(lC = 50 mAde, VCE = 1.0 Vdel 
IIC = 500 mAde, VCE = 1.0 Vdel 
(IC= 1.0 Ade, VCE = 1.0Vdel 

Collector-Emitter Saturation Voltage (11 
IIC = 1.0 Ade,IB = 0.1 Adel 

aase-Emitter Saturation Voltage (11 
IIC = 1.0 Ade, la = 0.1 Adel 

Base-EmItter On Voltage III 
IIC = 1.0 Ade, VCE = 1.0 Vdel 

SMALL-5IGNAL CHARACTERISTICS 

Current-Gain - Bandwidth Product 
(lC = 250 mAde, VCE = 10 Vde, f = I.DMHzl 

Output capacitance 
(Vca = 10 Vde, IE = 0, f= lOOkHzl 

Small-:Signal Current Gain 
IIC = 250 mAde, VCE = 10 Vde, f= I.DkHzl 

·1 ndlC::ates JE DEC Registered Data 

(I) Pulse Test: PW ""300"., Duty Cycle ""2.0% 

FIGURE 2 - SWITCHING TIME EQUIVALENT CIRCUIT 
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2N4918 thru 2N4920 

FIGURE 4 - THERMAL RESPONSE 
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2N4918 thru 2N4920 

TYPICAL DC CHARACTERISTICS 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

MEDIUM:PQWER PLASTlC NPN SILICON 
TRANSISTORS I 

· .. designed for driver circuits. switching. and amplifier applications. 
These high·performance plastic devices feature: 

• Low Saturation Voltage - VCE(sat)= 0.6 Vdc (Max) @ I C = 1.0 Amp 

• Excellent Power Dissipation Due to Thermopad 
Construction - PD = 30 W @ T C = 250 C 

• Excellent Safe Operating Area 

• Gain Specified to IC = 1.0 Amp 

• Complement to PNP 2N4918. 2N4919. 2N4920 

'MAXIMUM RATINGS 

Rating 

Collector-EmItter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current Continuous (1) 

Base Current - Continuous 

Total Power Dissipation@Tc=250C 

Derate above 2SoC 

Symbol ZN49Z1 

VCEO 40 

VeB 40 

VEB 

'e 

'B 

PD 

ZN49ZZ ZN49Z3 

60 80 

60 80 

50 

1.0 

3.0 

1.0 

30 

0.24 

Operating & Storage Junction 

Temperature Range 
TJ. T stg -- -65 to +150--

THERMAL CHARACTERISTICS.(21 

Characteristic 

Thermal Resistance, Junction to Case. 4.16 

(1) The 1.0-Amp maximum 'e value Is based upon JEDEC current gain requirements. 

Unit 

Vdc 

~dc 

Vdc 

Adc 

Adc 

Watts 

w/oe 

°e 

The 3.0 Amp maximum value is based upon actual current-handling capability. of the device 
(see Figures 5 and 6). 

(2) Recommend use of thermal compound for lowest thermal resistance. 

-Indicates JEOEC Registered Data. 

FIGURE 1 - POWER DERATING 
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2N4921 
thru 

2N4923 

3 AMPERE 
,GENERAL-PURPOSE 

POWE,R TRANS.ISTORS 

NOTES: 

40-80 VOLTS 
30 WATTS 

K· 

STYt.E:I: 
PIN I. EMlmR 

2. COlLECTOR 
3. BASE 

1. IJ:ADS, TRUE POSITIONED WITHIN 0.25mm (0.010) 
DIA TO DIM A &: B AT MAXIMUM MATERIAL 
CONDlTlON. 

... 
A 

• C 

• F 
G 
H 
J 

• • Q 

• S 
U 
V 

MlLIJMmRS INCItES ... .... lIN MAX 
10.80 '1.04 . .." 0.435 
7.50 7.74 0.295 0.3115 
2.42 2.66 0.'"' 0.105 
0.51 0.66 0.020 0.26 
2.93 3.17 0.115 0.125 
2.32 2.46 0.091 0.097 
1.27 2.41 0.050 0.095 
'.39 0." 0.015 0.025 

14.61 ,." 0.515 0.'" 
,.1YP ,.1YP 

3.26 4.01 0.148 0.158 
1.15 1.39 0.045 0.055 
0.64 0.66 0.025 0.035 
3.69 0.155 
1.02 - 0.040 

CASE 77-05 
TO-225AA 

• 



2N4921 thru 2N4923 

*ELECTRICAL CHARACTERISTICS (TC = 250 C unless otherwise noted I 

Characteristic 

OFF CHARACTERISTICS 

COllector-Emitter Sustaining Voltage (11 
(lC = 0.1 Ade,IB = 01 2N4921 

2N4922 
2N4923 

Collector Cutoll Current 
(VCE = 20 Vde, IB = 01 2N4921 
(VCE = 30 Yde,IB = 01 2N4922 
(VCE = 40 Vde, ,IB = 01 2N4923 

Collector Cutoff Current 

(VCE = Rated VCEO, VEB(olll = 1.5 Vdel 
(VCE= Rated VCEO, VEB(olll = 1.5 Vde, TC = 1250 CI 

Collector Cutoff Current 
(VCB = Rated VCB, IE = 01 

Emitter Cutoff Current 
(VE B = 5.0 Vde, Ie = 01 

ON CHARACTERISTICS 

DC Current Gain (1 J 
tiC = 50 mAde, VCE = 1.0 Vdel 
(Ie = 500 mAde, VeE = 1.0 Vdel 
tic =1.0 Ade, VCE = 1.0 Vdel 

Collector-Emitter Saturation Voltage (11 
II C = 1.0 Ade, I B = 0.1 Adel 

'Base-Emitter Saturation Voltage (11 
tiC = 1.0Ade,IB = 0.1 Adel 

Base-Emitter On Voltage (11 
IIC = 1.0 Ade, VCE = 1.0 Vdel 

SMALL-SIGNAL CHARACTERISTICS 

Current·Gain - Bandwidth Product 
(lC = 250 mAde, VCE = 10 Vde, I = 1.0 MHzl 

Output Capacitance 
IVCB = 10 Vde, IE = 0, I = 100 kHzl 

Small-Signal Current Gain 
(lC = 250 mAde, VCE = 10 Vde, I = 1.0 kHzl 

(1) Pulse Test: PW:::::::300,us, Duty Cycle~2.0%. 
-Indicates JE DEC Registered Data 

FIGURE 2 - SWITCHING TIME EQUIVALENT CIRCUIT 
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FIGURE 3 - TURN-ON TIME 
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2N4921 thru 2N4923 

FIGURE 4 - THERMAL RESPONSE 
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a transistor: average junclion temperature and second break· 
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TC is variable depending on conditions. Second breakdown 
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than the limita,tions imposed by second breakdown. 
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2N4921 thru 2N4923 
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FIGURE 10 - EFFECTS OF BASE·EMITTER RESISTANCE 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

NPN SILICONTRANSISTOR8 

... fast switching 5P!ledS~ndhigh current capacity ideally suit these 
parts fOr use in switChing' regulators, inverters, wide·band amplifiers 
and powEiroscillators in industrial and commercial applications. 

• High Speed - tf = 0.5}J.s (Max) 

• High Current - 'C(max) = 30 Amps 

• Low Saturation - VCE(sat) = 2.5 V (Max) @ IC = 20 Amps 

*MAXIMUM RATINGS 

Rating Symbol 2N&038 I 2N5039 Unit 

,Coliector~Base Voltage VCBO 150 I 120 Vdc 

Coliector·Emitter Voltage VCEV 150 L 120 Vdc 

Emitter·Base Vottag~, VEBO 7 Vdc 

Collector Current ~ Continuous IC 20 Adc 
Peak (1) ICM 30 

Base Current - Continuous IB 5 Adc 

Total Device Dissipation @ T C = 2SoC Po 140 Watts 
Derate above 25°C OS Wt"C 

Operating and St~rage Junction 
Temperature Range 

TJ,Tst9 -65 to +200 °c 

THERMAL CHARACTERISTICS. 

Characteristic 

Thermal Resistance. JUnCtion' to Csse 

'Indicatas JEDEC Registered Data. 
nl Pulse Test: Pulse Width'; 10 ms, Duty Cvcle'; 50%. 

'FIGURE 1 - SWITCHING TIME TEST CIRCUIT 

2N5038 

Ie = 12 Amps 

IS1 ..,. 182 - 1.2 Amps 

10 !l 

1N4,933 

Vee 
+30 V 

Re 
2,5 

PW =20". 
Dutv Cycle'" 1% 

2N5039 

Ie"" 10 Amps 

IS1 "" 182"'" 1.0 Amps 
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2NS038 
2 NS039 • 

: 

2QAMPERE 

NPNSILICON 
POWER TRANSJSTORS 

'75 and, 90 ,VOLTS 
140 WATTS 

~ ""1; W 
D ' K - ...... 

I--F~ 
!--J ..... 

~'xV2 ''"'"'IX''' 1 
H ,: 1 U\ ~T 1 r 
r "-LV (; 

\.8 

STYLE 1 
PIN 1. BASE - INCIIES 2. EMITTER DIM MIN MAX MIN MAX CASE COLLECTOR A 39J7 1.550 

B - 21,(18 - 0.830 
C 6.35 7.62 0,250 0,300 
D 0.97 1,09 0.038 0,043 
E 1,40 1.78 0,1156 0.070 
F 3O,15BSC 1:187BS& 
G 10.92BSC 0,43OBS& 
H ~468SC 0,215BSC 
J 1U98SC O,665BSC 
K 11,18 1t19 ' 0,440 0,480 
Q a8l t19 0,151 0,165 
R 26,87 1.OIiO 
U 2,54 a1l5 0,100 0,120 
V 3J1 t19 0,151 0,165 

NOTES: 
1. ALL RULES ANO NOTES ASSOCIATED WITH 

REFERENCED TO-3 OUTLINE SHALL APPLY. 
CASE 1-04 
TO·204AA 



2N5038,2N5039 

~ 
" ~ ... 
~ 
a 
'" 0 

~ 
8 
i? 

·ELECTRICAL CHARACTERISTICS (TC - 250 C unle .. otherwise noted). 

Characteristic 

OFF CHARACTERISTICS 

Coliector·Emitter Sustaining Voltage (1) 
(lC = 200 mAde, IS = 0) 

Collector Cutoff Current 

(VCE = 140 Vde, VSE(off) = 1.S V) 
(VCE = 110 Vde, VSE(off) = 1.S V) 
(VCE = 100 Vde, VSE(off) = 1.5 Vde, TC = 150oC) 
(VCE = 85 Vdc, VSE(off) = 1.5 Vde, TC = 150oC) 

Emitter Cutoff Current 
(VE8 = 5 Vde, IC = 0) 

(VEB = 7 V~e, IC = 0) 

ON CHARACTERISTICS (1) 

DC Current Gain 
(lC = 12 Ade, VCE = 5 Vde) 
(lC = 10 Ade, VCE = 5 Vdc) 

Collector-Emitter Saturation Voltage 
(lC = 20 Adc, IS = 5 Adc) 

Base-Emitter Saturation Voltage 
(lC = 20 Adc, IB = 5 Ade) 

DYNAMIC CHARACTERISTICS 

Magnitude of Common-Emitter Small-Signal Short-Circuit 
Forward Current Transfer Ratio 

(lC = 2 Adc, VCE = 10 Vde, f = 5 MHz) 

SWITCHING CHARACTERISTICS 

RESISTIVE LOAD 

Rise Time I (VCC - 30 Vde) 

2N5038 
·2NS039 

2NS03S 
2N5039 
2N5038 
2N5039 

2N5038 
2N5039 
Both 

2N5038 
2NS039 

Storage Time I (lC = 12 Ade, IBI = IB2 = 1.2 Add 

Fall Time I (lC = 10 Adc, lSI = IB2 = 1 Adc) 

*Indicates JEDEC Registered Data. 

(1) Pulse Test: Pulse Width <;; 300 "s, Duty Cycle <;; 2%. 

FIGURE 2 - FORWARD BIAS SAFE OPERATING AREA 

100 

o. 

O. 

O. 

0 

0 

0 

5 

2 

I § _ 
5 =_ 
-

2 

I 

de 

Bonding Wire Limit 
Thermal Limit 
Second Breakdown Limit 

2N5039", 
TC ~ 25~C 2N5038 

10 20 30 50 70 100 

VCE. COLLECTOR·EMITTER VOLTAGE (VOLTS) 

Symbol Min Max Unit 

VCEO(sus) Vdc 
90 -
7S -

ICEX mAde 
- SO 
- 50 
- 10 
- 10 

IESO mAde 
- 5 
- 15 
- 50 

hFE -
20 100 
20 100 

VCE(sat) - 2.5 Vde 

VBE(sat) - 3.3 Vde 

I tr 1 - I 0.5 ~ ~s 

2NS038I ts I - I 1.5 J ~s 

2N5039j tf ~ - ~ 0.5 ~ ~s 

There are two limitations on the power handling ability of 
a transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate Ie - VeE limits of the transis· 
tor that must be observed for reliable operation; Le., the transistor 
must not be subjected to greater dissipation than the curves 
indicate. 

Second breakdown pulse limits are valid for duty cycles to 
10%. At high case temperatures, thermal limitations may reduce 
the power that can be handled to values less than the limitations 
imposed by second breakdown. 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

SILICON NPN POWER TRANStSTORS 

... for use in power amplifier and switching circuits •. - excellent safe 
area limits. Complement to PNP 2N5193. 2N5194. 2N5195 

"MAXIMUM RATINGS 

Rating Symbol 2N5110 12N511) 12N5112 Unk 

Collector-Emitter Voltage VCEO 40 I 60.1 80 V~c 

Collector-Base Voltage VCO 40 60 80 Vdc 
Emitter-Base Voltage Veo 5.0 Vdc 
Collector Current 'C 4.0 Adc 

Base Current '0 1.0 Adc 

Total Power DiSl.iplltiono, TC - 25'Jc Po 40 Watts 
Derate above 2SoC 320 mW/oC 

Operating and Storage Junction 
Temperature Rangl 

TJ,Tstg ---65 to +150 °c 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction ~o Case 

*ELECTRICAL CHARACTERISTICS(Te = 2SoC unless otherwise noted) 

Characteristic I Symbol I Min Max Unit 

OFF CHARACTERISTICS 

Collector-E mitter Sustaining Voltage 111 VCEO(sus) Vdc 
l1C=O.1 Adc,IS"'OI 2N5190 40 

2.N5191 60 
2N5192 80 

Collector Cutoff Current 'CEO mAde 

(VeE = 40 Vdc, Ie" OJ 2NS190 1.0 
(VeE = 60 Vdc, 'e:: OJ 2N5191 1.0 
(VeE =80 Vdc, Ie = OJ 2N5192 1.0 

Collector Cutoff Current 'CEX mAde 

(VeE'" 40 Vdc, VEBloff! = 1.5 Vdcl 2NS190 0.1 
(VeE ;60 Vdc, VEBloffl = 1.5 Vdc) 2N5191 0.1 
t VeE'" 80 Vdc. VEBloff) = 1.5 Vdc} 2N6192 0.1 
(VeE "40 Vdc, VEBloff) = 1.5 Vdc. 2N5190 2.0 

T C '" 12So e) 

(V CE = 60 Vdc, Ve B (off) '" 1.5 Vdc. 2N5191 2.0 
TC'" 1250 C) 

(Vee-" 80 Vdc. VEaloffl = 1.5 Vdc. 2N5192 2.0 
T c;;; 125I,)CI 

Collector Cutoff Current 'CBO mAde 
(VCB· 40 Vdc, Ie = OJ 2N5190 0.1 
IVes;;; 60 Vdc. Ie = OJ 2N5191 0.1 
IVCB"'80 Vdc,le =01 2N5192 0.1 

Emitter Cutoff Current lEBO mAde 
(Vse· 5.0 Vdc. Ie =OJ 1.0 

ON CHARACTERISTICS 

DC Current Gainl11 hF.E 

flC=1.5Adc, Vce-2.0Vdcl 2N5190 25 100 
2N5191 25 100 
2N5192 20 80 

(Ie = 4.0 Adc, VeE" 2.0 Vdc) 2N5190 10 
2N5191 10 
2N5192 7.0 

Co Ilector-E m iUer Satu ratio n. Vortagel 11 VCEhatl Vdc 
(Ie ·'.5 Adc, IS =0.15 Adcl 0.6 
lIe= 4.0' Adc, IS "".0 Adcl 1.4 

Base-Emitter On VOltage I" VaEfon) Vdc 
IIC= 1.5 Adc, VCE =2.0 Vdc) 1.2 

DYNAMIC CHARACTERISTICS 

Current·Gain-Bandwidth Product 'T MHz 
IIC= 1.0 Adc, VCE" 10 Vdc, f= 1.0 MHz) 2.0 

(1)pUIS8 Test: Pulse Width <300 II', Duty Cycl.<;;2.0%. 
·1nc:licet .. JEOEC Registentd oete 
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2NSl90 
thru 

2NS192 

4AMPERE 
POWER TRANSISTORS 

SILICON NPN 

NOTES: 

40-80 VOLTS 

40 WATTS 

K 

STYLE 1: 
PINt EMmER 

2. COLlECTOA 
3.8I\SE 

1. LEADS. TRUE POSITIONED WITHIN O.25mm (0.010) 
DIA TO DIM A &; B AT MAXIMUM MATERIAL 
CQNDrTlON. 

1II1II 
• 'S 
C 
D 
f 
G 
H 

• 
• S 

V 

INCH 
lIN IMX 

" ... " .. 0.425 0.435 
7.50 1.14 0.295 O. lA, 2." O. 0.1 
.51 O. 0.020 0.026 
'.93 3.11 0.115 0.125. . .., 0.091 O. 
1. 2.41 0.060 0 .... 
0.39 0.015 0 ... 

14.61 1 0.575 0 .... 

,."'" ,."'" 
176 4.0, .,48 
1.15 1.39 0.'" D. O. 
3." .145 
1.02 0.'" 

CASE 77-05 
TO·225AA 

.,.B 
0.065 
O. 
0.1 

• 



2N5190 thru 2N5192 
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FIGURE 2 - COLLECTOR SATURATION REGION 
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21\15190 thru 2N5192 

FIGURE 5 - COLLECTOR CUT-oFF REGION 
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FIGURE 6 - EFFECTS OF BASE-EMITTER RESISTANCE 
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2N5190 thru 2N5192 
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FIGURE 11 RATING AND THERMAL DATA 

ACTIVE-REGION SAFE OPERATING AREA 
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100 

There are two limitations on the power handling ability of a 
transistor; average junction temperature and second breakdown. 
Safe operating area curves indicate Ie· VeE limits of the transistor 
that must be observed for reliable operation; i.e., the transistor must 
not be subjected to 'greater dissipation than the curves indicate . 

The data of Figure 11 is based on TJ(Pkl = 150°C; TC is 
variable depending on conditions. Second breakdown pulse limits 
are valid for duty cycles to 10% provided T J(pk) S 150°C. At high 
case temperatures, thermal limitations will reduce the power that 
can be handled to values less than the limitations imposed by second 

. breakdown. 

FIGURE 12 - THERMAL RESPONSE 
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A train of periodical power pulses can be represented by the model 
shown in Figure A. Using the model and the device thermal re
sponse, the normalized effective transient thermal resistance of 
Figure 12 was calculated for various duty cycles. 

To find 8JC(t), multiply the value qbtained from Figure 12 by 
the steady state value 8 JC' 

Example: 
The 2N5190 is dissipating 50 watts under the following condi
tions: t1 = 0.1 ms, tp = 0.5 ms. (D = 0.2). 
Using Figure 12, at a pulse width of 0.1 ms and D • 0.2, tha 
reading of r h1. D) is 0.27. 

The peak rise in junction temperature is there:fore: 

"T = rlt) X Pp X 8JC = 0.27 X 50 X 3.12 = 42.2oC 



MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

SILICON PNP POWERTRANStSTORS . ; . 
. ... for use in power amplifier and switching circuits, - excellent safe 
area limits. Complement to NPN 2N5190, 2N5191, 2N5192 

"MAXIMUM RATINGS 

Rating Symbol 2N5193j2N5194 i2N5195 

Collector .. E~itter Voltag~ VGEO 40 I 60 ~ 80 

Collector-Base. Voltage VeB '40 I 60 1 80 

Emitter-Base Voltage' '. 
VEB . -----':5.0 • 

Collector Current IC ~4.0 .. 
Base C~rrent 18 ~1.0 .. 
Total Power Dissipation@Tc 25°C Po . 40 .. 

Derate above 2SoC ~320 - ______ 

Operating and Storage Junction TJ. Tstg 4-----65to+150~ 

Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case 

*E.!--ECTRIC,AL CHARACTERISTICS (Ie ~ 25°C unless otherWise noted) 

I . Dt.nacteristic ..-J "Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining VoUaga 11l 
(lC;; 0.1 ACtc.la· 01· . 2N5193 

Collector Cutoff Current 
(VCE = 40 Vdc, IS;; 01 
(VCE = 60 Vdc, 'S;; 01 
IVeE = 80 Vdc.IS;; 01 

Collector Cutoff Current 

2NS194 
, 2N5195 

2NS193 
2NS194 
2NS1.95 

(VCE = 40 Vdc, VSEloffl '" 1.5.Vdc) 2NS193 
(Vee·60 Vdc, VBEloW "'. 1.5 Vde) 2N51.94 
(VCE .. 80 Vde, VBe loffl .. 1.5 Vdel '2NS195 
tveE = 40 Vdc, VSEloff) = 1.5Vdc, 2N5193 

TC·,2SoCI 
(VCE '"' 60 Vdc, VBEloff) .. 1.5 Vdc, 2NS194 

TC = 12SoCI 
(VCE ;; 80 Vdc, VSE(offi .. 1.5 Vdc, 2NS195 

TC = 12SoCI 

Collector Cutoff Current 
(VCB = 40 Vdc, 'E = 01 
(VCS .. 60 Vdc, Ie .. 01 
IYcs· 80 Vdc, IE .. 0) 

Emitter Cutoff Current 
IVse ·5.0 Vdc, IC • 0) 

ON CHARACTERISTICS 
DC CumntGllin (11 .. , 

; (lC .. 1.5 Adc. Vce .. 2.0 Vdel 

(Ie .. 4.0 Adc. VCE .. 2.0 Vdel 

Coliector·Emitter Saturation Va' .. (11 
tiC - 1.SAdc. Ie" 0.15 Adcl 
lie - 4.0AIle.IB - 1.0AIleI 

B...-Emitw On Vol .. (11 

IIC - 1.5 "!k . .vCE - 2.0 VIleI 

DVNAMIC CHARACTERISTICS 

2N6193 
2N5194 
2N5195 

2NS193 
2N.'94 
2N61S16 
2N.'93 
2NS19!t' 
2N5195 

Cunent-G.n·Blnclwidth Product . 
IIC - 1.0 Aile. Vel; - 10 Vile. f - 1.0 MHz' 

-lncUCllteaJEDEC ....... ,., D.8 

(1) PutH T..,.: Pul .. Wldtl'lS300 ,. •• Duty CYCI.~2.0". 

VCEO(susl 

'CEO 

ICEX 

lCBO 

'.~,BO. 

"FE 

VCElseti 

VSElan) 

Min M .. 

40 
60 
sci 

1.0 
1.0 
1.0 

0.1 
0.1 
0.1 
2.0 

2.0 

2.0 

0.1 
0.1 
0.1 

1.0 

2. 100 
2. 100 
20 80 
10 
10 
7.0 

0.6 
1.4 

1.2 
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Unit 

Vdc 

Vdc 

Vdc 

Adc 

Adc 

Watts 
mW/oC 

°CIW 

Unit 

Vde . 

mAde 

mAde 

'. 

mAde 

mAde 

Vde 

Vile 

2N5193 
thru 

.·2N5195 

4 AMPERE 
POWER TRANSISTORS 

SILICON PNP 

4()'80VOLTS 

I~I 

NOTES; 

STYLE 1~ 
PlN1. EMlmR 

'2. COLlECTOR 
3. BASe 

'. 1. LEADS, TRUE POSITIONED WlTHINO.2Smm (0.010\ 
DIA TO DIM A a. B AT MAXIMUM MATERIAL 
CONDITION. 

1 DIM 
• • C 
D , 
G 
H 
J 

• M 
Q 

" S 
U 
V 

MIN 1IAX MIN MAX 
10.80 11.04 0.425 '.436 
1.60 7.74 '.295 .... 
2." 2." ..... 0.106 
0.51 .... 0.020 '.028 
2.93 3.17 0.115 0.125 
2.32 2." 0.091 0.097 
1.21 2.41 ..... ..... 
• .39 '.63 0.015 0.025 

14.61 1063 0.575 ..... 
3'm 3'TYP 

3.16 4.01 0.148 
1.15 1.39 ..... .... 0.88 0.025 
3." 3.93 0.145 
1.02 -
CASE 77-06 
TO-225AA 

0.158 
'.5O .. 
0.155 

• 



2N5193 thru 2N5195 
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FIGURE 2 - COLLECTOR SATURATION REGION 
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2N5193 thru 2N5195 

FIGURE 5 - COLLECTOR CUT-OFF REGION 
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2N5193 thru 2N5195 

10 

£ 5.0 
2 
5 
IE 2.0 w 

'" '" :::> 
to 1.0 
'" 0 -t; 

0.5 

FIGURE 11 

RATING AND THERMAL DATA 
ACTIVE·REGION SAFE OPERATING AREA 

5.0ml'---;;; rUm.'" 100,.. 

" 
., I'\. 

TJ=150 C I " r"-. 
Second .. y br.~own limit 1\ 1\ 1\ 

. Th"m,'lim~" TC " 250C - Bonding wirtlimit dc 

Note 1: 

There are two limitations on the power handling ability of a 
transistor; average junction temperature and second breakdown. 
Safe operating area curves indicate Ie· VeE limits of the transistor 
that must be observed for reliable operation; i.e., the transistor must 
not be subjected to· greater dissipation than the curves indicate. 

j 
0 

r--Curva.Bpply b,low raUd VCEO 
The data of Figure 11 is based on T J(pk) = 1 so"C. T C is variable 
depending on conditions. Second breakdown pulse limits are valid 
for duty cycles to 10% provided TJ(pk) .. 15o"C. At high-case 
temperatures, thermal limitations will reduce the power that can 
be handled to values less than the limitations imposed by second 
breakdown. 

to 

~ 
0.2 

0.1 
1.0 2.0 

2N5193 - f+ 
2N5194 
2N5i95 

5.0 10 20 50 100 

VCE, COLLECTOR·EMITIER VOLTAGE (VOLTS) 

FIGURE 12 - THERMAL RESPONSE 
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0.01 
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-'II 
-0.01 -Single Pul .. 

I II 
0.02 0.03 0.05 0.1 0.2 0.3 0.5 1.0 2.0 3.0 5.0 10 20 30 50 100 200 300 500 

I, TIME OR PULSE WIDTH ImsJ 

DESIGN NOTE: USE OF TRANSIENT THERMAL RESISTANCE DATA 

~~~ A train of periodical power pulses can be reprasanted by the model 
shown in Figure A. Using the model and the device thermal re
sponse. the normalized affective transient thermal resistance of 
Figure 12 was calculated for various duty cyclas. n' n' 

------~ I I ~-----
---i II I----- I 

To find 9JC(t), multiply the value obtained from Figure 12 by 
the steedy state value 9 JC. 

Example: 

I I 
t----c-1/f~ II 

DUTY CYCLE D"'11"ij; 

PEAK PULSE POWER' Pp 

The 2N5193 is dissipating 50 watts under the following condi· 
tions: tl = 0.1 ms, tp = 0.5 ms. (0 = 0.21. 

Using Figure 12, at a pulse width of 0.1 ms and 0 = 0.2, the 
reading of r(t,. 0) is 0.27. 

The pelik rise in junction temperature is therefore: 

"T s r(tI X Pp X 9JC· 0.27 X 50 X 3.12 = 42.:ZOC 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

HIGH·POWER NPN SILICON TRANSISTORS 

· . ~ for use in power amplifier and switching circuits applications. 

• High Collector-Emitter Sustaining Voltage -
VCEO(sus) = 80 Vdc (Min) @ IC = 200 mAdc (2N5303) 

• Low Collector-Em itter Saturation Voltage -
VCE(sat) = 0.75 Vde (Max) @ IC = 10 Ade (2N5301, 2N5302) 

1.0 Vde (Max) @ IC = 10 Ade (2N5303) 

• Excellent Safe Operating Area -
200 Watt de Power Rating to 30 Vde' (2N5303) 

• Complements to PNP 2N4398, 2N4399 and 2N5745 

*MAXIMUM RATINGS 

Rating Symbol 2N5301 2N5302 2N&303 

Collector-Emitter Voltage VCEO 40 60 80 

CoIl8ctor-BaSe Voltage , VCB 40 60 80 

Collector Current - Continuous Ie 30 30 20 

Base Current IB -7.5~ 

Total D""ice Dissipation @te =250 e Po ---200-
Derate above 250 e ..e--1.14-

Operating and Storage Junction TJ,Tstg - -65 to +200-
Temperature Renge 

THERMAL CHARACTERISTICS 

Char_istic ~mbOI Max 

Thermal Resistance,.Junction to Case 8~ 0.875 

Thermal Resistance, ease to Ambient 11',_,,0,". __ SeA 34 

FIGURE 1 - POWER. TEMPERATURE DERATING CURVE 

TA Te 
8.0 200 

g 
i 6.0 ISO 

~ 

E 
iii 4.0 100 
C 

'" 
~ e 2.050 

o 0 

"1' 
1'1' ~~ l- I' !"... TA 

r-.I'r-. 
r-. ..... .......... ..... 

..... r-. ~~ ~~ 
20 ~ W 00 ~ rn ~ ~ ~ ~ 

TEMPERATURE lOCI 

3-96 

Unh 

Vde 

Vde 

Ade 

Ade 

Watts 
wfOe 

°e 

Unit 

°CIW 

°C/W 

1 

2N5301 
2N5302 
2N5303 

20 AND 30 AMPERE 
POWER TRANSISTORS 

,NPN SI LICON 

~VOlTS 
200 WATTS 

STYLE 1: STVLE3: 
PIN 1. BASE PIN 1. ANODE 

2. EMITIER 
CASE: COLLECTOR 

NOTES: 

2. CATHODE 

1. DIAMETERS a. v AND SURFACE T ARE DATUMS. 
2. POSITIONAL TOLERANCE FOR HOLE a: 
I." 0.2510.010) @ITlv 191 

3. POSITIONAL TOLERANCE FOR LEADS: 
I,,, 0.30(0.012) @ITlvl9lal9l 

4. DIMENSIONING AND TOLERANCING PER ANSI 
YI4.5.1973. 

MILLIMETERS 
DIM MIN MAX 

A 39.37 
B 21.08 
e 6.35 7.62 0.25D 
D 0.99 1.09 0.D39 
E 3.43 
F 30.15BSC 
G 10.92 BSe 
H 5.46 BSC 
J 16.B9 BSC 
K 11.1B 12.19 
Q 3.84 4.09 
R 26.67 
V .84 409 0.151 

CASE 11·01 
TO·2Q4AA 

• 



ELECTRICAL CHARACTERISTICS (TC = 2&0 un'" oth_i. notedl 

I --
MIn -·OFF CHARACTI!,USIf.CS 

""'_·Eml __ lnl .. V.I .... tNaIoII vQEO!ouoI Vdc 
tic " 200 mAde. II " 01 2NII3OI 40 -

2NI302 SO -
2N1302 SO -

CoHIctor Cutoff Current lceo mAde 
tVeE" 40 Vdc.ll" 01 2N13II1 - 1.0 
tVeE" SO Vdc.ll" 01 2N1302 - 11.0 

tYeE "SO Vdc. II" 01 2N1302 - 11.0 

Col_ Cu_ Cumnt lcex mAde 
tYeE " 40 Vdc. VEltoftl " 1.11 Vdcl 2NI3II1 - 1.0 

tYeE " SO Vdc. VEBtoffl " U Vdcl 2N1302 - 1.0 

IVeE " SO Vdc. VEBloffl " U Vdcl' 2N1302 - 1.0 

CoII_ Cu_ Current lcex mAde 
tVee" 40 Vdc. VEBloffl " 1.5 Vdc. Te" lliO"Cl 2N53II1 - 10 

tVee "SO Vdc. VEBloffJ " U Vdc. Te" l&O"cl 2N13II2 - 10 

tVee" SO Vdo. VEBloffJ," U Vdo. Te" lliO"Cl 2N&303 - 10 

CoII_ Cu_ Current lelO mAde 
tVel" 40 Vdo. IE " 01 2NII3OI - 1.0 

tVel" SO Vdo. IE ",01 2N&302 - 1.0 

tVel "SO Vdo. IE" 01 2N1302 - 1.0 

Emitter Cutoff Current IEIO - 11.0 mAde 
tVIE " 5.0 Vdc. Ie" 01 

ON CHARACTERISTIC:8 

~I~"":: =~ ~;: ~.O Vdol 
nFE -

ALL TYPES 40 -
"tie" 10 Ado. Vee " 2.0 Vdol 2N1302 II SO 

"tie" 15 Ado. Vce" 2.0 Vdcl 2N53III.2NI3II2 1& SO 
tie" 20 Ado. Vee "4.0 Vdol 2N1302 &.0 -
tie" 311 Ado. VeE" 4.0 Vdcl 2N53III.2N&302 &.0 -

·CoUlctar-£min,r Seturetion Vol .... (Nota 1) Vcet_ .. Vel<: 
tiC" 10 Ado. IS "'.OAdoI 2N53II1.2N&302 - 0.71 
tie" 10 Ado. II" 1.0 Adol 2N1302 - 1.0 

tic" 1& Ado. IS "'.&Adol 2N5303 - 1.6 
tie" 20 Ado. II " 2.0 Adcl 2N53II1.2N&302 - 2.0 
tic " 20 Ado. IS " 4.0 Adol 2N&303 - 2.0 
tie" 311 Ado. IS " B.O Adol 2N53III.2N&302 - 3.0 

_ml __ rotIon.VoI .... tNo.II 
V'Et_ .. Vel<: 

tiC" 10 Ado. II" I.OAdoI ALL TYpeS - 1.7 
tiC" II Ado. II "1.& Adol 2N53III.2N&302 - 1.8 
tiC" 15_.1," UAdoI 2NI302 - 2.0 

tie" 20 Ado. IS • 2,,0 Adol 2N53111.2N&302 - 2.& 
tiC" 20 Ado. Is .4.0 Adol 2N&303 - 2.1> 

l_mi_On V.I .... t_ II VSEtonl V~c 
tiC" 10 Adc. VeE" 2.0 Vdcl 2N&303 - 1.6 
tie" 1& Ado. VeE" 2.0 Vdcl 2N53II1.2N&302 - 1.7 
tic' 20 Adc. Vee "4.0 Vdcl 2N&303 - 2.& 
tic' 3IIAdc. Vee "4.0 Vdcl 2NII3OI.2N5302 - 3.0 

"DYNAMIC CHARACTERISTIC:8 
Curnnt-Gein hndwktth Product IT 2.0 - MHz 

tic -1.OAdo. VeE " 10Vdc.l" 1.0MHzl 

_I-signoI CU ..... GoIn h .. 40 - -
tic -1.OAdo. Vce-IOVdo.l. I.OkHzl 

"_TeHINQ eHARACTERISTIC:8 

tVee - 311 Vdc. IC - 10 Ad •• lSI - 112,- 1.0 Adol 

-Indle .. JEDEC .......... DaU. 
Nen. 1: p"tIe T.n: Pul .. Wlldth $ 300 "', Duty Cycle s: 2,'"', 

SWITCHING TIME EQUIVALENT TEST CIRCUITS 
FIGURE 2 - TURN'()N TIME FIGURE 3 - TURN'()FFTIME 

INPUT PULSE 
tr<20 ns 
PW-lol1i 100,.. 
DUTY CYCLE' 2.0% 

VCC 

+30 V 

3-97 

INPUT PULSE 
tr<20 .. 
M-l0 ,.,00,.. 
DUTY CYCLE' 2.0% 

VCC 
+3OV 

3.0, 

.
+1: v~~q ______ O-;_JV'.'0".,.._..r~'no~-sOto~~ 

1,<20n. 

-9.0V------ o 
0: COLLECTOR·BASE OIOOE 

OF 2N3252. 
VBB= 7.0 V 



2N5301,2N5302,2N6303 

FIGURE .. - THERMAL RESPONSE .. 
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2N5301, 2N5302, 2N5303 

FIGURE 9 - DC CURRENT GAIN 
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FIGURE 10 - COLLECTOR SATURATION REGION 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

MEDIUM-POWER NPN SILICON TRANSISTORS 

· .. designed for switching and wide band amplifier applications. 

• Low Collector-Emitter Saturation Voltage -
VCE(sat) = 1.2 Vdc (Max) @ IC = 5.0 Amp 

• DC Current Gain Specified to 5 Amperes 
• Excellent Safe Operating Area 
• Packaged in the Compact TO-205AD Case for Critical Space-Limited 

Applications 
• Complement to 2N6190 thru 2N6193 

MAXIMUM RATINGS 

Rating Symbol 2N6336 2N6338 
2N6337 2N5338 

Collector· Emitter Voltage VCEO 80 100 

Collector·Ba .. Voltage VCB 80 100 

Emitter·Base Voltaga VEB 6.0 

Collector Current - Continuous IC 5.0 
Base Current 18 1.0 
Total Device Dissipation @TC= 250 C Po 6.0 

Derate above 25°C 34.3 

Oparatlng and Storega Junction TJ. T,tg -65 to +200 
Temparature Range 

THERII('IAL CHARACTERISTICS 
Characteristic 

Thermal Resiltance, Junction to CalS 

FIGURE 1 - powER·TEMPERATURE DERATING CURVE 
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Vdc 

Vdc 
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Adc 
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~ 
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TC. CASE TEMPERATURE (OCI 

Saf. Area Curvas ara indicated by Figura 6. All limits are applicable and must be _ed. 

3-100 

2N5336 
thru 

2N5339 

5 AMPERE 

POWER TRANSISTORS 
NPN SILICON 

80-100 VOLTS 
6 wATTS 

1E - - ---frl 
~K 

J ~~---~-:rl c 

SEATING' ! 
PLANE ~I---D 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 
A 8.89 9.40 0.350 0.310 

-+-mrt851 
0.315 0.335 

,-f, 6.60 0.240 0.260 

r-+- 0.533 0.016 0.021 

r-+- 3.18 0.009 0.125 

c--+- 0.483 0.016 0.019 

r-!l- 5.33 0.190 0.210 

r-\L 0.864 0.028 0.034 
r-!,.- 1.02 0.029 0.040 

K 1. - 0.500 -
L 6.35 - 0.250 
M 450 NOM 450 NOM 
P - 1.21 0.050 
Q 900 NOM 9 0 NOM 
R 2.54 - 0.100 -

All JEDEC dimensions and notes apply. 

CASE 79-02 
TO·205AD 

• 



2N5336 thru 2N5339 

ELECTRICAL CHARACTERISTICS (TC = 26oC, unl ... otherwl .. noted) 

I Char_rillic I Fig. No. Symbol Min Max 
OFF CHARACTERISTICS 

Coliector-EmltlOr SUllOining Voltoge * - VCEO(sus)* 
(lC = 50 mAde, la - 0) 2N533S, 2N5337 80 -

2N5338, 2N5339 100 -
Collector Cutoff Current - ICED 

(VCE = 76 Vde, la = 0) 2N533S, 2N5337 - 100 
(VCE - 90 Vde, la - 0) 2N5338, 2N5339 - 100 

Collet;tor Cutoff Current 12 ICEX 
(VCE = 75 Vde, VEa(off) = 1.5 Vde) 2N533S, 2N5337 - 10 
(VCE = 90 Vde, VEa(off) = 1.5 Vde) 2N5338,2N5339 - 10 
(VCE = 75 Vde, VEa(off) = 1.5 Vde, 2N533S, 2N5337 
TC= 150oC)' - 1.0 

(VCE = 90 Vde, VE8(offl = 1.5 Vde, 2N5338,2N5339 
TC = 1500 C)I - 1.0 

Colloctor Cutoff Current - IC80 
(Vca = 80 Vde, IE = 0) 2N633S, 2N6337 - 10 
(VC8 = 100 Vde, IE = 0) 2N5338, 2N6339 - 10 

Emitter Cutoff Current - lEaD 
(VaE = S.O Vde, IC = 0) - 100 

ON CHARACTERISTICS 
DC Current Gain * a hFE * 

(lc = 500 mAde, VCE = 2.0 Vde) 2N633S, 2N6338 30 -
2N5337,2N5339 SO -

(lC = 2.0 Ade, VCE = 2.0 Vde) 2N633S,2N5338 30 120 
2N6337, 2N5339 SO 240 

(lC = 5.0 Adc, VCE = 2.0 Vde) 2N533S,2N6338 20 -
2N5337,2N5339 40 -

Collector-Emitter Saturation Voltage * 9,11,13 VCE(satl * 
(lC = 2.0 Ade, la = 0.2 Adc) 
(lC = 5.0 Ade. la = 0.5 Adc) 

Base-Emitter Saturation Voltage * 
(lC = 2.0Adc, IS = 0.2 Adc) 
(ie = 5.0 Adc, IS = 0.5 Adc) 

DYNAMIC CHARACTERISTICS 
Current-Gain-Bandwidth Product 

(lC = 0.6 Ade, VCE = 10 Vde, f = 10 MHz) 

Output Capaciton .. 
(VCS = 10 Vdc, IE = 0, f = 100 kHz) 

Input Capacitance 
(VSE = 2.0 Vde, IC = 0, f = 100 kHz) 

SWITCHING CHARACTERISTICS 
Delay Tim. (VCC = 40 Vde. VES(off) = 3.0 Vdc, 
Rise Time (lC = 2.0 Adc, lSI = 0.2 Ade) 

Storage Time (VCC = 40 Vde, IC = 2.0 Ade, 

Fall Time lSI = IS2 = 0.2 Adc) 

* Pulse Test: Puis. Width .. 300 I's. Duty Cycle .. 2.0%. 

FIGURE 2 - SWITCHING TIME TEST CIRCUIT 
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Unit 
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2N5336 thru 2N5339 

FIGURE 4 - tHERMAL RESPONSE 
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FIGURE 5 -'ACTIVE-REGION SAFE OPERATING AREA 
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FIGURE 6 - TURN-OFF TIME 
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There are two limitations on the power han
dlingabilityof a transistor: junction temperature 
and secondary breakdown. Sale operating area 
curves indicate Ie-VeE limits of the transistor 
that must be observed for reliable operation; 
i.e., the transistor must not be subjected to 
greater dissipation than the curves indicate. 

Th. data 01 Figure 5 is based on T J(pk) = 
20o"C; T C is variable depending on conditions. 
Pulsa curves are valid lor duty cycles 01 10% pro
vidadTJ(pk)'; 200"C. T J(pk) may be calculated 
from the data in Figure 4. At high case tem
peratures, thermal limitations will reduce the 
power that can be handled to values less than 
the limitations imposed by secondary break-
down. . 
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2N5336 thru 2N5339 
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FIGURE 8 - DC CURRENT GAIN 
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FIGURE 10 - EFFECTS OF BASE-EMITTER 
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FIGURE 9 - COLLECTOR SATURATION REGION 
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FIGURE 11 - ON VOLTAGES 
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FIGURE 13 - TEMPERATURE COEFFICIENTS 
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III ;ii'~~NDUCTOR 
TECHNICAl. DATA 

HIGH VOl.TAGE POWERPNP SILICON TRANSISTOR 

· .. designed fo~ high-voltage ~itching and amplifier. applications: 

• High Voltage /tilting - VCEO = 250 Vdc 
• Fast Switching .time ~ Tvpi1!ally Less Than 550 ns 

. Total @ Vec '= 100 Vdc 
• High ClItrent·G4m-Bandwidth Product _ 

tr ,;, 60Mliz (Min) @IC = 100 mAde 
• Paclilag'ed. in the Compiic;t. High-Efficiency TO-213AP. Case 

MAXIMUM RAtINGS 

Riting Symbol Value 
coliector-Emitter'Voltage VCEO 250 

',' 

Collector-'Base Voltage Vcil 250 

Emltt.~:Base Voltage ' VEB 5,0 
,; 

coilector Currelit - CoiitiflUOUS I~ 1.0 

Base Current - Continuous IB 0,5 

Total Device Dissipation @'l'C ; 25'C PD 40 

Derate above 25°C 228 

operating and storage ~unction TJ,Tstg -tiS to +200 
Tempel"~ture Ran,ge 

THERMAL CHARACtE~ISTICS 

Characteristic. Max 
Thermal Resistance, Junction to Case 4.38 

FIGURE 1 - POWER-TEMPERATURE OERATING CURVE 
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Safe Area Curves Ate Indicated By Figure 5. 

AU limits Are Appncab1e Ahd Must Be Observed 

3-104 

2N5344 

1 AMPERE 

POWER TRANSISTOR. 
PNPSILICON 

, .' 

250-300 VOL T5 
4OWATT5 

P ~" I_~BUI" '. c ' .. 4--. ------- --to 
r=- -' ! . I 

E . _ -0 K 
SEATING PLANE _____ , 

STYLE 1: 
PIN I. BASE 

2. EMITTER 

--F -- \ CASE: COLLECTOR 
-J-

T-~~~~~-,~-_'~T 1 
G 

s 
MILLIMETERS INCHES 

DIM MIN MAX MIN MAX 
B 11..94 12.70 0.470 0,500 
C 6,35 8.64 0.250 0, 40 
D 0.71 0.86 0,028 0.034 
E .1,27 1.91 0.050 0.075 
F 24.33 24,43 0,958 0.962 
G 4.83 5.33 0.l90 0,210 
H 2,41 2.67 0,095 0.105 
J 14.48 14.99 0.570 0.590 
K 9.14 0,360 -
p 1.27 0.050 
Q 3.61 3.86 0.142 0.152 
S 8.89 -, 0.350 
T - 3.68 - 0.145 
U - 15.15 - 0.620 

All JEDEC Dimensions and and Notes Apply. 

CASE 80-02 
TO-213AA 

• 



2N5344 

ELECTRICAL CHARACTERISTICS (TA ~ 25°C unless otherwise noted) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage (1) 
(lC= 10 mAde, IB = 0) 2N5344 

Collector Cutoff Current 
(VCE = 225 Vde, VBE(off) = 1.5 Vdc) 2N5344 
(VCE = 225 Vde, VBE(off) = 1.5 Vdc, 

TC = 150'C) 2N5344 

Collector Cutoff Current 
(VCB ~ Rated VCB. IE ~ 0) 

Emitter Cutoff Current 
IVBE ~ 5.0 Vde. IC ~ 0) 

----
ON CHARACTERISTICS _. 
DC Current Gain 11) 

(lc ~ 500 mAde. VCE ~ 5.0 Vde) 
Ilc ~ 1.0 Ade. VCE ~ 5.0 Vdc) 

Collector-Emitter Saturation Voltage 
(lC 0 1.0 Ade. IB ~ 0.2 Ade) 

Base-Emitter Saturation Voltage 
(lC ~ 1.0 Ade. IB ~ 0.2 Ade) 

DYNAMIC CHARACTERISTICS 

Current-Gain-Bandwidth Product 
(lC ~ 100 mAde. VCE ~ 20 Vde. I ~ 10 MHz) 

Output Capacitance 

(VeB ~ 10 Vde. IE ~ 0) 

SWITCHING CHARACTERISTICS 

Turn-On IVcc ~ 100 Vde. IC ~ 500 mAde. 
IB 1 ~ IB2 ~ 50 mAde) 

Turn-Off IVcc ~ 100 Vde. IC ~ 500 mAde. 
IBI ~ IB2 ~ 50 mAde) 

(1) Pulse Test: Pulse Width = 300 fJ.S. Duty Cycle = 2.0%. 

FIGURE 2 - SWITCHING TIME TEST CIRCUIT 
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2N5344 
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Ie, COLLECTOR CURRENT (AMP) , 

There are two limitations on the power handling ability of a 
transistor: junction temperature and secondary breakdown. 
Safe operating area curves indicate IC-VCE limits of the tran
sistor that must be observed for reliable operation; i,e., the tran
sistor must not be subjected to greater dissipation than the curves 
indicate. 

The data of Figure 5 is based on TJ(pk) = 200oC; TC isvar
iable depending on conditions. Pulse curves are val,id for duty 
cycles of 10% provided TJ(pk) '" 200"C. TJ(pk) may be calcu
lated from the data in Figure 4. At high case temperatures, 
thermal limitations will reduce the power that can be handled to 
values less than the limitations imposed by secondary breakdown. 

FIGURE 7 - CAPACITANCES 
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2N5344 

TYPICAL DC CHARACTERISTICS 
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FIGURE 10 - EFFECTS OF BASE-EMITTER RESISTANCE 
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FIGURE 9 - COLLECTOR SATURATION REGION 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

MEDIUM-POWER NPN SILICON TRANSISTORS 

· .. designed for switching and wide-band amplifier applications. 

• Low Collector-Emitter Saturation Voltage -
VCE(sat) = 1.2Vdc'(Max) @ IC = 7.0 Adc 

• DC Current Gain Specified to 7 Amperes 
• Excellent Safe Operating Area 
• Packaged in the Compact TO-213M Case 

-MAXIMUM RATINGS 

Rating Symbol 2N6429 
Unit 

2N5428 2N5430 
Coliector·Emitter Voltege VCEO 80 100 Vdc 
Colioctor·Sa.o Voltago VCS 80 100 Vdc 
I:mitter·Sa •• Voltage VES 6.0 Vdc 
Collector Current Continuous IC 7.0 Adc 
S_a Current IS 1.0 Adc 
Total Davic. Di.slpation @ TC ~ 25"C , Po 40 Watts 

Dorato above 25°C 228 mW/oC 

Operating and Storage Junction TJ. T,tg -65 to +200 °c 
Temperature Range 

THERMAL CHARACTERISTICS 
Characteristic Svmbol Max I Unit 

Thermal Resista.nce. Junction to Case 6JC 4.37 I °c/w 
* Indicates JEDEC Registered .Data 

FIGURE 1 - POWER·TEMPERATURE DERATING CURVE 
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2N5428 
thru 

2N5430 

7 AMPERE 

POWER TRANSISTORS 
NPN SILICON 

BO-100VOLTS 
40 WATTS 

--U-, -' 

P -S-- C 

I 'Ij.---~--t 
-'----t--
I I =:::!~~~:::::I--t 

E K 
SEATING PLANE I 

DIM 
I 
C 
0 
E 
F 
G 
H 
J 
K 
P 
0 
S 
T 
U 

---F--

STYlE I: S 
PIN 1. BASE 

2. EMITTER 
CASE: COLLECTOR 

MILLIMETERS INCHES 
Mill MAX MIN MAX 

11.94 12.70 0.470 0.500 
6.35 1.64 0.250 0.340 
0.71 0.16 0.028 0.034 
1.27 1.91 0.050 0.075 

24.33 24.43 0.958 0.962 
4.83 5.33 0.190 0.210 
2.41 2.67 0.095 0.105 

14.48 14.99 0.570 0.590 
9.14 - 0.360 -

1.27 0.050 
3.61 3.86 0.142 • 5 

8.89 1.350 
3.68 0.145 

16.76 1.620 

All JEOEC OI_Mendlnd Not_Apply. 

CASE 80·02 
TO·213AA 

• 



2N5428 thru 2N5430 

-ELECTRICAL CHARACTERISTICS ITC = 25°C, unless otherwise noted) 

I Charoctariltic I Fig. No. Symbol Min Max 

OFf CHARACTERISTICS 
Coliector·Emitter Sustaining Voltage (~) - YCEO(sus)* 

(lC = 50 mAde, la = 0) 2N542B 80 -
2N542B, 2N5430 100 -

Collector Cutoff Currant - ICEO 
(VCE = 75 Vde, la = 0) 2N5428 - 100 
(VCE = 90 Vde, la = 0) 2N5429,2N5430 - 100 

Collector Cutoff Current 12 ICEX 
(VCE = 75 Vde, VEa(oll) = 1.5 Vde) 2N5428 - 10 
(VCE = 90 Vde, VES(off) = 1.5 Vdc) 2N5429, 2N5430 -. 10 
(VCE = 75 Vde. VES(off) = 1.5 Vde, 

TC = 150°C) 2N542S - 1.0 
(VCE = 90 Vde, VES(off) = 1.5 Vde, 

TC = 150°C) 2N5429, 2N5430 - 1.0 

Collector Cutoff Current - ICSO 
(VCS = Rated VCS IE = 0) - 10 

Emitter Cutoff Current - IESO 
(VSE = 6.0 Vde, IC = 0) - 100 

ON CHARACTERISTICS (11 
DC Current Gain 8 hFE* 

(lC = 500 mAde, VCE = 2.0 Vde) 2N5429 30 -
2N5428. 2N5430 60 -

(lC = 2.0 Ade, VCE = 2.0 Vde) 2N5429 30 120 
2N5428, 2N5430 60 240 

(lc = 5.0 Ade, VCE = 2.0 Vde) 2N5429 20 -
2N5428,2N5430 40 -

Collector-Emitter Saturation Voltage 9,11,13 VCE(satl* 
(lC = 2.0 Ade, la = 0.2 Ade) - 0.7 
(lC = 7.0 Ade, la = 0.7 Ade) - 1.2 

Base-Emitter Saturation Voltage 11,13 VSE( .. t)· 
(lC = 2.0 Ade, IS = 0.2 Add - 1.2 
(lC = 7.0 Ade, IS = 0.7 Ade) - 2.0 

DYNAMIC CHARACTERISTICS 
Current-Gain-Bandwidth Product - IT 

(lC = 500 mAde, VCE = 10 Vde, 1= 10 MHzl 30 -
Output Capacitance 7 Cob 

(Vca = 10 Vde, IE = 0, I = 100 kHz) - 250 

Input Capacitance 7 Cib 
(VBE = 2.0 Vde, IC = 0, I = 100 kHz) - 1,000 

SWITCHING CHARACTERISTICS 
Delay Time (VCC = 40 Vdc, VES(olll = 3.0 Vde, 2,3 Id - 100 

Rise Time (lC = 2.0 Ade, lSI = 200 mAde I Ir - 100 

Storage Time (VCC = 40 Vde, IC = 2.0 Ade, 2,6 ts - 2.0 

Fall Time lSI = IB2 = 200 mAdel II - 200 

"Indleale. JEDEC RegIStered Data. (I)Pul.e Te.t: Pulse Width" 300 ,.s, Duty Cycle'" 2.0%. 

FIGURE 2 - SWITCHING TIME TEST CIRCUIT FIGURE 3 - TURN-ON TIME 

11--- +37V 

~ Lov 
1-10.,-1 
INPUT PULSE 

tT,tf~10ns 

D.C. = 1.0% 

-11.6 V Vee 
+40 V 

62 20 

lN914 

-3.3 V 

10 

5.0 

2.0 

1.0 

j 0.5 

....... tr@Veei80 lV 

...... td @VEB(oli) = 6.0 V 

"' '" ~ 0.2 
t,@Vce-20V -- '""'1 

-' 

3-109 

1 O. 

0.05 

0.02 

0.0 1 
0.01 0.02 

....... 

td @ VEB(off) = 4.0 V 

0.05 0.1 0.2 0.5 1.0 

Ie, COLLECTOR CURRENT (AMPS) 

2.0 

Unit 

Vde 

,.Ade 

,.Ade 

mAde 

,.Ade 

,.Ade 

-

Vde 

Vde 

MHz 

pF 

pF 

ns 

ns 
,.S 
ns 

lellB = 10 
TJ = 250 C 

5.0 10 



2N5428 thru 2N5430 

FIGURE 4 ~ THERMAL RESPO,NSE 
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FIGURE 7 - CAPACITANCE venul VOLTAGE 
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2N5428 thru 2N5430 

FIGURE B - DC CURRENT GAIN 
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FIGURE 9 - COLLECTOR SATURATION REGION 
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MOTOROLA 
• SEMICONDUCTOR 

tECHNICAL DATA 

HIGH·VOLTAGE - HIGH POWER TRANSISTORS 

· .. designed for use in high power audio amplifier applications and 
high voltage switching regulator circuits. 

• High Coliector·Emitter Sustaining Voltage -
VCEci(sus) = 100 Vdc - 2N5629, 2N6029 

= 120 Vdc ~ 2N5630, 2N6030 
= 140 Vdc - 2N5631, 2N6031 

• High DC Current Gain - @ IC = 8.0 Adc 
hFE = 25 (Min) - 2N5629, 2N6029 

= 20 (Min) - 2N5630, 2N6030 
= 15 (lIIIin) - 2N5631 , 2N6031 

• Low Coliector·Emitter Saturation Voltage -
VCE(sat) = 1.0 Vdc (Max) @ IC = 10 Adc 

·MAXIMUM RATINGS 
2N5629 

Rating Symbol 2N6029 

COllector-Emitter Voltage VeEO 100 

Collector-Base Voltage Ves 100 

2N5630 2N5631 
2N6030 2N6031 

120 140 

120 140 

Emitter-Base Voltage \lES -7.0-
Collector Current Continuous Ie -16-

Peak -20-
Base Current Continuous IS -5.0-

Total Device Dissipation @ T C ::;: 2SoC Po -200-
Derate above' 2SoC _1.14_ 

Operating and Storage ~unction T J. T stg -65 to +200 
Temperature Range 

·THERMAL CHARACTERISTICS 

Characteristic 

Thermal ReSistance. Junction to Cas~ 

-Indicates JE DEC Registered Data. 

FIGURE 1 - POWER DERATING 
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Safe Area Curves are indicated by Figure 5 All Limits are applicable and must be observed. 
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NPN 
2NS629 
2NS630 
2NS631 

PNP 
2N6029 
2N6030 
2N6031 

16 AMPERE 

POWER TRANSISTORS 
COMPLEMENTARY SILICON 

100-120-140 VOLTS 
200 WATTS 

.L~A.~ 
~ K T 

SEATING 0 j 
PLANE 

STYLE 1: 
PIN 1. SASE 

2. EMITTER 
CASE: COLLECTOR 

NOTES: 

STYLE 3: 
PIN 1. ANODE 

2. CATHODE 

1. DIAMETERS Q, V AND SURFACE T ARE DATUMS. 
2. POSITIONAL TOLERANCE FOR HOLE Q: 
I." 0.25 (0.0101 @ITlv @I 

3. POSITIONAL TOLERANCE FOR LEADS: 
1_lio.30(0.012) @ITIV@IQ@I 

4. DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5,1973 • 

DIM 
A 
B 
C 
D 
E 
F 
G 
H 
J 
K 
Q 

R 
V 

MILLIMETERS INCHES 
MIN MAX MIN MAX 
- 39.37 1.550 

21.08 0.830 
6.35 7.62 0.250 0.300 
0.99 1.09 0.039 0.043 

3.43 0.135 
30.15 BSe 1.187 SSC 
10.92 BSC 0.430 sse 
5.46 BSC 0.215 BSC 

16.89 BSC 0.665 BSC 
11.18 12.19 0.440 0.480 
3.84 4.09 0.151 0.161 

16.67 - 1.050 
3.84 4. 0.151 0.16 

CASE 11-01 
TO·204AA 

• 



2N5629, 2N5630, 2N5631 NPN 
2N6029, 2N6030, 2N6031 PNP 

*ELECTRICAL CHARACTERISTICS (Te = 250 e unless otherwise noted I 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage (1) 
(lc = 200 mAde. la = 0) 2N5629. 2N6029 

2N5630. 2N6030 
2N5631.2N6031 

Collector-E mitter Cutoff Current 
IVCE = 50 Vde. la = 0) 2N5629, 2N6029 

IVCE = 60 Vde. la = 0) 2N5630, 2N6030 

IVCE = 70 Vde. la = 0) 2N5631,2N6031 

Coliector:Emitter Cutoff Current 
IVCE = Rated Vca. VEaloll) = 1.5 Vde) 
IVCE = Rated Vca, VEalo") = 1.5 Vde, TC = 150°C) 

Collector-Base Cutoff Current 

IVca = Rated Vca. IE = 0) 

Emitter-Base Cutoff Current 
IVaE = 7.0 Vde. IC = 0) 

ON CHARACTERISTICS II) 

DC Current Gain 
(lC = 8.0 Ade, VCE = 2.0 Vde) 2N5629, 2N6029 

2N5630, 2N6030 
2N 5631 , 2N6031 

(lC = 16 Ade, VCE = 2.0 Vdc) All Types 

Collector-Emitter Saturation Voltage 
(I C = 10 Ade, I a = 1.0 Adc) All Types 
(lC = 16 Ade, la = 4.0 Adc) 

Base-Emitter Saturation Voltage 
(lC = 10 Ade, la = 1.0 Adel 

Base-Emitter On Voltage 
IIc = 8.0 Adc, VCE = 2.0 Vdc) 

DYNAMIC CHARACTERISTICS 

Current-Gain-Bandwidth Product (2) 
(I C = 1.0 Ade, VCE = 20 Vdc, I test = 0.5 MHz) 

Output Capacitance 2N5629, 30, 31 
IVeB = 10 Vdc, IE = 0, I = 0.1 MHz) 2N6029, 30, 31 

Small-Signal Current Gain 
(Ie = 4.0 Adc, VCE = 10 Vdc, I = 1.0 kHz) 

Indicates JEDEC Registered Data. 

(1) Pulse Test: Pulse Width ~300 Ils, Dutv Cycle ~2.0%. 
(2) fT = \hfel - f test 

FIGURE 2 - SWITCHING TIMES TEST CIRCUIT 
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2N5629,2N5630,2N5631 
2N6029,2N6030,2N6031 

NPN 
PNP 

F.IGURE 4 - THERMAL RESPONSE 
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There are two limitations on the power handling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate le·VeE limits of the transistor 
that must be oQserved for reliable operation; i.e .• t~e transistor 
must not be subjected to greater dissipation than the curves indicate. 

The data of Figure 5 is based on T J(pk) = 200°C; T C is variable 
depending on conditions. Second breakdown pulse limits are valid 
for dutv cvc)es to 10% provided T J(pk) .;; 200oC. T J(pk) mav be 
calculated from the data in Figure 4. At high case temperatures, 
thermal limitations will reduce the power that can be handled to 
values less than the limi.tati·ons imposed by second breakdown. 
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FIGURE 7 - CAPACITANCE 
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FIGURE 8 - DC CURRENT GAIN 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA. 

PLASTIC NPN SILICON HIGH·VOLTAGE 
POWER TRANSISTOR 

· .. designed for use in line-operated equipment such as audio output 
amplifiers; low-current, high-voltage converters; and AC! line relays 

• Excellent DC Current Gain - hFE = 30-250 @ IC = 100. mAdc 
• Current-Gain - Bandwidth Product -

tr = 10 MHz (Min) @ IC = 50 mAdc 

• Packaged in Thermopad Case for Low Cost 

*MAXIMUM RATINGS 

Rlting Svmbol 2N5655. 2N5656 2N5657· Unit 

Collector-Emitter Voltage Vr.FO 250 300 350 Vdc 

Collector-Base Voltage Vee 275 325 375 Vdc 

Emitter·Base Voltage VEB _6.0_ Vdc 

Collector Current - Continuous Ie -0.5- Adc 
Peak ~1.0~ 

Base Current Ie ----,....,.. 0.25_ Adc 

. Total Power Dissipation @TC:: ~50C Po 20 Watts 
Derate above 250 e 0.16 wf'e 

Operating and Storage Junction TJ, T stg -65 to +150 De 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Mox 
Thermal Resistance, Junction to Case 6.25 

-lndicat.s·JEOEC Ragister'ed Data 

FIGURE 1 - POWER DERATING 
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2N5655 
2N5656 
2N5657 

0.5 AMPERE 

POWER TRANSISTORS 
NPN SILICON 

250-300-360 VOLTS 
20 WATTS 

SmEt: 
PINt eMlmR 

2. COLLECTOR 
3. BASE 

NOTES 
I. LEADS, TRUE POSITIONED WITHIN O.2Smm (0.010) 

OIA TO OIM A 81 B AT MAXIMUM MATERIAL 
CONQITION 

DOl 

• • C 

• F 
G 
H 
J , 
M 
Q 

" • U 
Y 

.. - INCHES ... .... ,... MAX 
10.80 11.04 0.425 0.435 
7.66 7.14 D.295 D.'" 
2.42 2.66 D.1l95 0,105 
0.51 D.66 D.D20 0.026 
2.93 3.11 0.115 0.125 
2.32 2.46 D. 1 0,097 
1.27 2.41 D. 0.095 
D.39 D.63 0.015 D.D2S 

14.&1 16.63 0.575 D.665 
3"m 3"m 

3.78 < .. 0.148 0.158 
1.15 1.39 D .... D.056 
0.64 0 .. D.D2S o. 
3.6. 3.93 0.145 0,155 
1.02 ""0 
CASE 77-05 
TO-225AA 

• 



2N5655, 2N5656, 2N5651 

'ELECTRICAL CHARACTERISTICS (TC = 25°C unless otherwise noted) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage 
(Ie'" 100 mAde linductive>. L "" 50 mH) 

Collector-Emitter Breakdown Voltage 
(lC = 1.0 mAde, IS = 01 

Collector Cutoff Current 

(VCE = 150 Vde, IS = 01 

(VCE = 200 Vde, IS = 0) 

(VCE = 250 Vde, IS = 01 

Collector Cutoff Currant 
(VCE = 250 Vde, VES(offi = 1.5 Vdel 

(VCE = JOO Vdc, VES(offi = 1.5 Vde) 

(VCE "350 Vde, VES(offi = 1.5 Vde) 

(VCE" 150 Vdc, VES(offl" 1.5 Vdc, TC = 100,oCI 

IVCE" 200Vde, VESloifi = 1.5 Vdc, TC = 1000 CI 

(VCE" 250 Vde, VES(o"l " 1.5 Vde, TC" 100oC) 

Collector Cutoff Current 

(VCS " 275 Vdc, IE = 01 

(Ves = 325 Vde, Ie = 01 

(VCS = 375 Vde, Ie = 01 

Emitter Cutoff Current 
(VEB = 6.0 Vdc, Ie = 01 

ON CHARACTERISTICS 

DC Current Gain (1) 
(lC" 50 mAde, VCE = 10 Vdel 

(Ie = 100 mAde, Vee = 10 Vdel 

(Ie = 250 mAde, Vce = 10 Vdel 

(Ie = 500 mAde, Vee = 10 Vde) 

Collector-Emitter Saturation Voltage (1) 

(lC = 100 mAde, IS = 10 mAdel 

(Ie;; 250 mAde, '8 :: 25 mAdel 
(Ie = 500 mAde, 'S = 100 mAde! 

Base-E miner Voltage ( 11 
(Ie = 100 mAde, Vee = 10 Vde) 

DYNAMIC CHARACTERISTICS 

Current·Gain-Bandwidth Product (21 

IIC = 50 mAde, Vce = 10 Vde, f = 10 MHzl 

Output Capacitance 
(Ves = 10 Vdc, Ie = 0, f = 100 kHz) 

Small-Signa' Current Gain 
(Ie = 100 mAde, Vee = 10 Vdc, f = 1.0 kHzl 

·'ndlcates JEOEC Registered Data for 2N5655 Senes. 
(1 J Pulse Test: Pulse Width ~ 300 liS, Duty Cycle'5 2.0%. 

2N5655 
2N5656 
2N5657 

2N5655 
2N5656 
2N5657 

2N5655 

2N5656 

2N5657 

2N5655 

2N5656 

2N5657 

2N5655 

2N5656 

2N5657 

2N5655 

2N5656 

2N5657 

Symbol Min Ma. Unit 

vCEO(sus) Vde 
250 -
300 -
350 -

V(BR}CEO Vde 
250 -
JOO -
350 -

ICEO mAde 
- 0.1 

- 0.1 

- 0.1 

ICEX mAde 
- 0.1 

- 0.1 

- 0.1 

- 1.0 

- 1.0 

- 1.0 

leso ",Adc 
- 10 

- 10 

- 10 

leso 10 ~Adc 

hFE 
25 
30 250 

15 

5.0 

VCel,.,) Vde 
1.0 

2.5 
10 

Vse 1.0 Vde 

IT 10 MHz 

Cob 25 pF 

hie 20 

(2) fT is defined as the frequency at which Ihfel extrapolates to unity. 
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FIGURE 3 - ACTIVE-REGION SAFE OPERATING AREA 
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Ther. are two limitations on the power handling ability of 8 

transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate Ie . VeE limits of the transistor 
that must be observed for reliableop.ration; i .•. , the transistor must 
not be IUbjectad to greater dinlpation than the curve. Indicate. 

The data of Fig;.re 3 Is based on TJ(Pk} = lSOoc; TC is 
variabl. depending on conditions. Second breakdown pulse limits 
ar. valid for duty eyel •• to 10% provided T J(pk)SI6Do C, At high 
ca. temperatures, thermal limitations will reduca the power that 
can be hand~ed to valuel'e. than the limitations imposed by second 
br.akdown. 
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2N5655,2N5656,2N5651 
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FIGURE 4 - CURRENT GAIN 
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MOTOROLA 

• SEMICONDUCTOR ----
TECHNICAL DATA 

HIGH-CURRENT COMPLEMENTARY 
SILICON POWER TRANSISTORS 

. designed for use in high-power amplifier and switching circuit 
applications. 

• High Current Capability - IC Continuous = 50 Amperes. 

• DC Current Gain -
hFE = 15 - 60@ IC = 25 Adc 

• Low Coliector·Emitter Saturation Voltage -
VCE(satl = 1.0 Vdc (MaxI @ IC = 25 Adc 

*MAXIMUM RATINGS 

Rating Symbol 
2N5683 
2N5685 

Coliector·Emitter Voltage VeEO 60 

Coliector·Base Vo·'tago VeB 60 

Emitter·Base Voltage VEB 

Collector Current - Continuous Ie 

Base Current 'B 
Total Device Dissipation@Te = 250 e Po 

2N5684 
2N5686 

80 

80 

5.0 

50 

15 

300 
Derate above 250 e 1.715 

Operating and Storage Junction TJ.Tstg -65 to +200 
Temperature Range 

*THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case 

·Indicatet JEOEC Registered Data. 

FIGURE 1 - POWER DERATING 

30 0 
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TEMPERATURE (OC) 

Unit 

Vdc 

Vdc 

Vdc 

Adc 

Adc 

Watts 
wloe 

°e 

Safe Area Curves are indicated by Figura 5. A" limits are applicable and must be observed. 
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PNP 
2N5683,2N5684 

NPN 
2N5685,2N5686 

50 AMPERE 
COMPLEMENTARY SILICON 

POWER TRANSISTORS 

o 

DIM 

A 
B 
C 
0 
E 
F 
G 
H 

K 
II 
R 

60-80 VOLTS 
300 WATTS 

STYLE 1: 
PIN 1. BASE 

2. EMITTER 
CASE. COLLECTOR' 

MI LlMETERS INCHES 
MIN MAX MIN MAX 

3B.36 39.37 1.510 1.550 
19.30 21.08 0.7~ 0.830 
6.35 7.62 O.~ 0.300 
1.45 1.80 0.057 0.083 

3.43 - 0.135 
29.90 30.~ 1.177 .1 7 
10.67 11.18 0.420 O.~ 
·Ul 5.7 0.205 0.26 
1 1715 0.66 5 
11.18 12.19 O.~ 0.480 
3.84 4.09 0.151 0.161 
4.89 26.67 0.980 1.050 

eASE 197·01 

• 



2N5683, 2N568.4 PNP, 2N5685, 2N5686 NPN 

-ELECTRICAL CHARACTERISTICS (TC = 250C unless otherwise noted) 

Ch""'-

OFF CHARACTERISTICS 

Coliector·Emitter Sustaining Voltage INote 1) 
(lC= 0.2 Ad~,IB· 0) 2N56B3,2N56B5 

2N 5684, 2N56B6 

Collector Cutdff Current 
IVCE = 30 Vdc, IB • 0) 2N56B3,2N56B5 

IVCE = 40Vdc;IB = 0) 2N56B4, 2N5686 

Collector Cutoff Current 
IVCE = 60 Vdc, VEBloff) = 1.5 Vdc) 2N56B3, 2N5685 
IVCE = 80 Vdc, VEBloff) = 1.5 Vdc) 2N56B4,2N5686 
IVCE = 60 Vdc, VEBloff) -1.5 Vdc, TC - lSOOC) 2N5683,2N5685 
IVCE = 80 Vdc, VEBloff) = 1.5 Vdc, TC = lSOOC) 2N5684,2N56B6 

Collector Cutoff Current 
IVCS = 80 Vdc, IE = 0) 2N5683,2N56B5 
IVCB - 80 Vdc, IE = 0) 2N5684,2N5686 

Emitter Cutoff Current 

IV8E = 5.0 Vdc, IC' 0) 

ON CHARACTERISTICS 

DC Curren' G.in INote 1) 

(lC = 25 Adc, VCE = 2.0 Vdc) 
(lc = 50 Adc, VCE = 5.0 Vdc) 

Collector-Emitter Saturation Voltage (Note 1) 
(lc = 25 Adc, IB = 2.5 Adc) 
(lc· 50 Adc, IB = 10 Adc) 

Base-Emitter Saturation Voltage INote 1) 
(lc = 25 Adc, la - 2.5 Adc) 

8 ... ·Emitter On Voltage INote 1) 
(lc = 25 Adc, VCE = 2.0 Vdc) 

OYNAMIC CHARACTERISTICS 

Current-Gain-Bandwidth Product 
(lc = 5.0 Adc, VCE = 10 Vdc, f· 1..0 MHz) 

Output Capacitance 2N5683, 2N5684 
!VCB = 10 Vdc, IE ·0, I - 0.1 MHz) 2N5665,2N56B6 

Small..signal Current Gain 

(lC· 10 Adc, VCE ·5.0 Vdc, I = 1.0 kHz) 

'Indicatel JEDEC Registered Data 
Note 1: Pulse Test: Pul .. Width !: 300 1'1, Duty Cycle S 2.0%. 

FIGURE 2 - SWITCHING TIME TEST CIRCUIT 
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2N5683, 2N5684 PNP, 2N5685, 2N5686 NPN 

FIGURE 4 - THERMAL RESPONSE 
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There are two limitations on the power handling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate Ie - VeE limits of the transistor 
that must be observed for reliable operation; i.e., the transistor 
must not be subjected to greater dissipation than the curves indicate. 

The data of Figure 5 is based on T J(pkl ~ 200°C; T C is variable 
d,epending on conditions. Second breakdown pulse limits are valid 
for duty cycles to 10% provided T J(pkl ";;;2ooDc. T J(pkl may be 
calculated from the data in Figure 4. At high case temperatures, 
thermal limitations will reduce the power that can be handled to 
valu~s less th~n the limitations imposed by second breakdown. 

FIGURE 7 - CAPACITANCE 
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2N5683, 2N5684 PNP,2N5685, 2N5686 NPN 
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FIGURE 8 - DC CURRENT GAIN 

500 

300 

200 
z 
~ 100 
Ii: ... 
a: 
a: 
:::> 
t.> 
t.> 
Q 

ul 
.lit 

70 
50 

3D 

20 

10 

7.0 
5.0 

TJ"+I50oC 

- ~-
+25uC 

-55"C 

-- VCp2.0V_r--... --- VeE=IOV --
;:oil ~~ 

-.....; ~ 
~"-.'i 

l'" 

0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 20 3D 50 

IC. COLLECTOR CURRENT (AMP) 

500 

3D 
I-+J "+15O"e 

o :rt--

0 
0 

0 

0 
0 

7. 
5. 

+ 250C 

. -55"C 

0.5 0.7 1.0 

--- m:~~:- r-- ... - .- F: 

...... -...... ~~ ~ 
....... ': 

"""- ~~ 

2.0 3.0 5.0 7.0 10 20 3D 50 

Ie. COLLECTOR CURRENT (AMP) 

FIGURE 9 - COLLECTOR SATURATION REGION 

u;- 2.0 
!:; 

~ 
w 1.6 

'" ~ 
o 
> 1.2 
a: 
w 

i '\' 0.8 
a: 
o 
G 
j 0.4 
o 
t.> 

W 

~ 0 
0.1 

I 
I 
'C"OA 

\ -
0.2 

\ Tj=~51d 
i 

25A \40 A 

\ 
\ ...... 
\ - r-

0.5 1.0 2.0 3.0 5.0 

'B. BASE CURRENT (AMP) 

10 

_ 2.0 

~ 
~ 
w 1.6 

'" ~ 
= 1.2 

~ 
'" '\' 0.8 
a: 
o 

8 
j 0.4 
o 
t.> 

ul 
t.> 

-

> 0 
0.1 

II T~.12~J 
IC·t IDA I ~5A 40~ -

\ -
\ '-.. 

l""-

I-

0.2 0.3 0.5 1.0 2.0 3.0 5.0 10 

'8. BASE CURRENT (AMP) 

FIGURE 10 - "ON" VOLTAGES 

2.5 

2.0 

~ 
0 1.5 ~ 
w 

'" ~ 1.0 0 
> 
>-

}}=IJoc 

VI 
lh 

L-v 1 
'/' 

.........: ~ J 
VBE(.t) .'c/IB = 10 ~ 

r"'" 

/ 
0.5 VBEt'VCE=2.0V ,....., III I I 

VCE(lIt) @lc/IB • 10 -o 
0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 20 30 50 

IC. COLLECTOR CURRENT (AMP) 

2. 0 

1. 6 

~ 
~ 1. 2 
w 

'" ;!: 
c5 o. 8 
> 
,; 

o. 4 

0 

}J ~ ~50C 

/' 

Vr~(i'l @ leiB • 10 
... ....,., 

_I""" 

VBE@VCE=2.0V 

vlcJ(~1)" ,J'B .110 V 

o..s 0.7 1.0 2.0 3.0 5.0 10 

IC. COLLEctOR CURRENT (AMP) 

3-122 

" 'I 
1/ 

~ 
'/ IL 

J 

/' 

20 30 50 



MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

HIGH-VOLTAGE HIGH-POWER 
SI LICON TRANSISTORS 

· .. designed for use in high power audio amplifier applications and 
high voltage switching regulator circuits. 

• High Collector-Emitter Sustaining Voltage -
VCEO(sus) = 100 Vdc (Min) - 2N5758 

= 140 Vdc (Min) - 2N5760 

• DC Current Gain @ IC = 3.0 Adc-
hFE = 25 (Min) - 2N5758 

= 15 (Min) - 2N5760 

• Low Collector-Emitter Saturation Voltage -
VCE(sat) = 1.0 Vdc (Max) @ IC = 3.0 Adc 

*MAXIMUM RATINGS 

RatIng Symbol 

Coliector·Emitter Vollage VCEO 

Collector-Ba.e Vottage VCB 

Emitter-Ba.e Voltage VEB 

Collector Current - Continuous IC 
Peak 

Base Current IB 

Total Device Dissipation @TC = 25'C Po 
Derale above 25'C 

Operaling and Siorage Junction, TJ, Tstg 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case 

-Indicates JEDEC Registered Data 

2N57S8 2N5760 

100 140 

100 140 

7.0 

6.0 
10 

4.0 

150 
0.857 

-6510 +200 

FIGURE 1 - POWER DERATING 
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Safe area limits are indicated by Figure 5. 
80th limits .r. applicable and must ba observed. 
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Unit 

lide 

Vde 

Vde 

Ade 

Ade 

Watts 
wrc 

·C 

2N5758 
2N5760 

6 AMPERE 
POWER TRANSISTORS 

NPNSIUCON 
100-140 VOLTS 

150 WATTS 

.L~'~ 
te 0 K T 

SEATING . ! 
PLANE 

STYLE 1: 
PIN I. BASE 

Z. EMITTER 
CASE: COLLECTOR 

NOTES: 
1. DIAMETERS D, V AND SURFACE T ARE DATUMS. 
Z. POSITIONAL TOLERANCE FOR HOLE D: 

1*1. 0.Z5 (0.010) @ITlv@1 
3. POSITIONAL TOLERANCE FOR LEADS: 

1$1. 0.30 (O.OIZ) @ITlv@IDI9I 
4. DIMENSIONING AND TOLERANCING PER ANSI 

YI4.5,1973. 

DIM 
A 
S 
e 
D 
E 
F 
G 
H 
J 
K 
n 
R 
V 

MILLIMETERS INCHES 
MIN MAX MIN MAX 

39.37 1.550 
ZI.08 0.830 

6.35 7.62 0.Z50 0.300 
0.99 1.09 0.039 0.043 

3.43 0.135 
30.158Se 1.187 BSe 
10.92 BSe 0.430 BSe 
5.46 BSC 0.Z15 BSe 

16.89 BSC 0.665 sse 
11.18 lZ.19 0.440 0.480 
3.84 4.09 0.151 0.161 
- Z6.67 1.050 

4 0.151 0.16 

CASE 11.01 
TO-204AA 

• 
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2N5758,2"'5760 

"ELECTRICAL CHARACTERISTICS eTC = 25°C unless otherwise noted) 

I Characteristic I Symbol 

OFF CHARACTERISTICS 

COllector-Emitter Sustaining Voltage (1) 

(lC = 200 mAde, IB = 0) 2N5758 

2N5760 

Collector Cutoff Current 
(VCE = 50 Vde, 'B = 0) 2N5758 

(VCE = 60 Vde, Iii = 0) 
(VCE = 70 Vde, 'B = 0) 2N5760 

Collector Cutoff Current 
(VCE = Rated VCB, VBE(olf) = 1.5 Vde) 
(VCE = Rated VCB, VBE(oll) = 1.5 Vde, TC = lSOOC) 

Collector Cutoff Current 

(VCS = Rated VCB, 'E = 0) 

Emitter Cutoff Current 
(VSE = 7.0 Vde,lc = 0) 

ON CHARACTERISTICS (1) 

DC Current Gain 
(lC = 3.0 Adc, VCE = 2.0 Vde) 2N5758 

2N5760 

(lc = 6.0 Ade, VCE = 2.0 Vde) All Types 

Collector-Emitter Saturation Voltage 
(lC = 3.0 Ade, 'B = 0.3 Ade) 
(lC = 6.0 Ade, IS = 1.2 Ade) 

Base-Emitter On Voltage 
(lC = 3.0 Ade, VeE ~ 2.0 Vde) 

DYNAMIC CHARACTERISTICS 

Current-Gain - Bandwidth Product 
(Ie = 0.5 Adc. VeE"" 20 Vdc1 f test :: 0.5 MHzl 

Output Capacitance 
(VCB = 10 Vde, 'E = 0, I = 0.1 MHz) 

Small-Signal Current Gain 
(lc = 2.0 Ade, VCE = 10 Vde, f = 1.0 kHz) 

"Indicates JEOEC Registered Data 
(1) Pulse Test: Pulse Width ~ 300 IJ$, Duty Cycle ~ 2.0% 

(2) fT = Ihfe I· f test 

VCEO(sus) 

ICEO 

'CEX 

'CBO 

IESO 

hFE 

VCE(sa') 

VBE(on) 

fy 

Cob 

hIe 

FIGURE 2 - SWITCHING TIME TEST 
CIRCUIT 
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+30V 
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-
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15 

SCOPE 

RB and RC VARIEO TO OBTAIN OESIREO CURRENT LEVELS 

-For PNP t .. t circult# raverse all polarltl .. and 01. 

01 MUST BE FAST RECOVERY TYPE. e9: 
M805300 USEO ABOVE 18 ~IOO mA 
MS06100 USEO BELOW 18 ~100 mA 

Max Unit 

Vde 

-
-

mAde 

1.0 
1.0 
1.0 

mAde 
1.0 
5.0 

mA~c 

1.0 

mAde 

1.0 

-
100 

-
60 

-
Vde 

1.0 
2.0 

Vde 
1.5 

MHz 

pF 
300 



2N5758,2N5760 

FIGURE 3 - TURN'()N TIME 
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FIGURE 4 - THERMAL RESPONSE 
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VCE. COLLECTOR·EMITTER VOLTAGE (VOLTS) 

There are two limitations on the power handling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate Ie - VeE limits of the transistor 
that must be observed for rei iable operation; i.e., the transistor 
must not be subjected to greater dissipation than the curves indicate. 

The data of Figure 5 is based on T J(pk) = 200; TC is variable 
depending on conditions. Second breakdown pulse limits are valid 
for duty cycles to 10% provided TJ(pkl~ 200°C. TJlpk) may be 
calculated from the data in Figure 4. At high case temperatures, 
thermal limitations will reduce the power that can be handled to 
values less than the limitations imposed by second breakdown. 
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2N5758,2N5760 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

COMPLEMENTARY SILICON 
HIGH-POWER TRANSISTORS 

· .. designed for general-purpose power amplifier and switching appli
cations. 

• Low Collector-Emitter Saturation Voltage -
VCE(sat) = 1.0 Vdc (Max) @ IC = 5.0 Adc 

• Low Leakage Current -
ICEX = 0.5 mAdc (Max) @ Rated Voltage 

• Excellent DC Current Gain -
hFE = 20 (Min) @ IC = 4.0 Adc 

• High Current Gain - Bandwidth Product -
fT = 4.0 MHz (Min) @ IC = 0.5 A 

*MAXIMUM RATINGS 
2N5875 2N5876 Rating SVrnbo 2N5877 2N5878 

Collector-Emitter Voltage VCEO 60 80 

Collector-Base Voltage VCS 60 80 

Emitter-Ba.se Voltage VEB 5_0 

Collector Current - Continuous IC 10 
Peak 20 

Base Current 18 4_0 

Total Device Dissipation@Tc==250C Po 150 
Derate above 25°C 0_857 

Operating and Storage Junction TJ, T stg -65 to +200 
Temperature Range 

THERMAL CHARACTERISTICS 
Characteristic 1 Symbol I Max 

Thermal Resistance. Junction to Case 9JC 1.17 

FIGURE 1 - POWER DERATING 
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U' ntt 

Vdc 

Vdc 

Vdc 

Adc 

Adc 

Watts 
V.u°C 

°c 

Unit 

°CIW 
I 

PHP 
2N5875,2N5876 

NPH 
2N5877,2N5878 

10 AMPERE 
COMPLEMENTARY SILICON 

POWER TRANSISTORS 

60-80 VOLTS 
150 WATTS 

L~ 1; K T 
SEATING 0 I 

PLANE 

-F-
-J- /V 

DDs/ ~ / 1 
~ 'CY : t-----49- I R 

T ~r / LGI 
STYLE 1: STYLE 3: 

PIN 1. SASE PIN 1. ANOOE 
2. EMITTER 2. CATHODE 

CASE: COLLECTOR 
NOTES: 

1. DIAMETERS Q, V AND SURFACE T ARE DATUMS. 
2. POSITIONAL TOLERANCE FOR HOLE Q: 

I *IDo.25 (0.010) ~ITI V ~I 
3. POSITIONAL TOLERANCE FOR LEADS: 

I iili 0.30(o.oI2)@ITI V ~ IQ~ I 
4. DIMENSIONING AND TOLERANCING PER ANSI 

YI4.5,1973. 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 

A 3937 1.550 
8 21.08 0.830 
C 6.35 7.62 0.250 0.300 
D 0.99 1.09 0.039 0.043 
E - 3.43 0.135 
F 30.15 SSC 1.1S7 SSC 
G 10.92 SSC 0.430 SSC 
H 5.46 SSC 0.215 sse 
J 16.89 sse 0.665 sse 
K 11.1S 12.19 0.440 0.4S0 
n 3.84 4.09 0.151 0.161 
R 26.67 1.050 
V 3.84 409 0.151 0.161 

CASIE 11-01 
TO-204M 

• 

II 



2N5875, 2N5876 PNP, 2N5877, 2N5878 NPN 

*ELECTRICAL CHARACTERISTICS (TC = 25°C unll!Sli otherwise noted) 

OFF CHARACTERISTICS 
Collector-Emitter Sustaining Voltage (1) 

(ic ""·200 mAcIC, is'; 0) . 2N587S, 2N5877 
2NSS76, 2N5878 

Collector Cutoff Current. 
(VCE = 30 Vde, IS '" 0) 2NS875, 2N5877 
(VCE = 40 Vde, IS = 0) 2NS876, 2N5878 

Collector Cutoff Current 
(VCE = 60 Vde, VSE(off) = I.S Vde) 2N587S, 2NS877 
(VCE = 80 Vde, VSE(off) = I.S Vde) 2NS876, 2N5878 
(VCE = 60 Vde, VSE(oll) = 1.5 Vde, TC = IS00C) 2N5875, 2N5877 
(VCE = aD Vde, VaE(olf) = 1.5 Vde, TC = 1500C) 2N5876, 2N5878 

Collector Cutoff Current 
(VCB = 60 Vde, IE = 0) 2N5875, 2NS877 
(VCB = 80 Vde, IE = 0) 2N5876, 2N5878 

Emitter Cutoff Current 
(VES = 5.0 Vde, IE = 0) 

ON CHARACTERISTICS 

DC Curren' Gain (1) 

(lC = 1.0Ade, VCE = 4.0 Vde) 
(lC = 4.0 Ade, VCE = 4.0 Vdcl 
(IC = 10 Ade, VCE = 4.0 Vdc) 

Coliector·Emitter Saturation Voltage (1) 
(lC = S.O Ade, la = 0.5 Adc) 
(lC = 10 Adc, IS = 2.5 Ade) 

Base-Emitter Saturation Voltage (1) 
(lC = 10 Ade, IS = 2.5 Ade) 

Sase-Emitter On Voltage 11) 
(lC = 4.0 Ade, VCE = 4.0 Vdcl 

DYNAMIC CHARACTERISTICS 

Current-Gain - Bandwidth Product (2) 
(lc = 0.5 Ade, VCE = 10 Vde, ' test = 1.0 MHz) 

Output Capacitance 
(VCB = 10 Vde, IE = 0, 1= 1.0 MHz) 2N5875, 2N5876 

2N5877,2N587a 

Smalr-$ignal Current Gain 
(lC = 1.0 Ade, VCE = 4.0 Vde, 1= 1.0 kHz) 

SWITCHING CHARACTERISTICS 

Rise Time 

Storage Time (VCC = 30 Vde, IC = 4.0 Ade, 181 = 182 = 0.4 Ade, 

Fall Time 
See Figure 2) 

·Indlcates JEDEC Registered Data. 
(1) Pulse Test: Pulse Wi,dth S 300 lAS, Dutv Cycle'S 2.0%. 

(2) fT = !hfel- f test 

FIGURE 2 - SWITCHING TIME TEST CIRCUIT 
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hFE -
35 -
20 100 
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tr 4.0 - MHz 

Cob - pF 
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hIe 20 - -
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FIGURE 3 - TURN-ON TIME 
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For NPN test circuit, 
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DESIRED. CURRENT LEVELS 
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2N5875, 2N5876 PNP, 2N5877, 2N5878 NPN 
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There are two limitations on the power handling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate Ie - VeE limits of the tran~ 
sistor that must be observed for reliable operation, i.e., the 
transistor must not be subjected to greater dissipation than the 
curves indicate. 

The data of Figure 5 is based on T J(pk) = 20o"C; T C is variable 
depending on conditions. Second breakdown pulse limits are 
valid for duty cycles to 10% provided T J(pk) < 2000 C. T J(pk) 
may be calculated from the data in Figure 4. At high case 
temperatures, thermal limitations will reduce the power that can 
be handled to values less than the limitations imposed by second 
breakdown. . 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

COMPLEMENTARY SI LICON 
HIGH·POWER TRANSISTORS 

· .. designed fo'r general·purpose power amplifier and switching 
applications. 
• Collector-Emitter Sustaining Voltage -

VCEO(sus) = 60 Vdc (Min) - 2N5879, 2N5881 
= 80 Vdc (Min) - 2N5880, 2N5882 

• DC Current Gain -
hFE= 20 (Min) @ IC = 6.0 Adc 

• Low Collector..., Emitter Saturation Voltage -
VCE(sat) = 1.0 Vdc (Max) @ IC = 7.0 Adc 

• High Current - Gain·Bandwidth Product -
fT = 4.0 MHz (Min) @ IC = 1.0 Adc 

• Recommended for New Circuit Designs 

*MAXIMUM RATINGS 

2N5879 2N5880 
Rating 

Collector·Emitter Voltage 

Collector· Base Voltage 

Emitter-Base Voltage 

Collector Current· - Conti"nuous 
Peak 

Base Current 

Total DeVice Dissipation @TC = 25°C 
Derate above 25°C 

Operating and Storage Junction 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case 

Symbol 

VCED 

VCB 

VEB 

IC 

IB 

Po 

TJ,T stg 

2N5881 2N5882 

60 80 

60 80 

5.0 

15 
30 

5.0 

160 
0.915 

-65 to +200 

Unit 

Vdc 

Vdc 

Vdc 

Adc 

Adc 

Watts 
W/oC 

°c 

Unit 

°C/W 

I 

.Indicates JEDEC registered data. Limit, and conditions differ on some parameters end re
registration reflecting, the. chanoes ha. been requested. All above values meet or exceed 
pre.nt JEOEC registered data. 

FIGURE 1 - POWER DERATING 
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PHP 
2N5879,2N5880 

NPH 
2N5881,2N5882 

15 AMPERE 

COMPLEMENTARY SI LICON 
POWER TRANSISTORS 

60-80 VOLTS 
160 WATTS 

~ 

JF"~ t.~ 1 .E 0 K 
SEATING' f 

PLANE 

STYLE 1: 
PIN 1. BASE 

2. EMITIER 
eASE: COLLECTOR 

NOTES: 
1. DIAMETERS n, v AND SURFACE T ARE DATUMS. 
2. POSITIONAL TOLERANCE FOR HOLE n: 

1 .. li 0.25 (0.0101 @ITlv @I 
3. POSITIONAL TOLERANCE FOR LEADS: 

I $ljo.30(0.012)@ITlv@ln@1 
4. DIMENSIONING AND ToLERANCING PER ANSI 

Y145 1973 " 

DIM 
A 
B 
e 
D 
E 
F 
G 
H 
J 
K 
Q 

R 
V 

MILLIMETERS INCHES 
MIN MAX MIN MAX 

39.37 1.550 
21.0B 0.830 

6.35 7.62 0.250 0.300 
0.99 1.09 0.039 0.043 

3.43 0.135 
30.15 Bse 1.18 ase 
10.92 Bse 0.430 ase 
5,46 ase 0.215 asc 

16.89 ase 0.665 ase 
11.18 12.19 0.440 0.480 
3.84 4.119 0.151 0.161 
- 26.67 1.050 

3. 4.09 0:151 0.161 

CASE "·01 
TO·204AA 

• 



2N5879, 2N5880 PNP, 2N5881, 2N5882 NPN 

"ELECTRICAL CHARACTERISTICS (TC = 25°C unless otherwise noted) 

Charoctwistic 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage (1) 
(lC = 200 mAde, IS = 0) 

Collector Cutoff Current 
(VCE = 30 Vde, IS = 0) 

(VCE = 40 Vde, IS = 0) 

Collector Cutoff Current 
(VCE = 60 Vde, VSE(offl = 1.5 Vde) 

(VCE = 80 Vde, VSE(off) = 1.5 Vde) 

(VCE = 60 Vde, VSE(off) = 1.5 Vde, TC = 150°C) 

(VCE = 80 Vde, VQE(off) = 1.5 Vde, TC = 150°C) 

Collector Cutoff Current 
(VCS = 60 Vde, IE = 0) 

(VCS = 80 Vde, IE = 0) 

Emitter Cutoff Current 
(VEB = 5.0 Vde, IC = 0) 

ON CHARACTERISTICS 

DC Current Gain (1) 
(lC = 2.0 Ade, VCE = 4.0 Vde) 

(lc = 6.0 Ade, VCE = 4.0 Vde) 

(lc = 15 Ade, VCE = 4.0 Vdc) 

Collector-Emitter Saturation Voltage (1) 
(lC = 7.0 Ade, IS = 0.7 Ade) 

(lc = 15 Ade,IB = 3.75 Ade) 

Base-Emitter Saturation Voltage (11 
(lc = 15 Ade, IS = 3.75 Adc) 

Base-Emitter On Voltage (11 
(lC = 6.0 Ade, VCE = 4.0 Vde) 

DYNAMIC CHARACTERISTICS 

Current-Gain-Bandwidth Product (2) 

(lC = 1.0 Ade, VCE = 10 Vde, fte,t = 1.0 MHz) 

Output Capacitance 
(VCB = 10 Vde, IE = 0, f = 100 kHz) 

Small-Signal Current Gain 
(lC = 2.0 Ade, VCE = 4.0 Vde, f = 1.0 kHz) 

SWITCHING CHARACTERISTICS 

Rise Time 
(VCC = 30 Vde, IC = 6.0 Ade, 

Storage Time 
IB1 = IB2 = 0.6 Ade See Figure 2) 

Fall Time 

-IndIcates JEDEC Registered Data. 
(1) Pulse Test: Pulse Width"S.300 ,",S, Duty Cvcl8~ 2.0% 

(21 'T = 1",.1. 'test . 

FIGURE 2 - SWITCHING TIMES TEST CIRCUIT 

tr,tf~lOns 
DUTY CYCI..E == 1.0% 

For NPN test circuit. 
reverse all polarities. 

RB 

15 

51 

+7.0 V 

VCC 
-30V 

FO R CU RVES OF F IGUR ES 3 and 6, 
AB and RC ARE VARIED TO OBTAIN 
DESIRED CURRENT LEVELS 

SCOPE 

01 MUST BE fAST RECOVERY TYPE, '9' 
MBD5300 USED ABOVE 18 =100 rnA 
MSD6100 USED BELOW IB ~100 mA 

2N5S79, 2N5881 
2N5880, 2N5882 

2N5S79,2N5881 

2N5880, 2N5SS2 

2N5S79, 2N5SS1 

2N5880, 2N58S2 

2N5S79, 2N5SS1 

2N5880, 2N5882 

2N5879, 2N5881 

2N5SS0, 2N58S2 

2N5879, 2N5880 
2N5SS1,2N5882 
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O. 
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Symbol Min Max Unit 

VCEO(sus) Vde 
60 -
SO -

ICEO mAde 
- 1.0 

- 1.0 

ICEX mAde 
- 0.5 

- 0.5 

- 5.0 

- 5.0 

ICSO mAde 
- 0.5 

- 0.5 

IESO - 1.0 mAde 

hFE -
35 -
20 100 

4.0 -
VCE(sati Vde 

- 1.0 

- 4.0 

VSE(sat) - 2.5 Vde 

VBE(on) - 1.5 Vde 

IT 4.0 - MHz 

Cob pF 
- 600 
- 400 

hfe 2ll - -

0.7 1" 

t, 1.0 

tf 0.8 

FIGURE 3 - TURN'()N TIME 
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2N5879, 2N5880 PNP, 2N5881, 2N5882 NPN 

FIGURE 4 - TI-IERMAL RESPONSE 
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FIGURE 5 - ACTIVE-REGION SAFE OPERATING AREA 
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There are two limitations on the power handling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate IC - VCE limits of the tran
sistor that must be observed for reliable operation, i.e ..• the 
transistor must not be subjected to greater dissipation than the 
curves indicate. 

The data of Figure 5 is based on T J(pk) = 200oC; T C is variable 
depending on conditions. Second breakdown pulse limits are 
valid for duty cycles to 10% provided T J(pk) < 2000C. T J(pk) 
may be calculated from the data in Figure 4. At high case 
temperatures, thermal limitations will reduce the power that can 
be handled to values less than the limitations imposed by second 
breakdown_ 0.1 
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2N5879, 2N5880 PNP, 2N5881, 2N5882 NPN 
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MOTOROLA 

- SEMICONDUCTOR ----
TECHNICAL DATA 

COMPLEMENTARY SILICON 
HIGH·POWER TRANSISTORS 

· . . designed for general·purpose power amplifier and switching 
applications. 

• Low Coliector·Emitter Saturation Voltage -
VCE(sat) = 1.0 Vdc,(max) at IC = 15 Adc 

• Low Leakage Current 
ICEX = 1.0 mAdc (max) at Rated Voltage 

• Excellent DC Current Gain -
hFE = 20 (min) at IC = 10 Adc 

• High Current Gain Bandwidth Product
fT = 4.0 MHz (min) at IC = 1.0 Adc 

*MAXIMUM RATINGS 

Rating Symbol 

Collector-Emitter Voltage VeEO 

Collector-Base Voltage VeB 

Emitter-Base Voltage VEB 

Collector Current - Continuous Ie 
Peak 

Base Current IB 

Total Device Dissipation@Tc-25OC PD 
Derate above 25°C 

2N5.883 
2N5885 

60 

60 

2N5884 
2N5886 

80 

80 

5.0 

25 
50 

7.5 

200 
1.15. 

Operating and Storage Junction TJ,Tstg -65 to +200 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case 

Unit 

Vdc 

Vdc 

Vdc 

Adc 

Adc 

Watts 
Wloe 

°e 

·Indicates JEDEC registered data. Limits and conditions differ on some parameters and re
registration reflecting ·these changes has been requested. All above values meet or exceed 
present JEDEC registered data. 

FIGURE 1 - POWER DERATING 
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PNP 
2N5883, ·2N5884 

NPN 
2N5885,2N5886 

25 AMPERE 

COMPLEMENTARY SILICON 
POWER TRANSISTORS 

60-80 VOLTS 
200 WATTS 

L~'"~ 
~ D K T 

SEATING ! 
PLANE , 

STYLE 1: 
PIN 1. BASE 

2. EMITTER 
CASE: CO LLECTO R 

NOTES: 
1. DIAMETERS 0, V AND SURFACE T ARE DATUMS. 
2. POSITIONAL TOLERANCE FOR HOLE 0: 

1"lh25(0.01D)@ITIV@1 
3. POSITIONAL TOLERANCE FOR LEADS: 

1$1_0.30 (0.012) @ITlv@lo@1 
4. DIMENSIONING AND TDLERANCING PER ANSI 

Y14.5,1973. 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 

A 39.37 1.550 
B 21.08 0.830 
e 6.35 7.62 0.250 0.300 
D 0.99 1.09 0.039 0.043 
E 0.135 
F 1.187BSe 
G 0.430 sse 
H 0.215 SSC 
J 0.665 SSC 
K 0.440 0.4S0 
o 0.151 0.161 

tjR[t:TIrt 1.050 v 3.84 --,-,0".1;!J1LL..l0..,1!!!.61u 

CASE 11·01 
TO·204AA 

• 



2N5883, 2N5884 PNP, 2N5885, 2N5886 NPN 
"ELECTRICAL CHARACTERISTICS (TC: 25°C unless otherwise noted I 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage (1) 
(lC = 200 mAde, IS = 0) 

Collector Cutoff Current 
(VCE = 30 Vde, IS = 0) 

(VCE = 40 Vde, IS = 0) 

Collector Cutoff Current 
IVCE = 60 Vde, VSEloff) = 1.5 Vde) 

IVCE = 80 Vde, VSE lolf) = 1.5 Vde) 

IVCE = 60 Vde, VSEloll1 = 1.5 Vdc, TC = 1500 CI 

(VCE = 80 Vdc, VSEloff) = 1.5 Vdc, TC = 150°C) 

Collector Cutoff Current 

IVcs = 60 Vdc, IE = Ol 

(VCS = 80 Vdc, IE = 0) 

Emitter Cutoff Current 

IVEB = 5.0 Vde, Ie = 0 

ON CHARACTERISTICS 

DC Current Gain (1) 

(I C = 3.0 Ade, V CE = 4.0 Vde) 

(lC = 10 Ade, VCE = 4.0 Vde) 

(lc = 25 Ade, VCE = 4.0 Vde) 

Collector·Emitter Saturation Voltage (1) 
IIc = 15 Ade, 16 = 1.5 Ade) 

(lc = 25 Ade, IB = 6.25 Ade) 

Base-Emitter Saturation Voltage (1) 

IIc = 25 Ade, IS = 6.25 Ade) 

Base-Emitter On Voltage (1) 
(lC = 10 Adc, VCE = 4.0 Vde) 

DYNAMIC CHARACTERISTICS 

Current-Gain-Bandwidth Product (2) 
IIc = 1.0 Adc, VCE = 10 Vde, I test = 1.0 MHz) 

Output Capacitance 
IVCS = 10 Vde.IE = 0, I = 1.0 MHz) 

Small-Signal Current Gain 
IIc = 3.0 Ade, VCE = 4.0 Vde, f test = 1.0 kHzl 

SWITCHING CHARACTERISTICS 

Rise Time 

Storage Time 

Fall Time 

IVcc = 30 Vde, IC = 10 Ade, 

'61 = 162 = 1.0 Ade) 

·'ndicates JEOEC Registered Data. 

(1) Pulse Test: Pulse Width-5: 300 ils, Duty Cycle~ 2.0%. 

2N5883, 2N58B5 
2N5884, 2N58B6 

2N5883, 2N5S85 

2N5884, 2N5886 

2N5883, 2N5885 

2N5884, 2N5886 

2N5883,2N5885 

2N5884, 2N5886 

2N5883,2N5885 

2N5884, 2N5886 

2N5883, 2N5884 
2N5885, 2N5886 

FIGURE 2 - SWITCHING TIME EQUIVALENT TEST CIRCUITS 

TURN-ON TIME 
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20ns I r 
--I 1-10 to 100 lIS 

DUTY CYCLE ~ 2.0% 

TURN-OFF TIME 

10 

RS 

Vec -30 V 

3.0 

TO SCOPE 
tr .;;;;:20 ns 

.~>-~:~:~~~ 
-11.0 V: _; :-tr.;;;;:20 ns 

-I -lOtolOO,us 

~UTY CYCLE ~ 2.0% 

FOR CURVES OF FIGURES 3 & 6, RS & RL ARE VARIED. 
INPUT LEVELS ARE APPROXIMATELY AS SHOWN. 
FOR NPN, REVERSE ALL POLARITIES 
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2.0 

1.0 

0.7 
0.5 

0.3 

0.2 

0.1 

0.07 

0.05 

0.03 
0.02 

0.3 

...... 

Symbol Min Unit 

VCEO(sus) Vde 
60 -
80 -

ICED mAde 
- 2.0 

- 2.0 

ICEX mAde 
- 1.0 

- 1.0 

- 10 

- 10 

ICSO mAde 
- 1.0 

- 1.0 

lEBO - 1.0 mAde 

hFE 
35 -
20 100 

4.0 -

VCE(sat) Vde 
- 1.0 

- 4.0 

VSElsad 2.5 Vde 

VBE(on) - 1.5 Vde 

IT 4.0 - MHz 

Cob pF 
1000 

.- 500 

hie 20 - -

t, 0.7 

ts 1.0 

tl 0.8 

FIGURE 3 - TURN-ON TIME 

TJ = 250C 
Ic/is = 10 ,. 
Vce = 30 V 
VSE(off) = 2 V 
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2N5883, 2N5884 PNP, 2N5885, 2N5886 NPN 
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2N5883, 2N5884 PNP, 2N5885, 2N5886 NPN 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

HIGH POWER PLASTIC 
COMPLEMENTAJ:jY SILICON POWER TRANSISTORS 

· .. designed for use in general-purpose amplifier and switching circuits. 

• Collector-Base Voltage - VCBO = 60 Vdc - 2N59B6. 2N59B9 
= 80 Vdc - 2N5987 
= 100. Vdc - 2N5988. 2N5991 

• Coliector·Emitter Voltage - VCEO = 40 Vdc - 2N59B6. 2N5989 
= 60 Vdc - 2N5.987 
= 80 Vdc - 2N5988. 2N5991 

• DC Current Gain -
hFE = 20·120@IC = 6.0 Adc 

= 7.0 (Mini @ IC = 12 Ade 

• ColieCtor·Emitter Saturation Voltage -
VCE(satl = 0.7 Vdc (Maxi @ IC = 6.0 Adc 

"MAXIMUM RATINGS 
2N5986 

Rating Symbol 2N5989 

Collector-Base Voltage V.CB 60 

Collector-Emitter Voltage VCEO 40 

Emitter-Base Voltage VEB 

Collector Current - Continuous IC 
Peak 

Base Current Ie 

Total Power Dissipation.@ TC = 25~C 
Derate above 25°C 

Po 

Operating and Stc;>rage Junction TJ. Tstg 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic: 

Thermal Resistance, Junction to Case 

-'ndieate' JEOEC Registered Data. 

2N5988 
2N5987 2N5991 

80 100 

60 80 

5.0 

12 
20 

4.0 

100 
0.8 

-65 to +150 

FIGURE 1 - POWER DERATING 
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Te. CASE TEMPERATURE (OC) 
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Unit 

Vdc 

Vdc 

Vdc 

Adc 

Adc 

Watts 
WloC 

°c 

PNP 
2N5986,2N5987 

2N5988 
NPN 

2N5989,2N5991 

12 AMPERE 

POWER TRANSISTORS 
COMPLEMENTARY SILICON 

NOTES: 

40. 60. 80 VOLTS 
100 WATTS 

STYLE 2: 
PIN 1. EMITTER 

2. COLLECTO R 
3. BASE 

1. DIM "0" UNCONTROLLED IN ZONE "H" 
2. DIM "F" OIA THRU 
3. HEAT SINK CONTACT AREA (BOTTOM) 
4. LEADS WITHIN 0.005" RAO OF TRUE 

POSITION (TP) AT MAXIMUM MATERIAL 
CONDITION. 

DIM 

A 
B 
C 
D 
F 
G 
H 
J 
K 
M 
Q 

R 
U 
V 

MILLIMETERS INCHES 
MIN MAX MIN MAX 

16.13 16.3B 0.635 0.645 
12.57 12.B3 0.495 0.505 
3.1B 3.43 0.125 0.135 
1.09 1.24 0.043 0.049 
3.51 3.76 0.138 0.148 

4.22 BSC 0.166 BSC 
2.67 2.92 0.105 0.115 
0.B131 0.864 0.032 0.034 

15.11 16.38 0.595 0.645 
90 TYP 90 TYP 

4.70 4.95 0.lB5 0.195 
1.91 2.16 0.075 0.OB5 
6.22 6.4B 0.245 0.255 
2.03 0.080 

CASE 90-05 
TO-22SAB 

• 



2N5986, 2N5987, 2N5988 PNP 12N5989, 2N5991 NPN 

*ElECTR ICAl CHARACTERISTICS IT C = 25"<: unl .. otherwi .. notadl 

Char-=toriltic 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage 
liC = 0.2 Adc, IS = 01 

Collector Cutoff Current 
IVCE = 20 Vdc,IB = 01 
IVCE = 30 Vdc, IS = 01 
IVCE = 40 Vdc, IS = 01 

Collector Cutoff Current 
IVCE = 60 Vdc, VBEloffl = 1.5 Vdcl 
IVCE = 80 Vdc, VBEloffl = 1.5 Vdcl 
IVCE = 100 Vdc, VBEloftl = 1.5 Vdcl 
IVCE = 40 Vdc, VSEloffl = 1.5 Vdc, TC = 1250 CI 
IVCE = 60 Vdc, VSEloffl = 1.5 Vdc, TC = 1250 CI 
(VCE = 80 Vdc, VSEloffl = 1.5 Vdc, TC = 1250 CI 

Emitter Cutoff Current 
IVSE = 5.0 Vdc, IC = 01 

ON CHARACTERISTICS 

DC Current Gain 
liC = 1.5 Adc, VCE = 2.0 Vdcl 
lic = 6.0 Adc, VCE = 2.0 Vdcl 
lic = 12 Adc, VCE = 2.0 Vdcl 

Collector-Emitter Saturation Voltage 
lic =6.0Adc,ls = 0.6 Adcl 
lic = 12 Adc, IS = 1.8 Adcl 

Base-Emitter Saturation Voltage 
lic = 12 Adc, IS = 1.8 Adcl 

Base-Emitter On Voltage 
lic = 6.0 Adc, VCE = 2.0 Vdcl 

DYNAMIC CHARACTERISTICS 

Current-Gain - Bandwidth Product 

liC = 0.5 Adc, VCE = 10 Vdc, ftest = 1.0 MHzl 

Output Capacitance 
IVcs = 10 Vdc, IE = 0,' = 1.0 MHzl 

Small-5ignal Current Gain 
liC = 2.0 Adc, VCE = 4.0 Vdc, I = 1.0 kHz) 

"Indicates JEDEC Registered Data. 

(1) fT:::; Ihfel- f test 

2N5986, 2N5989 
2N5987 

2N5988, 2N5991 

2N5986, 2N59B9 
2N5987 , 

2N5988, 2N5991 

2N5986, 2N5989 
2N5987 

2N5988, 2N5991 
2N5986, 2N5989 

2N5987 
2N59BB, 2N5991 

2N5986 thru 2N5988 
2N5989, 2N5991 

FIGURE 2 - SWITCHING TIMES TEST CIRCUIT 
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2N5986, 2N5987, 2N5988 PNP 12N5989, 2N5991 NPN 

FIGURE 4 - THERMAL RESPONSE 
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There ar:e two limitations on the power handling ability of a 
transistor: average junction temperature and 'second breakdown. 
Safe operating area curves indicate '"(:'- VeE limits of the transistor 
that must be observed for reliable operation; i.e., the transistor must 
not be subjected to greater dissipation than the curves indicate. 

The dala of Figure 5 is based on T J(pk) = 1500 C; TC is variable 
depending on conditions. Second breakdown pulse limits are valid 
for duly cycles 10 10% provided T J(pk) .;;; 15o"C T J(pk) may be 
calculated from the data in Figure 4. At high. case temperatures. 
thermal limitations will reduce the P9Wer that can be handled to 
values less than the limitations imposed by second breakdown. 
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2N5986, 2N5987, 2N5988 PNP 12N5989, 2N5991 NPN 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

PLASTIC DARLINGTON COMPLEMENTARY 
SILICON POWER TRANSISTORS 

· .. designed for general-purpose' amplifier and low-speed switching 
applications. 

• High DC Current Gain -, , 
hFE = 2000 (Typ).@ IC = 2.0 Adc 

• Collector-Emitter Sustaining Voltage - @ 100 mAde 
VCEO(sus)= 40 Vdc (Min) - 2N6034, 2N6037 

= 60 Vdc (Min) - 2N6035, 2N6038 
= 80 Vdc (Min) -2N6036, 2N6039 

• Forward Biased Second Breakdown Current Capability 
ISlb = 1.5 Adc @ 25 Vdc . 

• Monolithic Construction with Built-In Base-Emitter 
Resistors to Limit Leakage Multiplication 

• Space-Saving High Performance-to-Cost Ratio 
TO-225AA Plastic Package 

"MAXIMUM RATINGS 

Rating 

Collector-E mitter Voltage 

CollectOr-Bas. Voltage 

Emitter~Base Voltage 

Co lIector Current - nti nuous 
Peak 

Base Current 

Total Power Dissipation @TC "" 2SoC 
Derat. above 250 e 

Total Power Dissipation @TA "" 2SoC 
Derate above 250 e 

Operating and Storage Junction 
Temperature Range 

THERMAL CHARACTERISTICS 

Charact.istic 

Thermal Resistance, Junction to Case 

Thermal Re$istance, Junction to Ambient 

·Indicat.s JEDEe Registered Data. 

2N6034 2N6036 2N6036 
Svmbol 2N6037 2N6036 2N6039 

VCEO 40 60 80 

VCB 40 60 80 

VEB 
Ie 

IB' 100-

Po 40 
-0.32-

Po 1.5-
-0.012-

TJ,Tstg - -65 to +150-

TA TC 

4.0 40 

FIGURE 1 - P9WER DERATING 
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Unit 

Vde 

Vde 

mAde 

Watts 
wf'e 

Watts 
wf'c 

°e 

r-----------------------~ 
PH, 

2N6034 
2N6035 
2N6036 

MPH 
2N6037 
2N6038 
2N6039 

DARLINGTON 
4-AMPERE 

COMPLEMENTARY SILICON 
POWER TRANSISTORS 

NOTES: 

40, 60, 80 VOLTS 
40 WATTS 

K 

STYlE 1: 
PIN1. EMlffiR 

2. COLLECTOR 
3. BASE 

1. LEADS, TRUE POSITIONED WITHIN D.25mm (0.0101 
OIA. TO DIM A Ie B AT MAXIMUM MATERIAl 
CONDITION. 

DIM 
• • C 
D 
F 
G 
H 
J 

• M 
Q 

R 
S 
U 
V 

INCIlES 
MIN MAX 

10.110 11.04 0.425 0.435 
7.50 7.74 0.295 0.30' 
2." 2.66 0.095 0.105 
0.51 0.66 0.0» 0.026 
2.93 3.17 0.115 .125 
2.32 2." 0.091 0.097 
1.27 2.41 0.050 0.095 
0.39 0.63 0.015 0.025 

14.61 '&6' 0.575 0.655 
.,-TY!' TTY!' 

3.76 ." 0.' 0.158 
1.15 '.30 O. 0.055 
A." O. 0.02 O. , ... .193 .,,, 0.155 
1.02 0'" 

CASEn-05 
TO-225M 

• 



2N6034, 2N6035, 2N6036 PNP 
2N6037, 2N6038, 2N6039 NPN 

·ELECTRICAL CHARACTERISTICS IT C: 25°C unless otherwise notedl 

I Characteristic Symbol 

V2 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage 
(lC = 100 mAde, la = 0) 2N6034, 2N6037 

2N6035,2N6038 
2N6036, 2N6039 

Collector-Cutoff Current 
(VCE = 40 Vdc, la = 0) 2N6034, 2N6037 
(VCE: 60 Vde, IB = 01 2N6035, 2N6038 
,(VCE = 80 Vde, IB = 0) 2N6036, 2N6039 

Collector Cutoff Current 
(VCE = 40 Vde, VBE(off) = 1.5 Vde) 2N6034, 2N6037 
(VeE = 60 Vde, VBE(off) = 1.5 Vde) 2N6035, 2N6038 
(VeE = 80 Vde, VBE(off) = 1,5 Vde) 2N6036, 2N6039 
(VeE = 40 Vde, VBE(off) = 1.5 Vde 

TC = 1250 CI 2N6034, 2N6037 
(VeE = 60 Vde, VBE(off) = 1.5 Vde 

TC = 125°C) 2N6035,2N6038 
(VeE = 80 Vde, VBE(off) = 1.5 Vde 

TC = 1250 CI 2N6036, 2N6039 

Collector Cutoff Current 
(VCB = 40 Vde, IE = 0) 2N6034, 2N6037 
(Vca = 60 Vde,IE = 01 2N6035, 2N6038 
(Vca = 80 Vde, IE = 01 2N6036, 2N6039 

Emitter Cutoff Current 
(VBE = 5.0 Vde, IC = 01 

ON CHARACTERISTICS 

DC Current Gain 

(lC = 0.5 Ade, VCE = 3.0 Vde) 
(Ie = 2.0 Ade, VCE = 3.0 Vde) 
(IC = 4.0 Ade, VeE = 3.0 Vdel 

Collector-Emitter Saturation Voltage 
(lC = 2.0 Ade,la = 8.0 mAde) 
(lC = 4.0 Ade,IB = 40 mAde) 

Base-Emitter Saturation Voltage 
(lC = 4.0 Ade,la = 40 mAde) 

Base-Emitter On Voltage 
(IC = 2.0 Ade, VCE = 3.0 Vde) 

DYNAMIC CHARACTERISTICS 

,Small-Signal Current-Gain 
(lC = 0.75 Ade, VCE = 10 Vde, f = 1.0 MHzl 

Output Capacitance 
(Vca = 10 Vde, IE =0, f = 0.1 MHzl 2N6034, 2N6035, 2N6036 

2N6037, 2N603a, 2N6039 

*Indlcates JEDEC Registered Data. 

FIGURE 2 - SWITCHING TIMES TEST CIRCUIT 
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2N6034, 2N6035, 2N6036 PNP 
2N6037, 2N6038, 2N6039 NPN 

FIGURE 4 - THERMAL RESPONSE 
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2N6034, 2N6035, 2N6036 PNP 
2N6037, 2N6038, 2N6039 NPN 
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FIGURE 8 - DC CURRENT GAIN 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

PLASTIC MEDIUM-POWER 
COMPLEMENTARY SILICON TRANSISTORS 

... designed for general·purpose amplifier and low-speed switching 
applications. 

• High DC Current Gain -
hFE =2500 (Typl @ IC = 4.0 Adc 

• Collector· Emitter Sustaining Voltage - @ 100 mAdc (11 

VCEO(susl = 60 Vdc (MinI· - 2N6040. 2N6043 
= 80 Vdc (MinI - 2N6041. 2N6044 
= 100 Vdc (Minl- 2N6042. 2N6045 

• Low Collector-Emitter Saturation Voltage - (11 

VCE(satl = 2.0 Vdc (MaxI @ IC = 4.0 Adc - 2N6040,41.2N6043,44 
= 2.0 Vdc (MaxI @ IC = 3.0 Adc - 2N6042. 2N6045 

• Monolithic Construction with Built·ln Base-Emitter 
Shunt Resistors 

(1) Applies to corresponding in-house part numbers also. 

-MAXIMUM RATINGS 

2N6040 2N6041 2N6042 
2N6043 2N6044 2N6045 

MJE6040 MJE6041 
Rating Symbol MJE604.3 MJE6044 MJE6045 

Collector-Emitter Voltage VeEO 60 80 100 

Collector-Base Voltage Vee 60 80 100 

Emitter-Base Voltage VEe .. 5.0 

Collector Current Continuous Ie .. 8.0 • 
Peak .. 16 • 

Base Current Ie -120 • 
Total Power Dissipation @ T C 250 e PD .. 75 • 

Derate above 25°C -0.60 • 
Total Power Dissipation @ TA :::: 2SoC PD .. 2.2 • 

Derate above 2SoC _0.0175_ 

Operating and Storage Junction, TJ. Tstg - -65to+150_ 
Temperature Range 

THERMAL CHARACTERISTICS 
Characteristic 

Thermal Resistance, Junction to Case 

Thermal Resistance. Junction to Ambient 

*Indicates JEDEC Registered Data 

FIGURE 1 - POWER DERATING 
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Unit· 

Vdc 

Vdc 

Vdc 

Adc 

mAde 

Watts 
w/oe 
Watts 
w/oe 

°e 

2N6040 thm 2N6042 PHP 
2N6043 thm 2N6045 NPH • 

MJE6040 thm MJE6041 PHP . 
MJE6043 thm MJE6045 NPH 

DARLINGTON 
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" . 
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2N6040 thru 2N6042 PNP 
2N6043 thru 2N6045 NPN 
MJE6040 thru MJE6041 PNP 
MJE6043 thru MJE6045 NPN 

*ELECTRICAL CHARACTERISTICS (TC'" 25°C unless otherwIse noted) 

I Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Sustamlng Voltage 
(Ie = 100 mAde, IS = 0) 2N6040, 2N6043, MJE6Q40, MJE6043 

2N6041, 2N6044, MJEB041. MJE6044 
2N6042. 2N6045. MJE6045 

Collectpr.Cutoff Current 
(VeE = 66 Vdc, 's = 0) I 

(VeE - 80 Vdc, Ie .. 0) L 

(VeE -lOa Vdc, ,!!: .. 01\ 

2N6Q40, 2N6043, MJE6040. MJE6043 
2N6041, 2N6044, MJEB041, MJE6044 
2N6042. 2N6045, MJE6045 

Collector Cutoff Current 
(VeE'" 60 Vdc, VSE(off) = 1.5 Vdc) 2N6040, 2N6043, MJE6040, MJE6043 
(VeE = 80 Vdc, VSEloffl = 1.5 Vdc) '2N6041, 2N6044, MJE6041. MJE6044 
(VeE = l00Vdc, VeEloffl = 1.5 Vdcl 2NS042, 2N6045, MJE6045 
(\I.e£; = 60 Vdc, Vse (off) = 1.5 Vdc, 
. TC = 1S00C) 2N6040, 2N6043, MJE6040, MJE6043 
{VCE';; 80 Vdc, VSE(offJ = 1.5 Vdc, 
Tc'= 1SOOCl 2N6041, 2NS044, MJE6041, MJE6044 

(VcE.= 100 Vdc, VeE(offl '" 1.5 Vdc, 
TC'= 1!?OOcl 2NS042, 2N6045, MJE6045 

Collector Cutoff Current 
(Vce = 60 Vdc, IE = 01 
(Vce = 80 Vdc, IE = OJ 
(VCS = 100 Vdc, IE = OJ 

2N6040, 2N6Q43, MJE6040, MJE6043 
2N6Q41, 2N6Q44, MJE6041, MJE6044 
2N6Q42, 2N6045, MJE6045 

Emitter Cutoff Current 
(VSE = 5.0 Vdc, Ie = OJ 

ON CHARACTERISTICS 

DC Current Gain 
(IC = 4.0 Adc, VCE = 4.0 Vdc) 2N6040,41, 2N6043,44, MJE6040,41, MJE6043,44 
IIC = 3.0 Adc, VCE = 4.0 Vdc) 2N6042, 2N6045, MJE6045 
(I = KO Adc, Vrr:; - 4.0 Vdc) All Tvnes 

Coliector·Emitter Saturation Voltage 
(IC = 4.0 Ade, IS '" 16 mAde) 2N6040,41,2N6043.44,MJES040,41,MJES043,44 
IIC = 3.0 Ade, IS"" 12 mAde} 2NS042,2N6045,iMJE6045 
(IC"" 8.0 Adc, IS'" 80 mAde) All Types 

Base-Emitter Saturation Voltage 
(lc = 8.0 Ade, Ie'" 80 mAde) 

Base-Emitter On Vortage 
(Ie = 4.0 Ade, VCE = 4.0 Vde) 

DYNAMIC CHARACTERISTICS 

Small-8ignal Current Gsi" 
(lC = 3.0 Ade, VCE = 4.0 Vde, f = 1.0 MHz) 

Output Capacitance 
(Vce = 10 Vde, IE = 0, f = 0.1 MHz) 2NS040I2N6042, MJE6040 

2N6043/2N6045, MJE6043/MJE6045 

Small·Signal Current Gain 
!lC = 3.0 Adc, VeE = 4.0 Vdc, f '" 1.0 kHzl 

-Indicates JEDEC Registered Data. 

FIGURE 2 - SWITCHING TIMES TEST CIRCUIT 
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2N6040 thru 2N6042 PNP 
2N6043 thru 2N6045 NPN 
MJE6040 thru MJE6041 PNP 
MJE6043 thru MJE6045 NPN 

FIGURE 4 - THERMAL RESPONSE 
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There are two limitations on the power handling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate Ie - VeE limit.s of t.he tran~ 
sistor that must be observed for reliable operation; i.e., the transistor 
must not be subjected to greater dissipation than the cu rves indicate. 

The data of Figure 5 i. based on T J(pkl ~. 15o"C; T C is variable 
depending on conditions. Second breakdown pulse limits are valid 
for duty cycles to 10% provided TJ(pki < 15o"C. TJ(pki may be 
calculated from the data in Figure 4. At high case temperatures, 
thermal limitations will reduce the power that can be handled to 
values I~ss than the limitations imposed by second breakdown. 
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2N6040 thru 2N6042 PNP 
2N6043 thru 2N6045 NPN 
MJE6040 thru MJE6041 PNP 
MJE6043 thru MJE6045 NPN 
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FIGURE 8 - DC CURRENT GAIN 
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FIGURE 9 - COLLECTOR SATURATION REGION 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

MEDIUM-POWER PNP SILICON TRANSISTOR 
· .. designed for general·purpose switching and amplifier applications 

• Excellent Safe Operating Area 

• DC Current Gain Specified to 4.0 Arnperes 

• Complement to NPN Type 2N3054A 

*MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector·Emitter Voltage VCEO 55 Vdc 

Collector-Emitter VOltage VCER 60 Vdc 

IRSE = 100 flJ 

Collector-Base Voltage VCS 90 Vdc 

Emitter-Base Voltage VES 7.0 Vdc 

Collector Current - Continuous IC 4.0 Adc 

Peak 10 

Base Current IS 2.0 Adc 

Total Device Dissipation @ T C = 25°C PD 75 Watts 

Derate above 25° 0.43 W/oC 

Operating and Storage Junction, TJ. Tstg -65 to +200 °c 
Temperature Range 

., ndlcates JE DEC Registered Data 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Thermal Resistance, °JC 2.33 °CIW 

Junction to Case 

FIGURE 1 - POWER·TEMPERATURE DERATING 
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2N6049 

4 AMPERE 

POWER TRANSISTOR 
PNP SILICON 

55 VOLTS 
75 WATTS 

11~::::;:rr=~ 
E 

SEATING PLANE 

STYLE 1: 
PIN 1. BASE 

2. EMITTER 

CASE: COLLECTOR; 

Q 

I 
H 

MILLIMETERS 
DIM MIN MAX 
8 11.94 12.10 
C 6.35 8.64 
0 0.71 0.86 
E 1.27 1.91 
F 24.33 24.43 
G 4.83 5.33 
H 2.41 2.67 
J 14.48 14.99 
K 9.14 -
P 1.27 
n 3.61 3.86 
S - 8.89 
T - 3.68 
U 15.15 

s 
INCHES 

MIN MAX 

0.470 0.500 
0.250 0.340 
0.028 0.034 
0.050 0.075 
0.958 0.962 
0.190 0.210 
0.095 0.105 
0.570 0.590 
0.360 -

0.050 
0.142 0.152 

0.350 
- 0.145 

0.620 
All JEOEC DimensIOns and and Notes Apply, 

CASE 80-02 
TO-213AA 

• 



2N8049 

*ELECTRICAL CHARACTERISTICS ITC = 250 C unless otherwise noted) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage II) 
II,.. - 100 mAde, IR - 0) 

Collector-Emitter Sustaining Voltage II) 
(lC = 100 mAde, RBE = 100 fl) 

Collector Cuttoll Current 
(Vr.!' = 30 Vdc, IR = 0) 

Collector Cutoff Current 
(VCE = 90 Vde, VBE(off) = 1.5 Vde) 
(VCE = 90 Vde, VBEloff) = 1.5 Vde, 
TC = 150°C) 

Emitter Cutoff Current 
(VBE = 7.0 Vde, IC = 0) 

ON CHARACTERISTICS II) 

DC Current Gain 
(I.C = 500 mAde, VCE = 4.0 Vde) 
(lC = 3.0 Ade, VCE = 4.0 Vde) 

Collector-Emitter Saturation Voltage 
(lC = 500 mAde, IB = 50 mAde) 
(lC = 4.0 Ade, IB = 600 mAde) 

Base-Emitter On Voltage 
(lC = 500 mAde, VCE = 4.0 Vde) 

DYNAMIC CHARACTERISTICS 

Current Gain - Bandwidth Product 

(lC = 200 mAde, VCE. = 10 Vde) 

Output Capacitance 
IVCB = 10 Vde, IE = 0, I = 0.1 MHz) 

Small-8ignal Current Gain 
(lC = 100 mAde, VCE = 4.0 Vde, I = 1.0 kHz) 

-'ndlcates JEDEC Registered Data 
(1) Pulse test: Pulse WidthS300 JJ,s, Duty Cvcle S2.0% 

FIGURE 2 - SWITCHING TIME EQUIVALENT TEST CIRCUIT 
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Symbol Min Max Unit 

VCEO(sus) Vde 
55 
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hFE -
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FIGURE 3 - TURN-ON TIME 
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2N6049 

FIGURE 4 - THERMAL RESPONSE 
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FIGURE 5 - ACTIVE-REGION SAFE OPERATING AREA 
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There are two limitations: on the power handling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicat'e Ie - VeE limits of the tran
sistor that must be observed for reliable operation; i.e., the transistor 
must not be subjected to greater dissipation than the curves indicate. 

The data of Figure 5 is based on TJ(pk) = 20o"C; TC is variable 
depending on conditions.' Second breakdown pulse limits are valid 
for duty cycles to 10% provided TJ(pk) < 2000 C. TJ(pk) may be 
calculated from the data in Figure 4. At high case temperatures, 
thermal limitations will reduce the power that can be handled to 
values less than the limitations imposed by second 'breakdown. 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

DARLINGTON COMPLEMENTARY 
SILICON POWER TRANSISTORS 

· .. designed for general·purpose amplifier and low frequency 
switching applications. 

• High DC Current Gain -
hFE = 3500 (Typ) @ IC = 5.0 Adc 

• Coliector·Emitter Sustaining Voltage - @ 100 mA 
VCEO(sus) = 60 Vdc (Min) - 2N6050. 2N6057 

80 Vdc (Min) - 2N6051. 2N6058 
100 Vdc (Min) - 2N6052. 2N6059 

• Monolithic Construction with Built·ln Base-Emitter 
Shunt Resistors 

*MAXIMUM RATINGS 

2N605D 2N6051 2N6052 
Rating Svmbol 2N6057 2N6D58 2N6059 

Collector-Emitter Voltage VeEO 60 80 100 

Collector-Base Voltage VeB 60 80 100 

Emitter-Base Voltage VEB .. 5.0 .. 
Collector Current Continuous Ie .. 12 .. 

Peak .. 20 • 
Base Current IB .. 0.2 • 
Total Device Dissipation Po .. 150 .. 

@Te= 250 e 
Derate above 25°C ... 0.857 .. 

Operating and Storage Junction 
Temperature Range 

TJ. T stg _ -65 to +2QOOe ---
THERMAL f:HARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case 

-Indicates JEDEC Registered Data 

FIGURE 1 -POWER DERATING 
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TC. TEMPERATURE IOC) 

3-153 

Unit 

Vdc 

Vdc 

Vdc 

Adc 

Adc 

Watts 

wf'e 
°e 

PHP 
2N60S0 thru 2N60S2 

NPH 
2N60S7 thru 2N60S9 

DARLINGTON 
12 AMPERE 

COMPLEMENTARY SILICON 
POWER TRANSISTORS 

60-80-100 VOLTS 
150 WATTS 

.-L~~ c 

Te . W 
IEATWG PLANE 0 K 

STYLE 1 MIWMEIE1IS INCHES 
PIN 1. BASE IlIIt MIll MAX MIll MAX 

2. EMITTER A 38.31 1.550 
CASE COLLECTOR B 21.08 0.830 

C ~35 7.62 0.250 0.300 
D 0.91 1.09 0.038 0.043 
E 1.40 1.78 0.055 0.010 
f 30.15BSC 1.187B5C 
G 10.92BSC 0.430 B5C 
H 5.46BSC D.215B5C 
J 1~89BSC ~665BSC 
K 11.18 12.19 0.440 0.480 
Q 3.81 ~19 0.151 0.165 
R 16.61 1.050 
U 2.54 3.05 0.100 0.120 
V 3~1 4.19 0.151 0.165 

CASE 1-04 
TO-204AA 

NOTES: 
1. ALL RULES ANO NOTES ASSOCIATED WITH 

REFERENCEO TO·3 OUTLINE SHALL APPLY. 

• 



2N6050thru 2N6052 PNP/2N6057 thru 2N6059 NPN 

"ELECTRICAL CHARACTERISTICS ITC = 250 C unle •• otherwise noted) 

I 'ChlrllCtoriltiC I Symbol 

OFF CHARACTERISTICS 
Collector-Emitter Sustaining Voltage 11) 

(lC = 100 mAde, Ie = 0) 2N6050, 2N6057 
2N6051, 2N6058 
2N6052, 2N6059 

Collector Cutoff Current 
IVCE = 30 Vdc, 18 = 0) 2N6050,2N6057 
IVCE = 40 Vdc, Ie = 0) 2N6051,2N6058 
IVCE = 50 Vdc, Ie = 0) 2N6052, 2N6059 

Collector Cutoff Current 
IVCE = Rated VCEO, VeEloff) = 1.5 Vde) 
IVCE = Rated VCEO, VeEloff) = 1.5 Vde, TC = 1500 C) 

Emitter Cutoll Current 
IVeE = 5.0 Vdc, IC = 0) 

ON CHARACTERISTICS (1) 

OC Current Gein 
(lC = 6.0 Ade, VCE = 3.0 Vde) 
IIC = 12 Adc, VCE = 3.0 Vde) 

Collector-Emitter Saturation Volatage 
(lC = 6.0 Ade, Ie = 24 mAdc) 
(lC = 12Ade,Ie = 120mAde) 

ease-E!'litter Saturation Voltage 
(lC = 12 Adc, Ie = 120 mAdc) 

eass-Emitter On Voltage 
(lC = 6.0 Adc, VCE = 3.0 Vdc) 

DYNAMIC CHARACTERISTICS 
Magnitude of Common Emitter Small-5ignal Short Circuit Forward 

Current Transfer Ratio 
(lC = 5.0 Adc, VCE = 3.0 Vdc, I = 1.0 MHz) 

Output Capacitance 2N6050/2N6052 
IVCB = 10 Vdc, IE = 0, I = 0.1 MHz) 2N6057/2N6059 

Small-Signal Current Gain 
lie = 5.0 Ade, VCE = 3.0 Vdc, I = 1.0 kHz) 

·'ndlcate.s JEDEC Registered Data 
(1}Pulse test: Pulse Width = 300 JJs, Dutv CVcle = 2.0%. 

FIGURE 2 - SWITCHING TIMES TEST CIRCUIT 
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2N6050 thru 2N6052 PNP/2N6057 thru 2N6059 NPN 
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FIGURE 5 - 2N6050, 2N6057 
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There are two limitations on the power handling ability of a transistor: average junction temperature and second breakdown. Safe operating 
area curves indicate Ie - VeE limits of the transistor that must be observed for reliable operation; i.e., the transistor must not be subjected to 
greater dissipation than the curves indicate. 

The data of Figures 5,6 and 7 is based on T J(p~) = 2000 C; T C is variable depending on conditions. Second breakdown pulse limits are 
valid for duty cvcles to 10% provided T J(pk) .,;; 200 C T J(pk) may be calculated from the data in Figure 4. At high case temperatures, thermal 
limitations will reduce the power that can be handled to values less than the limitations imposed by second breakdown. 
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2N6050 thru 2N6052 PNP/2N6057 thru 2N6059 NPN 

PNP 
2N6060. 2N6061. 2N6062 

NPN 
2N6067.2N6058.2N6059 

FIGURE 11)- DC CURRENT GAIN 
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FIGURE 11 - COLLECTOR SATURATION REGION 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

DARLINGTON COMPLEMENTARY 
SILICON POWER TRANSISTORS 

... designed for general·purpose amplifier and low frequency switching 
applications. 
• High DC Current Gain -

hFE = 3000 (Typ) @ IC = 4.0 Adc 
• Collector-Emitter Sustaining Voltage -@ 100 mA 

VCEO(sus) = 60 Vdc (Min) - 2N6053, 2N6055, 2N629B, 2N6300 
= BO Vdc (Min) - 2N6054, 2N6056, 2N6299, 2N6301 

• Low Collector· Emitter Saturation Voltage -
VCE(sat) = 2.0 Vdc (Max) @ IC = 4.0 Adc 

= 3.0 Vdc (Max) @ IC = B.O Adc 
• Monolithic Construction with Built-In Base·Emitter 

Shunt Resistors 

*MAXIMUM RATINGS 

2N6053 2N6054 
2N6055 2N6056 
2N6298 2N6299 

Rating Symbol 2N6300 2N6301 

Collector-Emitter Voltage VCEO 60 80 

Coliector·Base Voltage VCB 60 80 

Emitter-Base Voltage VEB 5.0 

Collector Current - Continuous IC 8.0 
Peak 16 

Base Current IB 120 

2N6053 2N6298 
2N6054 2N6299 
2N6055 2N6300 
2N6056 2N6301 

Total Device Dissipation @TC = 25°C Po 100 75 
Derate above 25°C 0.571 0.428 

Operating and Storage Junction Temperature TJ,T stg -65 to +200 
Range 

THERMAL CHARACTERISTICS 

2N6053 2N6298 
2N6054 2N6299 
2N6055 2N6300 

Characteristic Symbol 2N6056 2N630t 

Thermal Resistance, Ju neticn to Case ROJC 1.75 2.33 

·Indicetes JEDEC Registered Data. 

FIGURE 1 - POWER DERATING 
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Unit 

Vdc 

Vdc 

Vdc 

Adc 

mAde 

Watts 
wf'Jc 

°c 

Unit 

°crw 

2N6Q53 
2N6064 
2N6055 
2N6D56 

2N6298 
2NB299 
2N83DD 
2N6301 

2N6053,2N6054 
2N6298, 2N6299 PNP 

2N6055,2N6056 
2N6300,2N6301 NPN 

DARLINGTON 
8 AMPERE 

COMPLEMENTARY SILICON 
POWER TRANSISTORS 

aQ-aOVOLTS 
75,100 WATTS 

NOTE: 

0'. 
A . , 
° . , 
H , 
° , 

1. DIM "0" IS DIA. 

MILL ErERS INCHES .. MAX ." 
- 39.37 -
- 21.08 

'.3 1." . 
0.99 , ... 0.039 
- 3.43 -... ... 40 1.111 

lOS ., .59 
11.15 0.655 

11.1 1.19 '.440 
3. .... 0.151 
- 26.61 -

CGllec!orcanlllcllo10 c .... 

CASE 11-01 
TO-204AA 

MAX 

1.550 
0 .. 
0.043 
0'" 
1.191 ., 
0.615 
D. 
0.161 
1.050 

STYLE I: 

~
! PlN~::~~~ER 

HQ • ,_. CA",COLLECTO" 

. . 
s . , , " , , . 

DI. I .AX ." . • 11.94 12.10 .10 
0 

° 0.11 .... 0,02 0.034 , , , .. .lIfiO 0.0 , 24.33 '.3 OJ" 0.162 , .. , OJ3 ,. 0 

• <4' 2.~ • D . , 14'" 1439 0.510 

• 9.14 DJ811 -
p - '21 
° 3.61 US 0.142 
S .II - D.'" 
T 1" - 0.1-45 , 

AiIJEOEC Ollllllllllllllindand NotesAllllfy. 

CASE 80-02 
TO-213AA 

• 



2N6053, 2N6054, 2N6298, 2N6299 PNP, 
2N6055,2N6056, 2N6300, 2N6301 NPN 

*E lECTR ICAl CHARACTER ISTICS (T C • 250 C unless oth.wise notadl 

I C ..... ect .. istic 

OFF CHARACTERISTICS 
Collector-Emitter Susuining Voltage (11 

(lC = 100 mAde, IB = 01 2N6063,2N6055,2N629B,2N6300 
2N6054, 2N6066, 2N6299, 2N6301 

Colleetor Cutoff Current 
(VCE = 30 Vde, IB .; 01 2N6063, 2N6055, 2NB29B, 2N63OO 
(VCE = 40 Vde, IB = 01 2N6054,2N6056,2N6299,2N6301 

Colleetor Cutoff Current 
(VCE = Rated VCB, VBE(offl = 1.5 Vdd 
(VCE = Rated VCB, VBE(offl = 1.5 Vde, TC = 1500C) 

Emitter Cutoff Current 
(VaE = 5.0 Vde, IC = 01 

ON CHARACTERISTICS (11 

DC Current Gain 
(lC = 4.0 Ade, VCE = 3.0 Vdel 
(lC = B.O Ade, VCE = 3.0 Vdel 

Colleetor-Emitter Saturation Voltage 
(lC = 4.0 Ade, la = 16 mAdel 
(lc = B.O Ade, IB = BO mAdel 

Base-Emitter Saturation Voltage 
(lC - a.o Ade; la - 80 mAdel 

Base-Emitter On Voltage 
(lC = 4.0 Ade;VCE = 3.0 Vdc) 

DYNAMIC CHARACTERISTICS 

Magnitude of Common Emitter Small-Signal Short Circuit Current Transfer Ratio 
(lC = 3.0 Ade, VCE = 3.0 Vdc, f = 1.0 MHz) 

Output Capacitance 
(VCB = 10Vdc,IE=O,f=0.1 MHz) 2NS053, 2NS054, 2NS29B, 2NS299 

2N6055,2NS05S,2NS3OO,2NS301 

Small-Signal Current Gain 
(lC = 3.0 Adc, VCE = 3.0 Vdc, f =1.0 kHz" 

-I ndicates JEDEC Registered Data. 

(1) Pulse Test: Pulse Width = 300 !,s, Duty Cycle = 2.0 %. 

Symbol· Min Max 

VCEO(susl 
60 -
BO -

ICEO 
- 0.5 
- 0.5 

ICEX 
- 0.5 

- 5.0 

lEBO 
- 2.0 

hFE 
750 lBOOO 
100 -

VCE(satl 
- 2.0 
- 3.0 

VBE(satl 
- 4.0 

VBE(on) 
2.B 

lhfel 
4.0 -

Cob 
- 300 
- 200 

hfe 
300 -

FIGURE 2 - SWITCHING TIMES TEST CIRCUIT FIGURE 3 - SWITCHING TIMES 

V2 

RB& He VARIED TO OBTAIN DESIRED CURRENT lEVELS 
01. MUST BE FAST RECOVERY TYPES, e.g., 

MBD5300 USED ABOVE 18 "" '00 rnA 
MSD6100 USED BELOW'S ... 100 rnA 

... '"'--[J-----1-~2: ______ ~ __ ~.~ 
v, 

·~:·~~--I I 25", 

tr,tfC;;;TOns 
DUTY CYCLE -'.11% 

fort(jandtr. Dl is disconnected 
andV2=O 

VCC 
-30V 

RC 
SCOPE 

"Or 
3 
~ 
>= 

5.0 

3.0 

2.0 

1.0 

o. 7 
o. 5 

~ I! ... 

I' L3--
p ...... 1'-.. 

........ 
3 -""'r-
2I- VCC=30V 

o. 
o. 

I-ICnB = 250 

l-
If 

Ir .- -11=~~1:2~%2C- t,t@lVBE(off)=O ~ 
ZN6053, 2N6054, 2N629B, 2N6299(PN 
2N6056, 2N6056, 2N6300, 2N6301 (NPN 

1-1-

t-... 

Unit 

Vde 

mAde 

mAde 

mAde 

-

Vde 

Vde 

Vdc 

-

pF 

-

o. 
0.07 
0.05 

0.1 0.2 0.3 0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 
For NPN test circuit reverse diode, pOlarities and input pulses. 

IC, COLLECTOR CURRENT (AMP) 
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2NS053, 2NS054, 2NS298, 2NS299 PNP, 
2NS055, 2NS05S, 2NS300, 2NS301 NPN 

FIGURE 4 - THERMAL RESPONSE 
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FIGURE 5 - 2N6053 thru 2N6056 
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S~CONO BREAKDOWN LI~IT= \1\ 
BONDING WIRE LIMIT ~ 
TH ERMALL Y LIMITED 
@TC=250C (SINGLE PULSE) 

1I111 '-~ 2N6053,2N6055 
2N6054,2N6056 

0.1 ms 

O.~ms 

'\ .~n\; 

1.0 2.0 3.0 5.0 7.0 10 20 30 50 70 100 

VCE, COLLECTOR·EMITTER VOLTAGE (VO LTS) 

There are two limitations on the power handling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate Ie - VeE limits of the transistor 
that must be observed for reliable operation; i.e., the transistor 
must not be subjected to greater dissipation than the curves indicate. 

The data of Figures 5 and 6 is based on TJ(pk) '= 200°C; TC is 
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VCE, COLLECTOR·EMITTER VOLTAGE (VOLTS) 

variable depending on conditions. Second breakdown guise limits 
are valid for duty cycles to 10% provided T J(~k) S 2000 C. T J(pk) 
may be calculated from the data in Figure 4. At high case tempera. 
tures, thermal limitations will reduce the power that can be handled 
to values less than the limitations imposed by second breakdown. 

FIGURE 8 - CAPACITANCE 
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2N6053, 2N6054, 2N6298, 2N6299 PNP, 
2N6055, 2N6056, 2N6300, 2N6301 NPN 

PNP 

2N6063, 2N6064; 2N6298, 2N6299 I 
NPN 

2N6055, 2N6066.2N6300, 2N6301 

FIGURE 9 - DC CURRENT GAIN 
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FIGURE 10 - COLLECTOR SATURATION REGION 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 
........... ~------------~ .. 

COMPLEMENTARY SILICON PLASTIC 
POWER TRANSISTORS 

designed for use in general·purpose amplifier and switching 
applications. 

• DC Current Gain Specified to 7.0 Amperes 
hFE = 3O-150@ IC = 3.0 Adc - 2N6111, 2N6288 

= 2.3 (Min) @ IC = 7.0 Adc - All Devices 

• Coliector·Emitter Sustaining Voltage -
VCEO(sus) = 30 Vdc (Min) -.2N6111, 2N6288 

= 50 Vdc (Min) - 2N6109 
= 70 Vdc (Min) - 2N6107, 2N6292 

• High Current Gain - Bandwidth Product 
fT = 4.0 MHz (Min) @ IC = 500 mAdc - 2N6288, 90, 92 

= 10 MHz (Min) @ IC" 500 mAdc - 2N6107, 09,11 

• TO·220AB Compact Package 

• TO·213AA Leadform Also Available 

-MAXIMUM RATINGS 

Rating Symbol 2N6111 2NS107 
2NS28S 2N61 09 2NS292 

Coliector·Emitter Voltage VCEO 30 50 70 

Coliector·Ba •• Voltage VCB 40 60 BO 

Emltter·Base Voltage VEB 5.0 

Collector Current Continuous 
IC • 7.0 .. 

Peak .. 10 .. 
Base Currant IB .. 3.0 .. 
Total Power Dissipation Po 

@TC=250C .. 40 .. 
Derate above 25°C .. 0.32 .. 

Operating and Storage Junction 
TJ, Tstg _-65 to +150-

Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case 

·Indlcate. JEOEC Registered Data 

FIGURE 1 - POWER DERATING 

40 

" ~ 
I- 30 "" 

~ 
~ 
z '" '" >= 
~ 20 
Bi 
c 

...... , 
"-

~ 

~ 
!< 10 

~ " "'-
o " o 20 40 60 80 100 120 140 160 

TC. CASE TEMPERATURE lOCI 

3-161 

Unit 

Vdc 

Vdc 

Vdc 

Adc 

Adc 

Watt. 

wf'c 

°c 

OM 

• 

• L 

• • 'R 
I 
T 

PNP 

2N6107,2N6109 
2N6111 

NPN 

2N6288,2N6292 

7 AMPERE 
POWER TRANSISTORS 

COMPLEMENTARY SILICON 

1M .... , .. ,. 
'D.28 . " .... 

0." .. 
3.8, 073 lA, , 

71 
12.10 'UI 
1.15 , ... ... • , .. ... 

n ,., 1. 

,.27 
1.1& 

30-50 -70 VOLTS 
40 WATTS 

... 
0.570 
0 .... ., 
0 ., 
0 

11 
0.018 

• • ., , .... 
0 
G.236 

• 

NOTES, 
1. DIMENSIONING AND TOlERANCING PER ANSI 

Y14.SM,1982, 
2. CONTROLLING DIMENSION: INCH. 
3. (1M Z CERNES A ZONE WHEfIE ALL BOOY AND 

LEAD IRftEGULARmES ME ALLOWED. 

.... ,..,. .... 
0.190 

,147 STYlE 1: 
0.' PlNUASE 
0.55 2. COlLECTOR 
D.028 3.EMlmR 

4. COLlECTOR 

8.210 .,"' 
0.110 

CASE 221A-04 
TO·220AB 



2N6107, 2Nlho9, 2N6111 PNP, 2N6288, 2N6292 NPN 

-ELECTRICAL CHARACTERISTICS (TC· 25°C unl ... otheowl. noted I 
Ch_riltic I Symbol , 

OFF-CHARACTERISTICS 

Coliector·Emltter Sustaining Volta91 (11 
(lC· IQO mAde, IB ·'01 2N6"',2N6288 

2N6109 
2N6107,2N6292 

Collector Cutoff Current 
(VCE • 20 Vde, 18 # 01 2N6"',2N6288 
(VCE ·40 Vde, 18 ·01 2N61 09 
(VCE ·60 Vdc, IB • 01 2N6107,2N6292 

CollectOr Cutoff Current 
IVCE • 40 Vde, VE8(0111 = 1.5 Vdel 2N6"',2N6288 
IVCE = 60 Vde, VE8(offl = 1.5 Vdel 2N6109 
(VCE = 80 Vde, VEB(offl = 1.5 Vdel 2N6107,2N6292 
(VCE • 30 Vde, VES(offl = 1.5 Vdc, TC c ,50oCI2N6"" 2N6288 
(VCE • 50 Vde, VEB(offl • 1.5 Vde, TC ,= 150oCI2N6109 
(VCE = 70 Vde, VES (0111 = 1.5 Vde, TC = 150oC12N6107, 2N6292 

Emitter Cutoff Current 
(VBE ·5.0 Vde, IC = 01 

ON CHARACTERISTICS (11 

DC Current Gain 
(lC = 2.0 Ade, VCE = 4.0 Vdel 2N6107,2N6292 
(lC = 2.5 Ade, VCE = 4.0 Vdcl 2N6109 
(lC • 3.0 Adc, VCE = 4.0 Vdel 2N6"',2N6288 
(lC = 7.0 Adc, V CE = 4.0 Vdel All De'vices 

Collector-Emitter Satura~ion Voltage 
(lC = 7.0 Ade, IS = 3.0 Ade) 

S ... ·Emitt.r On Voltage 
(lC • 7.0 Adc, V CE = 4.0 Vdcl 

DYNAMIC CHARACTERISTICS 

Current Gain - Sandwidth Product (2) 
(lC = 500 mAde, VCE = 4.0 Vde, 'test = 1.0 MHz) 

2N628B,92 
2N6107, 09, 11 

Output Capacitance 

(VCS = 10 Vde, IE = 0,' = 1.0 MHz) 

Small·Slgnal Current Gain 
(lC • OS Adc. VCE • 4.0 Vdc, f "'50 kHz) 

'Indleatas JEDEC Registered Data. 
(1 )Pul. Test: Pulse Width" 300 "s, Duty Cycle" 2 .0%. 
(2)IT = I hie I- Itest 

FIGURE:2 - SWITCHING TIME TEST CIRCUIT 

tr.tf~lDns 
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SCOPE 

RB and RC VARIEO TO OBTAIN OESIRED CURRENT LEVELS 

01 MUST BE FAST RECOVERY TYPE. ego 
MBD5300 USEO ABOVE IB ~100 rnA 
MSD6100 USED BELOW IB '-100 rnA 
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2N6107, 2N6109, 2N6111 PNP, 2N6288, 2N6292 NPN 

j 
w .. 
;::: 

~ 1 0 
7 

o ~ O.S 
~ O. 

~ o. S 
o 

3 ~ o. 
'" o. 2 
t;; 

~ o. 
;t 0.0 

~o-: 0.0 

0.0 
0-

~ 0,0 
in z 

1 

7-
S 
-

3 

2"-' 

g 1"'-0.0 
0.01 

0.2 

0.1 

O.OS 

0.02 

~ 
V 

0.02 

I 

.....-
-:...t-
SI~G\E riLfj t-

ODS 0.1 0.2 

FIGURE 4 - THERMAL RESPONSE 

-I-:: ~ 

-~ 

-- Plpkl 

tJUl ZOJClt!" rlt) ROJC 
ROJC ~ 3. 12So C/W Max 

o CURVES APPLY FOR POWER 

-r~~ 
PULSE TRAIN SHOWN 
READ TIME AT II 

1 ' 1 
I , 

TJlpkl- TC ~ P'pkl ZOJCItI 
DUTY CYCLE, 0 '" q/t2 

I : 11111 I I I I I 11111 I I I I I III 
05 1.0 2.0 5.0 10 20 50 100 200 SOO 1.0k 

!, TIME (ms~ 

FIGURE 5 - ACTIVE-REGION SAFE OPERATING AREA 

10 
7.0 

E 
S.O 

5 3.0 
0-

TJ - ISOoC 

~ 2.0 

i3 
1.0 '" 

---
0 

0.7 

~ o.S 

8 0.3 
~ 

0.1 

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

SECOND BREAKDOWN 
LIMITED 

BONDING WIRE LIMITED 
THERMAL LIMITATION 

AT TC - 2SoC 
ISINGLE PULSE) 

2NS! 11. 2N~2B8 -
2NSI09 

2NSI07.2NS292 

I I 

\. 

' ... 1,\ 
=dc 

5.0 ms 

'1.U 

0.5 ms 

'\ 

Tbere are two limitations on the power handling abilitv of a 
transistor: average junction temperature and second breakdown. 
Saf,e operating area curves indicate le·VeE limits of the transistor 
that must be observed for reliable operation; i.e., the transistor 
must not be subjected to greater dissipation than the curves indicate. 

The data of Figure 5 is based on T J(pk) = 15o"C; T C is variable 
depending on conditions. Second breakdown pulse lim1ts are valid 
for duty cycles to 10% provided T J(pk) <0; 150°C. T J(pk) may be 
calculated from the data in Figure 4. At high case temperatures, 
thermal limitations will reduce the power that can be handled to 
values less than the limitations imposed bV second breakdown 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

COMPLEMENTARY SILICON PLASTIC 
POWER TRANSISTORS 

... designed for use in power amplifier and switching circuits, -
packaged in the compact TO-220AB outline. TO-66 leadform also 
available. 

'MAXIMUM RATINGS 

Rating Symbol 2N6121 I 2N6122 
12N6123 2N6124 2N6125 

Collector-Emitter Voltage VCEO 46 I 60 I 80 

Collector-Base Voltage VC8 46 60 80 

Emitter-Base Voltage VEB 5.0 

Collector Current IC 4.0 

Base Current IB 1.0 

Total Power Dissipation @ T C '" 25°C PD 40 
Derate above 25°C 320 

Operating and Storage Junction TJ, Tstg ~.S5to+150 
Temperature Range 

THERMAL CHARACTERISTICS 
Characteristic Max 

Thermal Resistance. Junction to Case 3.12 

"ELECTRICAL CHARACTERISTICS lTe = 25°C unle" otherw;,. noted} 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage (1) 
(Ie'" 0.1 Adc, 18 = 0) 2N6121,2N6124 

Collector Cutoff Current 

'(VeE = 45 Vdc, IS = 0) 

(VeE'" 60 Vdc, Ie = 0) 
(VeE = 80 Vde, IS = 01 

Collector Cutoff Current 
(VCE = 45 Vdc, VES(off! '" 1.5 Vdc) 
(VCE = 60 Vdc. VES(off) = 1.5 Vdc) 
(VCE '" 80 Vdc, VEB(off) := 1.5 Vdc) 
(Vce '" 45 Vdc, VEBloff) '" 1.5 Vdc, 

TC = 125°C) 
(VCE '" 60 Vdc, VES(off) '" 1.5 Vdc, 

TC = 1250 C) 
(VCE '" 80 Vdc, VES(off! = 1.5 Vdc, 

TC = 12S0 C) 

Collector Cutoff Current 
(VCS = 45 Ydc, Ie .. 0) 
(VCS = 60 Vdc, IE = 0) 
(VCS = 80 Vdc, Ie = 0) 

Emitter Cutoff Current 
{VSE = 5.0 Vdc, IC = OJ 

ON CHARACTERISTICS 

DC Current Gain (11 
(lC = 1.5 Adc, Vce = 2.0 Vdc) 

2N6122.2N6125 
2N6123 

2N6121,2N6124 
2N6122,2N6125 
2N6123 

2N6121,2N6124 
2N6122,2N6125 
2N6123 
2N6121,2N6124 

2N6122,2N6125 

2N6123,2N6126 

2N6121.2N6124 
2N6122.2N612S 
2N6123 

2N6126,2N6124 
2N6122.2N6125 
2N6123 

(IC = 4.0 Adc, VCE = 2.0 vdcl 2N6121,2N6124 

Collector·Emitter Saturation Voltage (1) 

{lc = 1.5 Adc. IS = 0.15 Adcl 
(Ie. = 4.0 Adc. IS = 1.0 Adcl 

Base-Emitter On Voltage (11 
(IC '" 1.5 Adc. VCE ;2.0Vdcl 

DYNAMIC CHARACTERISTICS 

Small-Signal Current Gain 

2N6122,2N6125 
2N6123 

(lC - 0.1 Adc. VCE '" 2.0 Vdc. f = 1.0 kHz) 

Current-Gein-Bandwidth Product 
(Ie;;: 1.0 Adc, VeE = 4.0 Vdc, f"" 1.0 MHz) 

(1lPulse Test: Pulse Width <;;300 I's. Duty Cycle <;;2.0~. 
-Indlcetes JEOEC Registered Data. 

Symbol 

VCEO(sus) 

ICEO 

ICEX 

leBo 

leBO 

45 
60 
80 

3-164 

1.0 
1.0 
1.0 

0.1 
0.1 
0.1 
2.0 

2.0 

2.0 

0.1 
0.1 
0.1 

1.0 

Unit 

Vdc 

Vdc 

Vdc 

Adc 

Adc 

Watts 
mW/DC 

"c 

Vdc 

mAde 

mAde 

mAde 

mAdc 

NPH 
2N6121,2N6122 

2N6123 
PNP 

2N6124,2N6125 

4 AMPERE 

POWER TRANSISTORS 
COMPLEMENTARY SILICON 

46-80 VOLTS 

.. 
• • C 
D 
F 

• J 

• L 

• • • 
T 
U 

40 WATTS 

NOlES, 
1. DIMENSIONING AND TOLERANCING PER ANSI 

Y1UM,1982. 
2. CONllIOlllNG DIMENSION: INCH. 
1 DIM Z OERNES A ZONE WHERE AlL BODY AND 

-I .... ..., 
0.&1 

2 
OAS 

12.70 
1.15 .... .... ,.. 
1.16 
U7 

1.16 

LEAD IRREGULARmES ARE AllOWED. 

... 
1<" 
10.28 
4.82 ... 
1 

• .... 
0.71 

14.27 
1.3. .., 

7 
I. 

,.. 

-... 
o.sJII 0.'" 
OJIII 0." 
0.1&:1 0.190 
D.02S 0.036 .,,, 0.147 STYLE 1: 
D.OI5 0.105 
0.110 .,55 
0.018 D.028 

.0lD .'" Il.046 0.1166 
.10 

1 0.1 
0.11 

• .... 
CASE 221A-04 

TO-220AB 

PIN 1. BASE 
2. COlLECTOR 
1 EMITTER 
4. COllECTOR 

• 

4 



2N6121, 2N6122, 2N6123, NPN, 
2N6124, 2N6125, PNP 

FIGURE 1 - DC CURRENT GAIN 
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2N6121, 2N6122, 2N6123,NPN, 
2N6124, 2N6125, PNP 

FIGURE 5 - COLLECTOR CUT-OFF REGION 
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2N6121. 2N6122. 2N6123. NPN. 
2N6124.2N6125.PNP 
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RATING AND THERMAL DATA 

FIGURE 11 - ACTIVE REGION SAFE OPERATING AREA 
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There are two limitations on the power handling ability of a 
transistor: peak junction temperature and second breakdown. 
Safe operating area curves indicate IC~VCE limits of the transistor 
that must be observed for reliable operation; i.e., the transistor 
must not be subjected to greater dissipation than the curves indicate. 

- Curves apply below rated VCEO 

The data of Figure 11 is based on TJ(pk) = 15o"C; TC is variable 
depending on conditions. Second breakdown pulse limits are valid 
for duty cycles to 10% provided T J(pklo;; 150oC. T J(pkl may be 
calculated from the data in Figure 12. At high case temperatures, 
thermal limitations will reduce the power that can be handled to 
values less than the limitations imposed by second breakdown. O. 2 
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FIGURE 12 - THERMAL RESPONSE 
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o CURVES APPLY FOR POWER 
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REAOTIMEATII 

TJlpkl - TC· Plpkl ZOJCIII 

DESIGN NOTE: USE OF TRANSIENT THERMAL RESISTANCE DATA 

~~:~ A train of periodical power pulses can be represented by the model 
shown in Figure A. Using the moclel and the device thermal re
sponse, the normalized effective transient thermal resistance of 
Figure,~ was calculated for various duty cycles. 

To find 8JC(tl, multiply the value obtained from Figure 12 by 
the steady state value (J JC. n' n" ----II I I L-__ _ 

--l II I-- i 
Example: 
The 2N6121 Is dissipating 50 watts under the following condi
tions: tl = 0.1 ms, tp = 0.5 ms. (0 = 0.21. 

I I 
t----I/f---< '1 

OUTY CYCLE 0 = 111 =t; 
PEAK PULSE POWER· Pp 

Using Figure 12, at a pulse width of 0.1 ms and 0 = 0.2, the 
reading of dtl' 01 is 0.27. 
The peak rise in junction temperature is therefore: 

.. T = r(t! X Pp X 8JC = 0.27 X 50 X 3.12 = 42.2oC 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

MEDIUM-POWER PNP SILICON TRANSISTORS 

· .. designed for switching and wide band amplifier applications. 

• Low Collector-Emitter Saturation Voltage -
VCE(sat) = 1.2 Vdc (Max) @ IC = 5.0 Amp 

• DC Current Gain Specified to 5 Amperes 
• Excellent Safe Operating Area 
• Packaged in the Compact TO-205AD Case for Critical Space Limited 

Applications 
• Complement to NPN 2N5336 thru 2N5339 

"MAXIMUM RATINGS 

2N6190 
Rating Symbol 2N6191 2N6193 Unit 

Collector-Emitter Voltage VCEO 60 100 Vdc 

Collector· Base Voltage Vca 60 100 Ydc 

Emitter-Base Voltage YEa 6.0 Ydc 

Collector Current - Continuous Ie 5.0 Adc 

Base Currant la 1.0 Adc 

Total Davice Dissi~ation @TC = 2SoC Po 10 Watts 

Derate above 25°C 57.1 mW/oe 

Operating and Storage Junction TJ. Tstg -65 to +200 °e' 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Max 

Thermal Resistance, Junction to Case 17.5 

* Indicates JEOEC Registered Data. 

FIGURE 1 - POWER·TEMPERATURE DERATING 
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" 0 
,"'-.. 

40 80 120 160 200 

TC. CASE TEMPERATURE (DC) 

Safe Area Curves are indicated by Figure 5. All limits are applicable and must be observed. 

3.168 

2N6190 
2N6191 
2N6193 

5 AMPERE 

POWER TRANSISTORS 

PNPSILICON 

80-100 VOLTS 
10 WATTS 

STYLE 1: 
PIN 1. EMITTER 

2. BASE 
3. COLLECTOR 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 
A 8.89 9.40 
B 8.00 8.51 
C 6.10 6.60 
o 0.406 0.533 
E 0.2293.18 

0.406 0.483 
G 4.83 '5.33 
H 0.711 0.864 
J 0.7311.02 
K 12.70 
l 6.35 
M 450 NOM 
P 1.21 
n 900 NOM 
R 2.54 

All JEDECdimllllionllnd notlllPPty. 

CASE 79-02 
TO-205AD 

• 



2N6190, 2N6191, 2N6193 

• ELECTRICAL CHARACTERISTICS 1Tc = 25°C unIOlSoth .. wl .. noted} 

I ChM'R1eristic 

OFF CHARACTERISTICS 

Collector-EmitterSultaining Voltage I'! 
lie = 5OmAdc.IS" 01 

Collector Cutoff Current 
(VeE"' 75 Vdc, IS = 01 
(VeE = 90 Vdc. IS '" 01 

Collector Cutoff Current 
tVeE" 75 Vdc. VSEtoff'- 1.5 Vdcl 
(VeE" 90 "'dc, VSE(off) = 1.5 Vdc) 
(VeE = 75 Vdc. VSEtoffl = 1.5 Vdc, 
TC = 1SOoCI 
(VeE = 90 Vdc, VBE(offl '" 1.5 Vdc. 
TC = lSOCC) 

Collector Cutoff Current 
(Ves" 80 Vdc, Ie" 0) 
(Ves'" 100 Vdc, Ie .. 0) 

I:milttr \,;uto~ _",:urrent 
IVse = 6.0 Vdc. Ie '" 01 

ON CHARACTERISTICS (11 

DC Current Gain 
lie" 500 mAde, VeE" 2.0 Vdcl 

(Ie" 2.0 Adc. VeE" 2.0 Vdc) 

(Ie" 5.0 Adc. VeE = 2.0 Vdc) 

Coliector·Emitter Saturation Voltage 
lie· 2.0 Adc, IS '" 0.2 Adcl 
lie • 5.0 Adc, la - 0,5 Add 

Basa-Emitter Saturation Voltage 
tiC = 2.0 Ade, '8 = 0.2 Adc) 
IIC .. 5.0 Adc, la '" 0.5 Adcl 

DYNAMIC CHARACTERISTICS 

Current·Gain·Sandwidth Product (21 

2N6190,2N6191 
2N6193 

2N8190. 2N6191 
2N6193 

2N6190.2N6191 
2N6193 

2N6190.2N6191 

2N6193 

2N6190.2N6191 
2N6193 

2N6190 
2N6191.2N6193 
2N6190 
2N6191,2N6193 
2N6190 
2N6191,2N6193 

(Ie'" 0.5 Adc, VCE .. 10 Vdc, fTest = 10 MHz) 

Output Capaci'tance 
(VeB'" 10 Vdc, Ie ,. 0, f = 100 kHz) 

Input Cap.:itanci 
(Vse = 2.0 Vcfc, Ie .. 0, f .. 100 kHz) 

SWITCHING CHARACTERISTICS 

Calay Time 1Vee - 40 Vdc, VSE (offl .. 3.0 Vdc, 
Ri. Time IC '" 2.0 Adc,IB1 = 0.2 Adcl 

Storage Time 

Fall Timl 
(Vce 40 Vdc. Ie - 2.0 Ade, 
'S1 = 'S2 '" 0.2 Adcl 

-'ndlea" JEDEC RagllHrad oeH. 
(1' Pul .. T .. t: Pul .. Width S 3QO PI, Duty CVcl.~2.0" 
121 fT""h.,.'·fTelt 

FIGURE 2 - SWITCHING TIME TEST CIRCUIT 
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2N6190, 2N6191, 2N6193 

FIGURE 4 - THERMAL RESPONSE 
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There are two limitations on the power handling ability of a 
transistor: average junction temperatura and second breekdown . 
Safe operating area curves indicate Ie - V CE limits of the tran
sistor that must be observed for reliable ogeretion; i.e., the 
transistor must not be subjected to greater diaipetion than the 
curves indicate. 

The data of Figure 5 is based on T Jlpkl = 2000C; TC i. 
variable depending on conditions. Second breakdown pulse limiu 
are valid for duty cvcles to 10% provided TJlpkl < 2000C. 
T Jlpkl mav be calculated from the data in Figure 4. At high 
case tamperatures. thermal limitations will reduce the power that 
can be handled to values 1_ than the limitaitons i"'poied by 
second breakdown. 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

MEDIUM-POWER HIGH-VOLTAGE 
PNP POWER TRANSISTORS 

2N6211 
2N6212 
2N6213 

2 AMPERE 

POWER TRANSISTORS 

PNPSILICON 

· .. designed for high·speed switching and linear amplifier applications 
for high-voltage operational amplifiers. switching regulators. convert· 
ers. inverters. deflection stages and high fidelity amplifiers. 

226-360 VOLTS 
36 WATTS 

• Collector-Emitter Sustaining Voltage -
VCEO(sus) = 225 to 350 Vdc @ IC = 200 mAdc 

• Second Breakdown COllect"br Cl!rrent -
Islb = 875 mAdc @ VCE = 40 Vdc 

• tf = 0.6 liS Resistive Fall Time 

• Usable DC Current Gain to 2.0 Adc 

P -B 

*MAXIMUM RATINGS 
4-
I t ~~===:!::=y-

Rating Symbol 2N82"l;lN62'212N62'3 Unit 
E 

SEATING PLANE 
Collector·Emitter Voltage VCEO 225 I 300 I 
Collector-Base Voltage VCB 275 I 360 I 
Emitt.r~Bas8 Voltage VEB . 6 
Collector Current Continuous IC 2 

Paak 5 
Base Current IB . 1 

Total Power Dissipation @ T C - 25°C Po . 35 
Derate above 25°C • 0.2 

Operating and Storage Junction TJ. T stg -65 to +200 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteriltic Symbol I 
Thermal Resistance, Junction to Case BJC I 
Indicates JEDEC Ragistared Data. 

FIGURE 1 - FORWARD BIAS SAFE OPERATING AREA 

10 

5.0 

i 2.0 

Ii; 1.0 
~ 
'" 0.5 
is 
a: 0.2 

.... ~ .... 0.1 

B 0.05 
E 

ZOO ... 1110 

~I .. 

10 .. '\. 

de 

'!oJ "-- Bonding Wire Umit 
"- "- '\. ____ Thermal Umit 

(SingilPuIlo) 
--- Second Breokdown Umit 

2N6211 ..... 
2N6212 
2N6213 

Max 

5.0 

0.02 

0.01 
10 20 50 1110 zoo 10lI0 

VCE. COLLECTOR·EMITTER VOLTAGE (VOLTSI 

360 

400 

. . . 
• . 

I 
I 

Vdc 

Vdc 

Vdc 

Adc 

Ad" 
Watts 
W/oC 

°c 

Unit 

°CIW 

STYLE 1: 
PIN 1. BASE 

2. EMITTER 
CASE: COLLECTOR 

All JEDEC DI""'.llnd ond No.a Apply. 
CASE 80·02 
TO-213M 

Thor. ara two limitations on tho powerhandllng ability of 
a trlnsistor: averagajunction tamperature and second braakd_n. 
Safa operating aroa curws indicate (C -V CE limits of the transistor 
that must be obsarved for reliable _ration; i •••• the tronllstor 
must not ba subjected to greator dl.ipotion than the cur_ indicata. 

Tho data of Figura 1 is basad on T J(pkl • 200; TC il wrilbla 
depending on conditions. At high case temperatures. thermol 
limitations will reduco the power that Cln be handled to wlues 
I... than the limitations impoaad by second breakdown. (Sea 
FiguraSI. 
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, 2N6211, 2N6212, 2N6213 

ELECTRICAL CHARACTERISTICS (TC - 26°C unl ... otherwise noted) 

I Cherocteriltic I 
OFF CHARACTERISTICS 

'Collector-Emltter Sustaining Voltage (1) 

(lC - 200 mAde, iB -0) 2NS211 
2NS212 
2NS213 

'Collector-Emitter S"""ining, Voltage 
(lC" 200 mA, VBE - -1.5 V, L-l0 mH) 2N6211 

2NS212 
2NS213 

'Collector-Emitter Sustlining Voltage 11) 
(lC -,200 mA, IB .. 0, RSE - 60 11) 2N6211 

2NS212 
2NS213 

·Emitter-B ... SreakdoWn Voltage 11) 
(IE = 0,.5 mAde,lc - 0) 2N6212/13 
(IE" 1.0 mAde,le -0) 2NS211 

'Collector Cutoff Current 
IVCE - 260 Vde, VSEloff) .. 1.5 Vde, TC .. 26°C) 

(TC - l000 C) 
IVCE -316 Vde, VSEloff) .. 1.6 Vde, TC .. 25°C) 

ITC -100°C) 
IVCE - 380 Vde, VSEloff) .. 1.5 Vde, TC = 26°C) 

(TC -100°C) 
Collector Cutoff Current All Types 

IVCE" 160Vde,IB -0) 

'Emltter Cutoff Current 
IVES - 6.0 Vde, IC - 0) 2NS211 

2Ntl212 
2NS213 

·ON CHARACTERISTICS 111 
DC Current Gein 

(lC - 1.0 Adc, VCE - 2.S Vde) 2N6211 
(lC .. 1.0 Ade, VCE .. 3.2 Vde) 2NS212 
(lC - 1.0 Adc, VCE" 4.0 Vdc) 2NS213 

Collector-Emitter saturation Voltage 
(lC - 1.0 Aile, IS -,125 mAde) 2NS211 

2NS212 
2NS213 

Base-Emitter saturation Voltage All Types 
(lC -1.0 Ade,lS - 125 mAde) 

DYNAMIC CHARACTERISTICS 

'Current Gein-Bandwldth Product (2) 

(lC - 200 mAde, VCE .. 10 Vde, fteat - 5.0 MHz) 

Output Capacitance IVCB - 10 Vde,lE -0, f - 1.0 MHz) 
·SECOND BREAKDOWN 

IVCC" 200 Vdc, IC - 1.0 Ade, 

lSI" IS2" 0.125 Ade) 

*lndlCltas JEDEC,Reglltared D~. 

(1) Pulse Teat: Pulse Width .. 300 "'i Duty Cycle .. 2.0" 

Symbol Min MIX Unit 

VCEOlsus) Vde 
225 -
300 -
360 -

VCEXlsus) Vde 
275 -
360 -
400 -

VCERlsus) Vde 
250 -
325 -
376 -

VESO Vde 
6.0 -
6.0 -

ICEV mAde - 0.5 - 6.0 - 0.5 - 5.0 - 0.6 

- 5.0 

. ICEO - 5.0 mAde 
, 

IESO mAde 
- 1.0 
- 0.5 
- 0.5 

hFE -
10 100 
10 100 
10 100 

VCElsatl Vde 
- 1.4 
- 1.6 
- 2.0 

VBElsat) - 1.4" Vde 

FIGURE 2 - SWITCHING TIME TEST CIRCUIT 

VBB-+6V 
Input: Hewlett·Packard 

MOdel No. 2t4A, 
or equivalent, 

~ -)+ 
>-__ ",,~ ... ) 10"F 

Input from Pul .. Gan •• tor 
CPul. Duration - 20,... 
flop. fI_ - 200 Hz) 

jjlf'+.,..... ____ "M--. 
-:-100"F 
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-Adjust RS for 182 and RC for Ie 
.6.IS1 and 182 mUlUred with Tektronix Currant 

Probe P6019 ..,d Type 134 Amplifier. or equ Ivalent 



2N6211,2N6212,2N6213 

FIGURE 3 - DC CURRENT GAIN 
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FIGURE 5 - COLLECTOR CUTOFF REGION 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

HIGH VOLTAGE NPN SILICON TRANSISTORS 

. usefu.l for high-voltage medium power applications such as 
switching, regulators. 

• High Coliector·Emitter Sustaining Voltage
VCEQ(sus) = 225 Vdc - 2N6233 

325 Vdc - 2N6235 

• DC Current Gain - hFE = 25 to 125 - IC = 1.0 Adc 

• Low Collector-Emitter Saturation Voltage 
VCE(sat) = 0.5 Vdc(Max) @ IC = 1.0 Adc 

• High Frequency Response - fT = 20 MHz. (Min) 

• Fast Switching Times @ 1.0 Adc -
tr = 0.5 /-IS (Max) 
ts = 3.5 /-IS (Max) 
tf = 0.5 /-IS (Max) 

-MAXIMUM RATINGS 

Rating Symbol 2N8233 2N8235 

Coliector·Emitter Voltage VCEO 225 325 

Collector-Base Voltage VCB 250 350 

Emitter-Base Voltage VEB 6.0 

Collector Current - Continuous IC 5.0 
Peak 10 

Base Current IB 2.0 

Total Device Dissipation @ TC = 25'C Po 50 
Derate above 25°C 0.266 

Operating and St,?rage Junction TJ. Tstg -65 to +200 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Max 

Thermal Resistance, Junction to Case 3.5 

-Indicates JEOEC Registered Data. 

FIGURE 1 - POWER TEMPERATURE DERATING 
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Unit 

Vde 

Vde 

Vde 

Ade 

Ade 

Watts 
Wf'C 

'c 

2N6233 
2N6235 

5 AMPERE 

POWER TRANSISTORS 
NPN SILICON 

225.275.325 VOLTS 
50 WATTS 

'STYLEI: 
PIN·1. BASE 

2. EMITTER 

1 
R 

I 
s 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 
8 11.94 12.70 0.470 0.500 
C 6.35 8.64 0.250 0.340 
D 0.11 0.86 0.028 0.034 
E 1.27 1.91 0.050 0.075 
F 24.33 24.43 0.958 0.962 
G 4.83 5:33 0.190 0.210 
H 2.41 2.67 0.095 0.105 
J 14.48 14.99 0.570 0.590 
K 9.14 - .,"-P 1.27 
n 3:61 3.86 0.142 
S . 8.89 
T - 3.68 
U - 15.75 

All JEDEC Dimensions and and Notes Apply_ 

CASE 80-02 
TO·213AA 

• 



2N6233, 2N6235 

·ELECTRICAL CHARACTERISTICS (TC = 25°C unless otherwise noted) 

I Characteristic I Symbol 

OFFCHARACTavs~CS 

Colleetor·Emitter Sustaining Voltage (1) 
(lc = 20 mAde, IS = 0) 2N6233 

2N6235 

Collector Cutoff Current 
(VCE = 225, IS = 0) 2N6233 
(VCE = 325, IS = 0) 2N6235 

Collector Cutoff Current 
(VCE = 250 Vde, VES(off) = 1.5 Vde, 2N6233 
TC = 15O"C) 
(VCE = 350 Vde, VES(off) = 1.5 Vde, 2N6235 
TC = 1500(;) 

Collector Cutoff Current 
(VCS = 250 Vde, IE = 0) 2N6233 
(VCS = 350 Vde, IE = 0) 2N6235 

Emitter Cutoff Current 
(VSE = 6.0 Vde, IC = 0) 

ON CHARACTERISTICS (1) 

DC Current Gain 
(lc = 0.1 Ade, VCE = 5.0 Vde) 
(lc = 1.0 Ade, VCE = 5.0 Vde) 
(lC = 3.0 Ade, VCE = 5.0 Vde) 

Collector-Emitter Saturation Voltage 
(lc = 1.0 Ade, IS = 0.1 Ade) 
(lc = 5.0 Ade, IS = 1.0 Ade) 

Sase Emitter Saturation Voltage 
(lC = 1.0 Ade, IS = 0.1 Adc) 
(lC = 5.0 Ade, IS = 1.0 Adc) 

Base-Emitter On Voltage 
(lC = 1.0 Ade, VCE = 5.0 Vde) 

DYNAMIC CHARACTER1S~CS 

Current·Gain Bandwidth Product (2) 
(lC = 0.25 Adc, VCE = 10 Vde, Itest = 10 MHz) 

Output Capacitance 
(VCS = 10 Vdc, IE = 0, 1= 0.1 MHz) 

SWITCHING CHARACTERI~ 

Rise Time 
(VCC = 200 Vdc, IC = 1.0 Ade, IS = 0.1 Ade) 

Storage TIme 
(VCC = 200 Vde, IC = 1.0 Adc, lSI = IS2 = 0.1 Ade) 

Fall Time 
(VCC = 200 Vde, IC = 1.0 Ade, lSI = IS2 = 0.1 Ade) 

-Indicates JEDEC RegIstered Data. 

(1) Pulse Test; Pulse Width ~ 300 I!S, Duty Cycle:S::;; 2.0%. 

(2) fT = 11'I1e I . f test 

FIGURE 2 - SWITCHING TIME TEST CIRCUIT 
VCC = 200 

t"I«10ns 
DUTY CYCLE = 1.0% 

RB = 100 

MSD615Q 

RC = 200 

SCOPE 

VCEO(sus) 

ICEO 
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IESO 
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VCE(sat) 
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VSE(on) 
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Cob 

tr 

Is 
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2.0 
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~ 0.5 
w 

'" 0.3 
>= 

0.2 

0.1 

Min Max Unit 

Vde 
225 -
325 -

mAde 
- 1.0 
- 1.0 

mAde 
- 1.0 

- 1.0 

mAde 
- 0.1 
- 0.1 

- 0.1 mAde 

-
25 -
25 125 
10 -

Vde 
- 0.5 
- 2.5 

Vde 
- 1.0 
- 2.0 

- 1.0 Vdc 

20 - MHz 

- 250 pF 

- 0.5 p.s 

- 3.5 p.s 

- 0.5 p.s 

FIGURE 3 - TURN-ON TIME 
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ICIIB' 10 ,-
TJ=250C r-

tr 

....... 

...... 1/ 
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'd@VBE(off =0 
-5.0 V 

FOR INFORMATION ON FIGURES3 and 6 
RS AND RC ARE VARIED TO OBTAIN 
DESIRED CURRENT lEVElJ; 0, DIS
CONNECTED AND V2 REDUCED TO 5 
VOLTS FOR ld MEASUREMENT. 
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2N6233, 2N6235 

FIGURE 4 - THERMAL RESPONSE 
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There are two limitations on the power handling ability of a 
transistor: average junction temperature and second breakdown . 
Safe operating area curves indicata IC - VCE limits of the transi. 
tor that must be observed for reliable operation; i.e., the transistor 
must not be subjected to greater dissipation than the curves indi
cate. 

The data of Figure 5 is basad on TJ(pk) = 200"C; TC is variable 
depending on conditions. Second breakdown pulsa limits are valid 
for duty cycles to 10% provided T Jlpk) ..; 200°C. T Jlpkl may be 
calculated from the data in Figure 4. At high cosa temperatures, 
thermal limitations will reduce the power that can be handled to 
values less than the limitations imposed by sacond breakdown. 

FIGURE 7 - CAPACITANCES 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

HIGH VOLTAGE NPN SI LICON POWER 
TRANSISTORS 

· .. designed for high voltage inverters, switching regulators and line 
operated amplifier applications. Especially well suited for switching 
power supply applications. 

• High Voltage Breakdown Rating 
• Low Saturation Voltages 
• Fast Switching Capability 

• High ES/b Energy Handling Capability 

MAXIMUM RATINGS 

Rating Symbol 2N6249 2N6250 2N6251 Unit 

·Collector-Emitter Voltage VCEO(,u,} 200 275 350 Vdc 

"Collector-Emitter Voltage VCER(,u,} 225 300 375 Vdc 

"'Collector-Base Voltage VCB 300 375 450 Vdc 

Emitter-Base Voltage VEB 6.0- Vdc 

Collector Current Continuous If * IC 15 Adc 
Peak ICM 30-

Base Current Continuous" IB 10 Adc 
Peak IBM 20 

Emitter Current Continuous IE . 25 Adc 
Peak IEM 50 

Total Power Dissipation @TC 25°C PD 175- Watts 
@TC=100oC 100-

Derate above 2S°C." 1.0- W/oC 

"Operating and Storage Junction TJ,Tstg --65 to +200- °c 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Case ROJC 1.0 °C/W 

Maximum Lead Temperature for TL 275 
Soldering Purposes: 1/8" from Case 
for 5 Seconds 

*Indicates JEDEC Registered Data. 

**JEDEC Registered Value is 10 A, Motorola Guaranteed Value is 15 A. 
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°c 

2N6249 
2N6250 
2N6251 

15 AMPERE 

POWER TRANSISTORS 
NPN SILICON 

200, 275, 350 VOLTS 
175 WATTS 

NOTES: 
1. DIMENSIONS Q AND V ARE DATUMS. 
2. [iJ IS SEATING PLANE AND DATUM. 
3. POSITIONAL TOLERANCE FOR 

MOUNTING HOLE D: 

[ • ['.13(0.005}e [T [ve [ 

FOR LEADS: . 

[ t [~.131O.005}eT [ve[ De[ 

4. DIMENSIONS AND TOLERANCES PER 
ANSI Y14.5, 1973. 

DIM 
A 
B 
C 
a 
E 
F 
G 
H 
J 
K 
Q 

R 
U 
V 

MILLIMETERS INCHES 
MIN MAX MIN MAX 

39.37 1.550 
21.0B 0.830 

6.35 7.62 0.250 0.300 
0.97 1.09 0.038 0.043 
1.!l1. 1.78 0.055 0.070 
30.158SC 1.187 BSC 
10.92 BSC 

ft 5.46 BSC BSC 
16.89 BSC BSC 

11.18 12.19 0.440 Il.4iio 
3.81 4.19 0.150 0.165 

26.67 1.050 
4.83 5.33 0.190 0.210 
3.81 4.19 0.150 0.165 

CASE 1-05 
TO-204AA 

• 



2N6249,2N6250,2N6251 

I Characteristic I Symbol 

*ELECTRICAL CHARACTERISTICS· (TC. 25°C unless otherwise noted. I 

Min Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage (Table 1) VCEO(susi Vdc 
(lc=200mA,IB=Ol 2N6249 200 -

2N6250 275 -
2N6251 350 -

Collector-Emitter Sustaining Voltage (Table 1) VCER(.u.I Vdc 
(IC = 200 mAl 2N6249 225 -

2N6250 300 -
2N6251 375 -

Collector Cutoff Current ICEV mAde 
(VCE = Rated VCER, VBE(offi = 1.5 Vdcl - 5.0 
(VCE = Rated VCER, VBE(offi = 1.5 Vdc, TC = 1250 CI - 10 

Collector Cutoff Current ICED mAde 
(VCE = 150 Vdc, Ie = 01 2N6249 - 5.0 
(VCE = 225 Vdc, Ie = 01 2N6250 - 5.0 
(VCE = 300 Vdc, IB = 01 2N6251 - 5.0 

Emitter Cutoff Current IEeO 1.0 mAde 
(VEB = 6.0 Vdc, IC =·01 

SECOND BREAKDOWN 

Second Breakdown Collector Current with base forward (VCE = 30 VI ISlb 5.B - Vdc 
biased t == 1.0 s (non-repetitive)- (VCE = 100 VI 0.3 -

Second Breakdown Energy with base reverse biased (Table 1) 

(lC = 10 A, VBE(offi .. 4.0 Vdc, L = 50 jlHI 
ESlb 2.5 - mJ 

ON CHARACTERISTICS (II 

DC Current Gain hFE -
(lC = 10 Adc, VCE = 3.0 Vdcl 2N6249 10 50 

2N6250 B.O 50 
2N6251 6.0 50 

Collector-Emitter Saturation Voltage VCE(sati Vdc 
(lC = 10 Adc, la = 1.0 Adcl 2N6249 - 1.5 
(lC = 10 Adc, la = 1.25 Adcl 2N6250 - 1.5 
(lC = 10 Adc·, la = 1.67 Adcl 2N6251 - 1.5 

Base-Emitter Saturation Voltage VaE(s.tl Vdc 
(lC = 10 Adc, la = 1.0 Adc) 2N6249 - 2.5 
(lC = 10 Adc, IB = 1.25 Adcl 2Ne250 - 2.5 
(lC = 10 Adc, IB = 1.67 Adcl 2N6251 - 2.5 

DYNAMIC CHARACTERISTICS 

Current-Gain - Bandwidth Product 
(lC = 1.0 Adc, VCE = 10 Vdc, f te51 = 1.0 MHzI 

SWITCHING CHARACTERISTICS 

Resistive Load (Table 11 

Rise Time (VCC = 200 Vdc, IC = 10 A, Duty tr - 2.0 jlS 
Cycle .. 2.0%, tp = 100 jlsl 

Storage Time (I al = I a2 = 1.0 Adcl 2N6249 ts 3.5 jlS 

(lal = la2 = 1.25 Adcl 2N6250 
(lal " la2 = 1.67 Adcl 2N6251 

Fall Time tf - 1.0 jlS 

• Indicates·JEDEC Registered Data. 
(1) Measured on a curve tracer (60 Hz full-wave rectified sine wave). 
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TABLE 1 - TEST CONDITIONS FOR DYNAMIC PERFORMANCE 

veEOI ... , VeERI_) ES'" 
REIIITIVE 

SWITCHING 

5.0 1 +15V +6.0 V o----'WV-O 1 39 IB1. 2.OAl- 5D.F 39 +6.0 V :=E: 2N4231 

oSL +10 V 50 

orL 4.7 
1 

0.02 i SI oSL. H'ti o--------r .F 
42 

Ie" lOA 
pw- 100,"" 
t r " 5 ns 
tf" 50ns 
Dutv Cvcle " 2% 

Lcoil '" 42 mH Lcoil = 14 mH Lcoil'" 5O,.,.H VCC=11.SV Vee = 200 V 
Rcoil = 0.7 fl, fa -= 60 Hz Rcoil = 0.05 n Rcoil = 0.2 U RL =200 
Vee =Qlo50V Vee =< 0 to 50 V 

fo=60Hz 

INDUCTIVE TEST CIRCUIT OUTPUT WAVEFORMS RESISTIVE TEST CIRCUIT 

r 1 
TUT 

t 1 Adjusted to 
'j>+2DOV I IRCoil Obtain Ie 

1N4937 I I 
20~ DC I 

'e I' +/1\ 1~ : LCoil • Lcoil (lCpk' 
I 1---•• - t,l-- q"" Vee {:-~urrent 

V:sLT 
L ~ 

1 o--r-t Pmb. """-v T ee n 3 J;UT 
2 VeE I 

~ 1 01 1 
• 24 C 25 

NOTE: Set 'C{pk) to Obtain Ie" 200 mA at VCEOlsus) Equal to Rated Value. 

Adjust VClamp Voltage for VCEOlsusl Aated Value. -6.0 V 

FIGURE 2 - THERMAL RESPONSE 

FIGURE 3 - ACTIVE-REGION SAFE 
OPERATING AREA 

..... '" '\l " " 20.~_ . Hct.rt-· ." i\. f.t _,\00., , 
sao., 

1.0 

ITC = 250C 
10m .I'tm. 

de TC. 100oC""- -.... ~ '" " 
ill II I'\\t\ sam."'\. :"'\. 

TC - 25°C Unless Noted --- Bonding Wire limit ~ ....... _.- Thermal limit. Single Pulse 
-............~ :::::....~ -- Second Breakdown limit i 

2N6249 
2N6250 
2N6251 

-
z"JCII) = rill RUC 
ReJC =1.0 DC/W Max 

o CURVES APPLY FOR POWER 
PULSE TRAIN SHOWN 
READ TIME AT 11 

. T J(pk) - Te = P(pk) Z'JCI') 

There are two limitations on the power handling ability 
of a transistor: average junction temperature and second 
breakdown. Safe operating area curves indicate Ie-VeE 
limits of the transistor that must be observed for reliable 
operation; i.e., the transistor must not be subjected to 
greater dissipation than the curves indicate. 

The data of Figure 3 is based on Te = 250 e. TJlpkl 
is variable depending on power level. Second breakdown 
pulse limits are valid for duty cycles to 10% but must be 
derated when T C ;;, 2SoC. Second breakdown limitations 
do not derate the same as thermal I!mitations. Allowable 
current at the voltages shown on Figure 3 may be found 
at any case temperature by using the appropriate curve on 
Figure 1. 

T J(pk) may be calculated from the data in Figure 2. 

1.0k 

5.0 7.0 10 20 30 50 70 100 200 300 500 

At high case temperatures, thermal limitations will reduce 
the power that can be handled to values less than the 
limitations imposed by sec.ond breakdown. 

VCE. COLLECTOR·EMITTER VOLTAGE (VOLTS) 
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DC CHARACTERISTICS 

FIGURE 4 - DC CURRENT GAIN 
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FIGURE 6 - "ON" VOLTAGE 
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FIGURE 7 - TEMPERATURE COEFFICIENTS 
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RESISTIVE SWITCHING PERFORMANCE 
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FIGURE 8 - TURN·ON TIME 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

HIGH-POWER NPN SILICON TRANSISTORS 
designed for use in industrial-military power amplifer and 

switching circuit applications. 

• High Collector Emitter Sustaining Voltage -
VCEO(sus) = 100 Vdc (Min) - 2N6274 

= 120 Vdc (Min) - 2N6275 
= 150 Vdc (Min) - 2N6277 

• High DC Current Gain -
hFE = 30-120@ IC = 20 Adc 

= 10 (Min) @ IC = 50 Adc 

• Low Collector·Emitter Saturation Voltage -
VCE(sat) = 1.0 Vdc (Max) @ IC = 20 Adc 

• Fast Switching Times @ IC = 20 Adc 
tr = 0.35 /lS (Max) 
ts = 0.8 /lS (Max 
tf = 0.25 /lS (Max) 

• Complement to 2N6377·79 

-MAXIMUM RATINGS 

Rating Symbol 2N6274 2N6275 2N6277 

Collector-Base Voltage VCB 120 

Collector-Emitter Voltage VCEO 100 

Emitter-Base Voltage VEe 

Collector Current - Continuous IC 
Peak 

Base Current Ie 

Total Device Dissipation @ TC = 25°C Po 
Derate above 25°C 

Operating and Storage Junction TJ,Tstg 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case 

'Indicates JEDEC Registered Data. 

FIGURE 1 - POWER DERATING 

25 

~ 20 

! 
z 

0 

0 

S! 150 

~ 
i1i 
~ 10 0 

~ 
~ 50 

'" " "-
'" '" " """-

140 180 

120 150 

6.0 

50 
100 

20 

250 
1.43 

-65 to +200 

Max 

0.7 

" "" 
'" o 

o 25 50 75 100 125 150 175 200 
TC,CASE TEMPERATURE lOCI 

3-181 

Unit 

Vdc 

Vdc 

Vdc 

Adc 

Adc 

Watts 
wrc 

"C 

2N6274 
2N6275 
2N6277 

50 AMPERE 
POWER TRANSISTORS 

NPN SILICON 

100,120,140, 150 VOLTS 
250 WATTS 

DIM 

A 
B 
C 
D 
E 
F 
G 
H 
J 
K 
Q 

R 

STYLE 1: 
PIN 1. BASE 

2. EMITTER 
CASE COLLECTOR 

MILLIMETERS INCHES 
MIN MAX MIN 

38.35 39.37 1.510 
19.30 21.08 0.760 
6.35 7.62 0.250 
1.45 1.60 0.Di7 

3.43 
29.90 30.40' 1.177 
10.67 11.18 0.420 

5. 1 5.72 0.205 
16.64 1715 0655 _ 
11.18 12.19 0.440 
3.84 4.09 0.151 

24.89 26.67 0.980 

CASE 197-01 
TO-2D4AE 

MAX 

1.550 
0.830 
0.300 
0.063 
0.135 
1.197 
0.440 
0.225 

_ 0£5 
0.480 
0.161 
1.050 

• 
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2N6274, 2N6275, 2N6277 

*ELECTRICAL CHARACTERISTICS (TC = 25°C unless otherwise noted I 

Oi.ract&ristic 

OFF CHARACTERISTICS 
Collector-Emitter Sustaining Voltage (1, 

(lC = 50 mAde, Ie = 0) 2N6274 
2N6275 
2N6277 

Collector Cutsff Current 

(VCE = 50 Vde, Ie =0) 2N6274 

(VeE = 60 Vde, Ie = 0) 2N6275 

(VeE = 75 Vde, Ie = 01 2N6277 

Collector Cutoff Current 

(VeE = Rated Vce, VEe(oll) = 1.5 Vdcl 

(VCE = Rated Vce, VEB(off) = 1.5 Vde, TC = 150cC) 

Emitter Cutoff Current 

(VeE" 6,0 Vde, Ie" 0) 

ON CHARACTERISTICS {ll 
DC Current Gain 

(lC" 1,0 Ade, VCE " 4,0 Vde) 

(lC = 20 Ade, VCE = 4,0 Vde) 

(lC = 50'Ade! VeE = 4,0 Vde) 

Collector-Emitter Saturation Voltage 

(Ie = 20 Ade, Ie" 2,0 Ade) 

(Ie" 50 Ade, Ie = 10 Ade) 

Base-Emitter Saturation Voltage 

(Ie = 20 Ade, Ie" 2,0 Adcl 

Ilc" 50 Ade, Ie = 10 Ade) 

Base-Emitter On Voltage 

(lC" 20 Ade, VCE " 4,0 Vdcl 

DVNAMIC CHARACTERISTICS 

Current-Gain-Bandwidth Product (2) 

(lC" 1.0 Adc, VCE " 10 Vde, I test = 10 MHz) 

Output Capacitance 

(VCS = 10 Vdc, IE" 0, 1= 0.1 MHz) 

SWITCHING CHARACTERISTICS 

Rise Time 

(VCe" 80 Vde, Ie = 20 Adc, lSI = 2.0 Adc, VSE(off) = 5.0 Vde) 

Storage Time 

(Vee" 80 Vdc, Ie = 20 Adc, lSI" IS2" 2.0 Adcl 

Fall Time 

IVee = 80 Vde, Ie = 20 Adc, lSI = IS2 = 2,0 Adcl 

• Indicates JEDEC Registered Data. 

(1) Pulse Test: Pulse Width ~ 300 fJS, Duty Cycle ~2.0%. 

(2) fT '" hfel.ftest. 

FIGURE 2 - SWITCHING TIME TEST CIRCUIT 

3O"s+-l 
+2~'~~D-_ 

-IS.5VJ--[ 
tr,tf'= 10 os 

Dutv Cycl. ~0.5% 

RS 
10 Ohms 

lN3S79 

-4.0 V 

VCC 
+110 V 

RC 
4.0 Ohms 

Note: For information on Figures 3 and 6, RS and RC were 
varied to obtain desired test conditions. 

] 
w 

'" >= 
~. 

2.0 

1.0 

0.7 

0:5 

0.3 

0.2 

0.1 

0.07 
0.05 

0.03 

0.02 

I, Symbol 1 ' Min 'Max Unit 

VCEO(sus) Vde 

100 -
120 -
150 -

ICEO ~Ade 

- 50 

- 50 

50 

-

ICEX 
- 10 ~Ade 

- 1.0 mAde 

lEBO 100 ~Ade 

hFE -
50 -
30 120 

10 -
veE (sat) Vde 

- 1.0 

- 3,0 

VeElsat) Vde 

- 1.8 

- 3,5 

VSE(on) - 1.8 Vde 

fT 30 - MHz 

Cob - 600 pF 

t, 0.35 "s 

0,80 ~s 

tl 0,25 "s 

FIGURE 3 - TURN-ON TIME 

IC/I~ -110 _= 
TJ 25°C::: == 

V td@VBE(off) - 5.0 V 

~ ./ 
I'-,;~ 

tr@VCC-SOV ~ .... ---
0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 20 3D 

IC, COLLECTOR CURRENT(AMP) 
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2N6274, 2N6275, 2N6277 

FIGURE 4 - THERMAL RESPONSE 
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FIGURE 5 - ACTIVE REGION SAFE OPERATING AREA 
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1:=== Curves Apply Selow Ra.ed V(BR)CEO 

1.0 ;;:," 

2N6274 
2N6275 

2N6277 

1 0 

-

f--
There are two limitations on the power handling ability of a 

transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate le·VeE limits of the transistor 
that must be observed for reliable operation; i.e., the transistor 
must not be subjected to greater diSSipation than the curves indicate. 

The data of Figure 5 is based on T J(pk) = 200°C; T C is variable 
depending on conditions. Second breakdown pulse limits are valid 
for dutv cvcles to 10% provided TJ(pk)";; 200°C. TJ(pk) mav be 
calculated from the data in Figure 4. At high case temperatures, 
thermal limitations will reduce the power that can be handled to 
values less than the limitations imposed by second breakdown. 
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FIGURE 6 - TURN,OFF TIME 
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FIGURE 7 - CAPACITANCE 
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MOTOROLA 

- SEMICONDUCTOR ----
TECHNICAL DATA 

DARLINGTON COMPLEMENTARY 
SILICON POWER TRANSISTORS 

. designed for general·purpose amplifier and low·frequency switching 
applications. 

• High DC Current Gain @ IC = 10 Adc -
hFE = 2400 (Typ) - 2N6282, 2N6283, 2N6284 

= 4000 (Typ) - 2N6285, 2N6286, 2N6287 

• Coliector·Emitter Sustaining Voltage -
VCEO(sus) = 60 Vdc (Min) - 2N6282, 2N6285 

= 80 Vdc (Min) - 2N6283, 2N6286 
= 100 Vdc (Min) - 2N6284, 2N6287 

• Monolithic Construction with Built·ln Base·Emitter Shunt 
Resistors 

"MAXIMUM RATINGS 

Rating SVmbol 2N6282 2N6283 2N6284 
2N6285 2N6286 2N6287 

Collector-Emitter Voltage VCEO 60 80 100 

Collector-Base Voltage VCB 60 80 100 

Em;tter~Base Voltage VEB 5.0 

Collector Current - Continuous IC 20 
Peak 40 

Base Current IB 0.5 

Total Device Dissipation@Tc = 25°C Po 160 

Derate above 25°C 0.915 

Operating and Storage Junction TJ,Tstg -65 to +200 

Temperature Range 

"THERMAL CHARACTERISTICS 

O1aracteristic 

Thermal Resistance, Junction to Case 

·'ndicates JEDEC Registered Data. 

FIGURE I-POWER DERATING 
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TC, CASE TEMPERATURE (DC) 
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Unit 

Vdc 

Vdc 

Vdc 

Adc 

Adc 

Watts 
W/oC 

°c 

NPN 
2N6282 thru 2N6284 

PNP • 
2N6285thru2N6287 

DARLINGTON 
20 AMPERE 

COMPLEMENTARY SILICON 
POWER TRANSISTORS 

GO,80, 100 VOLTS 
lGOWATTS 

J9i==t-lt' t. ~ . 
.... ~. ..... _ D.. i 

r----- F 
,--_. J--

°G1V,0~; II 1 :v- ._- -( R f- _'ol._.C.TGj 

U S 

STYLE 1 MILLIMETERS INCHES 
PIN 1. BASE DIM MIN MAX MIN MAX 

2. EMITTER A - 39 7 
CASE COLLECTOR B - 21.08 - 0.830 

C 6.35 762 0.260 0.300 
D 0.9 109 0.03R 0.043 
E 1.40 1.78 10. 5 0.070 
F 29.90 30.40 1.177 1.197 
G 10.67 11.18 0.420 0.440 
H 6.3 6.69 0.210 0.220 
J 16.64 17.16 0.655 0.676 
K 11.18 12.19 0.440 0.480 
a 3.81 4.19 0160 0.166 
R - 26.67 - 1.050 
U 2.54 3.06 0.100 0.120 

NOTES; 
1. ALL RULES AND NOTES ASSOCIATED WITH 

REFERENCED TO·3 OUTLINE SHALL APPLY. 

CASE 1-04 
TO-204AA 



2N6282, 2N6283, 2N6284 NPN 
2N6285, 2N6286, 2N6287 PNP 

*ELECTRICAl CHARACTERISTICS (TC = 25°C unless otherwise noted) 

a..racteristic 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage 

(lc = 0.1 Adc, IB = 0) 

Collector Cutoff Current 

(VCE = 30 Vde, lB = 0) 

(VCE = 40 Vde, IB = 0) 

(VCE = 50 Vde, IB = 0) 

Collector Cutoff Current 

(VCE = Rated VCB, VBE(off) = 1.5 Vde) 

(VCE = Rated VCB, VBE(off) = 1.5Vde, TC = 150°C) 

Emitter Cutoff Current 

(VBE = 5.0 Vde, IC = 0) 

ON CHARACTERISTICS (1) 

DC Current Gain 

(lC = 10 Ade, VCE = 3.0 Vde) 

(lc = 20 Ade, VCE = 3.0 Vde) 

Collector-Emitter Saturation Voltage 
(lC = 10 Ade, IB = 40 mAde) 

(lC = 20 Ade, IB = 200 mAde) 

Base-Emitter On Voltage 

(lC = 10 Ade, VCE = 3.0 Vde) 

Base-Emitter Saturation Voltage 
(lC = 20 Ade, IB = 200 mAde) 

DYNAMIC CHARACTERISTICS 

Magnitude of Common Emitter Small-Signal Short-Circuit 

Forward Current Transfer Ratio 

(lC = 10 Ade, VCE = 3.0 Vde, f = 1.0 MHz) 

Output Capacitance 

(VCB = 10 Vde, IE = 0, f = 0.1 MHz) 

Small-Signal Currenl Gain 

(lC = 10 Ade, VCE = 3.0 Vde, f = 1.0 kHz) 

"Indicates JE DEC Registered Data. 

(,) Pulse test: Pulse Width = 300 /J.s, Duty Cycle::::: 2% 

FIGURE 2 - SWITCHING TIMES TEST CIRCUIT 

Re & RC VARIED TO OBTAIN OESIRED CURRENT LEVelS 
0,. MUST BE FAST RECOVERY TYPES, e.g: . 

Vee 
-30 V 

RC 

2N6282,2N6285 
2N6283, 2N6286 
2N6284, 2N6287 

2N6282, 2N6285 

2N6283, 2N6286 

2N6284, 2N6287 

2N6282, 83, 84 

2N6285, 86, 87 

',' 

Symbol 

VCEO(sus) 

ICED 

ICEX 

lEBO 

hFE 

VCE(sat) 

VBE(on) 

VBE(sal) 

Ihfe I 

Cob 

hfe 

Min Max 

60 -
80 -
100 -
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- 1.0 

- 1.0 

- 0.5 

- 5.0 

- 2.0 

750 18,000 

100 -
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- 3.0 
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- 4.0 

4,.0 

400 

600 

300 

FIGURE 3 - SWITCHING TIMES 
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MHz 
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2N6282, 2N6283, 2N6284 NPN 
2N6285, 2N6286, 2N6287 PNP 

FIGURE 4 - THERMAL RESPONSE 
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FIGURE 5 - 2N6282, 2N6285 
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FIGURE 6 -2N6283,2N6286 

50~~~~~~;m ~r- 0.1 m' 
20~~o.t~~~~~~~~ f--0.5m' 
10~ 1.0m, ~"'" 

5.0 t-- 5.0 m~e 

2.0H+tmij==++tt¢~ 

l.°mwlll O.5aE 
0.2 f-+-H-'i-iJri,,;:oor-',-c -+-++++H"H 

--SECON08RfAKOOWNlIMJTED 

0.1 F ~--= ~~~~~~GL~::~T~~~:~TC~25"C 
0.05 SINGlEPULSE 

2.0 5.0 10 20 50 100 

VCE, COLLECTOR·EMITTER VOLTAGE IVOLTS) 

FIGURE 7 - 2N6284, 2N6287 
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There are two limitations on the power handling ability of a transistor: average junction temperature and second breakdown. Safe 
operating area curves indicate Ie - VCE limits of the transistor that must be observed for reliable operation; i.e. the transistor must not 
be subjected to greater dissipation than the curves indicate. 3 

The data of Figures 5, 6and 7 is based on T J(D.,k) = 200°C; T C is variable depending on conditions. Second breakdown pulse limits are valid 
for duty cycles to 10% provided T Jlpk) < 200vC. T Jlpk) may be calculated from the data in Figure 4. At high case temperatures, thermal 
limitations will reduce the power that can be handled to values less than the limitations imposed by second breakdown. 

FIGURE 8 - SMALL-SIGNAL CURRENT GAIN FIGURE 9 - CAPACITANCE 
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2N6282, 2N6283, 2N6284 NPN 
2N6285, 2N6286, 2N6287 PNP 

NPN 
2N6282.2N6283.2N6284 I 

FIGURE 10 - DC CURRENT GAIN 
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2N6282, 2N6283, 2N6284 NPN 
2N6285, 2N6286, 2N6287 PNP 

NPN 
2N6282~2N6283.2N6284 I PNP 

2N6285.2N6286.2N6287 

FIGURE 13 - TEMPERATURE COEFFICIENTS 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA. 

DARLINGTON COMPL~MENTARY 
SILICON POWER TRANSISTORS 

... designed for general-purpose amplifier, low-frequency switching 
and hammer driver applications., 

• High DC Current Gain ~ 
hFE = 3000 (Typ) @IC= 2.0 Adc 

• Low Collector-Emitter Saturation Voltage -
VCE(sat) = 2.0 Vde (Max) @ IC = 2.0 Adc 

• Collector-Emitter Sustaining· Voltage 
VCEO(sus) = 60 Vdc (Min) - 2N6294, 2N6296 

. = 80 Vdc (Min) - 2N6295, 2N6297 
• Monolithic Constructio"n with B.uilt-I n Base-Emitter 

Shunt Resistors 

*MAXIMUM RATINGS 
2N6294 

Rating Svmbol 2N6296 

Collector-Emitter Voltage VCEO 60 

Collector-B ... Voltage VCB 60 

Emitter-Base Voltage VEB 5.0 

Collector Current - Continuous IC 4.0 
Peak 8.0 

Base Current 80 

Total Device Dissipation@TC= 25°C . Po ·ti° 

2N6295 
2N6297 

80 

80 

Derate above 25°C 0.286 

50 

g 40 

~ 
z 
o 30 
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iii 
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'" tc 
it 
~ 10 

TJ, T stg -65 to +200 

FIGURE 1 - POWER DERATING 
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~ 
r-.... .... 
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40 80 120 160 200 
TC, CASE TEMPERATURE (DCI 

Unit 

Vde 

Vdc 

Vde 

Ade 

mAde 

Watts 
wf'c 

°c 

NPN· 

2N6294,2N6295 
PNP 

2N6296,2N6297 

4 AMPERES 
DARLINGTON 

COMPLEMENTARY SILICON 
POWER TRANSISTORS 

60,80 VOLTS 
50 WATTS 

p I~i=~_-
lH-I~--_-_-_-_-<1--+-+ 
If .. -

E 
SEATING PLANE 

STYLE 1: 
PIN 1. 8ASE 

-~ F -- 2. EMITTER 
CASE: COLLECTOR 

s 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 
8 11.94 12.70 0.470 0.500 
C 6.35 8.64 0.250 0.340 
D 0.71 0.86 0.028 0.034 
E 1.27 1.91 0.050 0.075 
F 24.33 24.43 0.958 0.962 
G 4.83 -5.33· 0.190 0.210 
H 2.41 2.67 0.095 0.105 
J 14.48 14.99 0.570 0.590 
K 9.14 - 0.360 -
P 1.27 - 0.050 
n 3.61 3.86 0.142 0.152 
S - 8.89 0.350 
T - 3.68 - 0.145 
U 15.75 - 0.620 

All JEDEC Dimensions and and Notes Apply. 

CASE 80-02 
TO-213AA 

• 



2N6294, 2N6295 NPN/2N6296, 2N6297 PNP 

*ELECTRICAL CHARACTERISTICS (TC = 250 C unless otherwise noted) 

I Charact.istic I Symbol 

OFF CHARACTERISTICS 
Collector-Emitter Sustaining Voltage 

(lC = 50 mAde. IS = 0) 2N6294.2N6296 
2N6295.2N6297 

Collector Cutoff Current 

(VCE = 30 Vde. IS " 0) 2N6294. 2N6296 
(VCE = 40 Vde. IS = 0) 2N6295.2N6297 

Collector Cutoff Current 

(VCE = Rated VCS. VES(off) = 1.5 Vde) 2N6294. 2N6295 
(VCE = Rated VCS. VSE(off) = 1.5 Vde) 2N6296. 2N6297 
(VCE = Rated VCB. VEB(off) = 1.5 Vde. 

TC= lSOOC) 
2N6294.2N6295 

(VCE = Rated VCS. VSE(off) = 1.5 Vde. 
TC = 1500 C) 

2N6296. 2N6297 

Emitter Cutoff Current 

(VSE = 5.0 Vde. IC = 0) 

ON CHARACTERISTICS 
DC Current Gain 

(IC = 2.0 Ade. VCE = 3.0 Vde) 
(lC = 4.0 Ade. VCE = 3.0 Vde) 

Collector-Emitter Saturation Voltage 
(lC = 2.0 Ade. la = S.O mAde) 
(lC = 4.0 Ade. la = 40 mAde) 

Base-Emitter Saturation Voltage 
(lC = 4.0 Ade.la = 40 mAde) 

aase-Emitter On Voltage 
(lC = 2.0 Ade. VCE = 3.0 Vde) 

DYNAMIC CHARACTERISTICS 
Magnitude of Common Emitter Small-5ignal 

Short-Circuit Forward Current Transfer Ratio 
(IC = 1.5 Adc. VCE = 3.0 Vdc. f = 1.0 MHz) 

Output Capacitance 
(Vca = 10 Vdc.IE = O. f = 0.1 MHz) 2N6294.2N6295 

2N6296. 2N6297 

Small-5ignal Current Gain 
(IC = 1.5 Adc. VCE = 3.0 Vdc. f = 1.0 kHz) 

-Indicates JEDEC Registered Data 

FIGURE 2 - SWITCHING TIMES TEST 
CIRCUIT 

RB & RC VARIED TO OBTAIN DESIRED CURRENT LEVELS 
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2N6294, 2N6295 NPN/2N6296, 2N6297 PNP 

FIGURE 4 - THERMAL RESPONSE 
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There are two limitations on the power handling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate IC - VCE limits .of the transistor 
that must be observed for reliable operation; i.e., the transistor 
must not be subjected to greater diSSipation than the curves indicate. 

The data of Figure 5 is based on T J(pk) = 200; T C is variable 
depending on conditions. Second breakdown pulse limits are valid 
for duty cycles to 10% provided TJ(pk) .;; 200 .. Tj(pk) may be 
calculated from the data in Figure 4: At high Case temperatures, 
thermal limitations will reduce the power that can be handled to 
values less than the limitations imposed by second breakdown_ 
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2N6294, 2N6295 NPN/2N6296. 2N6297 PNP 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

HIGH VOLTAGE NPN SILICON POWER 
TRANSISTORS 

· .. designed for high voltage inverters, switching regulators and line· 
operated amplifier applications. Especially well su ited for switch ing 
power supply applications in associated consumer products. 

• High Collector· Base Voltage -. 
VCB = 500 Vdc - 2N6306 

= 600 Vdc - 2N6307 
= 700 Vdc - 2N6308 

• Excellent DC Current Gain @ IC = 3.0 Adc 
hFE = 15 - 75 - 2N6306, 2N6307 

= 12 -60 - 2N630S 

• Low Collector· Emitter Saturation Voltage @ IC = 3.0 Adc 
VCE(sat} = O.S Vdc (Max} - 2N6306 

= 1.0 Vdc (Max} - 2N6307 
= 1.5 Vdc (Max} - 2N630S 

• Current Gain Bandwidth Product -
fT = 5.0 MHz (Min} @ IC = 0.3 Adc 

*MAXIMUM RATINGS 

Rating Svmbol 2N6306 2N6307 2N6306 

Coliector·Ba.e Voltage VCB 500 600 700 

Coliector·Emitter Voltage VCEO 250 300 350 

Emitter·Base Voltage VEB • B.O .. 
Collector Current Continuous IC • B.O .. 

Peak 16 

Base Current Ie • 4.0 • 
Total Device Dissipation @TC= 25°C Po • 125 -Derate above 25°C 0.714 

Operating and Storage Junction TJ,T.tg _ -65to+200_ 

Unit 

Vdc 

Vdc 

Vdc 

Adc 

Ado 

Watts 
W/oC 

°c 
Temperature Range 

IIIIIIIIIII r---------C~h-.-r~--.-ri-~-ic--------~----------,-----------r----------, 
Thermal Resistance, Junction to Case 

·Indicates JEOEC Registered Data. 

FIGURE 1 - POWER DERATING 
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2N6306 
2N6307,2N6308 

8AMPERE 
POWER TRANSISTORS 

NOTES: 

NPN SILICON 
25()'300-350 VOLTS 

125 WATTS 

1. DIMENSIONS Q AND V ARE DATUMS. 
2. W IS SEATING PLANE AND DATUM. 
3. POSITIONAL TOLERANCE FOR 

MDUNTING HDLE Q: 

I • 1.·1310.0051e IT Ive I 
FOR LEADS: 

It 1'·1310.0051e T I vel Qel 

4. DIMENSIDNS AND TDLERANCES PER 
ANSI Y14.5. 1973. 

DIM 
A 
a 
C 
0 
E 
F 
G 
H 
J 
K 
Q 

R 
U 
v 

MILLIMETERS INCHES 
MIN MAX' MIN MAX 
- 39.37 - 1.550 

21.08 0.830 
6.35 7.62 0.250 0.300 
0.97 1.09 0.038 0.043 
1.40 1.78 0.055 0.070 
30.158SC 1.187 asc 
10.92 BSC 0.430 BSC 
5.46 BSC 0.215 Bse 

16.B9 BSC 0.665BSC 
l1.1B 12.19 0.440 0.480 
3.81 4.19 0.150 0.165 

26.67 1.050 
4.83 5.33 0.190 0.210 
3.81 4.19 0.150 0.165 

CASE 1·05 
TO·204AA 

• 



2N6306,2N6307,2N6308 

'ELECTRICAL CHARACTERisTICS ITC = 25°C unle .. otherw;,. noted I 

Min M .. Unit 

OFF CHARACTERISTICS 

Coliector-EmitterSultaining Voltage f1. VCEOlsus) Vdc: 
(lC = 100 mAde, IS = 01 

Collector Cutoff Current 

IVCE' Rated VCEO, IS = 01 

Collector Cutoff Current 
IVCE = 500 Vdc:, VEBloffi = 1.5 Vdel 
IVCE = 600 Vde, VESloffi = 1.5 Vdel 
IVCE = 700 Vde, VESloffi = 1.5 Vdel 
IVCE =450 Vde, VEBloffi = 1.5 Vde, 
TC = 1500 CI 

IVCE = 550 Vde, VEBloffi = 1.5 Vde, 
TC = 1500 CI 

IVCE = 650 Vde, VEBloffi = 1.5 Vde, 
TC = 15aaCI 

Emitter Cutoff Current 

IVBE = B.O Vde, IC = 01 

ON CHARACTERISTICS 

DC Current Gain (1) 
IIc = 3.0 Ade, VCE = 5.0 Vdel 

IIc = S.O Ade, VCE = 5.0 Vdel 

Collector-Emitter Saturation Voltage (, I 
IIC = 3.0 Ade, IS = O.S Adcl 

(Ie = 8.0 Adc, Ie = 2.0 Adc) 
(Ie = 8.0 Adc, Ie = 2.67 Adc) 

Base-Emitter Saturation Voltage (1) 
IIc = S.O Ade, Ie = 2.0 Adel 
(Ie = 8.0 Adc, IS = 2.67 Adc) 

Base-Emitter On Voltage (1) 
(Ie'" 3.0 Adc, VeE = 5.0 Vdc) 

Second Breakdown Energy (Figure 2) 

2N6306 
2N6307 
2N6308 

2N6306 
2N6307 
2N6308 
2N6306 

2N6307 

2N6308 

2NS306, 2NS307 
2NS308 
2NS306, 2NS307 
2NS308 

2NS306 
2N6307 
2NS30S 
2NS306, 2NS307 
2NS308 

2NS306, 2NS307 
2NS308 

2N6306, 2N6307 
2NS30B 

(iC(PK) = 3.0 Adc, L = 40 mH, ABe"" 3.k.U. VSB2 '" 1.5 vdcl 

DYNAMIC CHARACTERISTICS 

Current Gain - Bandwidth Product (2) 

lie'" 0.3 Adc, VeE = 10 Vdc, f test = 1.0 MHz) 

Output Capacitance 
IVce = 10 We, IE = 0, f = 0.1 MHzl 

SWITCHING CHARACTERISTICS 

Rise Time 
(Vee'" 125 Vdc, Ie'" 3.0 Adc. IS == 0.6 Adc) 

Storage Time (3) 
(Vee"" 125 Vdc, Ie'" 3.0 Adc, 'Bt == 0.6 Adc, '82 '" 1.5 Adcl 

Pulse Width'" 25,A.ls 
Pulse Width:o 5.0~s 

Fall Time 
(Vee"" 125 Vdc, Ie"" 3.0 Adc, IS1 '" 0.6 Adc, 182 = 1.5 Add 

(lJ Pulse Test: Pulse Width ~300 .us; Dutv Cycle'" 2.0% 

(21 fT = I hfe I • 'test 
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300 
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-
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tf 
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-
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so 
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1.0 
1.5 
5.0 
5.0 
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180 

250 

0.6 
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(3) "On" time is 25 Jo'$. til decreases with shorter pulse widths. being approximatelv 50% of the values shown at a 5.0,us pulse width. 

"Indicates JE DEC Registered Data. 

FIGURE 2 - SECOND BREAKDOWN ENERGY TEST CIRCUIT AND WAVEFORMS 
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2N6306,2N6307,2N6308 
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'" 

Ther~ are two limitations on the power handling ability of a 
transistor: average j unction temperature and second breakdown. 
Safe operating area curves indicate le·VeE limits of the transistor 
that must be observed for reliable operatio,,:,; i.e., the transistor 
must not be subjected to greater dissipation than the curves indicate. 

The data of ~ igure 4 is based on T J(pkl = 200°C; T C is variable 
depending on conditions. SElcond breakdown pulse limits are valid 
for duty cycles- to 10% provided T J(pk) ~2000C. T J(pk) may be 
calculated from the data in Figure 3. At high case temperatures, 
thermal limitations will reduce the power that can be handled to 
values less than the limi~ations imposed by second breakdown. 
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FIGURE 5 - SWITCHING TIMES TEST CIRCUIT 

+8.2 V 

V~~_ .-!5~s 
-17 V 

V2 

DUTY CYCLE 1% 
tr, tf" 10 ns 

51 

01 -IN3879 
COLLECTOR·BASE JUNCTION 

Vee 125 iJ 

FOR DATA IN FIGURE 6. 
RB & RC ARE VARIED TO OBTAIN 
DESIRED TEST CONDITIONS. 01 
OMITTED AND V2 REDUCED TO 
5.0 V FOR Id and I, MEASUREMENTS 

.3 
w 

'" i= 
~-

3-196 

5.0 

3. 

2.0 

0 

I. o~ 

o . 7 

O. 5 

O. 3 

O. 

o. 
0.0 

0.0 

2 

I 

7 

5 
0.1 

FIGURE 6 - TURN·ON AND TURN·OFF TIMES 

TJ = 250S"+ 
Vce=125V 
le/lBI = 5.0 

ts ICIIB2 = 2.0 

I, 

~ ,r-. ........ V 
:::::::::: If 

td @VBEl<iff) - 5.0 V 

0.2 0.3 0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 

IC. COLLECTOR CURRENT (AMP) 



2N6306,2N6307,2N6308 

z 
;;: 

'" >-

~ 
'" 13 
'-' 
Q 

~ 

"' ~ 
0 

? 
w 

'" « 
~ 
0 
> 
>' 

« 
3 
>-z 
w 
'" '" 13 
'" Q 

~ 
8 
=? 

FIGURE 7 - DC CURRENT GAIN 

100 
VCE = S.O V 

70 

SO 
f--TJ 1S00C 

"' -l,.....- I I\. 

30 f--- -!SOC 
~ \ 20 ......r- ~ 

10 

7.0 

5.0 
0.1 

2.0 

\. 
-SSoc I-- i\ "\ -I,.....-

0.2 0.3 0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 

Ie, COLLECTOR CURRENT (AMP) 

FIGURE 9 - "ON" VOL TAGES 

TJ=250C 

1.6 

'C/'B = 5.~ 
1.2 IcliB = 2.0 

At 
~ ~ 7 

0.8 
VBE(sat) ~ P'" / 

VBE @ VCE = 5.0 V ":,/ 
0.4 

I II II 1,..00= 
~ IcliB=5.0 

VCE(sat) itt[ IC7 = 1.0 ffHt 
0.1 0.2 0.3 0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 

IC, COLLECTOR CURRENT (AMP) 

FIGURE 11 - COLLECTOR·CUTOFF REGION 

1000 

SOO ==TJ 1S00C 

200 == laO 

50 == 
20 r--
10 

5.0 

2.0 I--

1.0 
-0.4 

~12S~C 

~'000C 

r-750C 

'=2S~C 
-0.2 

V I 

I 

REVERSE FORWARD 
./VCE 200 Vdc-

+0.2 +0.4 +0.6 

VBE, BASE EMITTER VOLTAGE (VOLTS) 

- 5.0 
~ 
Q 

? 
w 4.0 
'" « 
~ 
o 

~ 3.0 
>
>-

~ c:: 2.0 
o 

g _ 1.0 

8 
~ 
> 0 

FIGURE 8 - COLLECTOR SATURATION REGION 

i\ \ TJ = 2SOC 

\ ~ \ 
\ \ 

IC=2.0~\ 3.0 A 1\ S.OA 170A 

\ 

!\ 1\ 
\ \ \ 
\ ""'-

1"- "- I"-l-
i" 

~.05 om 0.1 0.2 0.3 0.5 0.7 1.0 2.0 3.0 S.O 

+3.0 
'-' 
!2... +2.5 
> 
;. +2.0 
>-
~ +1.5 
U 
~ +1.0 

S +0.5 
w 

'" => 
~ 
~ -0.5 

~ -1.0 
>-.? -1.5 

IB, BASE CURRENT (AMP) 

FIGURE 10 - TEMPERATURE COEFFICIENTS 

"Applies for IcliB" hFEfS 

V 
I 

+25 DC to +150 0C/ I-' 

t--- "OVC lor VCE(sat) 
.....}-"'" // 
~L 
-55°C to +250C 

....... V!-, 1 -I '1 

f--- (),VB lor VBE 

+250C to +150~C ~ / 
Jjl~+250c 

-2.0 
0.1 0.2 

1111 I' 1:1 
0.3 O,S 0.7 1.0 2.0 

IC, COLLECTOR CURRENT (AMP) 

3.0 "" '"II 
2000 

100 0 

700 

~ 500 
w 
~ 30 0 
« 
5 200 
~ « 
'-' 100 
U 

a 7 

50 

0 

2 0 

FIGURE 12 - CAPACITANCE 

II TJ = 25°C - II 

Cib 

........ 

....... Cob 

........ 

0.5 1.0 2.0 5.0 10 20 50 100 200 

VR, REVERSE VOLTAGE (VOLTS) 

3 .. 197 

500 



MOTOROLA 

• SEMICONDUCTOR ----
TECHNICAL DATA 

COMPLEMENTARY SI LICON 
MEDIUM-POWER TRANSISTORS 

· . . designed for general·purpose power amplifier and switching 
application~. 

• Low Collector· Emitter Saturation Voltage -
VCE(sat) = 1.0 Vdc (Max) @ IC = 4.0 Adc 

• Low Leakage Current -ICEX = 0.25 mAdc (Max) 

• Excellent DC Current Gain - hFE = 20 (Min) @ IC = 2.5 Adc 

• High Current Gain - Bandwidth Product -
fT = 4.0 MHz @ IC = 0.25 Adc 

*MAXIMUM RATINGS 

Rlting Symbol 

Coliector·Emitter Voltage VCEO 

Collector·aase Voltage Vca 

Emitter·Base Voltage VEa 
Collector Current - Continuous IC 

Peak 

Base Current la 

Total Device Dissipation - T C = 25°C Po 
Der.te above 25°C 

Operating and Storage Junction T J. Tstg 
Temperature Range 

THERMAL CHARACTERISTICS 
Characteristic 

Thermal Resistance, JUnction to Case 

2N6315 2N6316 
2N6317 2N6318 

60 80 

60 80 

5.0 

7.0 
15 

2.0 

90 
0.515 

-65 to +200 

Unit 

Vdc 

,Vdc 

Vdc 

Adc 

Adc 

Watts 
W/oC 

°c 

·Indicates JEDEC registered data. Limits and conditions differ on some parameters and re
registration reflecting th.ese changes has been requested. All above values meet or exceed 
present JEDEC registered data. 

FIGURE 1 - POWER DERATING 
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Safe Ar" Limit. .re Indicated by Figure 13. 

NPH 
2N6315,2N6316 

PHP 
2N6317,2N6318 

7.0 AMPERE 

COMPLEMENTARY SILICON 
POWER TRANSISTORS 

60-80 VOLTS 
90 WATTS 

~ ~.:-, c 
Lr- -------. 1" 
'r -, 

E -0 K 
SEATING PLANE _ I 

---F---
-J--

T I 
I 
G 

STYLE 1: 
PIN 1. BASE 

1. EMITTER 
CASE: COLLECTOR 

MIL IMETERS 
DIM MIN MAX 
8 11.94 12.70 0.470 
C 8.35 8.84 0.250 
D 0.71 0.88 0.028 

1.27 1.91 0.050 
F 24.33 24.43 0.958 
G 4.83 5.33 0.190 
H 2.41 1.87 0,095 
J 14.48 14.99 0.570 
K 9.14 0.360 
P 1.17 0.050 
Q 3.61 3.86 0.142 0.152 
S 8.89 0.350 
T 3.68 0.145 
U 15.75 .620 

All JEOEC Dimensions and and Notes Apply. 

CASE 80·02 
TO·213AA 

• 



NPN 2N6315, 2N6316 
PNP 2N6317, 2N6318 

*ELECTRICAL CHARACTERISTICS (TC = 2SoC unless otherwise noted) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage (1) 
(lc = 100 mAde, la = 0) 

Collector Cutoff Current 

(VCE = 30 Vde, la = 0) 

IVCE = 40 Vde,la = 0) 

Collector Cutoff Current 

IVCE = 60 Vde, VaEloff) = 1.5 Vde) 

(VCE = 80 Vde, VaE(off) = 1.5 Vde) 

(VCE = 60 VdcVaE(off) =1.5 Vde,Tc =150oC) 

(VCE = 80 Vde,VaE(off) =1.5 Vde,Tc = 1500C) 

Collector Cutoff Current 
IVca = 60 Vde, IE = 0) 

IVca = 80 Vde, IE = 0) 

Emitter Cutoff Current 
(VEa = 5.0 Vde, IC = 0) 

ON CHARACTERISTICS 

DC Current Gain (1) 
(I C = 0.5 Ade, V CE = 4.0 Vde) 

(lC = 2.5 Ade, VCE = 4.0 Vde) 

(lc = 7.0 Ade, VCE = 4.0 Vde.) 

COllector-Emitter Saturation Voltage (1) 

(lC = 4.0 Ade, la = 0.4 Ade) 

(lC = 7.0 Ade,la = 1.75 Ade) 

Base-Emitter Saturation Voltage (1) 

(lC = 7.0Ade,la = 1.75 Ade) 

Base-E mitter On Voltage (1) 

(lC = 2.5 Ade, VCE = 4.0 Vde) 

DYNAMIC CHARACTERISTICS 

Current-Gain - Bandwidth Product (2) 

(lC = 0.25 Ade, VCE = 10 Vde, f test = 1.0 MHz) 

Output Capacitance 
IVca = 10 Vde, IE = 0, f = 1.0 MHz) 

Small-Signal Current Gain 
(lC = 0.5 Ade, VCE = 4.0 Vde, I = 1.0 kHz) 

SWITCHING CHARACTERISTICS 

Rise Time 

Storage Time 

Fall Time 

IVCC = 30 Vde, IC = 2.5 Ade, 

lal = la2 = 0.25 Ade) 

·Indicates JEOEC Registered Data. 
(1) Pulse Test: Pulse Width ~ 300 IlS, Duty Cycle ~ 2.0%. 

(2) IT c Ihfal • f tast 

2N6315,2N6317 
2N6316,2N6318 

2N6315,2N6317 
2N6316,2N6318 

2N6315,2N6317 
2N6316,2N6318 

2N6315,2N6317 
2N6316,2N6318 

2N6315,2N6317 
2N6316,2N6318 

2N6317,2N6318 
2N6315,2N6316 

3-199 

·1 Symbol Min Max Unit 

VCEOlsus) Vde 
60 -
80 -

ICEO mAde 
- 0.5 

- 0.5 

ICEX mAde 
- 0.25 

- 0.25 

- 2.0 

- 2.0 

Icao mAde 
- 0.25 

- 0.25 

IEaO - 1.0 mAde 

hFE -
35 -

20 100 

4.0 -
VCE(s't) Vde 

- 1.0 
_. 2.0 

VaElsat) - 2.5 Vde 

VaElon) - 1.5 Vde 

fT 4.0 - MHz 

Cob pF 
- 300 
- 200 

hfe 20 - -

0.7 !,s 

1.0 !,s 

0.8 !,s 



NPN 2N6315, 2N6316 
PNP 2N6317, 2N6318 

NPN 

2N6315 and 2N6316 

PNP 

2N6317 and 2N6318 

FIGURE 2 - DC CURRENT GAIN 
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FIGURE 3 - COLLECTOR SATURATION REGION 
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NPN 2N6315, 2N6316 
PNP 2N6317, 2N6318 
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There are two limitations on the power handling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate Ie - VeE limits of the tran
sistor that must be observed for reliable operation; i.e., the 
transistor must not be subjected to greater dissipation than the 
curves indicate. 

The data of Figure 5 i. ba.ed on T J(pk) = 2000C; TC i. 
variable depending on conditions. Second breakdown pulse limits 
are valid for duty cycles to 10% provided T J(pk) < 200°C. 
T J(pk) mav be calculated from the data in Figure 6. At high 
case temperatures, thermal limitations will reduce the power that 
can be handled to values less than the limitations imposed by 
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MOTOROLA 

- SEMICONDUCTOR -----1 
TECHNICAL DATA 

HIGH-POWER NPN SILICON TRANSISTORS 

designed for use in industrial-military power amplifier and 
switching circuit applications. 

• High Collector-Emitter Sustaining Voltage -
VCEO(sus) = 100 Vdc (Min) - 2N6338 

= 120 Vdc (Min) - 2N6339 
= 140 Vdc (Min) - 2N6340 
= 150Vdc (Min) - 2N6341 

• High DC Current Gain -
hFE = 3()'120@IC= lOAdc 

= 12 (Min) @ IC = 25 Adc 

• Low Coliector·Emitter Saturation Voltage
VCE(sat) = 1.0 Vdc (Max) @ IC = 10 Adc 

• Fast Switching Times@ IC = 10 Adc 
tr = 0.3 j.lS (Max) 
ts= 1.0j.ls (Max) 
tf = 0.25 j.lS (Max) 

• Complement to 2N6436-38 

*MAXIMUM RATINGS 

Rating Symbol 2N6338 2N6339 2N6340 2N6341 

Collector-Base Voltage VCB 120 140 160 180 

Collector-Emitter Voltage VCEO 100 120 140 150 

Emitter-Base Voltage VEB 6.0 

Collector Current Continuous IC 25 
Peak 50 

Base Current IB 10 

Total Device Dissipation@TC=2SoC Po 200 
Derate above 25°C 1.14 

Operating and Storage Junction TJ.Tstg ----65 to +200---
Temperature Range 

THERMAL CHARACTERISTICS 

OIaracteristic 

Thermal Resistance, Junction to Case 

·'ndicates JE.OEC Registered D;ata. 

FIGURE 1 - POWER DERATING 
20 0 

~ 5 

~ 
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5 ""-
....... " 0 
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0 

"" ~ I': 0 
25 50 75 100 125 1~0 175 200 

TC. CASE TEMPERATURE lOCI 
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Unit 

Vdc 

Vdc 

Vdc 

Adc 

Adc 

Watts 
W/oC 

°c 

2N6338 
thm 

2N6341 

25 AMPERE 
POWER TRANSISTORS 

NPN SILICON 

100,120,140,150 VOLTS 
200 WATTS 

rE A
-CBI rC 

L J I 
H~~.",/~~D k 

! 
}---- F-

t--J-

Q~I~ ···1 
H \y ,L1\ ---{~T 1 j 
I vV ·lG 

U \.5 . 

STYLE 1 MILLIMETERS INCHES 
PIN 1. BASE DIM MIN MAX MIN MAX 

2. EMITTER A 3 - nilio 
CASE COLLECTOR B 21.08 0.830 

C S.35 7.62 0.250 0.300 
0 0.97 1.09 10.038 0043 
E 1.40 1.78 0.055 0.070 
F 29.90 30.40 1.177 1.197 
G 10.67 11.18 0.420 0.440 
H 5.33 5.59 0.210 0.220 
J 16.64 17.15 0.655 0.675 
K 11.18 12.19 0.440 0.480 
Q 3.81 4.19 .1 0 0.1 5 
R - 26.67 - 1.050 
U 2.54 3.05 0.100 0.120 

CASE 1-04 
I 

NOTES: 
1. ALL RULES AND NOTES ASSOCIATED WITH 

REFERENCED TO·3 OUTLINE SHALL APPLY. 

• 



2N6338 thru 2N6341 

·ELECTRICAL CHARACTERISTICS ITC = 2SoC unless otherwise noted) 

OFF CHARACTERISTICS 

Coliector·Emitter Sustaining Voltage 

(le·= 50 mAde, Ie = 0) 2N6338 
2N6339 
2N6340 
2N6341 

VCEOlsus) 

Collector Cutoff Current ICEO 
(VeE = 50 Vdc, IS "" 0) 2N6338 

(VeE = 60 Vdc, Ie" 0) 2N6339 

(VeE = 70 Vdc, 'e = 0) 2N6340 

(VeE = 75 Vdc, '8 = 0) 2N6341 

Collector Cutoff Current ICEX 

(VeE - Rated VCEO. VEBlon) = 1.5 Vdcl 
(VeE = Rated VCEO. VEB(offl = 1.5 Vdc, TC = 1S0oC) 

Collector Cutoff Current 'CBO 
(Vea .. Rated Vea. Ie = 01 

Emitter Cutoff Current lEBO 

(Vse = 6.0 Vdc, Ie" 0) 

ON CHARACTERISTICS (1' 

DC Current Gam 

(Ie = 0.5 Adc, VeE ~ 2.0 Vdcl 

lie = 10 Adc, VeE = 2.0 Vdcl 

(Ie· 25 Adc, VeE = 2.0 vdcl 

Collector-Emitter SaturatIOn Voltage 

(Ie"" 1DAde,IB= 1.0 Adc) 

(Ie = 25 Adc, IB '" 2.5 Adc) 

Base-Emitter SaturatIOn Voltage 
(le= 10Adc,i8 = 1.0 Adc) 

tie = 25 Adc, 18 = 2.5 Adc) 

Base-Emllter On Voltage 

(Ie = 10 Adc, VeE = 2.0 Vdc) 

DYNAMIC CHARACTE RISTiCS 

Current·Gam BandWidth Product (21 

(lC'" 1.0 Adc, VCE ~ 10 Vdc, 'test - 10 MHz) 

Output Capacitance 

(VeB = 10 Vdc, IE = 0, f '" 0.1 MHz) 

SWITCHING CHARACTERISTICS 

(Vec:'::::: 80 Vdc, Ie = 10 Adc, 'Sl = 1.0 Adc, VSE(off) = 6.0 Vdc) 

Storage Time 

(Vec:'::::: 80Vdc, Ie = 10 Adc, 'S1 = 182'" 1.0Adc) 

Fall Time 

(VCC:'::::: 80 Vdc, Ie = 10 Adc, 181 = 182 = 1.0 Adc) 

Indicates JE DEC Registered Datil 

111 Pul$e Test· Pul$e Width < 300 lots, Duty CVcle <20%. 

(2) fT·' "fel.'test 

FIGURE 2 - SWITCHING TIME TEST CIRCUIT 
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Min Mo. Unit 
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2N6338 thru 2N6341 

FIGURE 4 - THERMAL RESPONSE 
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There are two limitations on the power handling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate Ie-VeE li!"its of the transistor 
that must be observed for reliable operation; i.e., the transistor 
must not be subjected to greater dissipation than the curves indicate. 

The data of Figure 5 is based on T J(pk) = 200°C; TC is variable 
depending on conditions. Second breakdown pulse limits are valid 
for duty cycles to 10% provided T J(pk) .;; 200°C. T J(pk) may be 
calculated from the data in Figure 4. At high case temperatures, 
thermal limitations will reduce the power that can be handled to 
values less than the limitations imposed by second breakdown. 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

HIGH-POWER PNP SILICON TRANSISTORS 
. designed for use in industrial-military power amplifier and 

switching circuit applications. 

• High Collector Emitter Sustaining Voltage -
VCEO (sus) = SO Vdc (Min) - 2N6371 

= 100 Vdc (Min) - 2N637S 
= 120 Vdc (Min) - 2N6379 

• High DC Current Gain -
hFE = 30·120@ IC = 20 Adc 

= 10 (Min) @ IC = 50 Adc 

• Low Coliector·Emitter Saturation Voltage -
VCE(sat) = 1.0 Vdc (Max) @ IC = 20 Adc 

• Fast Switching Times @ IC = 20 Adc 
t, = 0.35 IlS (Max) 
ts = O.S IlS (Max) 
tf = 0.25 IlS (Max) 

• Complement to 2N6274-71 

* MAXIMUM RATINGS 
Rating Symbol 2N6377 2N637B 

Collector-Base Voltage VCB 100 120 

Collector·Emitter Voltage VCEO BO 100 

Emitter-Base Voltage VEB .. 6.0 

Collector Current Continuous IC .. 50 
Peak .. 100 

Base Current 18 .. 20 

Total Device Dissipation @ Po 
TC=250C .. 250 
Derate above 2SoC .. 1.43 

Operating and Storage Junction T J.T stg .. -65 to +200 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case 

., ndicates JE DEC Registered Oat8. 

FIGURE 1 - POWER DERATING 
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.. Watts .. wflc .. °c 
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2N6377 
thru 

2N6379 

50 AMPERE 

POWER TRANSISTORS 
PNPSILICON 

SO, 100, 120 VOLTS 
250 WATTS 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 

A 38.35 39.31 1.510 1.550 
B 19.30 21.08 0.760 0.830 
C 6.35 7.62 0.250 0.3 
0 1.45 1.60 0.057 0.063 
E - 3.43 0.135 
F 29.90 30.40 1.177 l·ill 
G 10.67 11.18 0.420 0.440 
H 5.21 5.7 O. 5 
J 16. 4 17.1 O. 55 
K 11.18 12.19 0.440 0.480 
Q 3.84 4.09 0.151 0.161 
R 24.89 26.67 0.980 1.050 

CASE 197·01 

• 



2N6377 thru 2N6379 

ELECTRICAL CHARACTERISTICS (TC = 250 C unless otherwise noted) . 

f Characteristic I Svmbol Min Max Unit 

~OFF CHARACTERISTICS 
Collector-Emitter Sustaining Voltage (11 VCEO(sus) Vdc 

(lC = 50 mAdc, 18 = 0) 2N6377 80 -
2N6378 100 -
2N6379 120 -

IUlliector l;utOTT l;urrent ICEO /lAdc 
(VCE = 50 Vdc, Ie = 0) 2N6377 - 50 
(VCE = 60 Vdc, Ie = 0) 2N6378 - 50 
(VCE = 70 Vdc, Ie = 0) 2N6379 - 50 

Collector Cutoff Current CEX 
(VCE = 90% Rated Vce, veE (off) = 1.5 Vdc) - 10 /lAdc 

(VCE = 90% Rated Vce, veE (off) = 1.5 Vdc, TC = 150oC) - 1.0 mAdc 

Emitter Cutoff Current lEBO - 100 /lAdc 

(VEe = 6.0 Vdc, IC = 0) 

'ON CHARACTERISTICS (I) 

DC Current Gain hFE -

(lC = 1.0 Adc, VCE = 4.0 Vdc) 50 -

(IC = 20 Adc, VCE = 4.0 Vdc) 30 120 
(lc = 50 Adc, VCE = 4.0 Vdc) 10 -

Collector-Emitter Saturation Voltage VCE(sat) - Vdc 
(Ie = 20 Adc, Ie = 2.0 Adc) - 1.2 

(Ie = 50 Adc, Ie ~ 10 Add - 3.0 

Base-Emitter Saturation Voltage VeE(sat) Vdc 
(lc = 20 Adc, I B = 2.0 Adc) - 1.8 
(lC = 50 Adc, IB = 10 Adc) - 3.5 

DYNAMIC CHARACTERISTICS 
*Current-Gain - Bandwidth Product (2) IT 30 - MHz 

(lC = 1.0 Adc, VCE = 10 Vdc, f test = 10 MHz) 

*Output "lIpacitance l;ob 1500 pF 

(Vce = 10 Vdc, IE = 0, f = 0.1 MHz) 

,* SWITCHING CHARACTERISTICS (F,gure 2) 

Rise Time tr - 0.35 /lS 

Storage Time (VCC = 80 Vdc, IC = 20 Adc, Is 0.80 Ils 
IBI = IB2 = 2.0 Adc) 

Fall Time If - 0.25 /lS 

• IndIcates JEDEC RegIStered Data. 
(1) Pulse Test: Pulse Width'" 300,.,.5, Duty Cycle = 2.0%, 

FIGURE 2 - SWITCHING TIMES TEST CIRCUIT FIGURE 3 - TURN ON TIME 
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2N6377 thru 2N6379 

FIGURE 4 - THERMAL RESPONSE 
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There are two limitations on the power handling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate Ie-VeE limits of the transistor 
that must be observed for reliable operation; i.e., the transistor 
must not be subjected to greater dissipation than the curves indicate. 

Thedataof FigureS is based on TJ(pk) = 200°C; TC is variable 
depending on conditions. Second breakdown pulse limits are valid 
for duty cycles to 10% provided T J(pk) E;; 200°C. T J(pk) may be 
calculated from the data in Figure 4. At high case temperatures, 
thermal limitations will reduce the power that can be h,ndled to 
values less than the limitations imposed bV second breakdown. 
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2N6377 thru 2N6379 

FIGURE 8 - DC CURRENT GAIN 

200 
J 

z 100 

TJ' +150'C r.::::: I -I ...... 
C co 70 t- +25'C 
Z ... 
a: 50 a: 
:::> I I\. ... ... 
CI 30 : 

20 

1'1.: 
-55'C -...; --I"'" ..... 

--.VCp4.0V 
;-..... 

10 
~~I' ~CP 1,0 V 

0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 20 30 50 

IC. COLLECTOR CURRENT (AMPI 

FIGURE 10 - "ON" VOLTAGES 

2.S 
II 

2.4 fJI= 26'C I 

~ 
2.0 

CI 
<: 1.6 ... 
'" ; 1.2 
CI 
> 
>" O.S 

0.4 

'/ 
h I 

...-! V " V~E(.ll @Ic/le = 10 ~ 
'/ 

VeE. VCE = 4.0·~ ./ 
./ 

VCE(mO.lcile = 10 i,....-'" 

o 
0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 20 30 50 

IC. COLLECTOR CURRENT (AMPI 

FIGURE 12 - COLLECTOR CUT'()FF REGION 

1000 
500 

- 200 
! 100 
t-
Z ... 
a: 
a: 20 :::> ... 
a: 
CI 
t; 
j 2.0 
0 ... 1.0 
!} 

0.5 

0 .. 2 
0.1 

+0.2 +0.1 -0.1 -0.4 -0.5 
VBE. BASE·EMITTER VOLTAGE (VOLTSI 

FIGURE 9 - COLLECTOR SATURATION REGION 

~ 4.0 

o 
<: 
ll: 3.2 

; 
o 
> 2.4 

~ 
! r:i: 1.6 

13 
j 8 0.8 

W ... 
> o 

IC =2.0 

1 
TJ = 250 C 

30A 

lOA 

5.0 A f'.... 
~II \ 

Ar-. lilt--
0.01 0.02 0.05 0.1 0.2 0.5 1.0 2.0 5.0 

lB. BASE CURRENT (AMPI 

FIGURE 11 - TEMPERATURE COEFFICIENTS 

+3.0 
13 
E!.. llp~LIIJs FOJ ICilis J hjEl4 
> .s +2.0 

- -- -550 C to +250 C 

10 

:f 
~ z 

-- +2~OC ~o 'll~OC )/. ... 
~ ... 
0 ... ... 
a: 
:::> 

~ 
a: 
it! 
:E ... 
l-

i 

1 
t-z ... 
a: 
a: 
:::> ... ... 
~ 
~ 

+1.0 "'. 

• 9V! for lcU, 
...... v. 'rl 

~~. 
) 

II ",' 

-i.o 7~' 
6ve for VBE ?"" 

-2.0 T TT 
0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 20 30 50 

IC. COLLECTOR CURR·ENT (AMPI 

FIGURE 13""; BASE CUTOFF REGION 

100 

50 VCP40V = - TJ'lS00C 

20 

10 

5.0 F= F 1000C 

2.0 "' 
1.0 2~OC 
0.5 

0.2 F,REVfRSE FORWARD 

0.1 
+0.2 +0.1 -0.1 -0.2 -0.3 

VBE. BASE-EMITTER VOLTAGE (VOLTSI 
-0.4 -0.5 



MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

COMPLEMENTARY SILICON POWER 
DARLINGTON TRANSISTORS 

· .. monolithic complementary silicon Darlington transistors designed 
for low and medium frequency power applications such as power 
switching, audio amplifiers, hammer drivers, and shunt and series 
regulators. 

• High Gain Darlington Performance 

• True Complementary Specifications 

*MAXIMUM RATINGS 

2N6383 2N6384, 2N6385 
Rating Symbol 2N6648 

Collector-Emitter Voltage VCEOlsusl 40 60 80 

Collector-Emitter Voltage VCEX 40 60 80 

Collector-Emitter Voltage VCBO 40 60 80 

Emitter Base Voltage VEBO 5.0 

Collector Current Continuous IC 10 

Peak 111" ICM 15 

Base Current ContInuous IB 0.25 

Total Power Dissipation PD 
@TC = 25°C 121 100 

Derate above 2SoC -0.571 

Operating and Storage Junction TJ. Tstg --65 to +200 __ 

Temperature Range (2) 

THERMAL CHARACTERISTICS 

Characteristic Svmbol Max 

Unit 

Vdc 

Vdc 

Vdc 

Vdc 

Adc 

Adc 

Watts 
W/oC 

°c 

Unit 

Thermal Resistance, JunctIon to Case ROJC 1.75 °C/W 

Maximum Lead Temperature for Soldering TL 235 °c 
Purposes: 1/32" from Case for 5 Seconds 

* Indicates JEOE:C RegIstered Data. 
**Not JEOEC Registered. 

111 Pulse Width = 50 ms. Duty Cycle" 10%. 

(2) Exceeds JEDEC Registration for 2N6648. 
JEDEC Registration gives PD = 70W, TJ = 150°C. 

Collector Collector 

Ba .. Base 

Emitter Emitter 

3-209 

NPN 
2N6383, 2N6384 

2N6385 
PM, 

2N6648 

15 AMPERE PEAK 

COMPLEMENTARY 
SILICON POWER 

DARLINGTON TRANSISTORS 

DIM 

A 
B 
C 
D 
E 
F 

H 
J 
K 
Q 

R 

40-60-80 VOLTS 
100 WATTS 

STYLE I: 
PIN 1. BASE 

2. EMITTER 
CASE: COLLECTOR 

MILLIMETERS INCHES 
MIN MAX MIN 

- 39.37 -
21.08 

S.3S 7.S2 0.250 
0.99 1.09 0.039 

3.43 
29.90 30.40 1.177 
10.S7 tl.tB 0.420 
S.3 S.S9 0.210 

IS.64 tuS O.SSS 
IU8 t2.19 0.440 
3.84 4.09 O.ISI 

26.67 -
COliettOf connected 10 c_. 

CASE 11·01 
(TO·31 

MAX 

1.S50 
0.830 
O. 
0.043 
0.13S 
1.197 
0.440 
0.220 
0.S7S 
0.480 
0.161 
t.OliO 

• 

II 



2N6383,2N6384,2N6385, NPN,2N6648, PNP 

ELECTRICAL CHARACTERISTICS (TC = 25°C unless otherwise noted) 

Chara~teristic 

OFF CHARACTERISTICS 

·Collector-Emitter, Sustaining Voltage (1) 
(IC = 200 mAde, IB = 0) 2N6383, 2N6648 

2N6384 
2N6385 

Collector Cutoff Current 
(VCE = Rated Value) 

·Collector Cutoff Current 
(VCE = Rated VCEO(sus) Value, VBE(off) = 1.5 Vdd 
(VCE = Rated VCEO(sus) Value, VBE(off) = 1.5 Vdc, TC = 150°C) 

.. Emitter Cutoff Current 
(VEB = 5.0 Vde, IC ~O) 

Collector-Emitter Sustaihing Voltage (1) 

(RBE = 100 ll, IC = 200 rnA) 2N6383,2N6648 
2N6384 . 

2N6385 

Collector-Emitter Sustaining Voltage (1) 

(VBE(off) = 1.5 V, Ie = 200 mAl 2N6383, 2N6648 
2N6384 
2N6385 

ON CHARACTERISTICS (1) 

·DC Current Gain 
-·(lC = 5.0 Ade, VCE = 3.0 Vde) 
(lC = 10 Ade, VCE = 3.0 Vde) 

·Collector-Emitter Saturation Voltage 
(lc = 5.0 Ade, IB = 0.01 Add 
(lC = 10 Ade,IB = 0.1 Add 

·Base-Emitter On Voltage 
(lC = 5.0 Ade, VCE = 3.0 Vdc) 
(lc = 10 Ade, VCE = 3.0 Vdc) 

Diode Forward Voltage 
(IF=10Adc) 

"DYNAMIC CHARACTERISTICS 

Output Capacitance 
(VCB = 10Vdc,IE = 0, I test = 1.0 MHz) 

*Magnitude of Common-!=mitter Small..signal Short-Circuit 
Current Transfer Ratio 

(lC • 1.0 Ade, VCE = 5.0 Vdc, I = 1.0 MHz) 

Common Emitter Small-Signal Short-Circuit Forwarc;J 
Curr~nt Transfer Ratio 

(lc = 1.0 Adc, VCE = 5.0 Vdc, I = 1.0 kHz) 

SECOND BREAKDOWN 

Second Breakdown Coll"ector Current with Base-Forward Biased 

Second Breakdown Energy with Base Reverse·BiQsed 
(L = 12 mH, RBE = 100 n, VBE(ofl): 1.5 Vdc, IC = 4.5 Adc) 

(1) Pulse Test: Pulse Width = 300 ~s, Duty Cycle .. 2%. 

* Indicates JEDEC Registered Data~ 

3-210 

Symbol 

VCEOlsus) 

ICEO 

ICE V 

lEBO 

VCER(sus) 

VCEV(sus) 

hFE 

VCE(sat) 

VBE(on) 

VF 

Cob 

Ihle l 

hie 

Min Max Unit 

Vde 
40 -
60 -
80 -

mAde 
- 1.0 

mAde 

- 0.3 

- 3.0 

- 10 mAde 

Vde 
40 -
60 -
80 -

Vde 
40 -
60 -
80 -

-
1000 20,000 
100 -

Vde 

- 2.0 
- 3.0 

Vdc 
- 2.8 
- 4.5 

- 4.0 Vde 

- 200 pF 

20 - -

1000 - -



2N6383, 2N6384, 2N6385, NPN, 2N6648, PNP 
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FIGURE 1 - DC CURRENT GAIN 
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2N6383, 2N6384, 2N6385, NPN, 2N6648,PNP 
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There are two limitations on the power handling ability of 
a transistor: average junction temperature and second break
down. Safe operating area curves indicate Ie-VeE limits of 
the transistor that must be observed for rei iable operation; 
i.e., the transistor must not be subjected to greater dissipation 
than the curves indicate. 

The daia of Figure 8is based on TC = 25°C; TJ(pk) i, 
variable ·depending on- power I,ev:el. Second breakdown pulse 
limits are valid for duty cycles to 10% but must be derated 

•• TIME (m.) 

for temperature. 
TJ(pk) may be calculated from the data in Figure 7. At 

high case temperatures, see Figure 9, thermal limitations will 
reduce the current that can be handled to· values less than 
the Umitations imposed by s~ond breakdown. Second break· 
down limitations do, derate the same as thermal limitations. 
Allowable current at the voltages shown on Figure 8 may be 
found at any case temperature by derating linearly to 2OQoC. 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

PLASTIC MEDIUM-POWER 
SILICON TRANSISTORS 

· .. designed for general·purpose amplifier and low-speed switching 
applications. 

• High DC Current Gain -
. hFE = 2500 (Typl @ IC = 4.0 Adc 

• Coliector·Emitter Sustaining Voltage -@ 100 mAdc 
VCEO(susl = 40 Vdc (MinI - 2N6386 

= 60 Vdc (MinI - 2N6387 
= 80 Vdc (MinI - 2N6388 

• Low Coliector·Emitter Saturation Voltage -
VCE(satl = 2.0 Vdc (MaxI @ IC = 3.0 Adc - 2N6386 

= 2.0 Vdc (MaxI @ IC = 5.0 Adc - 2N6387, 2N6388 

• Monolithic Construction with 8uilt·ln Base·Emitter 
Shunt Resistors 

• TO·220AB Compact Package 

• TO·66 Leadform Also Available 

-MAXIMUM RATINGS 

Rating Symbol 2N6386 2N6387 21116388 Unit 

Coliector·Emitter Voltage VCEO 40 60 80 Vdc 

Coliector·Sase Voltage VCS' 40 60 SO Vdc 

Emitter·B .. e Voltage VEB . 5.0 . Vdc 

Collector Current - Continuous B.O 10 10 
Peek IC 15 15 15 Adc 

Base Current IS . 250 · mAde 
Total Power Dissipation Iii> TC = 25°C Po . 65 . Watts 

Derate above 25°C 0.52 · wf'c 

Total Power Dissipation Iii> T A = 25°C Po . 2.0 . Watts 
Derate above 2SoC . 0.D16 · wf'c 

Operating and Storage Junction, 
Temperature Range 

TJ. Tstg 
-~5to+150- °c 

THE:RMAL CHARACTERISTICS 

Characteristics Symbol Max 
Thermal Resistance, Junction to Case R9JC 1.92 
Thermal Resistance, Junction to Ambient R9JA 62.5 

TA TC FIGURE 1 - POWER DERATING 
4.0 80 

~ < 3.0 SO 
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z 

" ~ 
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j::: 

~ 2.0 4D 
1!l 
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....... ~ i'-. 

'" 3 
~ 1.0 20 

~. '" ~ r---...... ['-.. 
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T,TEMPERATURE I'C) 
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Unit 

°C/W 

°C/W 

... 
• • C 
D 
F 

• H , 
• L 

• Q 

R 
S 
T 
U 

2N6386 
2N6387 
2N6388 

DARLINGTON 
8 AND 10 AMPERE 

NPNSILICON 
POWE R TRANSISTORS 

-, .... 
4JJl ... 
16' 
2" 
2. ... 

12.70 
1.15 ... 
2.S4 
2.04 
1.15 
5.9J 
0.00 

,1.1 

40-60-80 VOLTS 
65 WATTS 

.... 
15.75 ,." ... 
0J8 

"" .... 
3 .. 
0.71 , , 

6A7 , 
2.04 

N01U, 
1. DIMENSIONING AND TOLERANcING PER ANSI 

Y14.5M,19B2. 
2. CONTROLLING DIMENSION: INCH. 
3. DIM Z DEANES A ZONE WHERE All BODY AND 

lEAD IRRfGUI.ARlTlfS ARE ALiOWED. 

..... -.... 
0.570 o.&lO 
0.311 ... 
.'10 .'10 
D.025 
0.142 '" STYlE 1: 

""" 0.106 
0.110 ., 
0.0" .... .,10 , ., 

'20 
o. no 

D.23& ... .... -... 
CASE 221A-G4 

TO-220AB 

PIN 1. BASE 
2.COt.LECTOR 
lEMlmR 
4. COLLECTOR 
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2N6386 2N6387 2N6388' NPN 

·ELECT~ICAL CHARACTERIS.TICS (TC - 260 C unl ... otherwise noted) 

I . OI __ iltlc 1 Symbol Min Max 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage (1) VCEO(sus) 
IIC =·200 mAde, la = 0) 2N6386 40 -

2N6387 60 -
2N8388 60 -

Collector Cutoff Current 
.. 

ICEO 
(VCE ·40 Vde, la • 01 2N8386 - 1.0 
(VCE = 60 Vde, 'a ·0) 2N8387 . - 1.0 
(VCE = 80 Vde, la· 0) 2N8388 - 1.0 

Collector Cutoll Current ICEX 
(VCE • 40 Vde, VEa(off) = 1.5 Vde) 2N8386 - 300 
(VCE ·60 Vde, VEa(off) = 1,5 Vde) 2N8387 - 300 
(VCE ·80 Vde, VEa(off) • 1,5 Vde) 2N8388 - 300 
(VCE -40 Vde, VEa(off) = 1.5 Vde, TC = 1250 C) 2N8386 - 3.0 
(VCE· 60 Vd<:, VEa(off) = 1.5 Vde, TC = 1250 C) 2N6387 - 3.0 
(VCE - 80 Vde, VEa(off) • 1.5 Vde, TC = 1250 C) 2N8388 - 3.0 

Emitter Cutoff Current IEaO - 5.0 
(VaE = 5.0 VdC, IC = 0) 

ON CHARACTERISTICS (1·) 

De Current Gain hFE 
IIC • 3.0 Ade, VCE = 3.0 \Ide I 2N8386 1000 20000 
IIC = 5.0 Ade, V CE = 3.0 Vde) 2N6387, 2N8388 1000 20000 
IIC = 8.0 Ade, VCE = 3.0 Vde) 2N8386 100' -
IIC = 10 Ade, VCE = 3.0 Vde) 2N8387, 2N6388 100 -

Collector-Emitter Saturation Voltage VCE(sat) 
IIC • 3.0 Ade, la = 0.006 Ade) '2N8386 - 2.0 
'IIC = 5.0 Ade, la = 0.01 Ade) 2N6387, 2N638.8 - 2.0 
IIC ~ 8.0 Ade, la = 0.08 Ade) 2N6386 - 3.0 
IIC = 10 Ade,la = 0.1 Adc) 2N8387, 2N6388 - 3.0 

aase-Emitter On Voltage VaE(on) 
IIC = 3.0 Ade, VCE = 3.0 Vde) 2N6386 "- 2.8 
IIC = 5.0 Ade, VCE = 3.0 Vde) 2N6387, 2N6388 - 2.8 
IIC = 8.0 Ade, V CE = 3.0 Vde) 2N6386 - 4.5 
IIC· 10 Ade, VCE = 3.0 Vde) 2N6387, 2N6388 - 4.5 

DYNAMIC CHARACTERISTICS 

Small-5ignal Current Gain Ihle l 20 -
lie = 1.0 Ade, VCE = 5.0 Vde, I te•t = 1.0 MHz) 

Output Capacitance . 
Cob - 200 

(VC8· 10 Vde, IE = 0, I = 1.0 MHz) 

Small-Signal Current Gain hIe 1000 -
lie"; 1.0 Ade, VeE = 5.0 Vde, I = 1.0 kHz) r 

• Indicates JEDEC Registered Data 
(1) Pul .. Te.t: Pulse Width .. 300 1", Duty Cycle .. 2.0%. 

FIGURE 2 - SWITCHING TIMES TEST CIRCUIT FIGURE 3 - SWITCHING .TIMES 

RS &. Re VARIED TO OBTAIN DESIRED CURREN.T lEveLS 
01. MUST SE FAST RECOVERY TYPES, e.g., 

MBD5300 USED ABOVE la "" 100 rnA 
MSD6100 USED BElOW la" 100 mA 
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2N6386 2N6387 2N6388 NPN 

FIGURE 4 - THERMAL RESPONSE 
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There are two limitations on the power handling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate Ie - VeE limits of the tran
sistor that must be observed for reliable operation; i.e., the transistor 
must not be subjected to greater dissipation than the curves indicate. 

The data of Figure 5 is based on T J(pkl = 1 so"C; T C is variable 
depending on conditions. Second breakdown pulse limits are valid 
for du.y cycles to 10% provided T J(pkl < lso"C. T J(pkl may be 
calculated from the data in Figure 4. At high case temperatures, 
thermal limitations will reduce the power that can,be handled to 
values loss than the limitations imposed by second breakdown 
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FIGURE 8 - DC CURRENT GAIN 
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FIGURE 9 - COLLECTOR SATURATION REGION 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

HIGH-POWER PNP SI LICON TRANSISTORS 

· .. designed for use in industrial·military power amplifier and 
switching circuit applications. 

• High Collector· Emitter Sustaining Voltage -
VCEO(sus) =80 Vdc (Min) - 2N6436 

= 100 Vdc (Min) - 2N6437 
= 120 Vdc (Min) - 2N6438 

• High DC Current Gain -
hFE = 20·80@ IC = 10 Adc 

= 12 (Min) @ IC = 25 Adc 

• Low Collector·Emitter Saturation Voltage -
VCE(sat) = 1.0 Vdc (Max) @ IC = 10 Adc 

• Fast Switching Times @ IC = 10 Adc 
tr = 0.31.15 (Max) 
ts = 1.01.15 (Max) 
tf = 0.251.15 (Max) 

• Complement to NPN 2N6338 thru 2N6341 

"MAXIMUM RATINGS 

Rating Symbol 2N6436 

Collector-Base Voltage VC6 100 

Collector-Emmer Voltage VCEO 80 

Emitter·Base Voltage VE6 

Collector Current Continuous IC 
Peak 

Base Current 16 

Total DeVice DissIPation@Tc==250C Po 
Derate above 25°C 

2N6437 2N6438 

120 140 

100 120 

6.0 

25 
50 

10 

200 
1.14 

Operating and Storage Junction TJ.Tstg ----65 to +200---
Temperature Range 

THERMAL CHARACTERISTICS 

OIaracteristic 

Thermal Resistance, Junction to Case 

·In~jcates JEDEC Registered Data. 

FIGURE 1 POWER DERATING -
200 
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TC. CASE TEMPERATURE ('C) 
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Unit 

Vdc 

Vdc 

Vdc 

Adc 

Adc 

Watts 
W/oC 

°c 

2,N6436 
2N6437,2N6438 

25 AMPERE 
POWER TRANSISTORS 

PNPSILICON 

80,100,120VOLTS 
200 WATTS 

~,~,"'\' 
~ 

JE"~l=1' 
"~~"."4-,,] '_1 

I :--~-= 

Q~ ~ 1 
~:~--4~rl j 
f :y y lG' 

U \.5 

STYLE 1 MILLIMETERS INCHES 
BASE PIN 1, DIM MIN MAX MIN MAX 

2, EMITTER A - _.39. lJiliIl CASE COLLECTOR B 21.0B - o.B30 
C 6.35 7 0.300 
0 0.97 I.lIS.. O.on. J!..04 
E 1.40 1.7B ..1I-ill.. 0,070 
F 29.90 30.40 1.177 1.197 
G 10.67 11.18 0.420 0.440 
H 5.33 5.59 0.210 !!.2Z!L 
J 16.64 17.15 0.655 0.675 
K 11.18 12.19 0.440 0.480 
Q 3.Bl 4.19 .Jill!!. ...II..1n. 
R 26.67 - 1.050 
U 2,54 3.05 0,100 0.120 

CASE1-04 

NOTES: 
1. ALL RULES AND NOTES ASSOCIATED WITH 

REFERENCED TO·3 OUTLINE SHALL APPLY. 

• 



2N6436, 2N6437, 2N6438 

*ELECTRICALCHARACTERISTIc:s lTe = 25°C unle. otherwise noted) 

., C .... ctirlltl.. .. . , Symbol Min - Unit 

OFF CHARACTERISTICS 

Collactor:e",ittlir Suot.i~ing Voltage (1) VCEO(ws) Vde 
lIe= 5ItinAde;I!I'= OJ 2N&436 80 -

2N&437 100 -
, ~"t 2N6438 120 -

Collector Cutoff Currant ICEO "Ade 
(VeE;' 40 Vdo,IB=OI 2N&436 - 50 
(VCE· 50 Vde, tB - 01 2N6437 - 50 
(VCE·80 Vde, IB = 01 2N&438 - 50 

Collector Cutoff Current ICEX "Ade 
(VeE = 9OVde, VBE(off) = -1.5 Vdel 2N6436 - 10 
(VCE = 110 Vde; VBEfoff) = -1.5 Vdel 2N6437 - 10 
(VCE =.130 Vde, VBEloff) = -1.5 Vdel 2N6438 - 10 
(VCE - so Vde, VBE(off) = -1.5 Vdo, 
TC= 1500 CI . 

2N6436 - 1.0 mAde 

(VCE = 100 Vde, VSEloffl = -1.5 Vde, 2N6437 - 1.0 
Te -150oCI 

IVCE = 120 Vde, VBEloffl = -1.5 Vde, 2N6438 - 1.0 
Te = 150°C) 

Collector Cutoff Current ICBO jlAde 
IVcs = 100 Vde, IE = 0) 2N6436 - 10 
IVCB = 120 Vde, IE = 01 2N6437 - 10 
IVCB - 140 Vde, IE = 01 2N6438 - 10 

Emitter Cutoff Cur::rent lEBO - 100 jlAde 
(VEB:=6.0 Vde,:Ij:;- 01 

ON CHARACTERISTICS 

OC Current Gain 111 hFE -
(lC = 0.5 Ade, VCE = 2.0 Vdel 30 -
(lc = 10 Ade, VCE = 2.0 Vdel 20 120 
(lc = 25 Ade, VCE = 2.0 Vdel 12 -

Collector· Emitter Saturation Voltage (1) VCE(";tl Vde 
(lC = 10 Ade, IB = 1.0 Adel - 1.0 
(lC = 25 Ade, lB· 2.5 Adel - 1.8 

8ese·Emittet Saturation Voltage (11 VBEI .. ,) Vde 
(lC = 10 Ado, IB = 1.0 Adel - 1.8 
(lC = 25 Ade; IB = 2.5 Adol - 2.5 

DYNAMIC CHARACTERISTICS 

Current..Gain - Bandwidth Product t,. 40 - MHz 
(lC = 1.0 Ado, Vce - 10 Vde, f t • st = 10 MHzl 

Output Capacitance Cob - 700 pF 
IVCE = 10 Vde, Ie = 0, f = 100 kHzl 

SWITCHING CHARACTERISTICS 

Rise Time t, - 0.3 "S 
IVCC = 80 Vde, IC = 10 A, VBEloffi = 6.0 Vde, IBI = 1.0 Ade) 

Storage 's - 1.0 jlS 
IVCC = 80 Vde, IC = 10 A, VBEloffl = 6.0 Vde, IBI = IB2 = 1.0 Ade) 

Fall Time I, - 0.25 jlS 
IVce=80 Vde, IC= 10A,VBEloffl =6.0 Vde, IBI = IB2= 1.0Adel . IndlC8t.e5 JEOEC Registered Data. 

(11 Pul .. Test: PulSe Width ",300 I"; Duly Cycle ",2.0%. 

FIGURE 2 - SVYITCHING TIME TEST CIRCUIT FIGURE. 3 - TURN·ON TIME 
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2N6436,2N6437,2N6438 

FIGURE 4 - THERMAL RESPONSE 
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There are two limitations on the power handling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate 'e·VeE limits of the transistor 
that must be observed for reliable operation; i.e., the transistor 
must not be subjected to greater dissipation than the curves indicate. 

Thedala of Figu," 5 is Qased on T J(pkl = 200°C; TC is variable 
depending on conditions. Second breakdown pulse limits are valid 
for duly cycles 1010% provided T Jlpkl ..;; 200°C. T Jlpk) may be 
calculated from the data in Figure 4. At high case temperatures, 
thermal limitations will reduce the power that can be handled to 
values less than the limitations imposed by second breakdown. 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

COMPLEMENTARY SILICON PLASTIC 
POWER TRANSISTORS 

designed for use in general-purpose amplifier and switching 
applications. 
• DC Current Gain Specified to 15 Amperes 

hFE = 20-150@ IC = 5.0 Adc 
= 5.0 (Min) @ IC = 15 Adc 

• Collector-Emitter Sustaining Voltage -
VCEO (s'-\5) = 40 Vdc (Min) - 2N6486. 2N6489 

= 60 Vdc (Min) - 2N6487. 2N6490 
= 80 Vdc (Min) - 2N6488. 2N6491 

• High Current Gain - Bandwidth Product 
fT = 5.0 MHz (Min) @ IC = 1.0 Adc 

• TO-220AB Compact Package 

• TO-66 Leadform Also Available 

*MAXIMUM RATINGS 

Rating Symbol 2N6486 2N6487 
2N6489 2N6490 

Coliector·Emitter Voltage VCEO 40 60 

Collector-Base Voltage VCB 50 70 

Emitter·Base Voltage VEB 5.0 

Collector Currant Continuous IC . 15 

Base Current IB • 5.0 

Total Power Dissipation PD 
@TC=250C • 75 
Derate above 25°C • 0.6 

Total Power Dissipation PD 
@TA=250C . 1.8 
Derate above 25°C .. 0.014 

2N6488 
2N6491 

80 
90 

.. 

.. 

.. .. 

.. 

.. 
Operating and Storage Junction 

TJo T stg _·65to+150_ 
Temperature Range 
.... 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Aesistance, Junction to Case R8JC 1.67 

Thermal Resistance, Junction to Ambient R8JA 70 
-_ .. -

TA TC FIGURE 1 - POWER DERATING 
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Unit 

Vdc 

Vdc 

Vdc 

Adc 

Adc 

Watts 
wfOc 

Watts 
wfOc 

°c 

Unit 

°C/W 

°C/W 

NPH 
2N6486 
2N6487 
2N6488 

PHP 
2N6489 
2N6490 
2N6491 

15 AMPERE 

COMPLEMENTARY SILICON 
POWER TRANSISTORS 

III 
,''-
" 4" .., 

0lI1 
F .11 .73 

'-" ,." • 3.93 
J .71 
• 170 ,." 
L • 1 1.38 

• 
• • 1 1 
T .., 

1.21 
1.1 - , .. 

40-60-80 VOLTS 
75 WATTS 

NOm, 
1. DIMENSIONING AND TOLERANCING PER ANSI 

Y14!M.1182, 
2. CONTROWNG DlMENSlON: INCH. 
3. DIM Z DEFNS A ZONE WHERE ALL 900V AND 

LEAD IMEGtUIIITIES AIlE AlLOWED. -0.'" 

., 190 

.'" .,,' ,147 
.106 

0.11 1 

'" 0.500 

• 0,1ao 10 . ... . 12' .... . 110 .... 
• 
CASE 221A-04 

TO-220AB 

STYLE 1: 
PIN 1. BASE 

2, COLLECTOR 
3,EMlTTER 
<COlLECTOR 

• 



2N6486 2N6487 2N6488 NPN 

2N6489 2N6490 2N6491 PNP 

-ELECTRICAL CHARACTERISTICS (TC ~ 260 C unl .. s otherwise noted.) 

'1 ' 'Charactorlstlc I Svmbol 

OFF CHARACTERISTICS 

Colleetor·Emltter Sustaining Voltage (1) 
(lC ~ 200 mAde, IB ~ 0) 2NS48S, 2NS489 

2NS487, 2NS490 
2N6488; 2N6491 

Coliector·Emitter Sustaining Voltage (1 ) 
(lC ~ 200 mAde, VBE = I.S Vde) 2NS486, 2N6489 

2N64B7, 2NS490 
2NS48B, 2N6491 

Collector Cutoff Current 
(VCE = 20 Vde, IB = 0) 2NS4BS, 2NS489 
(VCE = 30 Vde, IB = 0) 2N64B7, 2NS490 
(VCE = 40 Vde, IB = 0) 2NS488,2NS491 

Collector Cutoff Current 

(VCE = 46 Vde, VEB(ofl) = 1.5Vdc) 2N648S, 2NS489 
(VCE = 65 Vde, VEB(off) = 1.5 Vde) 2N6487, 2N6490 
(VCE = 85 Vde, VEB(off) = 1.6 Vde) 2NS48B,2NS491 
(VCE = 40 Vdl:, VEB(off) = 1.5 Vde, TC = 150°C) 2NS48S, 2NS489 
(VCE = 60 Vdc, VEB(off) = 1.5 Vde, TC = 150oC) 2N6487, 2NS490 
(VCE = BO VdC:,VEB(off) = 1.5 Vde, TC = 150oC) 2NS48B, 2NS491 

Emitter Cutoff Current 
(VBE = 5.0 Vde,lc = 0) 

ON CHARACTERISTICS 

DC Current Gain 
(lC = 5.0 Ade, VCE = 4.0 Vde) 
(lC = 15 Ade, VCE = 4.0 Vde) 

Coliector·Emitter Saturation Voltage 
(lC = 5.0 Ade, 'B = 0.5 Add 
(lC = 15 Ade, 'B = 5.0 Ade) 

Base·Emitter On Voltage 
(lC = 5.0 Adc, V CE = 4.0 Vde) 
(lC = 15 Ade, VCE = 4.0 Vde) 

DYNAMIC CHARACTERISTICS 

Current Gain - Bandwidth Product (2) 
(lc = 1.0 Adc, VCE = 4.0 Vde, ft.st ~ 1.0 MHz) 

Small-5ignal Current Gain 
(lC ~ 1.0 Ade, VCE = 4.0 Vde, f = 1.0 kHz) 

·'nd,cates JEDEC Reg,stered Dato. 
(1 )Pulse Test: Pulse Width .. 300 )lS, Duty Cyelo .. 2.0%. 
(2)fT = Ihfel 0 f t•st . 

VCEO(sus) 

VCEX 

ICED 

ICeX 

lEBO 

hFE 

VCE(sad 

VBE(on) 

fT 

hfe 

Min Max Unit 

Vde 
40 -
60 -
80 -

Vde 
50 -
70 -
so -

mAde 
- 1.0 
- 1.0 
- 1.0 

)lAde 
- 500 
- 500 
- 500 
- 5.0 mAde 
- 5.0 
- 5.0 

- 1.0 mAde 

-
20 150 
5.0 -

Vde 
- 1.3 
- 3.5 

Vde 
- 1.3 
- 3.5 

5.0 - MHz 

25 - -

FIGURE 2 - SWITCHING TIME TEST CIRCUIT 

vee 
+30 v 

FIGURE 3 - TURN·ON TIME 

Scope 

t r• tf or;;; 10 ns 

Duty Cycle = 1.0% 

61 01 

-4 V 
AS and RC varied to obtain desired current levels. 
For PNP revane 8,11 polaritlel!. 

01 must be fast recovery type, e.g.; 
~B05300used above,le ~ 100 mA 
MSD6100 used below Ie ~ 100 mA 
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There are two limitations on the power handling abilitY of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate Ie-VeE limits of the transistor 
that must be observed for reliable operation; i.e., the transistor 
must not be subjected to greater dissipation than the curves indicate. 

The data of Figure 5 is based on T J(pk I = 15o"C; T c is variable 
depending on conditions. Second breakdown pulse limits are valid 
for duty cycles to 10% provided T J(pkl" 15o"C. TJ(pkl may be 
calculated from the data in Figure 4. At high case temperatures, 
thermal limitations will reduce the power that can be handled to 
values less than the limitations imposed by second breakdown 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

HIGH VOLTAGE NPN SILICON POWER TRANSISTORS 

· .. designed for high voltage inverters, switching regu lators and line
operated amplifier applications. Especially well suited for switching 
power supply applications. 

• High Collector-Emitter Sustaining Voltage -
VCEO(sus) = 250 Vdc (Min) - 2N6497 

= 300 Vdc (Min) - 2N6498 

• Excellent DC Current Gain -
hFE= 1O-75@lIC=2.5Adc 

• Low Collector· Emitter Saturation Voltage @lIC = 2.5 Adc
VCE(satl = 1.0 Vdc(Maxl - 2N6497 

= 1.25 Vdc (Maxi - 2N6498 

*MAXIMUM RATINGS 
-

A_ting Symbol 2N6497 2N6496 

Collector-Emitter Voltage VCEO 250 300 

Collector-Base Voltage VCB 350 400 

Emitter-Base Voltage VEB - 6.0 --Collector Current - Continuous IC - 5.0 --Peak - 10 --Base Current 18 - 2.0 --Total Power Dissipation @TC= 2SoC Po - 60 --Derate above 25°C _0.64 --Operating and Storage Junction 
Temperature Range 

TJ.Tstg -+---65 to +150 ---.. 

THERMAL CHARACTERISTICS 

C ...... _ioti. I Symbol I Mox I 
Thermal Resistance. Junction to Case I RSJC I 1.56 I 
• Indicate. JEDEC Registered Data. 

3-225 

Unit 

Vd. 

Vd. 

Yd. 

Ad. 

Ad. 

Watts 
W/oC 

°c 

Unit 

°C/W 

... .. 
• , .... 
• ... 
C ..., 

" 
'70 ,., 

'" .... 
1.15 ..., ... 
1.15 

2N6497 
2N6498 

5 AMPERE 
POWER TRANSISTORS 

NPNSILICON 

250 It 300 VOLTS 
80 WATTS 

NOlES, 
I. DIMENSfONING AND TOlERANClNG PER ANSI 

Yu.5M,l!1B2. 
2. CONTROLLING DIMENSION: INCH. 
:t DIM Z DEFINES A lONE WHERE AU BODY AND 

LEAD IRRfGIJIARITES ARE ALLOWED. ...... ... .. ... ,.,. 0.570 ..... 
"'" . ... ..... ... "10 ., . 
.73 0.147 STYLE 1: , , PlN1,BA$E 
3. " 

.,,, 
2. COlLECfOR 

.11 3.EMlmR ,. • 4-COLLECTOR 
1. .... 

0.110 02,. 
O.IGO .,,,, 

,>9 ..... 0.110 ,.31 .... ..... ..., • • 1. • .... 
CASE 221A-04 

TO-220AB 

• 



2N6497, 2N6498 

*ELECTRICAL.CHARACT£RISTICS (TC = 25°C unlenotho,wise noted,) 
I . .' . . Cfuo,aote,iltie ' I Symbol 

OFF CHARAcTERISTICS 
CoUector·Emi'tte,. Sustaining Voltage (1) 

(lC = 25, mAde, IB= 0) 2N6497 
2N6498 

Collector Cutoff Current 
(VCE = 3SO VtIC, VBE(off) = 1.5 Vde) 2N6497 
(VCE = 400 Vdc, VBE(off) = 1.5 Vdc) 2N6498 
(VCE = 175 Vdc, VBE(off) = 1.5 Vdc,,T C = l000C) 2N6497 
(VCE = 200 Vdc, VBEloff) = 1.5 Vde, T C = '100°C) 2N6498 

Emitter Cutoff ·Current 
(VBE = 6.0 Vdc, IC = 0) 

ON CHARACTERISTICS 111 

OC Curro;nt G.'in 
(lC - 2.5 Adc, VCE • 10 Vdcl 
(lc = 5.0 Adc, VCE = 10 Vdc) 

Col"cto,~Emitter Saturation Voltage 
(lC = 2.5 Adc, IB = 500 mAde) 2N6497 

2N6498 
(lC = 5.0Adc, IB = 2,OAdc) All Devices 

aa.-Emitter .Saturation Voltage 
(lC - 2.S Adc, IS - SOO mAdc) 
(lC = 5.0Adc, IS = 2.0 Adc) 

DYNAMIC CHARACTERISTICS 

Current-Gain-Bandwidth Product 
(lC = 2SO mAde, VCE = 10 Vdc, 1= 1.0 MHz) 

Output Capac;::itance 
(VCB = 10 Vdc, Ie = 0, I ="00 kHz) 

SWITCHING CHARACTERISTICS 

Ri_Time 
(VCC = 125 Vdc, IC = 2.5 Adc, 181 = 0.5 Adc) 

Storage Time 
(VCC = 125 Vdc, IC = 2.5 Adc,. VBE = 5.0 Vdc, lSI = IB2 = O.S Ade) 

Fall Time 
(VCC= 125Vdc,IC= 2.5Adc,IBl = IB2= 0.5·,Adc) 

"Ind,cates JEDEC Reglste'od Data. 
!!) Pulse Tost: Pulse Width ";300"., Duty Cycle ";2.0%. 

FIGURE 1 :.. SWITCHING TIME TEST CIRCUIT 
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FIGURE 2 - TURN'ON TIME 
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Unit 

Vdc 

mAde 

mAde 

-

Vdc 

Vde 

MHz 

pF 

"s 

"s 

"s 

./ 

V 

I-r-
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2N6497, 2N6498 

FIGURE 3 - THERMAL RESPONSE 
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There are twvo limitations on the power handling ability of a 
transistor: average junction temperature and second breakdown. 
.Safe operating area curves indicate Ie - VeE limits of the transistor 
that m'ult be observed for reliable operation; i.e., the transistor 
must not be subjected to greater dissipation than the cur"es 
indicate. 

The data of Figure 4 i,l based on T C "" 2SoC; T Jtpk) is 
variable depending on power level. Second breakdown pul. limits 
are valid for duty cycle. to 10% provided TJ(pk) ";lso"C. TJ(pk) 
may be calculated from the data in Figure 3. At high case temp
eratures, thermal limitations will reduce the power that can be 
handled to values less than ·the limitations imposed by second 
breakdown. Secon~ breakdown limitations do not derate the same 
as thermal limitations. Allowable current at the voltages shown 
on Figure 4 may be found at any case temperature by using the 
appropriate curve on Figure 6. 

FIGURE 6 - POWER DERATING 
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2N6497, 2N6498 

FIGURE 7 - DC CURRENT GAIN 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

SWITCHMODE SERIES 
NPN SILICON POWER TRANSISTORS 

This device is designed for high-voltage, high-speed, power 
switching inductive circuits where fall time is critical. It is particu
larly suited for 115 and 200 volt line operated SWITCHMODE appli
cations such as: 

• Switching Regulators 

• PWM Inverters and Motor Controls 

• Solenoid and Relay Drivers 

• Deflection Circuits 

Specification Features -
High Temperature Performance Specified for: 

Reversed Biased SOA with Inductive Loads 

Switching Times with Inductive Loads 

Saturation Voltages 

Leakage Currents 

'MAXIMUM RATINGS 

Rlting Symbol-
Collector-Emitter Voltage VCeO(susl 
Collector-Emitter Voltage VCEX(susl 
Collector-Emitter Voltage VCEV 
Emitter Base Voltage VES 
Collector Current - Continuous Ie 

- Peak (11 ICM 
Base Current - Continuous IS 

- Peak (11 ISM 
Emitter Current - Continuous IE 

- Peak (1) IEM 
Total Power Dissipation @ T C '" 2SoC Po 

@TC=I00"C 
Derate above 2SoC 

Operating and Storage Junction T J,T 519 
Temperature Range 

THERMAL CHARACTERISTICS 

C"r.cteristic: Symbol 
Thermal Resistance, Junction to Case R8JC 
Maximum Lead Temperature for Soldering TL 

Purposes: liS" from Case for 5 Seconds 

-I ndicates JEDEC Registered Data 

(11 Pulse Test; Pulse Width = 5 ms, Duty Cycle" 1 0%. 

2N6543 

400 

450 

850 

B.O 
5.0 
10 

5.0 
10 

10 
20 

100 
57.2 
0.57 

-65 to +200 

Max 

1.75 

275 

3-229 

Unit 

Vdc 
Vdc 
Vdc 
Vdc 
Adc 

Adc 

Adc 

Watts 

W/oC 

°c 

Unit 

°C/W 
uC 

2N6543 

5 AMPERE 

NPN SILICON 
POWER TRANSISTOR 

400 VOLTS 
100 WATTS 

Designer's Data for 
"Worst Case" Conditions 

The Designers Data Sheet per· 
mits the design of most circuits 
entirely from the' information pre· 
sented. Limit data - representing 
device characteristics boundaries -
are given to facil itate "worst case" 
design. 

2N6543 

STYlE 1 
PIN 1 BASE 

2. EMITTER 
CASE COllECTOR 

I NOTES: 
I. DIMENSIONS n AND v ARE DATUMS. 
2. [jJ IS SEATING PLANE AND DATUM, 
3. POSITIONAL TOLERANCE fOR 

MOUNTiNG HOLE Q; 

I t 11,"f"""@ I T Iv@1 
FOR LEADS; 

I t 11,"f.,.05I@T I v@1 D@I 
4. OIMENSIONS AND TOLERANCES PER 

ANSIYI4,5,1973. 

CASE 1.Q11 

TO-204AA 

• 
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*ElECTRlcAl CHARACTERISTICS (Tc s 25°C unle. otherwi .. noted.) 

I CMr-.lotic I Symbol Min Unit 

OFF CHARACTERISTICS 111 
Coliector·Emitter Susteining voltage (Tabla 2) VCEO(tus) Vde 

(lC = l00mA, la z 01 400 -
-

CoIlector·Emitter sUsteining Volteg. (Tobl. 2, Figura 12) VCEX(~.) Vde 

(lC ~ 2.6 A, VelOmp z Rated VCEX, TC = l00"c) 450 -
-

(lC = 5.0 Ade, Velamp s Rated VCEO -100 V, 300 -
TC = 100°C) -

Collector Cutoff Current ICEV mAde 

(VCEV z Rated Value, VaE(offl = !.5oVdo) - 0.5 

(VCEV = Rated Volue,VaE(offi = 1.5 Vde, TC" l000 C) - 3.0 

Collector Cutoff Current ICER - 3.0 mAde 

IVCE =oRated VCEV, RaoE = 50 II, TC = l00oC) 

Emitter Cutoff Currant lEaD - 1.0 mAde 
(VEa = 8,0 Vdc, IC • 0) 

SECOND BREAKDOWN 

Second Breakdown Collector Current with base forward biased ISlb 0.2.1 - Ade 
t = l.Os Inon·repetitive) IVCE = l00Vde) (S •• Figure In 

Clamped Inductl .. SOA with base ra .. roe biased RaSOA (S •• Figure 12) 

ON CHARACTERISTICS (11 

DC Current Gain hFE -
(lC = 1.5 Ade, VCE = 2.0 Vde) 12 60 
(lC = 3.0 Ade, VCE • 2.0 Vde) 7.0 35 

Collector-Emitter Saturation Voltage VCElsat) Vde 
(lC = 3.0 Ade, la = 0.6 Ade) - 1.0 
(lC = 5.0 Ade, la = 1.0Ade) - 5.0 
IIC = 3.0Ade, IS = 0.6 Ade, Tc' l00oC) - 2.0 

Base-Emitter Saturation Voltage VSE(sat) Vde 
(lC' 3.0 Ade, la = 0.6 Adci - 1.4 
(lC' 3.0 Ade, la = 0.6 Ade, TC' l000C) - 1.4 

DYNAMIC CHARACTERISTICS 

Current-Gain .- Bandwidth. Product 1r .6.0 28 MHz 
(lC' 200 mAde, VCE • 10 Vde, ftest • 1.0 MHzl 

Output Capacitance Cob 50 200 pF 
(Vca = 10Vde, IE = 0, ftest ' 1.0 MHzl 

SWITCHING CHARACTERISTICS 

Resistive Load (Tabl.2) 

Delay Time 
(VCC . 250 Vde, IC • 3.0 A, 'd - 0.05 ps 

Rise Time 
lal = IS2 - 0.6 A, tp' 1001'S, tr - 0.7 ps 

Storage Time Duty Cycle", 2.0%) ts - 4.0 ps 
Fall Timit tf - 0.8 ps 
I nduetive Lood, Clamped (Tabla 2) Symbol Typ MIX Unit 

Storage Time (lC • 3.0 A(pkl, Velamp = Rated VCEX, t." - 4.0 ps 

Cronovor Time lal • 0.6 A, VSEloffl • 5.0 Vde, TC = l000CI Ie 0,6 - ps 

Fall Tim. tfi - 0.8 pi 

Storage Time (lC - 3.0 Alpkl, Vel amp = Rated VCEX, tsv O.S - ps 

Crossover Time lSI' 0.6 A, VaEloff) =5.0 Vde, TC • 250 CI Ie 0 .. 3 - 1'5 

Fall Tim. tfi 0,2 - ps 

'IndICates JEDEC ReglSter.d Data. 

(1) Pul .. Test: Pul .. Width' 300 "5, Duty Cycle .. 2%. 

3-230 
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DC CHARACTERISTICS 

FIGURE 1 - DC CURRENT GAIN 
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FIGURE 5 - COLLECTOR CUTOFF REGION 
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FIGURE 6 - CAPACITANCE 
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FIGURE 7 - INDUCTIVE SWITCHING MEASUREMENTS 
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TABLE 1 - INDUCTIVE SWITCHING 

PERFORMANCE 

IC TC .... trv tfi tti tc 
(AI °c ,.. ,.. ,.. ,.. ,.. 
1.0 25 0.70 0.22 0.21 0.23 0.66 

100 1.20 0.37 0.19 0.39 0.95 
3.0 25 1.10 0.09 0.12 0.08 0.29 

100 1.80 0.42 0.19 0.40 1.01 
5.0 25 1.10 0.16 0.19 0.11 0.46 

100 1.70 0.45 0.37 0.26 1.08 

Note: All D8t8 Recorded in the Inductive Switching 
Circuit Shown in Table 2. 

SWITCHING TIMES NOTE 

In resistive switching circuits. rise. fall. and storage 
times have been defined 'and apply to both current and 
voltage waveforms since they are in phase. However • 
for inductive loads .which are common to SWITCH MODE 
power supplies and hammer drivers. current and voltage 
waveforms are not in phase. Therefore. separate measure
ments must. be made on each waveform to determine 
the total switching time. For this reason. the following 
new terms have been defined. 

tsv = Voltage Storage Time. 90% IB1 to 10% Vclamp 
trv = Voltage Rise Time. 10-90% Vclamp 
Ifi = Current Fall Time. 90-10% IC 
tti = Current Tail. 10-2% IC 
tc = Crossover Time. 10% Vclamp to 10% IC 

An enlarged portion of the inductive switching waveforms 
is shown in Figure 7 to aid in the .visual identity of these 
terms. 

For the designer. there is minimal switching loss 
during storage .. , time and the predominant switching 
power losses occur during the crossover interval and 
can be obtained using the standard equation from AN·222: 

PSWT = 1/2 VCCIC(tc)f 
In general. trv + tfi '" tc' However. at lower test currents 
this relationship may not be valid. 

As is common with most switching transistors. resistive 
switching is specified at 250 C and has become a bench
mark for designers. However. for designers of high 
frequency converter circuits. the user oriented specifica
tions which make this a "SWITCH MODE" transistor are 
the inductive switching speeds (tc and tsvl which are 
guaranteed at 100oC, 

RESISTIVE SWITCHING PERFORMANCE 
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FIGURE 9 - TURN'()FF TIME 
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TABLE 2 - TEST CONDITIONS FOR DYNAMIC PERFORMANCE 

VCEOI_I VCEX(IUI! AND INDUCTIVE SWITCHING 

D,ive Circuit . In 
.. V ' k 
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The Safe O ..... ating Araa figuras ",,0_ in Fi.,ras " and 12 ... 
_ified ratinge for these devices under the _ condition. ",,0_. 

FIGURE 11 - FORWARO BIAS SAFE OPERATING AREA 
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SAFE OPERATING AREA INFORMATION 

FORWARD BIAS 
There are two limitations on the power handling ability 

of a transistor: average junction temperature and second 
breakdown. Safe operating area curves indicate le-VCE 
limits' of the transistor that must be observed for reliable 
operation; i.e .• the transistor must not be subjected to 
greater dissipation than the curves indicate. 

The data of Figure 11 is based on Te = 250 e; T J( pk) 
is variable. depending on power level. Second breakdown 
pulse limits are valid for duty cycles to 10% but must be 
derated when Te ;;. 250 e. Second breakdown limitations 
do not derate the same as thermal limitations. Allowable 
current at the voltages shown on Figure 11 may be found 
at any case temperature by using the appropriate curve 
on Figure 13. 

T J(pk) may be calculated from the data in Figure 10. 
At· high case temperatures, thermal limitations will reduce 
the power that can be handled to values less than the 
limitations imposed by second breakdown. 

REVERSE BIAS 
For inductive loads, high voltage and high current 

must be sustained simultaneously during turn·off, in 
most cases, with the base to emitter junction reverse 
biased .. Under these conditions the collector voltage 
must be held to a safe level at or below a specific value of 
collector current. This can be accomplished by several 
means such as active clamping, RC snubbing, load line 
shaping, etc. The safe level for these devices is specified 
as Reverse Bias Safe Operating Area and represents the 
voltage·current condition allowable during reverse biased 
turn-off. This rating is verified under clamped conditions 
so that the device is never subjected to an avalanche 
mode, Figure 12 gives the complete RBSOA characteris· 
tics. 



MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

Designers Data Sheet 

SWITCHMODE SERIES 
NPN SILICON POWER TRANSISTOR 

The 2N6545 transistor is designed for high-voltage, high-speed, 
power switching in inductive circuits where fall time is critical. It is 
particularly suited for 115 and 220 volt line operated switch-mode 
applications such as: 

• Switch ing Regulators 

• PWM I nverters and Motor Controls 

• Solenoid and Relay Drivers 

• Deflection Circuits 

Specification Features -
High Temperature Performance Specified for: 

Reversed Biased SOA with Inductive Loads 

Switching Times with Inductive Loads 

Saturation Voltages 

Leakage Currents 

"MAXIMUM RATINGS 

Rating Symbol 
Collector-Emitter Voltage VCEO(,us) 
Collector-Emitter Voltage VCEX(sus) 
Collector-Emitter Voltage VCEV 
Emitter Base Voltage VEB 
Collector Current - Continuous Ie 

- Peak 111 ICM 
Base Current - Continuous IB 

- Peak (1) IBM 
Emitter Current - Continuous IE 

-Peak (1) IEM 
Total Power Dissipation @ TC = 2SoC PD 

@TC= 1000C 
Derate above 25°C 

Operating and Storage Junction TJ,Tstg 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol 
Thermal Resistance, Junction to Case ROJC 
Maximum Lead Temperature for Soldering TL 

Purposes: 1/8" from Ca~e for 5 Seconds 

"Indicates JEDEC Registered Data 

(1) Pulse Test: Pulse Width = 5 ms, Duty Cycle .. 10%. 

2N6645 Unit 

'400 Vdc 
450 Vdc 

850 Vdc 

9.0 Vdc 

8.0 Adc 
16 
8.0 Adc 
16 

16 Adc 
32 

125 Watts 
71.5 
0.714 W/oC 

-65 to +200 °c 

Ma~ Unit 

1.4 °C/W 

275 °c 
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2N6545 

8 AMPERE 
NPN SILICON 

POWER TRANSISTOR 

400 VOLTS 
125 WATTS 

Designer's Data for 
"Worst Case" Conditions 

The Designers Data Sheet per
mits the design of most circuits 
entirely from the information pre

sented. Limit data - representing 

device 'characteristics boundaries -
are given to faci) itate "worst case" 

design. 

STYLE 1 
PIN I. BASE 

2. EMITTER 
CASE COLLECTOR 

NOTES 

u 

I. DIMENSIONS 0. AND V ARE DATUMS. 
2 []J ISSEATING PLANE AND DATUM. 
3. POSITIONAL TOLERANCE FOR 

MOUNTING HOLE 0: 

[ .[1.1310.00518 [T [v8 I 
FOR LEAOS. 

I • [1.131O.00518 T [v8[ 08[ 
4. DIMENSIONS AND TOLERANCES PER 

ANSI YI4.5, 1973. 

DIM 
A 

• 
C 
D 
E 
F 
G 
H 
J 
K 
Q 

R 
U 

INCHES 
MIN MAX 

1.550 
0.80 
0.300 
0.(143 

0.05 0.070 
1.187BSC 
O.430BSC 
0.215BSC 
0.6658SC 

0.4400.480. 
0.150 0.165 

1.050. 
0.190 0..210. 
0.150 0.165 

CASE 1.05 
TO-204AA 

• 
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*ELECTRICAL CHARACTER ISTICS (T C = 25°C unless otherwise noted.) 

I Chlrlctorilli. I Symbol 

OFF CHARACTERISTICS (1) 

COllector-Emitter Sustaining Voltage 
(lC=loomA,IB~O) 2N6545 

COllector-Emitter Sustaining Voltage 
(lC = 4.5 A, Velamp = Rated VCEX, TC = 100°C) 

(Ie = B.O A, Vel amp = Rated VCEO -100 V, 
TC = 100°C) 

Collector Cutoff Current 

(VCEV = Rated Velue, VBE(off) = 1.5 Vde) 
(VCEV = Rated Value, VBE(off) = 1.5 Vde, TC = 100°C) 

Collector Cutoff Current 

(VCE = Rated VCEV, RBE = 50 n, TC = 100°C) 

Emitter Cutoff Current 
(VEB = 9.0 We, IC = 0) 

. SECOND BREAKDOWN 
Second Breakdown Collector Current with base forward biased 

t = 1.0 s (non·repetitive) (VCE = 100 Vde) 

ON CHARACTERISTICS 1 ( ) 

DC Current Gain 
(lC = 2.5 Ade, VCE = 3.0 Vde) 
(I C = 5.0 Ade, V CE = 3.0 Vde) 

Collector·Emitter Saturation Voltage 
(lC = 5.0 Ade, IB = 1.0 Ade) 
(.IC = 8.0 Ade, IB = 2.0 Adc) 
(lC = 5.0 Ade, IB = 1.0 Ade, TC = lCOOC) 

Base-Emitter Saturation Voltage 
(lC = 5.0 Ade,IB = 1.0 Ade) 
(lC = 5.0 Ade, IB = 1.0 Ade, TC = lCOOC) 

DYNAMIC CHARACTERISTICS 

Current-Gain - Bandwidth Product 
(lC = 3OOmAde, VCE = 10 Vde, ftest = 1.0 MHz) 

Output Cap!!Citanee 
(VCB = 10Vde,IE = 0, ftest = 1.0 MHz) 

SWITCHING CHARACTERISTICS 

Resistive Loao 
Delay Time 

(V CC = 250 Vde, IC = 5.0 A, 
Rise Time IBI = IB2= 1.0A,tp = 1001'S, 
Slorage Time Duty Cycle" 2.0%) 
Fall Time 
I nduelive Load, Clamped 

Storage Time I (lC - 5.0 A(pk), Velamp = Rated VCEX, 

Fall Time I IBI = 1.0 A, VBE(off) = 5.0 \ide, TC = l000C) 

Storage Time (lC= 6.0A(pk), Vel amp = Rated VCEX, 

Fall Time IBI = LOA, VBE(off) = 5.0Vde, Te= 25°C) 

"Indicates JEPEC Regis~ered DatI. 

(1) Pulse Test:. Pulse Width = 300 jl" Duty Cycle" 2%. 
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VCEO(sus) 

VCEX(sus) 

ICEV 

ICER 

lEBO 

hFE 

VCE(sat) 

VBE(sat) 

tr 

Cob 

tel 
tr 

Is 
tf 

I ts 

~ tf 

ts 

I tf 

Min Max Unit 

Vde 

400 -
Vde 

450 -

300 -

mAde 
- 0.5 
- 2.5 

- 3.0 mAde 

- 1.0 mAde 

-
12 60 
7.0 35 

Vde 
- 1.5 
- 5.0 
- 2.5 

Vde 
- 1.6 
- 1.6 

6.0 28 MHz 

75 300 pF 

- 0.05 jlS 

- 1.0 jlS 

- 4.0 I'.s 

- 1.0 jlS 

I - 4.0 I jlS 

I - 0.9 I I'S 
Typical 

1.2 jlS 

I 0.18 I'S 
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DC CHARACTERISTICS 

FIGURE 1 - DC CURRENT GAIN 
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FIGURE 7 - FORWARD BIAS SAFE OPERATING AREA 
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There are two limitations on the power handling ability 
of a transistor: average junction temperature and second 
breakdown. Safe operating area curves indicate IC-V CE 
limits of the transistor that· must be observed for reliable 
operation; i.e., the transistor must not be subjected to 
greater dissipation than the curves indicate. 

The data of Figure 7 is based on TC = 250 C; TJ(pk) 
is variable depending on power level. Second breakdown 
pulse limits are valid for duty cycles to 10% but must be 
derated when TC ;;;. 250 C. Second breakdown limitations 
do not derate the same as thermal limitations. Allowable 
current at the voltages shown on I Figure 7. may be found 
at any case temperature by using the appropriate curve on 
Figure '·91. 

T J(pk) may be calculated from the data in Figure 10. 
At high case temperatures, thermal limitations will reduce 
the power that can be handled to values less than the limi
tations imposed by second breakdown, The reverse biased 
safe operating area (Figure 8) is the boundary the load line 
may traverse curing turn-off, 

FIGURE 10 - THERMAL RESPONSE 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

De~igners Data Sheet 

SWITCHMODE SERIES 
NPN SILICON POWER TRANSISTORS 

The 2N6546 and 2N6547 transistors are designed for high-voltage, 
high-speed, power switching in inductive circuits where fall time is 
critical. They are particularly suited for 115 and 220 volt line op
erated switch-mode applications such as: 

• Switching Regulators 

• PWM Inverters and Motor Controls 

• Solenoid and Relay Drivers 

• Deflection Circuits 

Specification Features -
High Temperature Performance Specified for: 

Reversed Biased SOA with Inductive Loads 

Switching Times with Inductive Loads 

Saturation Voltages 

Leakage Currents 

*MAXIMUM RATINGS 

Rating Symbol 
Collector-Emitter Voltage VCEO(susi 
COllector-Emitter Voltage VCEX(susi 
Collector-Emitter Voltage VCEV 
Emitter Base Voltage VEB 
Collector Current - Continuous IC 

-Peak (11 ICM 
Base Current - Continuous IB 

-Peak (11 IBM 
Emitter Current - Continuous IE 

- Peak (1) IEM 
Total Power Dissipation @ T C = 25°C Po 

@TC= 1000C 
Derate above 25°C 

Operating and Storage Junction TJ.T stg 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol 
Thermal Resistance, Junction to Case R8JC 
Maximum Lead Temperature for Soldering Tl 

Purposes: 1/8" from Case for 5 Seconds 

*Indicates JEOEC Registered Data 
(1) Pulse Test: Pulse Width = 5,0 ms, Outy Cvcle';;; 10%, 

2N6546 2N6647 

300 400 

350 450 

650 850 
9.0 

15 
30 
10 
20 
25 
50 

175 
100 
1.0 

-65 to +200 

Max 

1.0 
275 

3-239 

Unit 

Vdc 
Vdc 

Vdc 
Vdc 
Adc 

Adc 

Adc 

Watts 

W/oC 

°c 

Unit 

°C/W 
·oC 

2N6546 
2N6547 

15 AMPERE 
NPN SILICON 

POWER TRANSISTORS 

300 and 400 VOL TS 
175 WATTS 

Designer's Data for 
"Worst Case" Conditions 

The Designers Data Sheet per
mits the design of. most circuits 
entirely from the information pre

sented. Limit data - representing 

device characteristics boundaries -

are given to facil itate "worst case" 

design_ 

~L~"~' 
:r; 

D K 
-- I 

STYLE I 
'INI. WI 

~ Elilnu 
CAlE COLLECTOR 

Q 

NOTES: 
I. DIMENSIONS DAND V ARE OATUMS. 
2. m IS SEATING PLANE ANO DATUM. 
3. POSITIONAL TOLERANCE FOR ' 

MOUNTING HOLE Q: 

I • 1'·1310.0051e 11 Ive I 
FOR LEADS: 

I .1'·1310.oo5le1 I vel Qel 
4. DIMENSIONS AND TOLERANCES PEA 

ANSI YI4.5.1973. 

DIM 
A 

• C 
Q 

E 
F 

• H 
J 

• • • U 
V 

MILLIMETERS INCHES 
MIN MA. MI. MA' 
- 39.37 1.550 
- 21.08 
6.3 7.62 0.250 O.lOO 
0.91 1.09 0.038 0.043 
I.' 1. O. 0 
lOl5BSC 1.1 785 
IO.928SC 0.4308SC 
5.46BSC a.2IS8SC 

IS.89Bse a.S65BSC 
11.18 12.19 a.44 0.48 
3.81 '.1 0.150 0.165 

26.67 - 1 
4.83 5.l3 0.190 0.210. 
3.81 4.19 0.150 0.165 

CASE 1-05 
TO-204AA 

• 



2N6546,2N6647 

·ELECTRICAL CHARACTERISTICS (Tc = 25°C unleoo otherwioenoted.l 

I Che'oct.'illi. I Symbol 
OFF CHARACTERISTICS (1) 

Collector-Emitter SU$'t8ining Voltage 
IIC = l00mA, IB = 0) 2N6546 

2N6547 

Collector-Emitter Sustaining Voltage 

IIC = S.O A, Vclamp = Rated VCEX, TC = 100°C) 2N6546 

~ ~ 
2N6547 

IIC = 15 A, V clamp = Rated VCE<;l -100 V, 2N6546 
TC = 100°C) 2N6547 

Collector Cutoff Current 

(VCEV = Rated Value, VBElo") = 1.5 Vdc) 
IVCEV = Rated Value, VBEloff) = 1.5 Vdc, TC = 100°C) 

Collector Cu,toff Current 

IVCE = Rated VCEV, RSE = 50 n, TC = 100°C) 

Emitter Cutoff Current 
(VEB = 9.0 We, IC = 0) 

SECOND BREAKDOWN -

Second Breakdown Collector Current with ba,~e. forward biased 

t = 1.0 s (non-repetitive) (VCE = 100 Vdc) 

ON CHARACTERISTICS 11) 

DC Current Gain 
IIC,= 5.0 Adc, VCE= 2.0 Vdc) 
IIc= 10 Adc, VCE = 2.0Vdc) 

COllector-Emitter Saturation Voltage 
IIC = 10 Ade, IB = 2.0,Ade) 
IIC = 15 Ade, IB = 3.0' Adcl 
IIC = 10 Ade; IS = 2.0 Ade, TC = 100°C) 

Base-Emitter Saturation Voltage 

IIC = 10 Ade, IB = 2.0 Ade) 
IIC ~ 10 Ade, IB = 2.0 Ade, TC = l00Dc 

DYNAMI'C CHARACTERISTICS 

Current-Gain - Bandwidth Product 

IIC = 500 mAde, VC;E = 10 Vde, 'test = 1.0 MHz) " 

Output Capacitance 
(Ves = 10 Vde, I,E • 0, 'test = 1.0 MHz) 

SWITCHING CHARACTERISTICS 

Resistive Load 

Deley Time 
(VCC = 250 V, IC = 10 A, 

Rise Time 
-, 

IBI = IB2 = 2.0 A, tp= l00lls; 
Storage Tinie Duty Cycle" 2.0%) 
Fall Time 
Inductive Lo8d, Clamped 

Storage Time 1 (lc~ 10"':lpk), Velamp = RatedVCEX,IBl =2.0A, 

Fall Time I . VBe'(off) = 5.0 Vde, T C = 100°C) 
.. 

Storage Time (lc = 10 A(pk), Velamp = RatedVCE'x,IBl =2.0 A, 

Fall Time VBElo'() = 5:0 Vde, TC = 25°C) 

-I ndicates JEDEC Registered Dat8. 
(1) Puse Test: Pulse Width = ,300 "s, Duty Cycle =, 2%. 

I 
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VCi:O(suo) 

VCEX(ouo) 

ICEV 

ICER 

lEBO 

hFE 

VCE(sat) 

VBE(sat) 

IT 

"ob 

'd 
tr 

ts 

t, 

ts 

t, 

ts 

t, 

Min Max Unit 

, Vdc 
300 -
400 -

Vdc 
350 -
450 -
200 -
300 -

mAde 
- 1.0 
- 4.0 

- ,5.0 mAde 

- 1.0 mAde 

-
12 60 
6.0 30 

Vdc 
- 1.5 
- 5.0 
- 2.5 

Vdc 

- 1.6 
- 1.6 

" . 
6.0 2S MHz 

1~5 ~Ou p 

- 0.05 ,lS 
- 1.0 IlS 

4.U IlS 

0.7 IlS 

- 5.0 IlS 

I 1.5 IlS 

Typical 

2.0 IlS 

I 0.09 '. IlS 



2N6546,2N6547 

TYPICAL ELECTRICAL CHARACTERISTICS 

FIGURE 1 - DC CURRENT GAIN 
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MAXIMUM·RATED SAFE OPERATING AREAS 

FIGURE 7 - FORWARD BIAS SAFE OPERATING AREA 
FIGURE 8 - REVERSE BIAS SAFE 

OPERAT.ING AREA 
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There are two limitations on the power handling ability 
of a transistor: average junction temperature and second 
breakdown. Safe operating area curves indicate IC-VCE 
limitS of the transistor that must be observed for reliable 
operation; i.e., the transistor must not be subjected to 
greater dissipation than the curves indicate. 

The data of Figure 7 is based on TC =2So C; TJ(pk) 
is variable depending on power level.· Second breakdown 
pulle limits are valid for duty 'cycles to 10% but must be 
derated when TC;;' 250 C. Second breakdown limitations 
do not derate the same as thermal limitations. Allowable 
current at the voltages shown on Figure 7 may be found 
at any case temperature by using the appropriate curve on 
Figure 9 .. 

T J(pk) may be calculated from the data in Figure 10. 
At high case temperatures, thermal limitations will reduce 
the power that can be handled to values less than the 
limitations imposed by second breakdown. 

;;; FIGURE 10 - THERMAL RESPONSE 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

NPN SILICON POWER DARLINGTON TRANSISTORS 

General-purpose EpiBase power Darlington transistors, suitable for 
linear and switching applications. 

• Replacement for 2N3055 and Driver 

• High Gain Darlington Performance 

• Built·ln Diode Protection for Reverse Polarity Protection 

• Can Be Driven from Low·Level Logic 

• Popular Voltage Range 

• Operating Range - -65 to +200oC 

"MAXIMUM RATINGS 
Rating Svmbol 2N657S12N6577 12N6678 

Collector-Emitter Voltage VCEOIsusl 60 I 90 I 120 
Collector-Base Voltage VCB 60 I 90 I 120 

Emitter-Base Voltage VER .. 7.0_ 

Collector Current Continuous IC .. 15 .. 
Peak .. 30 .. 

Base Current - Continuous 18 .. 0.25-
- Peak 4------- 0.50 ~ 

Emitter Current - Continuous IE .. 15.25-
- Peak _30.5_ 

Total Power Dissipation @ T C = 2SoC PD .. 120-
Derate above 25°C -0.685-

Operating and Storage Junction T J.T sty 4-- -65 to +200 ~ 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Svmbol Max Unit 

Unit 

Vdc 
Vdc 
Vdc 
Adc 

Adc 

Adc 

Watts 
W/oC 

°c 

Thermal Resistance, Junction to Case R8JC 1.46 °C/W 
Maximum Lead Temperature for Soldering TL 265 °c 

Purposes: 1/16" from Case for 1 Os. 

*Indicates JEDEC Registered Data 

DARLINGTON SCHEMATIC 

Collector 

8 ... 

Emitter 
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STYLE I: 

2N6576 
2N6577 
2N6578 

15 AMPERE 
POWER TRANSISTORS 

NPN SILICON 
DARLINGTON 

60. 90, 120 VOLTS 
120 WATTS 

L~"~' 
le K 

SEATING 0 1 
PLANE 

PIN 1. BASE 
2. EMITTER 

. CASE: COLLECTOR 

a 

DIM 

A 
I 
C 
D 
E 
F 
G 
H 
j 

K 
Q 
R 

MilliMETERS INCHES 
MIN MAX MIN 

- 139.37 -
- 2223 
6.35 11.43 11.250 
0.97 1.119 0.038 
- 3.43 

29 0 30.40 1.171 
10.87 11.18 .420 
5.21 S.72 0.205 

18.84 17.15 . 855 
11.18 12J~ 
3.84 .4.119 .151 
- 26.87 -
CASE 11·03 

TO·3 

MAX 

1.550 
0.87S 
0.450 
0.1143 
.136 

1.197 
0.440 
0.225 
O • 

.11 
1.50 

• 



2N6576, 2N6577, 2N6578 

*ELECTRICAL CHARACTERISTICS (TC' 25°C unle .. otherwise noted.) 

" Min Unit 

OFF CHARACTERISTICS 

Collector-Emitter SUltaining Voltage( 11 VCEO(.u.1 Vdi: 
(lC = 200 mAde, Ie a 01 2N6576 60 -

2N6577 90 -
2N6578 120 -

Collector Cutoff Current ICEO - 1.0 mAde 
(VCE = Rated Valuel 

Collector Cutoff Current ICER - 5,0 mAde 
(VCER = Rated VCEO(.u.1 Value, ReE= 10 kn, TC = 1500 CI 

Collector Cutoff Current ICEV - 5,0 mAde 
VCEX = Rated VCEO(.u.1 Value, VeE(offl = 1.5 Vdel 

Collector Cutoff Current Iceo - 0,5 mAde 
(Vce' Rated Valuel 

ON CHARACTERISTICS 

toe Current Gain hFE -
(lC' 15 Adc, VeE = 4,0 Vdcl 100 -
(Ie = 10 Adc, VCE = 3,0 Vdol 500 5,000 

(Ie = 4,0 Ado, VCE = 3,0 Vdcl 2000 20,000 

(Ie = OA Ado, VCE = 3,0 Vdcl ' 200 -
lColiector-Emitter Saturatio!" Voltage VCE(sa" Vdc 

. (Ie = 15 Ado, Ie = 0,15 Adcl - 4,0 
He = 10 Ado, IB = 0,1 Adcl - 2,S 

Base-Emitter Saturation Voltage veE (sail Vdc 
(Ie = 15 Adc,ls = 0,15 Adol - 4,5 
IIC= 10Adc,le=0,1 Adol - 3.5 

Collector-Emitter Diode Voltage" Drop V F - 4,5 Vde 
(lEC = 15 Adcl 

DYNAMIC CHARACTERISTICS 

Magnitude of Commo.n-Emitter Small·Signal Short-Circuit Current Transfer Ratio 
(Ie = 3.0 Ade, VCE = 3.0 Vdc, f = 1,0 MHzl 

SWITCHING CHARACTERISTICS 
RESISTIVE LOAD (Figure 21 

Delay Time (VCC = 30 Vdc; Ie = 10 Adc, IBI = 0.1 Adc, 

Rise Time tp = 300 "s, Duty Cycle .. 2.0%1 

Storage Time (VCC = 30 Vdo,lC = 10 Adc, leI = I.B2 = 0.1 Adc, 

Fall Time tp = 300 "s, Duty Cycle .. 2.0%1 

-Indicates JEDEC Registered Data 
(11 Pulse test: Pulse Width .. 300"., Duty Cycle .. 2.0%. 

4lI 

20 
i: 
~ 10 

0 

0 

~ 5. 

a 2. 

'" 

FIGURE 1 - RATED FORWARD elASED 

SAFE-OPERATING AREA 

~ .- ~, .. , 'r-... ..... 

de 

" TJ" 2000C ....... 
_.- Bonding Wire limit 
E- - Thermal Limit, Single Pulse, TC '" 25°C ~ ::0 5 -- Second Breakdown limit 

8 
~ o. 

o. 
0.0 

2 

1 

5 

2N6576 
2N6577 -2N6578 

! 
100",-~ 

1.0m~--t--

1.om.", 

1\ 

2.0 5.0 10 20 4lI 60 100 150 

VCE. COLLECTOR·EMITTER VOLTAGE (VOLTS) 
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td - 0.15 '" 
tr - 1.0 ". 
t. - 2.0 "s 

tf 7.0 "s 

There are ~o limitations on the power handling ability of 
a transistor: average junction temperpture and second breakdown. 
Safe operating area curves indicate Ie-VeE limits of the transis· 
tor that must be obServed for reliable operation; i.e., the transistor 
must not be subjected to greater dissipation than the curves 
indicate. 

The data of Figure 1 is based on TC = 250 C; T J(pkl is variable 
depending on power level. Second breakdown pulse limits are 
valid for duty cycles to 10%. 

T J(pkl may be calculated from the data in Figure 6. At high 
case temperatures thermal limitations will reduce the power that 
can be handled to values less than the limitations imposed by 
second breakdown. 



2N6576,2N6577,2N6578 
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, MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

Darlington Silicon 
Power Transistors 
· . " designed for general-purpose amplifier and low speed switching applications. 

• High DC Current Gain - hFE = 3500 (Typ) @ IC = 4 Adc 
• Collector-Emitter Sustaining Voltage - @ 200 mAdc 

VCEO(sus) = 60 Vdc (Min) - 2N6667 
= 80 Vdc (Min) - 2N6668 

• Low Collector-Emitter Saturation Voltage - VCE(sat) = 2 Vdc (Max) @ IC = 5 Adc 
• Monolithic Construction with Built-In Base-Emitter Shunt Resistors 
• TO-220AB Compact Package 
• Complementary to 2N6387, 2N6388 

BASE 

COLLECTOR 

---, 
,.....--~~., I 

I 
I 
I 
I 
I 
I 
I 

__ .J 

EMITIER 

Figure 1. Darlington Schematic 

*MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 
-Peak 

Base Current 

Total Device Dissipation @ TC = 25°C 
Derate above 25°C 

Total Device Dissipation @ T A = 25°C 
Derate above 25°C 

Operating and Storage Junction Temperature Range 

THERMAL CHARACTERISTICS 

Characteristics 

Thermal Resistance, Junction to Case 

Thermal Resistance, Junction to Ambient 

* Indicates JEDEC Registered Data 

3-246 

Symbol 

VCEO 

VCB 

VEB 

IC 

IB 

Po 

Po 

TJ, Tstg 

Symbol 

R8JC 

ReJA 

2N6667 
2N6668 

PNP SILICON 

DARLINGTON 
POWER TRANSISTORS 

10 AMPERES 
60-80 VOLTS 

65 WATTS 

CASE 221A-04 
TO-220AB 

2N6667 2N6668 Unit 

60 80 Vdc 

60 80 Vdc 

5 Vdc 

10 Adc 
15 

250 mAde 

65 watts 
0.52 wrc 

2 Watts 
0.Q16 wrc 

-65 to + 150 °c 

Max Unit 

1.92 °CIW 

62.5 °CIW 

• 



2N6667, 2N6668 

-ELECTRICAL CHARACTERISnCS (TC = 25'C unless otherwise noted) 

I Characteristic 

OFF CHARACTERISllCS 

Collector-Emitter Sustaining Voltage (1) 2N6667 
(lC = 200 mAdc, IB = 0) 2N6668 

Collector Cutoff Current (VCE = 60 Vdc, IB = 0) 2N6667 
(VCE = SO Vdc, IB = 0) 2N6668 

Collector Cutoff Current 
(VCE = 60 Vdc, VEB(off) = 1.5 Vdc) 2N6667 
(VCE = 80 Vdc, VE8(off) = 1.5 Vdc) 2N6668 
(VCE = 60 Vdc, VEB(off) = 1.5 Vdc, TC = 125'C) 2N6667 
(VCE = 80 Vdc, VEB(off) = 1.5 Vdc, TC = 125'C) 2N666S 

Emitter Cutoff Current (VBE = 5 Vdc, IC = 0) 

ON CHARACTERISTICS (1) 

DC Current Gain (lC = 5 Adc, VCE = 3 Vdc) 
(lc = 10 Adc, VCE = 3 Vdc) 

Collector-Emitter· Saturation Voltage (lC = 5 Adc. IB = 0.01 Adc) 
(lC = 10 Adc, Ie = 0.1 Adc) 

ease-Emitter Saturation Voltage (lC = 5 Adc, Ie = 0,01 Adc) 
(lC = 10 Adc, Ie = 0.1 Adc) 

DYNAMIC CHARACTERISTICS 

Small-Signal Current Gain (lC = 1 Adc, VCE = 5 Vdc, ftest = 1 MHz) 

Output Capacitance (Vce = 10 Vdc, IE = 0, f = 1 MHz) 

Small-Signal Current Gain (lC = 1 Adc, VCE = 5 Vdc, f = 1 kHz) 

• Indicates JEDEC Registered Data 
(11 Pulse Test: Pulse Width .. 300 ,.B. Duty Cycle'" 2%. 

RB & lie VARIED TO OBTAIN DESIRED CURRENT LEVELS 
D" MUST BE FAST RECOVERY TYPES •. e.g. 

V2 

Symbol 

VCEO(sus) 

ICEO 

ICEX 

lEBO 

hFE 

VCE(sat) 

VeE(sat) 

Ihfel 

Cob 

hfe 

MBD5300 USED ABOVE IB = 100 mA 
MSD6100 USED BELOW 18 = 100 mA 

FOR Id AND Ir' D, IS DISCONNECTED AND V2 = 0 

Ir• If '" 10 ns 

~:~O:-d-~-----__ ]~ 51 

V, 
APPROX --

TA TC 
4 80 

S 3 60 
~ 

~ 
if m 2 40 
is 

~ _ 1 2 0 

DUTY CYCLE = 1% 

"-
~ 

~C 
................... 

TA----

-12V I I 25,.s 

Figure 2. Switching Times Test Circuit 
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~ ;:::: O. 

1 
7 
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O • 

O. 

O. 

3 

2 

1 
--

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

-If 

Min Max 

60 -
so -

- 1 
- 1 

- 300 
- 300 
- 3 
- 3 

- 5 

1000 20000 
100 -

- 2 
- 3 

- 2.S 
- 4.5 

20 -
- 200 

1000 -

VCC JOV 
IdlB 250 
IBl IB2 
TJ = 25'C 

Is 

Id 

o 
o 20 40 60 80 100 

T, TEMPERATURE ('C) 
120 140 160 0.1 0.2 0.3 0.5 0.7 1 2 3 

IC, COLLECTOR CURRENT (AMPS) 

Unit 

Vdc 

mAdc 

pAdc 

mAdc 

mAdc 

VCC 
-JOV 

-

Vdc 

Vdc 

-
pF 

-

Figure 3. Power Derating Figure 4. Typical Switching TImes 
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2N6667, 2N6668 

1."." __ w~ 0.5 D 0.5 

f; ~_ 0:3 
..., 02 ...:-~~ lt~O.2 . r-- __ :::;;;oo-

:;: <i! 0.1 c.- P(pk) 
~ il!!w 0.1 ~ t Z8JC(i) = r(l) R8JC 
:Iii j!: f-- 0.05 ON 
~ ~ JUl' R"'C = 1.92°C/W MAX 
!!5 !Z 0.05 D CURVES APPLY FOR POWER 
~ III 0.03 r-- 0.02.,.... --I 1111-2 - I PULSE TRA1N SHOWN 
-r Z f-- --l READ TIME ATtl 

~IO.02I-=:foot::::-j;,-""""'+-+-+++t--+--+-HI-+++++I--t-+--+-H DUTY CYCLE. D = 11~2 TJ(pk) - TC = P(pk) R8JC(I) 
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0.01 0.02 0.05 0.1 0.2 0.5 2 5 10 20 50 100 200 5IlO 1000 
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Figure 5. Thermal Response 
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~ 
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TJ = 150°C 2N6667 

f--- - -- BONDING WIRE LIMIT- _2~6666 
f= -------THERMALLlMIT@TC=25°C 

- 0,05 ~ , SECOND BREAKDOWN LIMIT 
0.03 
0,021 

~UR~E~ ~prLil BELO~ ~TED VfEO 

2 3 5 7 10 20 30 50 70 100 
VCE, COLLECTOR·EMITTER VOLTAGE IVOLTS) 

There are two limitations on the power handling Ilbility 
of a transistor: average junction tel]1perature and second 
breakdown. Safe operating area curves, indicate IC-VCE 
limits of the transistor that must be observed for reliable 
operation; i.e., the transistor must not be subjected to 
greater dissipation than the curves indicate. 

The data of Figure 6 is based on TJ(pk) = 150°C; TC 
is variable depending on conditions. Second breakdown 
pulse limits are valid for duty cycles to 10% provided 
TJ(pk) < 150·C. TJ(pk) may be calculated from the data 
in Figure 5. At high case temperatures, thermal limita
tions will reduce the power that can be handled to values 
less than the limitations imposed by second breakdown. 

Figure 6. Maximum Safe Operating Area 
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Figure 7. Typical Small-Signal Current Gain 

3-248 

I 
TJ - 25"C 

Cib f:::- I ....... Cob 

0,5 1 2 5 10 20 50 100 
VR, REVERSE VOLTAGE IVOLTS) 

'Figure 8. Typical Capacitance 



2N6667, 2N6668 
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Figure 9. Typical DC Current Gain 
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Figure 11. Typical "On" Voltages 
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Figure 13. Typical Collector Cut-Off Region 
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Figure 10. Typical Collector Saturation Region 
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Figure 12. Typical Temperature Coefficients 

OUTLINE DIMENSIONS 

U· L' ':tf:"" STYLE 1: 

:r..~ ~N 1. BASE d!---f .J 
2. COLLECTOR 
3. EMITTER 
~ COLLECTOR 

r:r= K L 
z ~-: ~ X: INCIE 

•• MW MAX 

• 15.75 0.510 0.620 

G- t.D 
B 10.28 0" 
C 4,07 .. " 0.160 0.190 

f- D 0.64 0.88 0.025 0.035 _N_ 
F '61 3.73 .142 0.147 
G 2.42 2. ao. 0.1 
H 2." 3.93 0"0 O.1S5 

NOTES: J 0.36 0.55 0.014 0.022 

1. DIMENSIONING AND TOLERANCING PER ANSI K 12.70 14.21 0.500 0.562 

Y14.5M.1982. 
L 1.15 I .... 0.'" 
N '" .. 0.190 0.210 

2. CONTROLLING DIMENSION: INCH. Q ". '04 0.100 0.120 

3. DlM Z DEFINES A ZONE WHERE AlL BODY AND R 2.04 2.1' o.oao 0.110 

LEAD IRREGUlARITIES ARE AlLOWED. s 1.15 t. .045 0." 
T ." 6.47 0.235 o. 

CASE 221A-04 
u 000 1.27 0." DO"~ 
Y 1.15 0.045 -

TO-220AB z - 2. ,. 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

NPN Silicon 
Power Transistors 

, , ' 

The 2N6676, 2N6677, 2N6678, MJH6676,'MJH6677, and MJH6678 transistors are 
designed for high voltage switching applications such as: 

e Off-line Supplies 
eConverter Circuits 
e Pulse Width Modulated Regulators' 

Specification Features -
High Voltage Capability 
Fast Switching Speeds' 
Low Saturation Voltages 
High SOA Ratings 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Emitter Voltage 

Collector-Emitter Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 
-Peak 

Base Current - Continuous 

Maximum Lead Temperature At 
Distance> 1/16 in. (1.58 mm) 
from seating plane for 10 s max 

MAXIMUM THERMAL RATINGS 

Rating 
. 

Thermal Resistance Junction to Case 

POWer Dissipation TC = 25°C 
Derate above 25°C 

Operating and Storage Junction 

Symbol 

VCEV 

VCEX 

VCEO 

VEBO 

IC 
ICM 

IB 

Symbol 

R8JC 

PT 

TJ, Tstg 

2N6676 2N6677 2N6678 
MJH6676 MJH6677 MJH6678 

450 550 650 

350 400 450 

300 350 400 

8 

15 
20 

5 

235 

2N6676 MJH6676 
2N6677 MJH6677 
2N667S MJH6678 

1 

175 125 
1 1 

-65 to +200 -65 to +150 

3-250 

Unit 

Vdc 

Vdc 

Vdc 

Vdc 

Adc 

Adc 

°c 

Unit 

°CIW 

Watts 
wrc 

°C 

2N6676 
2N6677 
2N6678 

MJH6676 
MJH6677 
MJH6678 

NPN SILICON 

POWER TRANSISTORS 

15 AMPERES 
300, 350,400 VOLTS 
125 end 175 WATTS 

CASE 1-05, 
TO-204AA 

2N6676 
2N6677 
2N667S 

CASE 340-01 
TO-218AC 
MJH6676 
MJH6677 
MJH6678 



2N6676,2N6677,2N6678 
MJH6676, MJH6677, MJH6678 

ELECTRICAL CHARACTERISTICS (TC = 25·C unless otherwise noted.) 

I Characteristic 

OFF CHARACTERISTICS 

Collector Cutoff Current 
(VCE = Rated VCEV. VBE(off) = 1.5 Vdc) 
(VCE = Rated VCEV. VBE(off) = 1.5 Vdc. 
TC = l00·C) 

Emitter Cutoff Current 
(VEB = 8 Vdc. IC = 0) 

Collector-Emitter Sustaining Voltage 2N6676. MJH6676 
(lC = 200 mAo IB = 0) 2N6677. MJH6677 

2N6678. MJH6678 

Collector-Emitter Sustaining Voltage 2N6676. MJH6676 
(lC = 15 A. VCE(pk) = Vclamp = Rated VCEX) 2N6677. MJH6677 

2N6678. MJH6678 

SECOND BREAKDOWN 

Second Breakdown Collector with Base Forward Biased 

Clamped Inductive SOA with Base Reverse Biased 

ON CHARACTERISTICS 

DC Current Gain (lC = 15 A. VCE = 3 V) 

Base-Emitter Saturation Voltage (lC = 15 A. Is. = 3 A) 

Collector-Emitter. Saturation Voltage (lC = 15 A. IB = 3 A) 
(lC = 15A.IB = 3A. TC = 100·C) 

DYNAMIC CHARACTERISTICS 

Current Gain (lC = 1 A. VCE = 10 Vdc. f = 5 MHz) 

Output Capacitance (lc = 1 A. VCB = 10 Vdc. f = 0.1 MHz) 

SWITCHING CHARACTERISTICS 

Resistive Load 

Delay Time 

Rise Time 

Storage Time VCC = 200 V. IC = 15 A. 
TC = 25·C IBl = IB2 = 3 A. tp = 20 I"s. 

Fall Time Duty Cycle'" 2 % 
Delay Time VB2 = 6 V. RL = 13.5 n 
Rise Time (See Figure 3) 

Storage Time 
TC = 100·C 

Fall Time 

Inductive Load 

Cross Over Time L = 50l"H TC = 25·C 
VCE(pk) = Vclamp = Rated VCEX TC = 100·C 
(See Figure 3) 

3-251 

Symbol Min Max Unit 

ICEV mA 
- 0.1 

- 1 

lEBO - 2 mA 

VCEO(sus) 300 - Vdc 
350 -
400 -

VCEX(sus) 350 - Vdc 
400 -
450 -

See Figure 1 

See Figure 2 

hFE 8 - -

VBE(sat) - 1.5 Vdc 

VCE(sat) - 1.5 Vdc 
- 2 

td - 0.1 I"S 

tr - 0.6 

ts - 2.5 

tf - 0.5 

td - 0.4 

tr - 1 

ts - 4 

tf - 1 

tc - 0.5 I"s 

- 0.8 



2N6676, 2N6677, 2N6678 
MJH6676, MJH6677, MJH6678 

20 

10 

i i 
~ 2 

1 a 0.70 
IS 0.50 
E; 0.30 
;j 0.20 

8 0•10 
.YO.07 

0.05 
0.03 
0.02 

2N6676 ...... 10 "" 
2N6677 TC 25'C 
2N6678 lms 

MJH6676 TC 25'C 
MJH6677 
MJH6678 - de 

TC l00"C 
de 

t-- BONDING WIRE LIMIT TC 25'C 
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Figure 2. Maximum Rated Reverse Biased 
Safe Operating Area 

500 

SAFE OPERATING AREA INFORMATION 

FORWARD BIAS 

There are two limitations on the power handling ability 
of a transistor: average junction temperature and second 
breakdown: Safe operating area curves indicate IC-VCE 
limits of the transistor that must be observed for reliable 
operation; i.e., the transistor must not be subjected to 
greater dissipation than the curves indicate. 

The data of Figure 1 is based on TC = 25°C and TC = 
100°C; TJ(pk) is variable depending on power IElve!. Sec
ond breakdown pulse limits are valid for duty cycles to 
10% but must be derated when TC > 25°C. At high case 
temperatures, thermal limitations will reduce the power 
that can be handled to values less than the limitations 
imposed by second breakdown. 

REVERSE BIAS 

For inductive loads, high voltage and high current must 
be sustained simultaneously during turn-off, in most 
cases, with the base-to-emitter junction reilerse biased. 
Under these conditions, the collector voltage must be held 
to a safe level at or below a specific value of collector 
current. This can be accomplished by several means such 
as active clamping, RC snubbing, load line shaping, etc. 
The safe level for these devices is specified as Reverse 
Bias Safe Operating Area and represents the voltage
current condition allowable during reverse biased turn
off. This rating is verified under clamped conditions so 
that the device is never subjected to an avalanche mode. 
Figure 2 gives the RBSOA characteristics. 

OUTLINE DIMENSIONS 

!)f4 MILlIIETEIIS INCHES ,CQ IlUlMrnRS INCHES 
DIM MIN MAX MIN MAX DIM IIfII MAX MIl MAX 
A 39,37 1.550 A 20,32 21,111 0.800 0,830 

To D K 
8 - 21.111 - 0.830 

~r. !1 

8 15,49 1~90 0.610 0,626 

C 6,35 7.62 0,250 0.300 C 4,19 ~III 0.165 0,200 
0 0,97 1.09 0.038 0,043 0 1.02 1.66 0,0411 0,065 

~ 
E 1,40 1.78 0,055 0.070 L, -if E 1.35 1.65 0.053 0.066 J F 3II.15BSC 1I87 BSC G 521 5,72 0.205 0.225 
G 10.92BSC 0.43IIBSC H 2,41 3.20 0.096 0.126 

Q v H 5,49BSC 0.215BSC j m· J 0.38 0.64 0,015 0.025 
.. 2... • R J 16J19BSC O,666BSC __ .1 K 12,70 15.49 0.500 0.610 

H , 0 ., K 1118 12.19 0,440 0.4l1li L 15.88 16.51 0.625 0.660 
Q 3,81 ~19 0,151 0.165 titJ Gljl.-D N 12.19 12.711 0,4l1li 0.500 G 

u R 26,6) 1.010 Q 4,04 4,22 0.159 0,166 
U ta3 5,33 0,1311 0.210 
V 181 4,19 0,151 0.165 

STYLE 1: 
PIN 1. BASE 

NOTIS: 2. COLLECTOR 
1. DIMENSIONS Q AND V ARE DATUMS, 3,EMlmR 

2. W IS SEAnNG PLANE AND DATUM. 4. COLLECTOR 

1 posmONAL TOLERANCE FOR MOUNTING HOLE Q: 

CASE 1-05 
1+1 0.1310.005I~ITlv®1 
FOR LEADS: 

TO-Z04AA 1+10,13(0.0051 ® TI v®lo ®I CASE 340-01 
(Formerly TO-3) 4, DIMENSIONS AND TOLERANCES PER ANSI YI4,5, TO-Z1BAC 

ZN6676 thru ZN6676 1973, MJH6676 thru MJH6678 
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2N6676,2N6677,2N6678 
MJH6676, MJH6677, MJH6678 
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NOTE: Batterv svmbols Vee. VB1. VB2. 

~~~~a:~~~~i::~,::!~o:~~~!V :ii~: 
cuit terminals to accommodate 
the fast rise and faU times and 
high currents present in the 
circuit. 

NOTE: SWI closed for Ir. Is. If. SWI 
open for te. 

Figure 3. Switching Times Test Circuit 

X 90% 

o A ~O~ _______ _ 
I 

i W 90% 

'B2-- +---- -------, 
Ic-~i --._--------'r---~ 

I 
I 
I 
I 
I 
B 

ttransition = 

A-B 
B-C 
X-Y 
Y-z 
X-W 

NOTE: TRANSITION TIME FROM 90% IBI 
10 90% IB2 MUST BE LESS THAN 
0.5 p.s. 

Figure 4. Switching Time Measurements 
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Figure 5. Inductive Switching Measurements 



MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

Dt'signer's Data SIH'pt 

SWITCH MODE III SERIES 
NPN SILICON POWER TRANSISTORS 

Thesetransistors are designed for high-voltage, high-speed, 
power switching in inductive circuits where fall time is critical. They 
are particularly suited for line-operated switchmode applications. 

Typical Applications: 

• Switching Regulators 

• Inverters 

• Solenoid and Relay Drivers 

• Motor Controls 

• Deflection Circuits 

• Fast Turn-Off Times 
50 ns Inductive Fall Time - 75°C,(Typ) 
70 ns Inductive Crossover Time - 75bC (Typ) 
500 ns Inductive Storage Time - 75°C (Typ) 

• Operating Temperature Range -65 to +150oC 

• 100°C Performance Specified for: 
Reverse-Biased SOA with Inductive Loads 
Switching Times with Inductive Loads 
Saturation Voltages 
Leakage Currents 

MAXIMUM RATINGS 

Rating Symbol 2N6833 2N6834 

Collector-Emitter Voltage" VCEOlsus) 450 

Collec,tor-Emitter Voltage" VCEV '850 

Emitter Base Voltage* VEB 6.0 

Collector Current - Continuous· IC 5.0 
- Peak II) ICM 10 

Base Current - Continuous* IB 4,0 
-Peakll) IBM 8,0 

Total Power Oissipation @TC= 25·C" Po 80 125 
@TC= IOOOC" 32 71,5 

Derate above 25°C* . 0.64 0.714 

Operating and Storage Junction TJ, Tstg -65 to -65 to 
Temperature Range* +150 +200 

THERMAL CHARACTERISTICS 

Characteristic Symbol 2N6833 I 2N6834 

Thermal Resistance, Junction to Case* R6JC 1.66 J 1.40 

Maximum Lead Temperature for Soldering TL 275 
Purposes: 1/8" from Case for 5 Seconds" 

(1) Pulse Test: Pulse Width = 5.0 ms, Duty Cycle'; 10%, 
*Indicate JEOEC Registered Data 

Oe.igner'. Data for "Wor.t C ..... Conditione 

Unit 

Vdc 

Vdc 

Vdc 

Adc 

Adc 

Watts 

W/oC 

°c 

Unit 

°C/W 

°c 

The Designer's Data Sheet permits the design of most circuits entir.ly from the infor
mation presented. Limit data - representing device characteristics boundaries - are 
given to facilitate "worst case" design. 

'. 

, , 

2N6833 
2N6834 

5,0 AMPERE 

NPN SILICON 
. POWER TRANSISTORS 

0.110 
I 

4&0 VOLTS 
80,.nd 12& WATTS 

sm.,. 
I'IItI.lIAS'e 

''''"'''''' ""'"'" <cO"""" 

NOlES, 
I.DlMENSIDIIINGANDTOUfWICINGI'EfIArG 

"114.SM,I. 
2.COIf!lmUNGDl/llENSION:INtII. 
lDIMZDEFlNESAZOHE:WHElIEALtIlODYAND 

LfADIliIlEGLll.AMeAIIEAUOWED. 

CASE 221A-04 
TO-220AB 

2N6834 IS-f 
~~ 
~~FJ ~ 

Q 

CASE 1-0& 
TO-204AA (Formerly TO-3) 

• 



2N6833, 2N6834 

ELECTRICAL CHARACTERISTICS (TC = 25°C unless Olherwise noled) 

I Characteristic I Symbol 

OFF CHARACTERISTICS 

Col/ector-Emitter Suslaining Vollage (Table 2) VCEO(sus) 
(lC= 100 mA,lB = 0) 

Col/eclor Culoff Currenl ICEV 
(VCEV = 850 Vdc, V8E(off) = 1.5 Vdc) 
(VCEV= 850 Vdc, V8E(off) = 1.5 Vdc, TC = 100°C) 

Col/eclor Culoff Currenl ICER 
(VCE = 850 Vdc, RBE = 50 n, TC = 100°C) 

Emitter CUloff Currenl lEBO 
(VEB = 6.0 Vdc, IC = 0) 

SECOND BREAKDOWN 

Second Breakdown Col/ector Curren' wilh Base Forward 8iased 

Clamped Induc'ive SOA wi,h Base Reverse Biased 

ON CHARACTERISTICS (11 

Collector-Emitter Saturation Voltage VCE(sal) 
(lC = 1 .5 Adc, IB = 0.15 Adc) 
(IC = 3.0 Adc, 18 = 0.4 Adc) 
(IC = 3.0 Adc, IB = 0.4 Adc, TC = 100°Cl 

Base-Emitter Saturation Voltage VBE(sa') 
(lc = 3.0 Adc, 18 = 0.4 Adc) 
(IC = 3.0 Adc, IB = 0.4 Adc, TC = l000 CI 

DC Curren, Gain hFE 
(lC = 3.0 Adc, VCE = 5.0 Vdc) 
(IC = 5.0 Adc, VCE = 5.0 Vdc) 

DYNAMIC CHARACTERISTICS (2) 

Current Gain - Bandwidth Product fr 
(VCE = 10 Vdc, IC = 0,25 Adc, f'es' = 10 MHz) 

Output Capacitance Cob 
(VCS = 10 Vdc, IE = 0, f'es' = 1.0 kHz) 

SWITCHING CHARACTERISTICS 

Resistive load (Table 1) 

Delay Time 
(IC = 3.0 Adc, 

Id 
Rise Time (IB2 = 0,8 Adc, 'r 
Storage Time 

VCC = 250 Vdc, 
RB2 = 8.0 n) 's 

Fall Time 
IBI = 0.4 Ade, 

'f PW = 30 I's, 
Storage Time Is 
Fal/ Time 

Duty Cycle ';;2.0%) (VBE(off) = 5.0 Vdc) 
'f 

Inductive load (Table 2) 

Storage Time 

Fal/ Time (IC = 3.0 Ade, 
Crossover Time IBI = 0.4 Adc, 
Storage Time VBE(off) = 5.0 Vde, 
Fal/ Time VCE(pk) = 400 Vde) 
Crossover Time 

(1) Pulse Test: PW" 300 jJ.S, Duty Cycle ~2%. 

(21 'T. = I hfe I f te• t 
·Indicates JEDEC Registered Limit 

Isv 
(TC = 100°C) 'fi 

Ie 

'sv 
(TC= 150°C) Ifi 

'c 

3-255 

Min Typ Max Unit 

450' - - Vdc 

mAdc 
- - 0.25' 

- - 1.5' 

- - 2.5 mAdc 

- - 1.0' mAdc 

See Figures 15* and 16* 

See Figure 17 

Vdc 
- - 1.0 
- - 2.5' 
- - 2.5' 

Vdc 
- - 1.5' 
- - 1.5 

-
7.5' - 30' 
5.0 - -

15' - 75' MHz 

20' - 200' pF 

- 30 100' ns 

- 100 300' 

- 1000 3000' 

- 60 300' 

- 400 -
- 130 -

- 500 1600' ns 

- 100 200' 

- 120 250' 
600 
12u 
160 



2N6833, 2N6834 

TYPICAL STATIC CHARACTERISTICS 

FIGURE 1 - DC CURRENT GAIN' 
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TYPICAL DYNAMIC CHARACTERISTICS 
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FIGURE 13 -INDUCTIVE SWITCHING MEASUREMENTS 
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FIGURE 14 - PEAK REVERSE BASE CURRENT 
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SAFE OPERATING AREA INFORMATION 

FORWARD BIAS 
There are two limitations on the power handling ability 

of a transistor: average junction temperature and second 
breakdown. Safe operating area curves indicate IC-VCE 
limits of the transistor that must be observed for reliable 
operation; i.e., the transistor must not be subjected to 
greater dissipation than the curves indicate. 

The data of Figures 15 and 16 are based on TC = 25°C; 
TJ(pk) is variable depending on power level. Second break
down pulse limits are valid for duty cycles to 1 0% but must 
be derated when TC" 25°C. Second breakdown limita
tions do not derate the same as thermallimitatioros. Allow
able Current at the voltages shown on Figures 15 and 16 
may be found at any case temperature by using the appro
priate curve on Figures 18 or 19. 

T J(pk) may be calculated from the data in Figur~s 20 or 
21. At high case temperatures, thermal limitations will 
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reduce the power that can be handled to values less than 
the limitations imposed by second breakdown. 

REVERSE BIAS 
For inductive loads, high voltage and high current 

must be sustained simultaneouslyduringturn~offi in most 
cases, with the base-to-emitter junction reverse biased. 
Under these conditions the collector voltage must be held 
to a safe level, at or below a specific val ue of collector 
current. This can be accomplished by several means such 
as active clamping. RC snubbing. load line sha'ping, etc. 
The safe level for these devices is specified as Reverse 
Bias Safe Operating Area and represents the voltage
c,urrent condition allowable putting reverse biased turn
off. This rating is verified under clamped conditions so 
that the device is never subjected to an avalancha mode. 
Figure 17 gives the RBSOA characteristics. 
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FIGURE 19 - POWER DERATING 
(2N8834) 
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TABLE 1 - RESISTIVE LOAD SWITCHING 
td and tr 

Vee = 250 Vdc 
RL=830 
'e=3.0Adc 
'e=0.4Adc OV 

OV 

~-351J 

50 

J[Gv 

-5 V 

"" r--..... Second Breakdown 

"" 
....... O.fliing -........ 

Th.rml~ ........... 
,-

Oerauno --iI "'- ................. 

"- f""--.. 

........ 

"" "" 80 120 160 200 
TC CASE TEMPERATURE lOCI 

+Vdc == 11 Vdc 

A 

-v 

~12Y 
'OV 

~ tr "'15ns 
'Ie ~"'m ·1" 1 Vee 1 

-Tektronix 
P·6042 or 
Equivalent 

Vee = 250 
RL = S311 
le= 3.0Adc 

le1 = 0.4 Adc RBI" 3311 
IB2 = 0.8 Adc RB2 = 8.0 0 
For VeE(ofll = 5.0 V RS2 = 0 II 

'Note: Adjust -V to obtain desired VeE(olll 8t Point A. 
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T 1 = Leo" (lCpkl 
VCC 

T, adjusted to obtain lC(pkl 

V(BRICEO 
L = 10 mH 
RB2 = x 
VCC = 20 Volts 

-Tektronix 
P-6042 or 
Equivalent 

TABLE 2 - INDUCTIVE LOAD SWITCHING 

TI--I I--.V 
OV~ ---.: 
-.~ 

50 

50 

Inductive Switching 
L= 200 "H 
RB2 = 0 
VCC = 20 Volts 

0.02"F 

+ ~--_---r F
,~2,,~f 

500 

RBSOA 
L=200"H 
RS2 = 0 
VCC = 20 Volls 

-V .. ··~IC(Pkl 

IC~ '--

VCE(Pkl--·h 

VCE~ L-

RB' selected fordesired lSI RS' selected for desired IS 1 

Scope· Tektronix 
7403 or 
Equivalent ~ote:Adjusl -V 10 obtain desired VSE(offl at Poinl A. 

TYPICAL INDUCTIVE SWITCHING WAVEFORMS 

IClpkl = 3.0 Amps 
IBI = 0.4 Amp 
VBEloffl = 5.0 Volts 
VCElpkl = 400 Volts 
TC= 25°C 
Time Base = 
20ns/em 

IClpkl = 3.0 Amps 
IBI = 0.4 Amp 
VSE(offl = 5.0 Volls 
VCElpkl = 400 Volts 
TC= 25°C 
Time Base = 
20 nslem 
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FIGURE 20 - 2N8833 

P(pkl t ROJC(II = *1 ROJC 
RoJC = 156°C/W Max -{Yl, ......... _, .... , ...... 

'I Road Time @ 11 

'2 TJ(pki - TC = P(pkl RoJC(II 

Duty Cycle. D = 11/12 , 

IIIII I I I I 111111 I I I j I I \I 
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t, TIME (ms) 

FIGURE 21 - 2N8834 

_. 
ROJC(II = ~II ROJC • LO-= != 
ROJC = 1.4 °C/W Max - != 
~~fo'rpo~ ....... 
Pulse Train Shown t= 
Read Time@ll ....... 
TJ(pki - TC = P(pkl ROJC(II t-

--rul-!= P(pk) = != ... - II 
~~j 

- ....... 
= 1= 

IDuty Cycle, D = 11/12 - t-
I I I I I I 1111 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

Designer's Data Sheet 

SWITCH MODE III SERIES 
ULTRA-FAST NPN SILICON POWER TRANSISTORS 

These transistors are designed for high-voltage, high-speed, 
power switching in inductive circuits where fall time is critical. They 
are particularly suited for line-operated switch mode applications. 

• Switching Regulators· 

• Inverters 

• Motor Controls 

• Deflection Circuits 

• Fast Turn-Off Times 
90 ns Inductive Fall Time - 75°C (Typ) 
90 ns Inductive Crossover Time - "75°C (Typ) 
450 ns Inductive Storage Time - 75°C (Typ) 

• Operating Temperature Range -65 to +200oC 

• 100°C Performance Specified for: 
Reverse-Biased SOA with Inductive Loads 
Switching Times with Inductive Loads 
Saturation Voltages 
Leakage Currents 

"MAXIMUM RATINGS 

Rating Symbol 

Collector-Emitter Voltage VCEO(sus) 

Coliector·Emitter Voltage VCEV 

Emitter Sase Voltage VES 

Collector Current - Continuous IC 
- Peak (1) ICM 

Base Current - Continuous IS 
- Peak (1) ISM 

Total Power Dissipation @ TC; 25°C Po 
@TC; l000C 

Derate above 25°C 

Operating and Storage Junction TJ, Tstg 
Temperature Range 

"THERMAL CHARACTERISTICS 

Ch.racteristic Symbol 

Thermal Resistance, Junction to Case R6JC 

Maximum Lead Temperature for Soldering h 
Purposes: 1 IS- from Case for 5.0 Seconds 

(1) Pulse Test: Pulse Width = 5.0 ms, Duty Cvcle:E;; 10%. 

*Indicate JEDEC Registered Data 

Max Unit 

450 Vdc 

S50 Vdc 

6.0 Vdc 

S.O Adc 
16 

6.0 Adc 
12 

150 Watts 
S5.5 
0.S6 W/oC 

-65 to +200 °c 

Max Unit 

1.17 °C/W 

275 °c 
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8 AMPERE 

NPN SILICON 
POWER TRANSISTORS 

460 VOLTS 
160 WATTS 

Designer'. D.ta for 
"Worst C ..... Conditions 

The Designers Data Sheet permits 
the design of most circuits entirelyfrom 
the information presented. Limit data 
- representing device characteristics 
boundaries - are given to facilitate 
"wOrst case" design. 

STVLE 1 
PIN I. BASE 

1 EMITTER 
CASE COLLECTOR 

Q 

NOTES. u 
I. DIMENSIONS 0 AND V ARE DATUMS. 
2. m IS SEATING PLANE ANO DATUM. 
3. POSITIONAL TOLERANCE FOR 

MOUNTING HOLE Q: 

I *11.,,(O.005le IT Ive I 
FOR LEADS: . 

I * I I." ( •. '05,eT I vel oel 
iI. DIMENSIONS AND TOLERANCES PER 

ANSIY14.S, 1973. 

CASE '·05 
TO-204AA Typo 

(T0·3Typo) 

• 
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ELECTRICAL CHARACTERISTICS (TC = 25°C unless otherwise noted) 

Characteris1ic I Symbol 

OFF CHARACTERISTICS (1) 

Collector-Emitter Sustaining Voltage (Table 2) 
(lC = 100 mA. 18 = 0) 

Collector Cutoff Currenl 
(VCEV = 850 Vde, V8E(off) = 1.5 Vde) 
(VCEV= 850 Vde, V8E(off) = 1.5 Vde, TC = l000C) 

Colleelor Cutoff Currenl 
(VCE = 850 Vde, RBE(off) = 50 n, T C = 1 000 C) 

Emitter Cutoff Current 
(VE8 = 6.0 Vde, IC = 0) 

SECOND BREAKDOWN 

Second Breakdown Collector Current wfth Base Forward Biased 

Clamped Induclive SOA wilh Base Reverse Biased 

ON CHARACTERISTICS (1) 

Collector-Emilter Saluration Voltage 
(IC = 3.0 Ade, 18 = 0.40 Ade) 
(lC = 5.0 Ade, 18 = 0.66 Ade) 
(lC = 5.0 Ade, 18 = 0.66 Ade, TC = 100°C) 

Base-Emitter Saturation Voltage 
(IC = 5.0 Ade, 18 = 0.66 Ade) 
(lC = 5.0 Ade, 18 = 0.66 Ade, T C = 1000C) 

DC Current Gain 
(lC = 5.0 Ade, VCE = 5.0 Vde) 
(lc = 8.0 Ade, VCE = 5.0 Vde) 

DYNAMIC CHARACTERISTICS (2) 

Current Gain - Bandwidth Product 
(VCE = 10 Vde, IC = 0.25 Ade, flest = 10 MHz) 

Output Capeeita nee 
(VC8 = 10 Vde, 'E = 0, ftesl = 1.0 kHz) 

SWITCHING CHARACTERISTICS 

Resistive Load (Table 1) 

Oelay Time 
(lC= 5.0 Ade, 

Rise Time 
Slorage Time 

VCC = 250 Vde, 

Fall Time 
181 = 0.66 Ade, 

Slorage Time 
PW= 30 "s, 

Fall Time 
OUly Cycle ';;2.0%) 

Inducti"" load (Table 2) 

Storage Time 

Fall Time (IC = 5.0 Ade, 
Crossover Time 181 = 0.66 Ade. 
Slorage 1 ime V8E(off) = 5.0 Vde, 
Fall Time VCE(pk) = 400 Vde) 
Crossover Time 

(1) Pulse Test: PW - 300 1-'5, Duty Cycle ~2%. 

12) IT = I she I '.es • 
• Indicates JEDEC Registered Limit 

(182 = 1.3 Ade, 

R82 = 4.0 n) 

(V8E(off) = 5.0 Vde) 

(TC = 100°C) 

(TC = 1500 q 

VCEO(sus) 

ICEV 

ICER 

lEBO 

VCE(sal) 

V8E(s.l) 

hFE 

fT 

Cob 

In 
I r 
Is 
If 

Is 
If 

Isv 
Ifi 
Ie 

Isv 
Iii 
Ie 
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Min Typ Max Unit 

450' - - Vde 

mAde 
- - 0.25' 
- - 1.5' 

- - 2.5 mAde 

- - 1.0' mAde 

See Figure 15* 

See Figure 16 

Vde 
- - 1.2 
- - 2.5' 
- - 3.0' 

Vde 
- - 1.5' 
- - 1.5 

-
7.5' - 30' 
4.0' - -

10' - 75' MHz 

50' - 350' pF 

- 20 50' ns 

- 85 250' 

- 1000 2500' 

- 70 250' 

- 500 -
- 100 -

- 700 1800' ns 

- 80 200' 

- 150 250' 
- 800 -
- 80 -
- 200 -
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TYPICAL STATIC. CHARACTERISTICS 
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FIGURE 1 - DC CURRENT GAIN 

TJ 100°C 

-.... ........ 
25°C ...... 

I 
-55°C 

VCE = 5.0 V 

0.5 10 2.0 5.0 10 20 

IC. COLLECTOR CURRENT (AMPS) 

FIGURE 3 - COLLECTOR·EMllTER SATURATION VOLTAGE 

~ 
c 
~ 
~ ... 
~ 
> 
'" 
~ 
1!i 
<i: 

'" ~ 1;l 
:::i 
:3 ... 
,J;;' 

10 

5.0 

2.0 

10 

0.5 

0.2 

0.1 
0.1 0.2 

PI = 5 
TJ = 25°C 

PI - 10 
TJ = 25°C 

PI-l0 ~ ./. 
TJ = 1000 e ~ V - ",; 

11_ .-
0.5 1.0 2.0 

Ie. COLLECTOR CURRENT (AMPS) 

/ 

>' 

5.0 10 

FIGURE 5 - COLLECTOR CUTOFF REGION 

3 

-

I 

-

I 10-
-0.4 

./ ./ 
./ 

-TJ"150oe ./ 

moe ./ ./ ./ 

loooe 
./ 

75°C 

-REVERSE FORWARD 
./ VeE· 250V= 

250e 

·0.2 +0.2 +0.4 +0.6 

VBE. BASE·EMITTER VOLTAGE (VOLTSI 

3-264 

FIGURE 2 - COLLECTOR SATURATION REGION 
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TYPICAL DYNAMIC CHARACTERISTICS 

FIGURE 7 - STORAGE TIME 
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FIGURE 9 - COLLECTOR CURRENT FAll TIME 
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FIGURE 11 - CROSSOVER TIME 
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FIGURE 13- INDUCTIVE SWITCHING MEASUREMENTS 
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FIGURE 14 - PEAK REVERSE BASE CURRENT 
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FIGURE 15 - MAXIMUM FORWARD BIAS 
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FIGURE 16 - MAXIMUM REVERSE BIAS 
SAFE OPERATING AREA 
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,\ 
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-
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o 

T I \ -c..r--J. .,.., 
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VCElpk). PEAK COLLECTOR·EMITTER VaLTAGE IVaLTS) 

SAFE OPERATING AREA INFORMATION 

FORWARD BIAS 
There are two limitations on the power handling ability 

of a transistor: average junction temperature and second 
breakdown. Safe operating area curves indicate IC-VCE 
limits of the transistor that must be observed for reliable 
operation; i.e .• the transistor must not be subjected to 
greater dissipation than the curves indicate. 

The data of Figure 15 is based on TC = 25°C; TJ(pk) 
is variable depending on power level. Second breakdown 
pulse limits are valid for duty cycles to 10% but must be 
derated when TC;;' 25°C. Second breakdown limitations 
do not derate the same as thermal limitations. Allowable 
current at the voltages shown on Figure 15 may be found 
at any case temperature by using the appropriate curve on 
Figur!l1 B. 

T J(pk) may' be calculated from the data in Figure 17. 
At high case temperatures. thermal limitations will reduce 
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the power that can be handled to values less than the 
limitations imposed by second breakdown. 

REVERSE BIAS 
For inductive loads. high voltage and high current 

must be sustained simultaneously during turn-off. in most 
cases. with the base-to-emitter junction reverse biased. 
Under these conditions the collector voltage must be held 
to a safe level at or below a specific value of collector 
current. This can be accomplished by several means such 
as active clamping. RC snubbing. load line shaping. etc. 
The safe level for these devices is specified as Reverse Bias 
Safe Operating Area and represents the voltage-current 
condition allowable during reverse biased turn-off. This 
rating is verified under clamped conditions so that the 
device is never subjected to an avalanche mode. Figure 16 
gives the RBSOA characteristics. 
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TASLE 1 - RESISTIVE LOAD SWITCHING 

Vee= 250Vdc 
RL = 5011 
Ie = 5.0 Ade 
IS= 0.5 Adc OV 

OV 

=-351J 

50 

-= 
~

v 

-5 V 

r--

-............ 

-""-100 

,.----.:~JA 

lUT ;:::fi:; 1 
~ lRL 

Vee -=-
-= J-

Vee = 250 Vde 
Rl = 50 n 

'Bl = 0.5 Ade RBI = 2011 
IB2 = 1.0 Ade RB2 = 4.0 11 

Ie = 5.0 Ade For VBE(off) = 5.0 V RB2 = 0 11 

.. Note: Adjust -v to obtain desired VBE(off) at Point A. 
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T 1 ~ Lcoil (lepkl 

Vee 

T 1 adjusted to obtain IClpkl 

V(BRICEO 
L = 10 mH 
RB2 = x 

Vee = 20 Volts 

*Tektronix 
P·6042 or 
Equivalent 

tsv 

o 

--35lr 

TABLE 2 - INDUCTIVE LOAD SWITCHING 

50 

0.02 "F 

20 

10 "F 

P02"F 
1.0"F 
+ -

500 

.... -......,." A 

-V ~Ie(pkl 

Tl--l I-+V 

OV~ -

le~ "--

.. ~ ~kl 

A l <>r---t&f--f VeE~ L--

50 

Inductive Switching 
L = 200 ~H 
RB2 = 0 
Vee = 20 Volts 
ABl selected for desired IBI 

Scope - Tektronix 
7403 or 
Equivalent 

RBSOA 
L=200"H 
AS2 = 0 
Vee = 20 Volts 
RBl selected for desired IBl 

Note: Adjust -V to obtain desired VBE(off) at Point A. 

TYPICAL INDUCTIVE SWITCHING WAVEFORMS 

le(pk) = 5.0 Amps 
IBl = 0.5 Amp 
VBE(off) = 5.0 Volts 
VeE(pkl = 400 Volts 
Te = 25°e 
Time Base = 

100 nslcm 

le(pk) = 5.0 Amps 
151 = 0.5 Amp 
VBE(off) = 5.0 Volts 
VeE(pk) = 400 Volts 
Te = 25°e 
Time Base = 

20 ns/cm 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

SWITCHMODE IJI SERIES 
ULTRA-FAST NPN SILICON POWER TR.ANSISTORS 

These transistors are designed for high-voltage, high-speed, 
power switching in inductive circuits where fall time iscritical. They 
are particularly suited for line-operated switch mode applications. 

• Switching Regulators 

• Inverters 

• Motor Controls 

• Deflection Circuits 

• Fast Turn-Off Times 
30 ns Inductive Fall Time - 75°C (Typ) 
50 ns Inductive Crossover Time - 75°C (Typ) 
600 ns Inductive Storage Time - 75°C (Typ) 

• Operating Temperature Range -65 to +2OQoC 

• 1 OQoC Performance Specified for: 
Reverse-Biased SOA with Inductive Loads 
Switching Times with Inductive Loads 
Saturation Voltages 
Leakage Currents 

"MAXIMUM RATINGS 

Rating Symbol 

Collector-Emitter Voltage VCEO(sus) 

Collector-Emitter Voltage VCEV 

Emitter Base Voltage VEB 

Collector Current - Continuous IC 
- Peak (1) ICM 

Base Current - Continuous IB 
-Peak(l) IBM 

Total Power Dissipation@ TC; 25°C Po 
@TC; 100°C 

Derate abo,", 25°C 

Operating and Storage Junction TJ. Tstg 
Temperature Range 

"THERMAL CHARACTERISTICS 

Characteristic Symbol 

Thermal Resistance. Junction to Case R8JC 

Maximum Lead Temperature for Soldering TL 
Purposes: 1/8- from Case for 5.0 Seconds 

(1) Pulse Test: Pulse Width = 5.0 ms, Duty Cycle ~ 10%. 

·Indicate JEDEC Registered Data 

Max Unit 

450 Vdc 

850 Vdc 

6.0 Vdc 

15 Adc 
20 

10 Adc 
15 

175 Watts 
100 
1.0 W/oC 

65 to +200 °C 

Max Unit 

1.0 °C/W 

275 °c 
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15 AMPERE 

NPN SILICON 
POWER TRANSISTORS 

4110 VOLTS 
17& WATTS 

O.ligna.'. Data for 
"Worst ea .... Condition. 

The Designers Data Sheet permits 
the design of mostcircuitsentinalyfrom 
the information presented. Limit date 
- representing device characteristics 
boundaries - are given to facilitate 
"worst case" design. 

~ 
• c 

~ D K 
, .1 

STYLE 1 
'IN I. lASE 

%. EMlnER 
CASE COLLECTOR 

Q 

NOTES. 
I. DIMENSIONS a AND YARE DATUMS. 
2. rn IS SEATING PLANE AND DATUM. 
3. POSITIONAL TOLERANCE FOR 

MOUNTING HOLE D: 

! t!,.13IOOIi'@!T!Ve! 
FOR LEADS: 

! • ! ~13".OIi'@T! vel Gel 
4. DIMENSIONS AND TOLERANCES PER 

ANSIVI4.S.1973. 
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" I. 
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4.0 5.33 D.IID 1.21 
Ul 4.11 a.1 '.11& 
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ELECTRICAL CHARACTERISTICS (T C = 25°C unless olherwise noted) 

OFF CHARACTERISTICS (1) 

·Coliector-Emit1lllr·Susleining Vollege (Table 2) 
(IC = 100 mA. IB= 0) 

Colleclor Culoff CIIrre"1 
(VCEV = 850 Vdc, VBE(off) = 1.5 Vdc) 
(VCEV = ·850 Vdc, VBE(off) = 1.5 Vdc, T C = l000C) 

Collector CUloff Currenl 
(VCE = 850Vdc, RBE = 50 n, TC= l000C) 

Emit1lllr CUloff Curre nl 
(VEB = 6.0 Vdc, IC = 0) 

SECOND BR·EAKDOWN 

Second Breakdown Colleclor Current with Base Forward Biased 

Clamped Induclive SOA with Base Reverse Biased 

ON CHARACTERISTICS (1) 

Collector-Emitter Saluration Voltage 
lie = 5,0 Ade, IB = 0,7 Ade) 
lie = 10 Ade, IB = 1.0 Ade) 
lie = 10 Ade, IB = 1.0 Ade, Te = loo'e) 

Base-Emitter Saturation Voltage 
lie = 10 Ade,IB =1.0 Ade) 
(Ie = 10 Adc, IB = 1.0 Adc, Te = 100'e) 

DC Currenl Gain 
(lC = 10 Ade, VCE = 5.0 Vdc) 
(lc = 15 Ade, VCE = 5.0 Vde) 

DYNAMIC CHARACTERISTICS (2) 

Currenl Gain - Bandwidth Product 
(VCE = 10 Vdc, Ie = 0.25 Ado, ftest = 10 MHz) 

Output Capaeilenee 
(VCB = 10 Vdc, IE = 0, ftest = 1.0 kHz) 

SWITCHING CHARACTERISTICS 

R.liali .. Load (Table 1) 

Delay Time 
Rise Time (Ie = 10 Ade, (lB2 = 2.6 Ado. 
Slorage Time Vee = 250 Vde, RB2 = 1.6 n) 

Fall Time 
IBI = 1.0 Ade, 
PW = 30 pos, 

Storage Time 
Fall Time 

Duty Cycle '" 2.0%) (VBE(off) = 5.0 Vdc) 

Inductl .. Load (Table 2) 

Storage Time 
Fall Time (Ie = 10 Ade, 
Crossover Time IBI = 1.0 Ade, 
Storage Time VBE(off) = 5.0 Vde, 
Fall ime VeE(pk) = 400 Vde) 

Crossover Time 

(1) PuiS. T.II: PIN - 300 ~s. Duty Cycl ... 2%. 
(2Itr=)lhe) 'tell . 
-lndiCetel JEDEC' Regiltered Umit 

(TC = l000C) 

(TC= 150°C) 

3-270 

VCEO(sus) 

ICEV 

ICER 

lEBO 

VCE(sa!) 

VBE(sat) 

hFE 

fy 

Cob 

td 
tr 
ts 
tf 
ts 
tf 

tsv 
tfi 

le 
tsv 
tfi 
10 

Min Typ Max Unit 

450" - - Vde 

mAd~ 
- - 0.25" 
- - 1.5" 

- - 2.5 mAde 

- - 1.0" mAde 

See Figure 15" 

See Figure 16 

Vdc 
- - 1.2 
- - 2.5" 
- - 3.0" 

Vdc 
- - 1.5" 
- - 1.5 

-
B.O· - 30" 
5.0 - -

10' - 75' MHz 

50" - 400' pF 

- 20 100' ns 
200 500" 

- 1200 3000' 
200 250' 
650 
80 

- 800 1500' ns 
50 ;50' 

- 90 200' 
1050 

IU 

120 
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TYPICAL STATIC CHARACTERISTICS 

FIGURE 1 - DC CURRENT GAIN 
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FIGURE 5 - COLLECTOR CUTOFF REGION 
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FIGURE 6 - CAPACITANCE 
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TYPICAL D.VNAMICCHARACTERISTICS 
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FIGURE 11 - CROSSOVER' TIME 

1500 
1000 I 

500 f::::= t- YlEloII) = 2.0 voni ~ f- VlElo") = 0 volts:;;:Z= 

!, 
! :ioo 

..... -f'.;. 
~ 200 

Ii 100 
VaEloH) = 5.0 Voh. i'r-. ~ 

Q 

15 50 
.i> 

f==IlI=S 
I--- Te= 75°C 

20 
I-- ~CC' = 20 VOI~S 

15 
1.5 2.0 3.0 50 7.0 10 15 

IC. COLLECTOR CURRENT (AMPS) 

5000 

3000 
2000 

! 1000 

~ 700 
~ 500 
: 
~ 300 

j. 200 

100 

f---

f---

I----
f--

FIGURE 8 - STORAGE TIME 

i- VlEloH) ~ 0 Vah,1 

i- r !. 
VaElo") = 2.0 Voll. 

~ VaElo") = 5.0 von. 

III = 10 -
TC = 75°C -
VCC = 20Volls= 

0.05 
1.5 2.0 3.0 5.0 7.0 10 15 

IC .. COLLECTOR CURRENT (AMPS) 

FIGURE 10 - CQLLECTOR CURRENT FALL TIME 

1000 

! 500 

:E 300 ;::: 

~ 200 

vaEloH) = 0 von • ..; -- 1....r1 -- ....... ~ 
l-

i 100 
:> 

.......... , IaEIO~) J2.0 von.~ 
'-' 
0: 

50 Q 

t; 
:! 
0 
'-' 20 
~ 

i-'---1l1 = 10 
""'C 

1---1C = 75°C 
VaEloH) = 5.0 Volli 

I---VCC = 20 Volls 
1- I I I I 10 

1.5 2.0 3.0 5.0 7.0 10 
IC. COLLECTOR CURRENT lAMPS I 

FIGURE 12 - CROSSOVER TIME 

1500 

1000 I I I I 

! 500 VlEloII) = 0 Volts 

A 
:E ;::: 
0: 
W 
> 
Q 

'" '" CI 

"" '-' 
.s-

. 300 

200 

100 

-r- V- I 
.1 

.......... r-.... VHI.") = 2.0 von. 

50 1== III = 10 
~TC= 75°C VaEloH) = 5.0 Vohs 
~VCC = 20 Vohs 1 20 

15 
1.5 2.0 3.0 59 7.0 10 

IC. COllECTOR CURRENT lAMPS) 

15 

15 

3-272 



2N6836 

FIGURE 13 -INDUCTIVE SWITCHING MEASUREMENTS FIGURE 14 - PEAK REVERSE BASE CURRENT 
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SAFE OPERATING AREA INFORMATION 

FORWARD BIAS 
There are two limitations on the power handling ability 

of a transistor: average junction temperature and second 
breakdown. Safe operating area curves indicate IC-VCE 
limits of the transistor that must be observed for reliable 
operation; i.e., the transistor must not be subjected to 
greater dissipation than the curves indicate. 

The data of Figure 15 is based on TC = 25°C; TJ(pk) 
is variable depending on power level. Second breakdown 
pulse limits are valid for duty cycles to 10% but must be 
derated when TC;;' 25°C. Second breakdown limitations 
do not derate the same as thermal limitations. Allowable 
current at the voltages shown on Figure 15 may be found 
at any case temperature by using the appropriate curve on 
Figure 18. 

T Jlpk) may be calculated from the data in Figure 17. 
At high case temperatures, thermal limitations will reduce 

the power that can be handled to values less than the 
limitations imposed by second breakdown. 

REVERSE BIAS 
For inductive loads, high voltage and high current 

must be sustained simultaneouslvduring turn-off, in most 
cases, with the base-to-emitter junction reverse biased. 
Under these conditions the collector voltage must be held 
to a safe level at or below a specific value of collector 
current. This can be accomplished by several means such 
as active clamping, RC snubbing, load line shaping, etc. 
The safe level for these devices is specified as Reverse Bias 
Safe Operating Area and represents the voltage-current 
condition allowable during reverse biased turn-off. This 
rating is verified under clamped conditions so that the 
device is never subjected to an avalanche mode. Figure 16 
gives the RBSOA characteristics. 
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FIGURE 17 - THERMAL RESPONSE 
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TABLE 1 - RESISTIVE LOAD SWITCHING 

Vee = 250Vde 
RL=251\ 
le=10Ade 
'B= 1.0Ade 

ov 

=-35]J 

50 

OV..n+V_ 

- ~V 

Vee = 250 
R'L = 2511 
le= 10Ade 

P.
'02~F 

I,OI'F 
500 

':" ":" 

~WT [35, "',' 1" 1 Vee r 
'Bl = 1.0 Ade RBI = 10 II 
'B2 = 2.0 Ade RB2 = 1 :611 
For VBE(offl = 5.0 V RB2 = 0 II 

A 

"Note: Adjust -v 10 oblain desired VRFfnffl 81 Point A. 
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T 1 = LCOil (ICpk) 

VCC 

T 1 adjusted to obtain lC(pk) 

V(BR)CEO 
L ~ 10 mH 
RB2 ~~ 
VCC ~ 20Volls 

-Tektronix 
P-6042 or 
Equivalent 

lC(pk) ~ 10 Amps 
IBI ~ 1.0Amp 
VBE(off) ~ 5.0 Volls 
VCE(pk) ~ 400 Volls 
TC ~ 25°C 
Time Base = 

100 nslcm 

TABLE 2 - INDUCTIVE LOAD SWITCHING 

o 

=-35lf +----1Fo) A 

50 fF + I .. --...... ---i~_ 

500 

-v 

Tl~ I--+V 

OV~ --Lrv 

50 

Inductive Switching 
L~ 2oo"H 
RB2 ~O 
VCC ~ 20Volls 
RBI selected for desired IBI 

Scope - Tektronix 
7403 or 
Equivalent 

RBSOA 
L~2oo"H 
RB2~ 0 
VCC ~ 20 Volts 

~IC(pk) 

IC~ '--

~k) 

VCE -------J L... 
VCE(pk) ~ VCE(clamp) 

RBI selected for desired IBI 

Note: Adjust -V to obtain desired VBE(off) at Point A. 

TYPICAL INDUCTIVE SWITCHING WAVEFORMS 

tlV 

lC(pk) ~ 10 Amps 
IBI ~ 1.0Amp 
VBE(off) ~ 5.0 Volts 
VCE(pk) ~ 400 Volls 
TC ~ 25°C 
Time Base;. 

20 nslcm 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

1 ) (' S i g n (' J"' s J) a t a S Iw t't 

swrrCHMODE III SERIES 
ULTRA-FAST NPN SIUCON POWER TRANSISTORS 

This transistor is designed for high-voltage. high-speed. power 
switching in inductive circuits where fall time is critical. They are 
particularly suited for line-operated switch mode applications. 

Typical Applications: 

• Switching Regulators 

• Inverters 

• Motor Controls 

• Deflection Ci rcu its 

• Fast Turn-Off Times 
30 ns Inductive Fall Time - 75°C (Typ) 
40 ns Inductive Crossover Time - 75°C (Typ) 
800 ns Inductive Storage Time - 75°C (Typ) 

• Operating Temperature Range -65 to +200"C 

• 100°C Performance Specified for: 
Reverse-Biased SOA with Inductive Loads 
Switching Times with Inductive Loads 
Saturation Voltages 
Leakage Currents 

MAXIMUM RATINGS 

Rating Symbol 

Collector-Emitter Voltage" VCEQisus) 

Collector-Emitter Voltage" VCEV 

Emitter Base Voltage" VEB 

Collector Current - Continuous" IC 
- Peak (1) ICM 

Base Current - Continuous" IB 
- Peak (1) IBM 

Total Power Dissipation @TC = 25°C" PD 
@TC = l00"C 

Darate above 25°C 

Max 

450 

850 

6.0 

20 
30 

15 
20 

250 
143 
1.43 

Operating and Storage Junction' TJ, Tstg -65 to +200 
Temperature Range 

"THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance, Junction to Case' R8JC 0.7 

Maximum Lead Temperature for Soldering' TL 275 
Purposes: Yo" from Cas.e for 5 S~onds 

(11 PUlse rest: Pulse W,dth = 5.0 rna, Duty Cyere '" 10%. 
'Indicate JEDEC Registered Data ' 
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Unit 

Vdc 

Vdc 

Vdc 

Adc 

Adc 

Watts 

wrc 
°c 

Unit 

°CIW 

°C 

2N6837 

20 AMPERE 

NPNSIUCON 
POWER TRANSISTORS 

450 VOLTS 
250 WATTS 

DeoIIIMr'. 0- for 
"Worst Cue" Condltkona 

The Designers Data Sheet permits the design 
of moat circuits entirely from the information 
presented. Limit data - representing device 
characteristics boundaries - are given to facil
itate "wor~ case" design. 

1; 
SEATING 

PLANE 

a 

F--

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 

A 38.35 39,37 1.510 1.550 
B 19,30 21.08 0.760 0.830 
C 6,35 7.62 0.250 0.300 
D 1.45 1.60 0.057 0.063 
E - 3.43 0,135 
F 29.90 30,40 1.177 1.197 
6 10.67 11.18 0.420 0.440 
H 5.21 5.72 0.205 0.225 
J 16,64 17,15 0.655 0.675 
K 11.18 12.19 0,440 0.480 
n 3.84 4,09 0.151 0.161 
R 24,89 26,67 0.980 1.050 

CASE 197-01 
!O-204AE (Typ~ Modified TO-3 

C 

• 
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ELECTRICAL CHARACTERISTICS (TC = 25"<: unless otherwise noted). 

OFf CHARACTERISTICS 

Collector-Emitter Sustaining Voltege (Table 2) 
(lC = 100 mAo IS = 0) 

Collector Cutoff Current 
(VCEV = 850 Vde, VBE(off) = 1.5-Vde) 
(VCEV = 850 Vdc, VBE(off) = 1.5 Vde, TC = l00"C) 

Collector Cutoff Current 
(VCE = B50 Vde, RSE = 50 n, TC = 100"<:) 

Emitter Cutoff Current 
(VEB = 6.0 Vde, IC = 0) 

SECOND BREAKDOWN 

Second Breakdown Collector Current with Base Forward Biased 

Clamped Inductive SOA with Sase Reverse Biased 

ON CHARACTERISTICS (1) 

Collector-Emitter Saturation Voltage 
(IC = 10 Ade, IS = 1.2 Ade) 
(lC = 15 Ade,ls = 2.0 Ade) 
(lC = 15 Ade, IS = 2.0 Ade, TC = 100'C) 

Sase-Emitter Saturation Voltage 
(lC = 15 Ade, IB = 2.0 Ade) 
(lC = 15 Ade, IB = 2.0 Ade, TC = 100'C) 

DC Current Gain 
(lC = 15 Ade, VCE = 5.0 Vde) 
(lC = 20 Ade, VCE = 5.0 Vde) 

DYNAMIC CHARACTERISTICS (2) 

Current Gain - Bandwidth Product 
(VCE = 10 Vde, IC = 0.25 Ade, ftest = 10 MHz) 

Output Capaeitenee 
(VCS = 10 Vde, IE = 0, ftest = 1.0 kHz) 

SWITCHING CHARACTERISTICS 

RHlstIve Load (Tabla 11 

Delay Time 

Rise Time (lC = 15 Ade, 

Storage Time VCC = 250 Vde, 

Fall Time 
IBl = 2.0 Ade, 
PW = 30jl.S, 

Storage Time DutY Cycle .. 2.0%) 

Fall Time 

inductive Load (Tabla 21 

Storage Time 

Fall Time 
(lC = 15 Ade, 

Croaaover Time ISl = 2.0 Ade, 

Storage Time VSE(off) = 5.0 Vde, 

Fall Time 
VCE(pk) = 400 Vde) 

Crosaover Time 

(11 Pulse Test: PW - 300 ,.., Duty Cycle .. 2.0%. 
(2) tr = IhlEl 'test 
'Indlcetes JEDEC Registered Limit 

(lS2 = 4.0 Ade, 
RB2 = 1.60) 

(VSE(off) = 5.0 Vde) 

(TC = 100'C) 

(TC = 15O"C) 
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VCEO(sus) 

ICEV 

ICER 

lEBO 

VCE(sat) 

VBE(sat) 

hFE 

f,-

Cob 

td 

tr 

to 
tf 

ts 

tf 

tsv 

tfi 

le 
tsv 

tfi 

le 

Min Typ Unit 

450' - - Vde 

mAde 
- - 0.25' 
- - 1.5' 

- - 2.5 mAde 

- - 1.0' mAde 

See Figure 15' 

See Figure 16 

Vde 
- - 1.5 
- - 3.0' 
- - 3.0' 

Vde 
- - 1.5' 
- - 1.5 

-
7.5' - 30' 
5.0 - -

lO· - 75' MHz 

100' - 500' pF 

II - 20 100' ns 

- 200 500' 

- 1200 2700' 

- 200 350' 

- 650 -
~ 80 -

- 800 2700' ns 

- 50 200' 

- 90 250' 

- 1050 -
- 70 -
- 120 -
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TYPICAL STATIC CHARACTERISTICS 

FIGURE 1 - DC CURRENT GAIN 
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TYPICAL DYNAMIC CHARACTERISTICS 
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RGUIIE 13 -INDUCTIVE SWITCHING MEASUREMENTS FIGURE 14 - REVERSE BASE CURRENT 
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SAFE OPERATING AREA INFORMATION 

FORWARD BIAS 
There are two limitations on the power handling abil

ity of a trans.istor: average junction temperature and 
second breakdown. Safe operating area curves inclicate 
IC - VCE limits of the transistor that must be observed 
for reliable operation; i.e., the transistor must not be 
subjected to greater dissipation than the curves indicate. 

The data of Figure 15 is based on TC = 25°C; TJ(pk) 
is variable depending on power level. Second break
down pulse limits are valid for duty cycles to 10% but 
must be derated when T C .. 25°C. Second breakdown 
limitations do not derate the same as thermal limita
tions. Allowable current atthe voltages shown on Figure 
15 may be found at any case temperature by using the 
appropriate curve on Figure 18. 

TJ(pk) may be calculated from the data in Figure 17. 
At high case temperatures, thermal limitations will re-
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duce the power that can be handled to values less than 
the limitations imposed by second breakdown. 

REVERSE BIAS 
For inductive loads; high voltage and high current 

must be sustained simultaneously during turn-off, in 
most cases, with the base-to-emitter junction reverse 
biased. Under these conditions the collector voltage 
must be held to a safe level at or below a specific value 
of collector current. This can be accomplished by sev
eral means such as active clamping, RC snubbing, load 
line shaping, atc. The safe level for these devices is 
specified as Reverse Bias Safe Operating Area and rep
resents the voltage-current condition allowable during 
reverse biased turn-off. This rating is verified under 
clamped conditions so that the device is never subjected 
to an avalanche mode. Figure 16 gives the RBSOA 
characteristics. 
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TABLE' - RESISTIVE LOAD SWITCHING +Vde ~ 11 Vde 

Vee = 250 Vde 
RL = 160 
Ie = 15 Ade 
IS = 2.0 Ade 

OVi r 
--35V U + 

50 ~ 
":' 500i 1.0",F 100 

OV~+~ 
- U-sv 

A (ol~--A~--r 

50 

Vee = 250 
RL = 160 
Ie = 16 Ade 

lSI = 2.0 Ade 
'S2 = 4.0Ade 
For VSE(off} = 5.0 V 

Vee! 

RBI =7.50 
RS2=1.60 
RS2 = 00 

A 

"Nole: Adjust - V to oblein desired VSE(off) 8t Point A. 
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TABLE 2 - INDUCTIVE LOAD SWITCHING 

0.02,.F + V -11 V 

+ 
o . 

=-35lf 

20 

10l'F 

A 

T 1 = !.coil ICpkl 
VCC 

T 1 adjusted to obtain IClpkl 

VIBRICEO 
L = 10mH 
RB2 = 00 

VCC = 20 Volts 

'Tektronix 
P-6042 or 
Equivalent 

IClpkl = 15A 
IB1 = 2.0 A 
VBEloffl = 5.0 Volts 
VCElpkl = 400 Volts 
TC = 25"<: 
TIme Base = 200 

nslcm 

50 

50 

":' Inductive S~ng 
L=2ooI'H 
RB2 = 0 
VCC = 20Volts 

1.01'F 

+ t-'-:c-...... ----il. PO'02I'F 

500 

RBSOA 
L = 2oo,.H 
RB2 = 0 

-V ~ IClpkl 

IC~ '--

VCEIPkl-··h 

VCE~ '---

VCC = 20 Volts 
RB1 selected for desired IB1 RB1 selected for desired IBl 

Scope - Tektronix 
7403 or 
Equivalent Note: Adjust - V to obtain desired VBEloff\ at Point A. 

TYPICAL INDUCTIVE SWITCHING WAVEFORMS 

IClpkl = 15A 
IB1 = 2.0 A 
VBEloffl ;. 5.0 Volts 
VCElpkl = 400 Volts 
TC = 25"<: 
TIme Base = 200 

nslcm 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

PLASTIC MEDIUM POWER 
SILICON NPN TRANSISTOR 

. designed for use as audio amplifiers and drivers utilizing 
complementary or quasi complementary circuits. 

• Available in HFE groups -6, ·10, ·16 
• DC Current Gain-hFE =40 (Min) iI IC s O.15 Adc 

• SO 135, 137, 139 are complementary with SO 136, 138, 140 

MAXIMUM RATINGS 

Ratinll Symbol Type Value Unit 

BD 135 
Collector· Eminer Voltage VCEO BD 137 

BD t39 

BD 135 
Collector· Base Voltage VCBO BD 137 

BD 139 

Emitter· Sase Voltage VEBO 

ColiectOf Current 
-Ba .. Cu~- IB 

Total Device Dissipation @TA .:;0- 2SoC Po 
Derate above 250 C 

Total Device Dissipation til T C'" 2SoC Po 
Derate above 25°C 

Operating and Storage Junction TJ. Tstg -55 to +150 °c 
Temperature Range 

THERMAL CHARACTERISTICS 

Characlllriltic Symbol Max Unit 

Thermal Resistance. Junction to Case °JC 10 °CfW 

Thermal Resistance, Junction to Ambient °JA tOO °CfW 

ELECTRICAL CHARACTERISTICS (TC = 25°C unless otherwise notedl 

Charac1llriltic Symbol Type Min 
~~~~~~~~~~---r. CollectOf·Emitter Sustaining Voltage· BVCEO• 

(lC = 0.03 Adc, IB = 0) 

Collector Cutoff Cunent 
(VCB = 30 Vdc, IE = 01 
(VCB = 3OVdc,Ie = 0, TC = 1260 CI 

Emitter Cutoff Cunent 
(V BE = 5.0 Vdc. IC = 0) 

DC Current Gain 
IIC = O.OO5A, V CE = 2 VI 
(le= 0.15A,VCE =2VI 

_(lC= 0.5A Vce=2V) 

CollectOf-Eminer Saturation Voltage· 
(~ = 0.5 Adc. I = 0.05 Adcl 

Base-Emitter On Voh_· 
II = 0.5 Ado. V = 2.0 Vdcl 

• hi. Teal: Pulse Width ~ 300 .... Duty Cycle ~ 2.0~ 

ICBO 

lEBO 

BD 135 
BD 137 
BD 139 

45 
60 
BO 

25 
40 

25 

3-283 

ax Unit 

Vdc 

I<Adc 
0.1 
to 

!<Adc 
10 

250 

Vdc 
0.5 

Vdc 

BDI35,.6,-10,-16 
BDI37,-6,-10,-16 
BDI39,-6,-10,.16 

1.5 AMPERE 
POWER TRANSISTOR 

NPN SILICON 

45, 60. 80 VOLTS 
10 WATTS 

""" I'\t(1.EMlTTER 
2.CIlI.LECTOII 
3.1IAS£ 

."" 1 MT~MAINTEAMINAL 
2.LEADS,lIILM:POSITIONlOWlfHINO.25mm{o.o101 

DlATOOtMA'BATMAXIMlIMMATERlAl 
CONOtTlOIi. 

CASE 77-05 
TO-128 

• 



80135,-6,-10,-16, 80137,-6,-10,-16, 80139,-6,-10,-16 
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FIGURE 1 - ACTIVE REGION SAFE OPERATING AREA 
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Available in HFE groups . 
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(At Ie = 0.15 A. VeE = 2 VI HFE group: -6 40 100 
-10 63 160 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

PLASTIC MEDIUM POWER 
SILICON PNP TRANSISTOR 

. . . design~ for use as audio amplifiers end drivers utilizing 
complementary or quasi complementary circuits. 
• Available in HFE groups -6, -10, -16 
• DC Current Gain-hFE - 40 (Min) II IC = 0.15 Adc 

• BD 136, 138, 140 are complementary with BD 135, 137, 138 

MAXIMUM RATINGS 

R8tlng Symbol Type V.lu. Unit 

BD 136 45 
Collector- Eminar Voltage VCEO BD 138 60 Vdc 

BD 140 60 

BD 136 45 
Collector- Base Voltage VCIO BD 138 60 Vdc 

BO 140 100 

Emitter-Base Voltage VEBO 5 Vdc 

Collector CU"""t ~C_ 1.5 Adc 

Base Current IB 0.5 -
Total Device Dissipation IPT A" 25°C Po 1.25 Wetts 

Derate above 2SoC 10 mw,oC 

Total Device Dissipation" T C· 2SoC Po 12_5 Watt 
Derate ._ 25°C 100 mWI"C 

Operating and Stor. Junction TJ. Tltg -55 to +150 °c 

Temperature Range 

THERMAL CHARACTERISTICS 

C ..... istic Symbol Ma Unit 
Thermal Resistance, Junction to ca. 8JC 10 °CIW 

Thermal ResilteJlce. Junction to Ambient 8JA 100 °CIW 

ELECTRICAL CHARACTERISTICS (TC = 25°C unless otherwise noted) 

a.. .. 1ItIc Symbol Type Min M •• Unit 

Co'lector-Emi_ Sustaining Voltage' BVCEO' Vdc 
(lC = 0.03 Adc. IB = 01 'BD 136 45 -

BO 138 60 -
aD 140 80 -

Collector Cutoff Currem 'CBO fAA4c 
(VCB = 3OVdc.le =01 - 0_1 
(Vca = 3OVdc.'e = O. TC = 125° CI - 10 

-
Emitter CUloR Current 'EBO fAAdc 

(VBE "5.0 Vdc. 'C·O) - 10 

DC Current Gain 
hFe 
. 

(lC = O.OO6A. Vce = 2 VI 25 - -
(Ic = 0_15A. Vce = 2 VI 40 250 

(lc= D.6A. V ce = 2 VI 25 -
Collector-Emitter Saturation Voltage' VCE("') 

. Vdc 
(IC = 0.5 Adc. IB = 0.05 Adc) - 0.5 

Base-Emitter On Voltage' VBE(on) 
. Vdc 

0" = 0.5 Adc. V CE = 2.0 Vdcl - 1 

• Pul .. Tnl: Pul .. Wid,h li lOG .... Duly C)de S 2.0". 
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BD136,-6,-10,-16 
BD138,-6,-10,-16 
BD140,-6,-10,-16 

... . , , 
.0 

" F l.1l 

." K 121 

14.61 , .. 

1.5 AMPERE 
POWER TRANSISTOR 

" 

PNP SILICON 

45. 80. 80 VOLTS 
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... 
0.425 OUS 
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FIGURE 1 - ACTIVE REGION SAFE OPERATING AREA 
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·10 
·16 

Min. Max. 

40 100 
63 160 
100 250 



MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

PLASTIC MEDIUM POWER NPN 
SILICON TRANSISTOR 

... designed for power output stages for television, radio, phonograph 
and other consumer product applications. 

• Suitable for Transformerless, LiRe·Operated Equipment 

• Thermopadt Construction Provides High Power Dissipation Rating 
for High Reliability 

-MAXIMUM RATINGS 

Rating Symbol BD 157 BD 158 BD 159 Unit 

Coliector·Emitter Voltage VCEO 250 300 350 Vde 

Co"ector~Base Voltage Vce 275 325 375 Vde 

Emitter-Base Voltaoe VEe ~5.0~ Vde 

Collector Current - Continuous IC ---O.5~ Ade 
Peak ~1.0~ 

Base Current IB -0.25_ Ade 

Total OevicaOissipation@Tc-250C Po - 20 - Watts 
Derate above 25°C 0.16 wf'lc 

Operating and Storage Junction TJ,Tstg --65to+150- °c 
Temperature Range 

-THERMAL CHARACTERISTICS 

Thermal Resistance. Ju nc;tion to Case 

ELECTRICAL CHARACTERISTICS (TC = 2SoC unless otherwise noted) 

Characteristic I Symbol I Type Min Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage BVCEO 
BO 157 250 - Vde BD 158 ~ (lc' 1.0 mAde,lB = 0) BD 159 

Collector Cutoff Currant leBO - 100 /lAde 
(AI raled voltage) 

emitter Cutoff Current lEBO - 100 /lAde 
(VEe - 5.0 Vdc, I C • 0) 

ON CHARACTERISTICS 

DC Current Gain ·hFE 30 240 -
(lC = 50 mAde, VCE = 10 Vde) 
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BD157 
BD158 
BD159 

0.5 AMPERE 
POWER TRANSISTOR 

NOTES: 

NPN SILICON 

250-300-350 VOLTS 
20 WATTS 

STYLE 1: 
PINt. EMlmR 

2. COLLECTOR 
1 BASE 

1. MT = MAIN TERMINAL. 
2. LEADS, TRUE POSITIONED WITHIN O.25mm (0,0101 

CIA TO DIM A' B AT MAXIMUM MATERIAL 
CONDITION. 

OIl 

• • C 
D 
F 

H 
J 

• M 
Q 

R 

• U 
V 

... MAX 
10.80 ".04 0.435 
1." 7.74 0.295 0.305 

.42 2." o. .105 
0.51 , ... ,. ,.'" 
2.93 3.17 0.115 0.125 
2.32 2.46 " 1 1 
1.27 2.41 '.050 "lOS 
'.39 "93 0,015 ,.'" 

14.&1 1093 0.575 , ... 
T'/P 3"m 

176 .. ~ 0.148 
1.15 1.39 , ... 
0.64 0.88 ,." .. 0.145 
1.02 O.il4O 

CASE 77·05 
TO·126 

0.158 ,.'" 
.15' 

• 



80157, 90158, 80159 

FIGURE 1 - POWER TEMPERATURE DERATING CURVE FIGURE 2 - "ON" VOLTAGES 

2~ 1.0 

III 1/ 
01--'"' " f'... 
~ 

"r--. 
" l',. 

" ~ 
" I"'.. 

0 "J'-. 5. 

0.8 

~ 0.6 
0 
2! 
w 

'" « 0.4 !:; 
0 
> 
:> 

0.2 

viE r :C~IB· 10 !--'"v 'ti. 
II / VBE@VCE-IOV 

L 

V ./ 
veE I",) IcIlB·IO ;.- ~+25DC 

ICtR. j'O 
I I 

20 40 60 80 100 120 140 160 10 20 30 50 100 200 300 500 

TC. CASE TEMPERATURE I'C) IC. COLLECTOR CURRENT ImM 

FIGURE 3 - DC SAFE OPERATING AREA 
1.0 

0.7 

if 0.5 

~ 0.3 

; 0.2 

~ O. I 

7 t 0.0 
j 0.05 
o 
u 0.03 
~ 

0.02 

0.0 I 

300 

200 

z 
~ 100 
.... 

~ :: 
u 
o 
; 30 

- --~ ~ , 
'500~s !s=~ 

~. r- Tj - ISO" 1.0m;'> - . -

de 

I I I'\. " BONDING WIRE LIMITED 

----THERI~~~L~E ~~~~~)D @TC· 25°C, 

SECOND BREAKDOWN LIMITED 
BOI6!~r-
BOI68=~ 

I I I L~ B0169 
10 20 30 50 100 ·200 300 

VCE. COLLECTOR·EMITTER VOLTAGE IVOLTSI 

The Safe Operating Area Curves indicate IC~VCE limits beloY' 
which the device wil,l not enter secondary breakdown. Collector 
load lines for specific circuits must fall within the applicable Safe 
Area to avoid causing a C;8tastrophic failure. To insure operation 
below the maximum T J. power-temperature derating must be ob· 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

PLASTIC MEDIUM POWER 
SILICON NPN TRANSISTOR 

. . . designed for use as audio amplifiers and drivers utilizing 
complementary or quasi complementary circUits. 

• DC Current Gain-hFE =40 (Min) @ IC= 0.15 Adc 

• BD 165, 167, 169 are complementary with BD 166, 168, 170 

MAXIMUM RATINGS 

Rating Symbol Type VaiuB Unit 

BO 165 45 
I Collector- Emitter Voltage VCEO BO 167 60 Vdc 

BO 169 80 I 
I 

I 
BO 165 45 

Collector-Base Voltage VCBO BO 167 60 Vde 
BO 169 eo 

Emitter-Base Voltage VEBO 5 Vde 

Collector Current IC 1.5 Ade 

Base ·Current IB 0.5 Ado ._--_. 
Total Device Dissipation@TA = 2SoC Po 1,25 Watts 

Derate above 2So C 8 mwf'c 

Total Device Dissipation@Tc=2SoC Po 20 Watt 

Derate above 25°C 160 mV!lf'C 

Operatin~ and Storage·Junction T J, T "9 -65 to +150 °c 
Temperature Range 

THERMAL CHARACTERISTrCS 

Characl8ristic Symbol Max Unit 
Thermal Resistance, Junction to Case 8JC 6,25 °CIW 
Thermal Resistance. Junction to Ambient 8JA 100 °CIW 

ELECTRiCAL CHARACTERISTICS (TC = 25°C unless otherwise noted) 

Char_istic Symbol TYPB Min ~ax Unit 
coliector-Emitter Sustaining Voltage' BVCEO I Vdc 

(IC = 0.1 Adc, IB = 0) BO 165 45 -
BO 167 60 -
BO 169 80 -

Collector Cutoff Current ICBO mAde 
(Vcec45 Vde, IE=O) BO 165 - 0.1 
(VCB =60 Vdc, le=O) BO 167 - 0.1 
(Vce = 80 Vdc, Ie = 0) BO 169 - 0.1 

Emitter Cutoff. Current lEBO mAdc 
(VBE =5.0 Vdc, ICcO) - 1.0 

DC current Gain hFE 
(IC~0.15 A, Vce=2 V) 40 -
(IC =0.5 A, VCE =2 V) 15 -

Collector-Emitter Saturation Voltage- VCE(sat) 
. Vdc 

(IC = 0.5 Adc, IS =O.05Ade) - 0.5 

Base-Emitter On Voltage' VBE{on) 
. Vdc 

(lC = 0.5 Adc, V CE = 2.0 Vdc) - ~.95 
Current-Gain-Bandwidth Product IT MHz 

(IC=500mAdc,VCE = 2 Vdc,I=1.0MHz) 6.0 -
• Pulse Tesl: Pulse Width· ~ JOO ps, Dut)' Cycle ~ 2.0%. 
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B0165 
B0167 
B0169 

1.5 AMPERE 
POWER TRANSISTOR 

NPN SILICON 

45, 60, 80 VOLTS 
20 WATTS 

~H 

D 

GJ.j 
~-T 

NOTES: 

STY1..El: 
PlN1eM1T1l:R ,.""""" ,B'" 

lMT .. MAlNTEA~Al. 
2. LEAOS,lRI.I:POSITIOtIEDWITliltlO.l6mm!O.OlO1 

DIATO DIM",. 8ATMAXlMUM MATERIAl 
CONIlffiOt,I, 

CASE 77-05 
TO-126 

• 



80165,80167, 80169 

, FIGURE 1 _ P,,-T, DERATING 'CURVE 
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FIGURE 4 _ CURRENT GAIN 
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'Note 1: 

There' lire two limitations on the 'power ha!,\cUing ability of a 
,transistor; average junction temperature and' second breakdown. 
Safe operating area curves indicate Ie - VeE limits of the transi'stor 
.that must be observed:for reliable operation; I.e,. the transistor: must 
not be subjected to, greeter dissipation than .the curves indicate. 

FIGURE 5 _"ON" VOLTAGE 
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The data of Figure 2 is based on T Jlpkl = 1So"C; T C is variable 
depending on conditions. Second breakdown,pulse limits are valid 
for duty cycles to 10% provided T JiPkl .;1So"C, At high case 
temperatures, thermal limitations will 'reduce the power that can be 
handled' to values less than the limitations imposed by second 
breakdown, ISee AN·41S1 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

PLASTIC MEDIUM POWER 
SILICON PNP TRANSISTOR 

. designed for use as audio amplitiers and drivers utilizing 
complementary or quasi complementary circuits. 

• DC Current Gain-hFE =40 (Min) @ ' C =0.15Adc 

• 80 166, 168, 170 are complementary with BD 165, 167, 169 

MAXIMUM RATINGS 
Reting Symbol Type Velue Unit 

BD 166 45 
Collector-Eminer Vo'tage VCEO BD 168 60 Vdc 

BD 170 80 

BD 166 45 
Coliector- Base Vo'tage VCBO BD 168 60 Vdc 

BD 170 80 

eminer -Base Vo'tage VEBO 5 Vdc 

Coliector Current 'C 1.5 Ado 

Base Current 
'B 0.5 Adc 

Total Device Dissipation@TA = 2SoC Po 1.25 Walls 

Derate above 2SoC 10 mw/oC 

Total Device Dissipation@TC=25oC Po 20 Wall 

Derate above 25°C 160 mWf'C 

Operating and Storage Junction TJ, Tstg -65 to .,50 °c 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Thermal ReSistance, Junction to Case 9JC 6.25 °CIW 
Thermal Resistance, Junction to Ambient 9JA 100 °elW 

ELECTRICAL CHARACTERISTICS (T, " 2SoC unl •• othetwI" noted 1 

Characteristic: Symbo' Type Min ax Unit 

Collector-Eminer Sustaining Vo'tage' BVCEO Vdc 
('C = 0.1 Adc, 'B = 0) BD 166 45 

BD 168 60 
BD·170 80 

Co'lector Cutoff Current 'CBO mAdc 
(VCB =45 Vdc, 'E=O) BD 166 - 0.1 
(VCB =60 Vdc, 'E=O) BD 168 0.1 
(V =80 Vdc, , =0) BD 170 0.1 

Eminar Cutoff Current 'EBO mAdc 
(V = 5.0 Vdc, , =0) 1.0 

DC currant Gain hFE 
('C- 0.15 A, VCE - 2 V) 40 
(I -0.5 A. V -2 V) IS 

Collector-Emiller Saturation Voltage' VCE(sat) Vdc 
(' -O.SAdc" -O.05Adc) 0.5 

Base-Emiller On Voltage' VIE(on) Vdc 
(I -0.5Adc, V - 2.0 Vdc) 0.95 

Current-Gain-Bandwidth Product 'T MHz 
(' = 5OOmAdc, V - 2 Vdc;.I-1.0MHz) 6.0 

• PuI .. Till: ....... Wid.b :5 lCIO .... Du., CJcIc :5 2.0%. 
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BDl66 
BDl68 
BD170 

1.5 AMPERE 
POWER TRANSISTOR 

PNP SILICON 

45, 60, 80 VOLTS 
20 WATTS 

-1 

~H 

I--D 
oJ.J: 
~i 

M 

~ 

""" 

.JLJ 

STYL£l: 
PIN 1 EMITTER 

2,COUECT~ 

''''' 

1. MT~MAIN1tRMINAL 
l.LEAOS.TfluePOSITlONEDWlTHlN0251!rnI0.o1O) 

IlATODlMA.aATMAXIMUMW,TEAIAL 
COMllTlDN 

CASE 77-05 
TO-126 

• 

II 



B0166, B0168, B0170 

FIGURE' _ Po-T, DERATING CURVE 
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FIGURE 4 _ CURRENT GAIN 
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Note 1: 

There are two limitltions on the power handling ability of • 
transistor; average junction temperature and second breakdoWn. 
Safe operating area curves indicate Ie " VeE limits of the transistor 
that must be observed for reliable operation; i.e., the transistor must 
not be subjected to greater dissipation than the curves indicate. 
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The data of Figure 2 i. based on T Jlpkl = 15O"C; T C is variable 
depending on·conditions. Second breakdown pulse limits are yalid 
for duty cycles \0 10% provided T Jlpkl :S;15o"C. At high case 
temperatures, thermal limitations will reduce the power that can be 
handled to values less than the limitations imposed bV second 
breakdown. (See A N-4151 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

PLASTIC MEDIUM POWER 
SILICON NPN TRANSISTOR 

designed for use in 5 to 10 Watt audio amplifiers and drivers 
utilizing complementary or quasi complementary circuits. 

• DC Current Gain-hFE =40 (Min) @ IC =0.15 Adc 

• SO 175, 177, 179 are complementary with SO 176, 178, 1S0 

• Available in HFE groups ·6, ·10, ·16 

MAXIMUM RATINGS 

Rating Symbol Type Value Unit 

BD 175 45 
Coliector·Eminar Voltage VCED BD 177 60 Vdc 

BD 179 80 

BD 175 45 
Collector- Base Voltage VCBO BD 177 60 Vdc 

BD 179 80 

Emitter-Base Voltage VEBO 5 Vdc 

Collector Current IC 3.0 Adc 

lIase ~urrent B 1.0 AdC 

Total Device Dissipation TC=25°C Po 30 Watts 
Derate above 2SnC 240 mW/oC 

Operating and Storage Junction TJ, Tstg -65 to +150 °C 
Temperature Range 

THERMAL CHARACTERISTICS 

Charactaristic 

Thermal Resistance, Junction to 

ELECTRICAL CHARACTERISTICS ITc'" 25"C unleS& otherWIse noted) 

Characteristic Symbol Type Mi. Max Unit 

Collector-Emitter Sustaining Voltage' BVCEO Vdc 
(lC=O.1 Adc, IB=O) 110175 45 -

BD 177 60 -
BD 179 BO -

Collector Cutoff Current ICBO mAdc 
(VCB =45 Vdc. IE=O) BD 175 - 0.1 
(VCB = 60 Vdc. IE = 0) BD 177 - 0.1 
(VCB =80 Vdc. IE=O) BD 179 - 0.1 

Emitter Cutoff Current lEBO mAdc 
(V BE = 5.0 Vdc, IC = 0) - 1.0 

DC current Gain 
{ group .1~ nFE 40 100 

(lC- 0.16 A. VCE - 2 VI 63 180 

(lC-l A. VCE-2VI 
. ·16 100 250 

15 
Collector-Emitter Saturation Voltage' VCE(sat) Vdc 

(lC=1 Adc.1 6 =0.1 Adc) - O.B 

Base-Emitter On Voltage' VBE(on) -Wc 
(IC = 1 Adc. V CE = 2.0 Vdc) - 1.3 

Current-Gain-Bandwidth Product fT MHz 
(I C =250mAdc, VCE =10VdC, 1=1.0 MHz) 3.0 -

• Pulse Test: Pulse Width:; 300 ps, Duty Cycle .:l! 2.0". 
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BD175,-6,-10,-16 
BD177,-6,-10 
BD179,-6,-10 

3 AMPERE 
POWER TRANSISTOR 

S 

NPN SILICON 

45, 50, 80 VOLTS 
30 WAITS 

~H K 

L 
l--D -lLJ 

oJ.j STYLE!; 

~t 
PINt EMlTTEJI 

Z. COUfCTOA 
1 BASE 

NOTES: 
1. MT = MAIN TERMINAl.. 
2. lfADS, TROf POStnONED WITHIN O.25mm (0.0101 

OIA TO DIM A. B AT MAXIMUM MATERIAl 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

PLASTIC MEDIUM POWER 
SILICON PNP TRANSISTOR 

designed for use in 5 to 10 Watt audio amplifiers and drivers 
utilizing complementary or quasi complementary circuits. 

• DC Current Gain-hFE = 40 (Min) @ Ie = 0.15 Adc 

• Bo 176. 178. 180 are complementary with 80 175. 177. 179 

• Available in HFE groups -6, -10, -16 

MAXIMUM RATINGS 

Rating Symbol Type Value Unit 

BD 176 45 
Collector- Emitter Voltage VCEO BD 178 60 Vdc 

BD 180 80 

BD 176 45 
Collector-Ba~ Voltage VCBO BD 178 60 Vdc 

BD 180 80 

Emitter-Base Voltage VEBO 5 Vdc 

Collector Current IC 3.0 Adc 

Base Current IB 1.0 Adc 

Total Device Dissipation T C=25°C Po 30 Watts 
Derate above 25°C 240 mW/oC 

Operating and Storage Junction TJ. Tstg -~5 to +150 °C 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance. Junction to Case 

ELECTRICAL CHARACTERISTICS fTc'" 25 0 C unlt'S5 otherwise noted) 

Characteristic Symbol Type Min Max Unit 

Collector-Emitter Sustaining Voltage· BVCEO Vdc 
(lC=O.1 Adc. IB=O) BD 176 45 -

BD 178 60 -
BD 180 80 -

Collector Cutoff Current ICBO mAde 
(VCB =45 Vdc. IE=O) BD 176 - 0.1 
(V CB =60 Vdc, IE = 0) BD 178 - 0.1 
(VCB =80 Vdc. IE=O) BD 180 - 0.1 

Emitter Cutoff Current lEBO mAde 
(VBE =5.0 Vdc. IC=O) - 1.0 

DC Current Gain ~ -6 hFE 40 100 
(lC· 0.15 A. VCE· 2 VI \ group -10 63 160 

IIC·' A. VcE--2V) 
-18 100 250 

16 
Collector-Emitter Saturation Voltage' VCE( .. t) Vdc 

(IC = 1 Adc. IB = 0.1 Adc) - 0.8 

BaS8-Emitter On Voltage' VBE(on) Vdc 
(lC = 1 Adc. V CE = 2.0 Vdc) - 1.3 

Current-Gain-8andwidth Product IT MHz 
(lC=250 mAde. VCE =10VdC. 1= 1.0 MHz) 3.0 -

• PuJac Tnt: Pulse Width :i 3OO)U. Duty Cycle S 2.0%. 
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BD176,-6,-10,-16 
BD178,-6,-10 
BDl80,-6,-10 

3 AMPERE 
POWER TRANSISTOR 

NOTES: 

PNP SILICON 

45, 60, 80 VOLTS 
30 WATTS 

STYLE 1: 
PIN 1. EMITTER 

2. COUfCTDfI 
• IIASf 

1. MT so MAIN TERMiNAl. 
2. lEADS, Tfl.UE POSI1'IOWED Ym'HfN O.26mm 10,0101 
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B0176,-6,-10,-16,B0178,~6>10, B0180,-6,-10 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

PLASTIC MEDIUM POWER 
SILICON NPN TRANSISTOR 

designed for use in 5 to 10 Watt audio amplifiers utilizing 
complementary or quasi complementary circuits. 

• DC Current Gain-hFE =40 (Min) @ IC=0.5 Adc 

• BD 185. 187. 189 are complementary with BD 186. 188. 190 

MAXIMUM RANGS 

Rating Symbol Type Value Uni' 

BO IS5 30 
Collector-Emitter Voltage VCEO SO 187 45 Vdc 

SO 189 60 

SO 185 40 
Collector-Base Voltage VCSO SO 187 55 Vdc 

SO IS9 70 

Emitter- Sase Voltage VESO 5 Vdc 

Collector Current IC 4.0 Ade 

Base Current IS 2.0 Adc 

Total Device Dissipation TC=25O C Po 40 Watts 
Derate above 25c C 320 mW,oC 

Operating and Storage Junction TJ• Tstg -65 to +150 °C 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case 

ELECTRICAL CHARACTERISTICS (T, - 25°C un',. 01"_;,. noled) 

Characteristic Symbol Type Min Max Unit 

Collector-Emitter Sustaining Voltage· BVCEO 
. Vdc 

(lC=O.1 Adc. IS=O) 8.0185 30 -
BD 187 45 -
SO 189 60 -

Collector Cutoff Current ICBD mAdc 
(VCS =40 Vdc. IE=O) SO 185 - 0.1 
(VCS = 55 Vdc. IE = 0) SO 187 - 0.1 
(VCS = 70 Vdc. IE = 0) BD 189 - 0.1 

Emitter Cutoff Current lEBO mAde 
(VBE =5.0 Vde. IC=O) - 1.0 

DC current Gain hFE 
(lC=0.5 A. VCE =2 V) 40 -
(IC= 2A. VCE =2V) 15 -

Collector-Emitte.r Saturation Voltage· VCE(sat) 
. Vde 

(lC = 2Adc. IB = 0.2 Adc) - 1.0 

Sase-Emitter On Voltage· V • Vdc 
(IC = 2Ade. V CE = 2.0 Vdc) 

SE(on) - 1.5 

Current-Gain-Bandwidth Product 'T MHz 
(IC =I.0Adc. VCE =10Vdc. f=I.0 MHz) 2.0 -

• Pulse Test: Pulse Width;;;;; 300 1'5, Duty Cycle ;S; 2.0%. 
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NOTES: 
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FIGUI\E 1 - ACTIVE REGION SAFE OPERATING AREA 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

PLASTIC MEDIUM POWER 
SILICON PNP TRANSISTOR 

designed for use in 5 to 10 Watt audio amplifiers utilizing 
complementary or quasi complementary circuits. 

• DC Current-hFE =40 (Min) @ IC=0.5 Adc 

• SO 186. 188. 190 are complementary with SO 185. 187. 189 

MAXIMUM RANGS 

Rating Symbol Type Value Unit 

BD lB6 30 
Collector-Emitter Voltage VCEO BD 188 45 Vdc 

80190 60 

BD 186 40 
Collector-Base Voltage VCBO BD 188 55 Vdc 

BD 190 70 

Emitter-Base Voltage VEBO 5 Vdc 

Collector Current IC 4.0 Adc 

Base CUn'ent IB 2.0 Adc 

Total Device Dissipation TC=25OC Po 40 Wans 
Derate above 250 C 320 mW'oC 

Operating and Storage Junction TJ . Tstg -65 to +150 °C 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance. Junction to Case 

ELECTRICAL CHARACTERISTICS (T,' 25°C unl •• o,h..wi •• no,.d) 

Characteristic Symbol Type Min Max Unit 

Collector-Emitter Sustaining Voltage" BVCEO" Vdc 
(lC=O.1 Adc. IB=O) BD 186 30 -

BD 188 45 -. 
BD 190 60 -

Collector Cutoff Current ICBO mAdc 
(VCB =40 Vdc. IE=O) BD 186 - 0.1 
(VCB =55Vdc.le =0) BD 188 - 0.1 
(VCB = 70 Vdc. Ie = 0) BD 190 - 0.1 

Emitter Cutoff Current lEBO mAdc 
(V BE = 5.0 Vdc, IC " 0) - 1.0 

DC current Gain hFE 
(IC=0.5A, VCE =2V) 40 -
(lC=2A. VCE =2 V) 15 -

Collector-Emitter Saturation Voltage" VCE( .. t) Vdc 
(IC = 2.0 Adc, IB = 0.2 Adc) - 1.0 

Base-Emitter On Voltage" V " Vdc 
(IC = 2.0 Adc, V ce = 2.0 Vdc) 

BE(on) - 1.5 

Current-Gain- Bandwidth Product IT MHz 
(IC=I.0Adc, VCE =10VdC, 1=1.0 MHz) 2.0 -

• Pulse Test: Pulse Width :i! 300 ~. Duty Cycle :i! 2.0%. 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

PLASTIC HIGH POWER 
SILICON NPN TRANSISTOR 

. . . designed for use in high power audio amplifiers utilizing 
complementary or quasi complementary circuits. 

• DC Current Gain-hFE = 30 (Min) @ IC = 2.0 Adc 

• BD 205,207 are complementary with BD 206, 20B 

MAXIMUM RATINGS 

Rating Symbol 

Collector- Emitter Voltage 

Collector-Base Voltage VCBO 

Emitter-Base Voltage VEBO 

Collector Currant 

Base Current IB 

Totil Device'Dissipation TC=25°C Po 
Derata above 25°C 

Operating and Storage Junction TJ, T5Ig 
Temperatura Range 

THERMAL CHARACTERISTICS 

Characteriatic Symbol 

Thermal Resistance, Junction to Case 8JC 

Type 

BD 205 
BD 207 

BD 205 
BD 207 

Value 

45 
60 

55 
70 

5 

10.0 

6.0 

90 
720 

-55 to +150 

Ma. 

1.39 

ELECTRICAL CHARACTERISTICS (Tc ~ 25"C unless otherWise noled) 

Characteristic Symbol Type Min 

Collector-Emitter Sustaining Voltage' BVCEO' 
(lC=0.2Adc,IB =0) BD 205 45 

BD 207 60 

Collector Cutoff Currant ICBO 
(VCB =55 Vdc, IE=O) BD 205 -
(VCB =70 Vdc, IE=O) SO 207 -

Emitter Cutoff Current lEBO 
(VBE =5.0 Vdc, IC=O) -

DC currant Gain hFE 
. 

(lC = 2A. VCE = 2V) 30 
(IC = 4A, VCE = 2 V) 15 

Collector-Emitter .saturation Voltage' VCE(sat) • 
(lC = 4 Adc, IB = 0.4 Adc) -

Base-Emitter On Voltage' V • 
(IC = 4 Adc, V CE = 2.0 Vdc) 

BE(on) -
Current-Gain-Bandwidth Product IT 

(lr.=1.0Adc, VCE =10Vdc, 1=1.0 MHz) 1.5 

• Pulse Test: Pulse Width :;; 300 ps, Duty Cycle :a: 2.0%. 
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Unit 

Vdc 

Vdc 

Vdc 

Adc 

Adc 

Watts 
mW/oC 

°C 

Unit 

° C/W 

Ma. Unit 

Vdc 
-
-

mAdc 
1.0 
1.0 

mAdc 
2.0 

-
-

Vdc 
1.1 

1.6 
Vdc 

MHz 
-

1 
I 

BD205 
BD207 

10 AMPERE 
POWER TRANSISTOR 

4.8 

NPN SILICON 

45, 60 VOLTS 
90 WATTS 

Ta2 r12
.
41 

\0 . .rMr IlIA. TIIW 

-r .. T -1--+ ~y:~ T~!l 
3.2 MAl..;;:-, 

CUIlCOll11lOUfDl --LI,.,-'TT'TT.I-----'I-

-- t 
14.9 
16.S 

1 

When mounting the device. torque not '" exceed 0.09 m-kg. 

If lead bending is required. use suitable clamps or other IUPPcrtS 
between transistor cue and point of bend. 

Alldilhlnsiont in millimetw. 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

PLASTIC HIGH POWER 
SILICON PNP TRANSISTOR 

. designed for use in high power audio amplifiers utilizing 
complementary or quasi complementary circuits. 

• DC Current-hFE = 30 (Min) @ 'C = 2.0 Adc 

• BO 206, 208 are complementary with BO 205, 207 

MAXIMUM RATINGS 

Rating Symbol Type Value Uni1: 

Collector-Emitter Voltage VCEO 
BO 206 45 Vde 
BO 208 60 

Collector- Base Voltage VCBO BO 206 55 Vde 
BO 208 70 

Emitter-Base Voltage VEBO 5 Vde 

Cdllector Current 10.0 Ade 

Base Current 'B 6.0 Adc 

Total Device Dissipation TC=25oC Po 90 Watts 
Derate above 25 0 C 720 mW/oC 

Operating and Storage Junction T J, Tstg -55 to +150 °C 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Thermal Resistance. Junction to Case 9JC 1.39 ° C/W 

ELECTRICAL CHARACTERISTICS (Te = 250 C unless otherWise noted) 

Characteristic Symbol Type Min Max Unit 

Collector-Emitter Sustaining Voltage· BVCEO 
. Vde 

(lc =0.2Ade,IB =0) BO 206 45 -
BO 208 60 -

Collector Cutoff Current 'CBO mAde 
(V CB = 55 Vde, 'E = 0) BO 206 - 1.0 
(VCB =70 Vde, 'E=O) BO 208 - 1.0 

Emitter Cutoff Current 'EBO mAde 
(VBE = 5.0 Vde, 'C = 0) - 2.0 

DC current Gain hFE 
(iC=2A,VCE =2V) 30 -
(IC =4A,VCE =2V) 15 -

Collector-Emitter Saturation Voltage- VCE(sat) Vde 
(IC = 4 Ade, 'B = 0.4 Ade) - 1.1 

Base-Emitter On Voltage- VBE(on) Vde 
(iC=4Ade, V CE = 2.0 Vde) - 1.6 

Current-Gain-Bandwidth Product IT MHz 
(iC=I.0Ade, VCE =10Vde, 1=1.0 MHz) 1.5 -

• Pulse Test: Pulse Width ~ 300 J.I.S. Duty Cycle;:;;; 2.0%. 
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BD206 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

NPN SILICON MEDIUM POWER TRANSISTORS 

• For Power Ouput Stages and Line Driver in Television Receivers 

MAXIMUM RATINGS 

Rotlnl Symbol Value Unit' 

Collector-Emitter Voltage VCEO 300 Vdc 

Collector-Emitter Voltage VCES 500 Vdc 

Emitter-B_ Voltage VEBO 5 Vdc 

Co!lector Current Continuous IC 0.5 Adc 

Base Current 'B 0_25 Adc 

Total Device Dissipation @ T c - 250 C Po 20 Watts 
Derate above 250 C 160 W/oC 

Operating and Storage Junction TJ, Tstg oc 
Temperature Range -55to 150 

THERMAL CHARACTERISTICS 

Ch ..... 1c 

Thermal Rosist .. ce. Junction to C_ 

fiGURE 1 - POWER DERATING 
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BD232 

0.5 AMPERES 

NPN SILICON 
POWER TRANSISTOR 

300 VOLTS 
20 WATTS 

SJ'Il.Il; 
I'INI.9IT1BI. .. """"" 
"'" 

-. I.MT",MAlNTER.w., 
2. L1ADS,lIIUE POSITIONEDwmnNo.:!Smm (0.0101 

DlATODlMA •• ATMAXlMUMMA11:111A1. 

"""""". 

CASE 77-115 
TO-126 

• 

II 



80232 

ELECTIiICAL CHARACTERISTICS (TC ~ 250 C unless otherwise noted) 

Characteristic Symbol Min. Max. Unit 

OFF CHARACTE'RIST'ICS (11 

Collector-Emitter' Sustaining Voltage 

(lC ~ 10 mAde, '8 "'at 

Collector Cutoff Current 

(VCE ~ 5OOVdc, VBE = 01 

Base-Emitter Voltage 
(VeE ~-5 Vdc, Ie = 150 mAl 

DC Current Gain 
(VCE = 5 V, IC = 50 mAl 
(VeE = 5'V, IC= 150 mAl 

Collector Emittef ~aturation Voltage 
(IC'= 1'¥l~;\B=15mAI 
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There are two limitations on the power handling ability of a 
transistor: average junction temperature and second break
down. Safe operating area curves indica'te Ie-VeE limits 91 
the transistor that must be obser:ved for reliable operation . 
i.e., the transistor must not be subjected to greater dissipa· 
tion than the curves indicate. 
The data of figure 6 is based on T J(pkl ¥' -1500C, Tcisvariabie 
depending on conditions. Second breakdown pulSe" limits 
are valid for duty cycles to 100/0 provided TJ(pk)" 1500C. 
TJ(pkl may Be calculated from 'the data in figure 7. At high 
case temperatures, thertnallimitations will reduce the power 
that can be handled to values less than the limitations 
imposed by second breakdown. (See AN·415A) 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

PLASTIC MEDIUM POWER 
SILICON NPN TRANSISTOR 

designed for use in 5 to 1 0 Watt audio .mplifiers and drivers 
utilizing complementarv or quasi complement.ry circuits. 

• DC Current Gain-hFE =40 (Min) @ le= 0.15 Adc 

• BD 233. 235. 237 are complementary with BD 234. 236. 236 

MAXIMUM RATINGS 

Rating Symbol Type V ..... Unit 

BD 233 46 
CoIIector-Emitter Vohllge VCED BD 23& 60 Vde 

BD 237 60 

BD 233 46 
Coliector·B_ Voltage VCBO BD 23& 60 Vde 

BD 237 80 

Emitter·Ba .. Vohllge VEBO 5 "de 

Collector Cunent I~ 2.0 Adc 

B_ Cunent 
'B 1.0 Adc 

T-' Device DiAipation TC=2SOC Po 25 WatIB 

Operating end Storage Junction TJ • TItg 5510 +160 OC 
Temperature Range 

THERMAL CHARACTERISTICS 

I Chal'8Cteriatlc I Symbol M ... Unit 

Thermal Resistenca. Junction to ~ 60 • C/W 

ELECTRICAL CHARACTERISTICS (Te • 25°C unl •• ot'",wi .. no.ed, 

Cha..-rietic Symbol Type Min M ... Unit 

Collector-Emitter Sustaining Vo"-" BVCEO Vdc 
(IC =0.1 Adc. IB =0) BD 233 45 -

BD 235 60 -
BD 237 60 -

Collector Cutoff Current ICBO mAde 
(Vca =45 Vde. 'E=O) BD 233 - 0.1 
(VCB =60 Vdc. IE=O) BD 236 - 0.1 
(VCB =80 Vdc. IEaO) BD 237 - 0.1 

Emitter Cutoff Current lEBO mAde 
(IiBE =5.0 Vdc. IC=O) - 1.0 

DC current Gain 
(IC =0.15 A. VCE =2 V) hFEl 40 -
(lC=l A. VCE =2V) "FE2 25 -

Collector-Emitter Saturation Voltage" VCE(sat) " Vde 
(IC=l Adc.IB =O.l Adc) - 0.6 

aase-Emitter On Voltage" VBE(on) " Vdc 
(IC -1 Adc. V CE =2.0 Vde) - 1.3 

Current-Gain-Bandwidth Product 'T MHz 
(lC=250mAdc. VCE-l0Vde. f=1.0MHz) 3.0 -

• PuI .. Test: PuIoe Width :ii 300 .... Dull' Cyde :ii 2.0 "r 
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BD233 
BD235 
BD237 

2 AMPERE 
POWER TRANSISTOR 

NPN SILICON 

45.60. 80 VOLTS 
25 WAn5 
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B0233, B0235, B0237 

FIGURE 1 - ACTIVE:REGION SAFE OPERATING AREA 
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MOTOROLA 
• SEMICONDUCTOR -----1 TECHNICAL DATA 

PLASTIC MEDIUM POWER 
SILICON PNP TRANSISTOR 

designed for use in 5 to 10 Watt audio amplifiers and drivers 
utilizing complementary or quasi complementary circuits. 

• DC Current Gain-hFE =40 (Min) @ .IC =0.1SAdc 

• BD 234. 236. 238 are complementary with BD 233. 235. 231 

MAXIMUM RATINGS 

Rating Symbol Type Value Unit 

B0234 45 
Collector-Emitter Volrage VCEO B0236 60 Vde 

B0238 80 

B0234 45 
Collector-Base Vollage VCBO B0236 60 Vde 

B0238 80 

Emitter-Base Voltage VEBO 5 Vde 

Collector Current IC 2.0 Ade 

Base \;urrent IB 1.0 Ade 

Total Device Dissipation TC-2SGC Po 25 Watts 

Operating and Storage Junction TJ, Tstg -55 to +150 GC 
Temperature Range 

THERMAL CHAAACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case 

ELECTRICAL CHARACTERISTICS (Tc '" 250 C unless otherWIse noted) 

Characteristic Symbol Type Min Max .Unlt 

Collector-Emitter Sustaining Voltage' BVCEO Vdc 
(lC=O.l Ade.IB=O) B0234 45 -

90236 60 -
B0238 80 -

Collector Cutoff Current ICBO mAde 
(VCB =45 Vdc •. IE~O) B0234 - 0.1 
(VCB =80,vdc. IE=O) B0238 - 0.1 
(VCB =80 Vdc. IE = 0) B0238 - 0.1 

Emitter Cutoff Cunent lEBO mAde 
(VBE =5.0 Vdc. IC=O) - 1:0 

DC current Gain 
(lC=0.15 A. VCE =2 V) hFEl 40 -
(le· 1 A. VCE =2V) hFE2 25 -

Collector-Emitter Saturation Voltag8' VCE(sat) 
, 

Vde 
(lC·1 Ade,IB =O.1 Ade) - 0.6 

Base-Emitter On Voltage' VBE(on) 
, 

Vde 
(lC = 1 Ade, V CE - 2.0 Vde) - 1.3 

Current-Gain-Bandwidth Product fT MHz 
(IC=250 mAde, VCE=10Vde. f=1.0MHz) 3.0 -

• Pul .. Test: Pultc Width ;:;; 300 pi, Duty Cy<1c :!i 2.0%. 
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BD234 
BD236 
BD238 

2 AMPERE 
POWER TRANSISTOR 

PNP SILICON 

4S. 60. 80 VOL T5 
25 WATTS 

CASE 77-05 
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~1. EMImR .. """"'" 
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80234, 80236, .80238 

FIGURE 1 - AC'l'IVI'-REGiON SAFE OPERATING AREA 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

COMPLEMENTARY SILICON PLASTIC 
POWER TRANSISTORS 

. .. designed for use in general purpose amplifier and switching 
applications. Compact TO·220 AB package. T0-66 leadform also 
available ordered with "66" suffix. 

MAXIMUM RATINGS 

80239 
R ..... Iv ..... 802«1 

CoIleclor-Emitte, VoIlagi VCEO 45 

CoIl.ctor-Emltter Vol .... vea 55 
Emlne,·B_ Volqge V • 
CoIlKtor Cw".nt - Continuous IC .. 

P .. k .. 
_Current la .. 
Total Device Dissipation Po 

.TC·25"C • 30 
C-.. _25"c ... 0.24 

Total Device Dissipation Po 
IHA = 25"C .. 2.0 
Derate above 25°C • 0.016 

\JndomoId 1._ .... Lood • 32 
Energy (Set Note 31 

()penIling ..,d Stor. Junction TJ, Tit, • 1& 10+160 
Temperature Range 

THERMAL CHARACTERISTICS 

Thermal Resistance, Junction to c.se 
Thermal R',il'MICe, Junction to Ambient 

ELECTRICAL CHARACTERISTICS ITC' 2S"C u.1ets ""'.,w;' ." .. d) 

OFF CHARACTERISTICII 

Collector-Emitter Sulteining Voltage 11) 
IIC • 30 mAde. IS • 01 

Collector Cutoff Current 
IVCE' 30 Vde. IS' 01 
IVCE • 60 Vde. IS • 01 

Collector Cutoff Current 
IVCE' 45 Vdc, VEB' 01 
IVCE • 60 Vde. VES • 01 
IVCE • SO Vde. VES • 01 
IVCE • 100 Vde, VE6 • 01 

Emitter Cutoff Current 
IVRE' 5.0 Vde. Ie' 01 

ON CHARACTERISTICS III 

DC Current Gain 
IIC • 0.2 Adc:. VCE - 4.0 Vde) 
IIC' 1.0 Ade, VCE' 4.0 Vdel 

Collector-Emitter SIIturation Voltage 
IIC".oAdc,IB"200mAdcI 

..... Emitter On Volt. 
IIC' 1.0 Ade, VCE • 4.0 Vdcl 

DYNAMIC CHARACTERISTICS 

Curr.nt Gain - Bandwidth Product 121 

80239,B02«1 
BD239A. B02«IA 
BD239B. B02«lB 
BD23IIC. B024DC 

B0239A. B02«lA 
B0239B,C, B024DB, C 

S0239, SD240 
B0239A, B02«1A 
B0239B, B02«1A 
B0239C, B02«IC 

flC • 200 mAde, VeE - 10 Vdc, 'telt • 1 MHz) 
Sm .. I-5ignei Current Gain 

fie· 0.2 Adc. VCE • 10 Vdc. f .. 1 kHzl 

(11 Pul. Tat: Pulse Width c; 300 I'S, Duty Cycle III;; 2.0%. 
(21 'T .lh,.I. 't.t 

I Symbol 

VCEOlsul) 

ICED 

ICES 

IESO 

VCElsati 

VBElonl 

Min 

45 
60 
SO 
100 

-
-

-
-
-
-

40 
IS 

80239C 
80240C 

100 

115 

• • .. 
• 
• • 
• .. 
• 
• 

.... 
-
---

0.3 
0.3 

200 
200 
200 
200 
1.0 

0.1 

1.3 

(31 This refine t.ed on testing with Lc • 20 mHo RaE· 100 n. RE • 0.1 n, IC • 1.8 A. 

3-311 

l/ftlt 

Vdc 

Vdc 

Vdc 

Ade 

AdC 

Watts 
wl"c 

Watts 
W/"c 

mJ 

°c 

Unit 

Vdc 

mAde 

.Ade 

mAde 

Vde 

Vde 

I. 

NPH 
BD239 

BD239A 
BD239B 
BD239C 

2 AMPERE 

PNP 
BD240 

BD240A 
BD240B 
BD240C 

POWER TRANSISTORS 
COMPLEMENTARY SILICON 

I 
1.1 

lIS 

., 80, eo. 100 VOLTS 
30 WATTS 

,1& 
IO.lII 

I 
I ... 
" , 

roms, 
1. DIMENStONtNG AND TOlERANClNG PElt ANSI 

Y1UM.1t82. 
• CONlIIIlUINGIlIMEIISIOH,INCII. 
3. DIM Z CERNES A ZONE WHERE AU. BODY AND 

LEAD IllIEGUlARITIES ARE ALlOWED. .. .... . .,. 0.&20 ... 
O.1a1 .ISO 

STYLE 1: 
PIN 1. BAS£ 

,. COUECIOII 
3.EMlmR 
• COllECTOR 

• I 
0.1 120 

flO 

0JII6 

CASE 221A.CJ4 
TO·22OAB 

• 



B0239;' B0239A, B0239B, B0239C NPN 
B0240,'B0240A, B0240B, B0240CPNP 
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There are two limitations on the power handling ability of a 
transistor: werage junction temperature aAd second breakdQwn. 
Safe aperating area curves indicate IC-VCE operation; i.e •• the 
transistor must not be subjected to greater dissipation than the 
curves indicate. 

TIle data of Figure S is based on TJIPk) = 150°C; TC is varioble 
depending on conditions. Second breakdown pulse limits are valid 
for duty cycles to 10% provided T J(pk) .. 1S00 C. At high ca .. 
temperatures. thermal limitations will reduce the power that can 
be handled to value. less than the limitations imposed by ·second 
breakdown. ISee AN-41SA). 



MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

COMPLEMENTARY SILICON PLASTIC 
POWER TRANSISTORS 

designed for use in general purpose amplifier and switching 
applications. 

• Collector· Emitter Saturation Voltage -
VCE = 1.2 Vdc (Max) @ IC = 3.0 Adc 

• Collector· Emitter Sustaining Voltage -
VCEO (sus) = 45 Vdc (Min.) B0241, B0242 

= 60 Vdc (Min.) B0241A, B0242A 
= SO Vdc (Min.) B0241 B, B0242B 
= 100 Vdc (Min.) B0241C, B0242C 

• High Current Gain - Bandwidth Product 
IT = 3.0 MHz (Min) @ IC = 500 mAdc 

• Compact TO·22.0 AS Package 

• TO-66 Leadform Also Available ordered with '~-66" suffix. 

MAXIMUM RATINGS 

B0241 B0241A B0241B B0241C 
Rating Symbol B0242 B0242A B0242B B0242C 

Collector-EmLtter Voltage VCEO 45 60 80 100 

Collector-Emitter Voltage VCES 55 70 90 115 

Emitter-Base Voltage VEe 5.0 

Collector Current - Continuous IC . 3.0 
Peak . 5.0 . 

Base Current 18 1.0 

Total DevIce Dissipation Po 
@TC = 25°C 40 
Derate above 2SoC 0.32 

Operating a.nd Storage Junction T J.T 51g - ·65 to ., 50 ---
Temperature Range 

THERMAL CHARACTERISTICS' 

Characteristic Symbol Ma. 

Thermal Aeslstance, Junction to Case ROJC 3_125 

Thermal Resistance, Junction to Ambient ROJA 62.5 

FIGURE 1 - POWER DERATING 
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Unit 

Vdc 

Vdc 

Vdc 

Adc 
Adc 

Adc 

Watts 

W/oC 

°c 

Unit 

°C/W 

°CIW 

MPH PHP 
80241 

80241A 
80241B 
BD241C 

BD242 
BD242A 
BD242B 
BD242C 

3 AMPERE 

POWER TRANSISTORS 
COMPLEMENTARY SILICON 

45, 60, 80. 100 VO L TS 
40 WATTS 

NCmS, 
1. DlMENSIOMNG AND TOlERANClNG PER ANSI 

YI(.&M.1982. 
2. CONTROLUNG DlMEN90N: INCIl 
3. DIM Z DEfINES A ZONE WHERe ALL BODY AND 

!.fAD IRREQULARfflES ARE ALlOWED. ..... 

CASE 221A-D4 
TO-220AB 

• 



II 

B0241, B0241A, B0241B, B0241C NPN 
B0242, B0242A, B02428, B0242C PNP 

ELECTRICAL CHARACTERISTICS (TC· 25°C unless otherWise noted) 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage! B0241, B0242 
(lc -30 mAde, lB· 0) B0241A. B0242A 

B0241B. B0242B 
B0241C. B0242C 

Collector Cutoff Current 
IVCE • 30 Vde. lB· 0) B0241. B0241A, B0242, B0242A, 
IVCE· eo Vde, lB· 0) B0241B, Bo241C, B0242B, B0242C 

Collector Cutoff Current 
IVCE ·45 Vde. VEB ·0) B0241 , B0242 
IVCE • SO.Vde. VEB· 0) B0241A, B0242A 
(VCE z eo Vde, VEB· 0) B0241B, B0242B 
(VCE· 100 Vde, VEB· 0) B0241C, B0242C 

Emitter Cutoff Current 
(VBE· 5.0 Vde, IC - 0) 

ON CHARACTERISTICS! 

DC Current Gain 
IIc· 1.0 Ade, VCE = 4.0 Vde) 
(lc· 3.0 Ade, VCE • 4.0 Vde) 

Collector-Emitter Saturation Voltage 
IIc· 3.0 Ade, lB· 600 Ade) 

Base-Emitter On Voltage 
IIC· 3.0 Ade, VCE = 4.0 Vde) 

DVNAMIC CHARACTERISTICS 

Current Gain - Bandwidth Produet2 

IIC· 500 mAde. VCE = 10 Vde, ft .. t - 1 MHz) 

Small-Signal Current Gain 
IIc - 0.5 Ade. VCE· 10 Vdc, f -1 kHz) 

! Puis. Test: Pulse Width" 300 /JS, Duty Cycle" 2.0% 
2 fT. Ihfel- ft .. t 

FIGURE 2 - SWITCHING TIME EQUIVALENT CIRCUIT 
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B0241, B0241A, B0241B, B0241C NPN 
B0242, B0242A, B0242B, B0242C PNP 

FIGURE 4 - THERMAL RESPONSE 
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There are two limitations on the power handling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area. curves mdicate.le-VeE limits of the transistor 
that must be observed for reliable operation; I.e., the transistor 
must not be subjected to greater dissipati0t:1 than the curves indicate. 

Thedata of Figure 5 is based on TJ("pk) = 1S00C; TC';s variable 
depending on conditions. Second breakdown pulse limits are valid 
for duty cycles 1010% provided T Jlpk)';; lS0oC. T J(pk) may be 
calculated from the data in Figure 4. At high case temperatures, 
thermal limitations will reduce the power that can be handled to 
values less than the limitations imposed by second breakdown. 

(S .. AN-415A). 

FIGURE 7 - CAPACITANCE 
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FIGURE 8 - DC CURRENT GAIN 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

COMPLEMENTARY SILICON PLASTIC 
POWER TRANSISTORS 

designed for use in general purpose amplifier and switching 
appl ications. 

• Collector· Emitter Saturation Voltage -
VCE(sat) = 1.5 Vdc (Max) @ 'C = 6.0 Adc 

• Collector-Emitter Sustaining Voltage -
V CEO(sus) = 45 Vdc (Min) - B0243. B0244 

= 60 Vdc (Min) - B0243A. B0244A 
= 60 Vdc (Min) - B0243B. B0244B 
= 100 Vdc (Min) - B0243C. B0244C 

• High Current Gain - Bandwidth Rroduct 
'T = 3.0 MHz (Min) @ 'C = 500 mAdc 

• Compact TO-220 AB Package 

'MAXIMUM RATINGS 

B0243 B0243A B0243B B0243C 
Rating Symbol B0244 B0244A B0244B B0244C 

Collector-Emitter Voltage VCEO 45 60 80 100 

Collector-Base Voltage VeB 45 60 80 100 

Emitter-Base Voltage VES 5.0 

Collector Current Continuous Ie . 6 
Peak . 10 

Base Current IS . 2.0 

Total DeVice DISSipation Po 
@Te= 2Soe . 65 
Derate above 2SoC 0.52 

Operating and Storage Junction TJ.T 519 - -65101150 ---
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal ReSIstance. Junction to Case 

FIGURE 1 - POWER DERATING 
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Unit 

Vdc 

Vdc 

Vdc 

Adc 

Adc 

Watts 

w/oe 

°e 

80243 
80243A 
80243B 
80243C 

80244 
80244A 
BD244B 
80244C 

6 AMPERE 
POWER TRANSISTORS 

COMPLEMENTARY SILICON 

8 
C 
E 
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OM ,. 
1.1 
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... 

45-60-80·100 VOLTS 
IS WATTS 

N01H: 
1. DIENSKJMNG AM) 1Ot.EIWtQNG PER ANSI 

VI ...... ,.. 
2. CONTROlLING DIMENSION: INCH. 
3. DIM Z DERNES A ZONE WHERE ALL BODY AND 

WD IllllEGUlAll!lEAltEAWIWEO. 

" 
" 

10 
131 

." 

CASE 221A-04 
TO-220AB 
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BD243, 243A, 243B,243C, BD244, 244A, 244B, 244C 

ELECTRICAL CHARACTERIST.ICS. ITc s 25°C unle .. otherwi .. noted) 

I C ....... te'istic I Symbol Min Mox 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage (1) B0243, B0244 VCEO(sus) 45 -
IIC c 30 mAde, IB ·0) B0243A, B0244A 

B0243B, B0244B 

B0243C, B0244C 

Collector Cutoff Current 
(VCE = 30 Vde, IB = 0) B0243, B0243A, B0244, B0244A 
(VCE • 60 Vde, IB • 0) B0243B, B0243C, B0244B, B0244C 

Collector Cutoff Current 
(Ve• = 45 Vdc, V .. = 0) B0243, B0244 
(Ve. = 6(1 Vdc, V" = 0) B0243A, B0244A 
(Ve• = 80 Vdc, V .. = 0) B0243B, B0244B 
(V" = 100 Vdc, V .. = 0) B0243C, B0244C 

Emitter Cutoff Current 
IVBE = 5.0 Vde, IC = 01 

ON CHARACTERISTICS (11 

DC Current Gain 

IIC = 0.3 Ade, VCE = 4.0 Vdel 
_ IIc = 3.0 Ade, VCE = 4.0 Vdel 

Collector-Emitter Saturation Voltage 
(Ie = 6.0 Adc, I, = 1 Adc) 

Base·Emitter On Voltage 
IIC = 6.0 Ade, VCE = 4.0 Vde)" 

DYNAMIC CHARACTERISTICS 

Current Gain - Bandwidt" Product (2) 

!lC = 500 mAde, VeE = 10 Vde, 'test = 1 MHzl 

Smail-S,gnal Current Gain 

lie = 0.5 Ade. VCE = 10 Vde,' = 1 kHzl 

111 Pulse Test: Pulsewidth'-'; 300 "s, Duty Cycle .-.; 2.0%. 

121 'T = h"e • f test 

FIGURE 2 - SWITCHING TIME TEST CIRCUIT 
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BD243,243A,243B,243C,BD244,244A,244B,244C 

FIGURE 4 - THERMAL RESPONSE 
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There are two limitations on the power handling ability of a 
transistor average Juncllon temperature and second breakdown 
Safe operating area curves IndIcate Ie-VeE limits of the transiStor 
that must be observed for reliable operation, I.e., the transiStor 
must not be subjected to greater diSSipation than the curves Indicate 

The data of Figure 5 IS based on T J{pk I = 150°C; T C IS variable 
depending on conditions. Second breakdown pulse limits are valId 
for duty cycles to 10"b prOVIded TJlpkl<;; 150°C. TJlpkl may be 
calculated from the data In Figure 4. At hIgh case temperatures. 
thermal limitations Will reduce ·the power that can be handled to 
values less than the limitations Imposed by second breakdown 

(5 •• AN-415AI. 
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80243, 243A, 2438, 243C, 80244, 244A,2448,244C 
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MOTOROLA 

- SEMICONDUCTOR -----1 
TECHNICAL DATA 

COMPLEMENTARY SILICON 
HIGH-POWER TRANSISTORS 

· .. designed for high quality amplifiers operating up to 60 Watts 
into 4 ohm load. 

• High DC Current Gain 

• Excellent Safe Operating Area 

• High Current Gain - Bandwidth Product - Typical. 
fT = 4.0 MHz @ IC = 0.5 A 

MAXIMUM RATINGS 

Rating Symbol B0311/312 

Coliector·Emitter Voltage VCEO 60 

ColieCtor·Base Voltage VCB 60 

Emitter·Base iloltage VEB 5.0 

Collector Current - Continuous IC 10 
Peak 20 

Base Current IB 4.0 

Total Device Dissipation @ T C = 25· C Po 115 
Derate above 26 • C 0.658 

Operating and Storage Junction TJ. Tst9 
Temperature Range -65 to +200 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case 

FIGURE 1 - POWER DERATING 
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Unit 

Vdc 

Vde 

Vde 

Ade 

Ade 

Watts 
wrc 
·C 

NPH 
BD311 

PHP 
80312 

10 AMPERE 
COMPLEMENTARY SILICON 

POWER TRANSISTORS 

60 VOLTS 
115 WATTS 

Dlmenslono In mllllm_ .. 
Collector connected to .... 

CASE 11 

T0-3 

• 

II 



8D311 NPN, 80312 PNP 

ElECTIRCALCHARACTERISTICS· ITc E 26°C unless otherwise noted) 

OFF CHARACTERISTICS 

Coliector·Emitter Sustai~ing Voltage' 
(lc s 200 mAde. Ie· 0) 

Coliector·Base Cutoff Current 

(Vce = Rated Vce, IE = 0) 

Emitter·Base Cutoff Current 
(VeE = 7.0 Vdc,IC;' 0) 

ON CHARACTERISTICS' 

DC Current Gain 
(IC· 5.0 Vdc, V CE = 4.0 Vdc) 
lic s 10 Adc, VCE = 4.0 Vdc) 

Coliector·Emitter Saturation Voltage 
(lC = 5.0 Ade, Ie = 0.5 Ade) 

e ..... Emitter Saturation Voltage 
(lC s 5.0 Adc, Ie • 0.5 Adc) 

Bas.·Emitter Or} Voltage 
lie • 5.0 Adc, VCE • 4.0 Vdc) 

DYNAMIC CHARACTERISTICS' 

Current-Gain - Bandwidth Product' 
(lc· 0.5 Adc, VCE = 10 Vdc, ftest = 1.0 MHz) 

SECOND BREAKDOWN 

Sacond Breakdown Collector Cu,",nt 
(VCE • 39 Vdc, t = 0.5 sec.) 
(VCE = 60 Vdc, t -0.5 sec.) 

1 Pulse test: Pulse width'; 300 /oIS, Duty Cycle;;' 2% 

, fT ":. IhfelAtest 

FIGURE 2 - ACTIVE REGION SAFE OPERATING AREA 
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. Symbol Min • MM.' Unit. 

VCEO(sus) Vdc 
60 

leeo mAde 

,. 1.0 

IEeO mAdc 
1.0 

HFE -
25 
5 

VCE(satl Vdc 
1.0 

VeE(sat) Vdc 
1.8 

VeE(on) Vdc 
1.5 

There are two limitations on the power handl ing abilitv of • 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate IC - VCE limits of the 
transistor that must be observed for renable operation, i.e., the 
transistor must not be subjected to greater dissipation than the 
curves· indicate. 
Second breakdown pulse limits are valid for dutv cvcles to 10%. 

At high ~ase temperatures, thermal limitation may reduce the 
power that can be handled to values less than the limitations 
imposed by second breakdown. 



B0311 NPN, B0312 PNP 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

COMPLEMENTARY SILICON 
HIGH~POWER TRANSISTORS 

.. , designed. for high quality amplifiers operating up to 100 Walls into 
4 ohm Ibad with B0315,'B03,16 and into 8 ohm load with B0317, 
B0318, . 

r' 
• High DC CyrrentG~in 

• Excellent Safe Operating Area 

• High'CurnintGai~: -Bandwidth Product -':Typlcal 
It =.2,0 MHz"@ Ie = 1.0 A . 

MAXIMUM RATINGS 

·Rllti,. Symbol BD315 BD317 
BD316 B0318 

Colleclor·e milter Vollage Vceo 80 100 

ColieCIOr·8.ase Volt8ge Ve8 80 100 

e miner·Base Voltage Ve8 7.0 

Collector Current ..... ~ntihuOUS IC 16 
'Peak : 20 

Base Current - Continuous IB 5.0 

Total DeviCe Dissipation@Tc= 25°C Po 200 
Derate above 25°C 1.14 ., 

Operaling and Storage Junction T J. Tstg -6510 +200 
Temperature Range 

THERMAL CHARACTERISTICS 
Characteristic Ma. 

Thermal Resistance. Junction to Case 0.875 

FIGURE 1 - POWER DERATING 
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Unit 

Vdc 

Vdc 

Vdc 

Adc 

Adc 

Watts 
wl>c 

°c 

NPH 
BD315,BD316 

PHP 
'BD317, B0318 

16 AMPERE 
COMPLEMENTARY SILICON 

POWER TRANSISTORS 

80-100 VOLTS 
200 WATTS 

Lr~ f~K ESEATlN!-~ i 
PLANE 

f--j 

STYLE I: 
PIN I. BASE 

NOTE 2. EMITTER 
CASE, COllECTOR 1. OIM "0' IS OIA 

MILLIME' ERS INCHES 
DIM MIN MAX MIN MAX 

A 39.37 - 1.550 
8 21.08 0.830 
C 6.35 1.62 0250 0.3 
D 0.99 1.09 0.039 0.043 
E 3.43 - 0.135 
F 29.90 30.40 I 177 1191 
G 1061 11.18 0.420 0.440 
~ 5.33 5.59 0.210 0.220 

+ ~,~ 1115 0655 0.615 
11.18 1219 0.440 0.480 

Q 3.8' 4.09 0.151 0.161 
R 26.61 1.050 

Collecto, connected to c_ 

CASE 11 (TO·31 



80315, 80316, 80317, 80318 

• ELECTRICAL CHARACTERISTICS (Tc = 25"C unless otherwise noted) 

CharllClerlatlc 

OFF CHARACTERISTICS 

Colleetor,Emitter Sustaining Voltage (1) 
(Ie = 200 mAde, I. = 0) B0315, B0316 

B0317, B0318 

Colleetor-Base Cutoff Cu rrent 
(Vel: Rated Ve., I, : 0) 

Emitter-Base Cutoff Current 
(V" = 7.0 Vde, Ie = 0) 

ON CHARACTERISTICS (1) 

DC Current Gain 
Ie = 5.0 Ade, Veo = 4.0 Vdc B0317, B0318 
le'= 8.0 Adc, V" = 4.0 Vdc B0315, B0316 
Ie = 10 Adc, V" = 4.0 Vdc All Types 

C~lector-Emitter Saturation Voltage 
Ie = 8.0 Adc, I, = 0.8 Adc 

Base-Emitter Saluralion Voltage 
Ie = 8.0 Adc, I. = 0.8 Adc 

Base-Emitter On Voltage 
(Ie: 8.0 Ade, Vel : 2.0 Vdc) 

DYNAMIC CHARACTERISTICS 

Current-Gain-Bandwidth .Producl (2) 
(Ie'" 1.0. Adc, V" = 20 Vdc, f,." ,,; 0.5 MHz) 

(1) Pulse Test: Pulse Width" 300 ~s, Duty Cycle;;;. 2.rt'1 •. 

(2) 'T - Ih .. 1 • " .... 

FIGURE 2 - ACTIVE REGION SAFE OPERATING AREA 
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~ ~r- TJ '" 2DOoC 
ii; 3.0 ~ --SECOND BREAKDOWN LlMITEIl ... ....--r-rrTl 
a 2.0 ~ -·_·BONDINGWIRE LlMITEO-jI_f-f\"'-+-H-1-I 

~ ~ -'"j-iTtiW Y LljITEOIi'TC = 250C ~ 
~ 1.0 E CURVES APPLY BELOW 
8 0.7 ~I=- RATED VCEO 

~ 0.5 

0.3 1---t-t-t--H11-t1+-l-t-l BO 315, 318 .... 
0.2 .1 L1 BO 317, 318 

2.0 3.0 S.O 7.0 10 20 30 50 70 100 
VCE, COLLECTOR·EMITTERVOLTAGE (VOLTSI 
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SJlllbol Min Me. Unit 

VelEo flUl' Vde 
60 -

100 -

IclO mAde 
- 1.0 

IElo mAde 
- 1.0 

h" -
25 
25 
15 

VeE 1'011 Vdc 

- 1.0 

VIE ho') VdC 
- 1.8 

VIE lonl Vdc 

- 1.5 

IT MHz 
1.0 -

There are two limitations on the power handling ability of a 
transistor: average junction temperature and second break
down. Safe operating area curves indicate Ie - VeE limits of the 
transistor that must be observed for reliable operation, i.e .• the 
transistor must not be subjected to greater dissipation than the 
curves indicate. 

The data 0' Figure 2 is based on Til", = 2OO'C; Tc is 
variable depending on conditions. Second breakdown pulse 
limits are valid for duty cycles to 10"10 provided Til", <200;C. 
At high case temperatures. thermal limitations will reduce the 
power that can be handled to values less than the limitations 
imposed by second breakdown. (See AN-415). 



B0315, B0316, B0317, B0318 

PNP DEVICES 
BD316 and BD318 

NPN DEVICES 
BD315 and BD317 

FIGURE 3 - DC CURRENT GAIN 
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MOTOROLA 
- SEMICONDUCTOR 

TeCHNICAL DATA 

PLASTIC MEDIUM POWER SILICON 
NPN TRANSISTOR 

... for amplifier and switching applications Complementary 
types: 80434/436/438/440/442 

MAXIMUM RATINGS 

Rating Symbol Typo Value 

Collector Emitter Voltage VCEO B0433 22 
B0435 32 
B0437 45 
B0439 60 
B0441 80 

Collector Base Vol tage VC80 B0433 22 
B0435 32 
B0437 45 
B0439 60 
B0441 80 

Emitter Base Voltage VEBO 5 

Collector current IC 4 

Base Cu frent 18 1 

Total Device Dissipation Po 
TC = 25°C 36 
Derate above 25°C 288 

Operating and Storage 
Junction Temperature range. IJ,lstg -55 to +150 

THERMAL CHARACTERISTICS 

Symbol Max. 

Thermal Resistance Junction to Case 6Jc 3.5 

3-327 

Unit 

Vde 

Vde 

Vde 

Adc 

Ade 

Watts 
mW/oC 

°c 

Unit 

°C/W 

80433,80435 
80437,8D439 

8D441 

4 AMPERE 
POWER TRANSISTOR 

NPN SILICON 

K 

STYlE 1: 
PINt EMITTER 

2. COLLECTOR 
3. BASE 

NOTES: 
1. MT = MAIN TERMINAL 
2. lEADS, THUE POSITIONED WITHIN O.25mm (0.0101 

DIA TO DIM A &. B AT MAXIMUM MATERIAl 
CONDITION. 

DIll 
A 

• C 
D 
F 
G 
H 
J , 
• Q 

R 

U 
V 

MIJJMElEIOS INCHES 
MIN MAX MIN MAX 
IUO 11.04 0.425 0.435 
7.511 7.74 O. .305 
2" ." O. .105 
0,51 0" 0.'" 0.026 
2.93 117 0.115 0.125 
2.12 2." 0.091 0.097 
1.27 2.41 O. 0.096 
0.39 " 0.01 0.025 

14.61 16.63 0.575 .... 
3"1YP ,.1YP 

'" .. , 0.148 0.158 
1,15 1.39 0.045 0.055 
0.64 ... 0.026 0.D35 
3." 3.93 0.145 0.156 
'.02 0"'" 
CASE 77-05 

TO-126 

• 

II 



BD433,BD435,BD437,BD439,BD441 

ELECTRICAL CHARACTERISTICS (TC - 25 OC unless otherwise noted) 

Symbol Min. Typ. Mox. Unit 

Collector Emitter Breakdown Voltage 
IIc= 100 rnA. 18 = 01 80433 8VCEO 22 Vdc 

80435 32 
80437 45 
80439 60 
B0441 80 

Collector Base Breakdown Voltage 

(IC = 100 tJA. IB = 01 B0433 BVCBO 22 Vdc 
80435 32 
B0437 45 
B0439 60 
B0441 80 

Emitter Base Breakdown Voltage 
(IE C~ 100 /lAo IC = 0) BVE80 5 Vdc 

Collector Cutoff Current 
(VCB = 22 V, IE = 01 80433 ICBO 0.1 mAde 
(VCB = 32 V, IE = 0) B0435 0.1 
(VCB = 45 V, IE = 0) 80437 0.1 
(VCB = 60 V, IE = 0) B0439 0.1 
(VCB = 80 V, IE = 0) B0441 0.1 

Emitter Cutoff Current 
(VEB = 5 VI lEBO 1 mAde 

DC Current Gain 
(lC = 10 rnA, VCE = 5 VI B0433 HFE 40 

B0435 40 
80437 30 
B0439 20 
B0441 15 

DC Current Gain 
(lC = 500 mA, VCE = 1 V) B0433 HFE 85 475 

B0435 85 475 
B0437 85 375 
B0439 40 475 
B0441 40 475 

DC Current Gain 

(lC = 2 A, VCE = 1 V) B0433 HFE 50 
B0435 50 
B0437 40 
B0439 25 
B0441 15 

Collector Saturation VOlt8gd 
(lC = 2 A, IB = 0.2 A) B0433 VCE (sail 0.5 Vdc 

B0435 0.5 
(lC = 3 A, IS.= 0.3 A) B0437 0.7 

B0439 0.8 
B0441 0.8 

Ba •• - Emitter on voltage 80433/435/437 V8E(ONI 1.1 Vdc 

(lC = 2 A, VCE - 1 VI 80439/441 1.5 

Current Gain Bandwidth Product 
(VCE - 1 V, IC = 250 rnA, f = 1 MHzl tr 3 MHz 

3-328 



BD43~ B0435, B0437, B0439, B0441 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

PLASTIC MEDIUM POWER SILICON 
PNP TRANSISTOR 

... for amplifier and switching applications Complementary 
types: 80433/435/437/439/441. 

MAXIMUM RATINGS 

Collector Emitter Voltage VCEO B0434 22 
B0436 32 
B043B 45 
B0440 60 
B0442 80 

Collector Base Voltage VCBO B0434 22 
B0436 32 
B0438 45 
B0440 60 
B0442 80 

Po 
36 

288 

Operating and S~orage 
JUnction Temperature range. 'J.'"g -55 to +150 

THERMAL CHARACTERISTiCS 

Symbol Max. 

Thermal Resistance Junction to Case 8Jc 3.5 

3-330 

Vdc 

Vdc 

Watts 
mW/oC 

°C 

Unit 

°C/W 

BD434,BD436 
BD438,BD440 

BD442 

S 

4 AMPERE 
POWER TRANSISTOR 

PNP SILICON 

~H K 

L 
~D -lLJ G-Lt 

E:!Irit STYlE 1: M.....n,.. PINt EMITTER 
2. COLLECTOR 
1 BASE 

NOTES: 
t MT =- MAIN' TERMINAL 
2. lEADS, TRUE POSlTlONED WITHIN O.25mm 10.010) 

OIA TO DIM A" B AT MAXIMUM MATERIAL 
CONDITION . 

DIM 
• • C 
D 
f 

• J 

• M 
Q 

S 
U 
V 

........ INCHES 
MW MAlI 10. MAlI 
10.l1li 11.04 0.425 0.435 
7.50 7.74 0.295 0." 
1. 1." 0.095 0.105 
0.51 -0.66 0.010 0.026 
1.93 117 0.115 0.15 
1 ... 0.091 o.rm 
1.17 2.41 0.'" 0.095 

1).015 0.025 
14.&1 1 lI.m 0.616 .. "lY' ". <01 0.148 0.158 
1.15 1.39 0.045 0.055 .. O. 0.035 
3 0.1 0.1 
1,02 0."" 

CASE 77.(15 
10·126 

• 



80434,80436,80438,80440,80442 

ELECTRICAL CHARACTERISTICS (TC - 25 oC unless otherwise noted I 

~cmw ___ ae __ ._ri_H_iR __________________________________ -L ____ Sy_m __ ~ ____ -L ___ M_in_' __ -L ___ T_VP_. __ ~ __ M __ U_. __ ~_._~ 

Collector Emitter Breakdown Voltage 

IIc = 100 rnA, IB = 0) B0434 BVceo 22 Vde 
B0436 32 
B0438 45 
B0440 60 
B0442 80 

Collector Base Breakdown Voltage 

IIc = 100 j.tA, IB = 0) B0434 BVCBO 22 Vde 
B0436 32 
B0438 45 
B0440 60 
B0442 80 

Emitter Base Breakdown Voltage 
liE = l00j.tA, IC = 0) BVEBO 5 Vde 

Collector Cutoff Current 

(VCB = 22 V, Ie = 0) B0434 eBO 0.1 mAde 
(VCB = 32 V, Ie = 0) B0436 0.1 
(VCB = 45 V, Ie = 0) BD438 0.1 
(VCB = 60 V, Ie = 0) B0440 0.1 
(VCB = 80 V, Ie = 0) B0442 0.1 

Emitter Cutoff Current 
(VeB = 5 V) leBO 1 mAde 

DC Current Gain 
IIC = 10 rnA, Vce = 5 V) B0434 HFE 40 

B0436 40 
B0438 30 
B0440 20 
BD442 15 

DC Current Gain 
IIC = 500 rnA, Vce = 1 V) B0434 HFe 85 475 

B0436 85 475 
B0438 85 375 
B0440 40 475 
80442 40 475 

DC Current Gain 
(lC = 2 A, Vce = 1 V) B0434 HFE 50 

B0436 50 
B0438 40 
80440 25 
B0442 15 

Collector Saturation Voltage 
(Ie = 2 A, 18 = 0.2 A) 8D434 Vce (sat) 0.5 Vdc 

8D436 0.5 
IIc = 3 A, 18 = 0.3 A) 8D438 0.7 

8D440 0.8 
8D442 0.8 

Base - Emitter on voltage B043414381438 VBE(ON) 1.1 Vdc 

(lC = 2 A, VCE = 1 V) 804401442 1.5 

Current Gain Bandwidth Product 
(VCE = 1 V, IC = 250 mA, , = 1 MHz) fy 3 MHz 
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BD434,BD436,BD438,BD440,BD442 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

NPN SILICON ANNULAR. TRANSISTORS 

· .. designed for complementary symmetry audio circuits 

• Excellent Current Gain Linearity - 1.0 mAdc to 1.0 Adc 

• Low Collector-Emitter Saturation Voltage
VCE(sat) ~ 0.7 Vdc (Max) @ 'C ~ 1.0 Adc 

• Complements to PNP BD506, BD508, BD510 

• Uniwatt 6 Package for Excellent Thermal Properties -
10 Watt @ T A ~ 25 'c 
10QWatts @ TC ~ 25'C 

MAXIMUM RATINGS 

Rating Symbol 80505 80507 80509 
Collector-E mltter Voltage VCEO 20 30 40 

Collector-Base Voltage VCB 30 40 50 

Emltter·Base Voltage VEB -- 5.0 --
Collector Current Conttnuous IC 20 ---
Total Device Dlsslpatlon@TA ~. 25°C Po 1.0 

Derate above 2SoC 8.0 

Total Device Dissipation @TC 25°C Po 10 
Derate above 25°C 80 

Operatmg and Storage Junction T J.Tstg -5510+150 
Temperature Range 

THERMAL CHARACTERISTICS 

Ch.,acteristic Symbol M •• 

Thermal Resistance. Junction to Case °JC 125 

Thermal RMistance, Junction to Ambient °JA 125 

3-333 

Unit 

Vdc 

Vdc 

Vdc 

Adc 

Watt 
mW/oC 

Watts 
mW/oC 

°c 

Unit 

°C/W 

°CIW 

BDSOS 
BDS07 
BDS09 

NPN SILICON 
AUDIO TRANSISTORS 

20 - 30 . 40 VOLTS 
10 WATTS 

E Eft 
BC BC 

(1) Standard packag.: BDS05, 507, 509 
(2) Tab formed lor flat mounting B0505-1.507-1, 

509·' 
Also available With leads formed to TO-5 con
figuration 80505-5.507-5.509-5 

91 ~ 
~ 9 5 . I 
lOTV~" .lL l rp \ --.r:-.!.4 

JJ. ~ r-.---1( -- . ,/ i l~o TV' 
I '{:,,/ 

All dun.nllonl In mllilmetltt'. 
Collector connected 

to t.b 

CASE IS2 

--~ 
/-
70 TV' 

• 



II 

80505,80507,80509 

'. ': 

ELECTRICAL CHARA~TERISTICS (TC = 250Cur'less otherwise noted) 
.. ~haracteristic . 'Symbol 

OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltage B0505 

(IC =·10. mAde. IB = D) B0507 
B05D9 

Emitter-Base Breakdown Voltage 
(IE = 1 DO. I,Adc. IC = 0.) 

Collector Cutoff Current B'05D5 

(VCB = 20.. 30.40 Vdc. IE = 0) B0507 
B0509 

ON CHARACTERISTICS 

DC Current Gain (1) 
(lC = 250 mAdc. VCE = 2 Vdc) 
(lc = 10 Adc. VCE = 2 Vdc) 

Collector- Emitter Saturation Voltage(l) 
(lc = 1.0 Adc. IB = 0.1 Adc) 

Base- Emitter On Voltage (1 ) 
(IC = 1.0 Adc. VCE = 1.0 Vdc) 

SMALL SIGNAL CHARACTERISTICS 
Current-Gain--Bandwldth Product . 

(lC = sO fT)Adc, VCE;' 5.0 Vdc, f =100 MHz) 

Output Capacitance 
(VCB = 10 Vdc, IE = 0, I = 100 kHz) 

(1) Pulse Test Pulse Width .... 300 liS. DuW Cycle 20% 

FIGURE 1 - DC CURR'ENT GAIN 
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t--- T J -- 250 e 300 z 

<i 
'" 
~ 200 

'" '" i:; 
u 
c 

i 100 

10 

50 
10 20 

J'. 

50 100 200 500 

Ie COLLECTOR CURRENT (mAl 

1000 

BVCEO 20. Vdc 
3D - -
40. - -

BVEBO 5 - - Vdc 

ICBO - - 10.0. nAdc 
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There are two limitations on the power handling ability of a 
transistor: junction temperature and secondary breakdown. Safe 
operating area curves indicate Ie -v CE limits of the transistor that 
must be observed for reliable operation; i.e., the transistor must 
not be subjected to greater dissipation than the: curves indic::ate. 

The data Qf Figure 3 is based on TJ(pk) ~ 150·C; TC is variable 
dependinq on conditions At high case temper.atures,. thermal 
limitatIOns will reduce the power that can be handled to values 
less than the limitations Imposed by secondary breakdown. 



MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

PNP SILICON ANNULAR. TRANSISTORS 

· .. designed for complementary symmetry audio circuits 

• Excellent Current Gain linearity - 1.0 mAde to 1.0 Adc 

• low Collector- Emitter Saturation Voltage -
VCE(sat) = 0.7 Vdc (Max) @ IC'= 1.0 Adc 

• Complements to NPN B0505. B0507. B0509 

• UniwattA Package for Excellent Thermal Properties -
1.0 Watt @ T A = 25·C 
1 0.0 Watts @TC = 25·C 

MAXIMUM RATINGS 

Rating Symbol 80506 80508 80510 

Collector-Emitter Voltage VCEO 20 30 40 

Coliector·Base Voltage VCB 30 40 50 

Emitter-Base Voltage VEB 5.0 

Collector Current Continuous IC 20 

Total Device Dissipation@TA "" 25°C Po 1.0 
Derate above 25°C 8.0 

Total Device Dissipation @TC - 2SoC Po 10 
Derate above 250 C 80 

Operating and Storage Junction TJ.Tstg -55 to .,50 
Temperature Range 

rHERMAl CHARACTERISTICS 

Char.cteristic Symbol Max 

Thermal Resistance. Junction to Case 8JC 12.5 

Thermal Resistance, Junction to Ambient 8JA 125 

3-335 

Unit 

Vdq 

Vdc 

Vdc 

Adc 

Watt 
mW/oC 

Watts 
mW/oC 

.,c 

Unit 

°C/W 

°C/W 

BDS06 
BDS08 
BDS10 

PNP SILICON 
AUDIO TRANSISTORS 

20 - 30 - 40 VOLTS 
10 WATTS 

II) Standard packag.:B0508. 508. S10 
(2) Tab formed lor fla, mounting' 80506·1. 508·1. 

510·1 
Also available with leads formed 10 TO·5 con
figuration: 80506-5.508·5.510·5 

_.!L-l 
i U.I 
I ~~ II I I 1"TYP l-~ 

--L-' '--L 1.4 

J1.~ 
TI'~I ~5'TYP , '{ V 

24 -I J.L 

~
27 1126 

.li. 
57 

Yo 
25 127 

26'1 
LJ. __ 

E B C 
038 24 

046~H~ "'IT 
-ll.. 
5.4 

All dimensions in millimeters 
Collector connected 

to tab 

CASE 152 

• 



80506, 80508; 80510 

ELECTRICAL CHARACTERI~TlCS (TC;= 25°C unless otherwise notedl 
I Characteristic I Symbol' I Min· Typ Max Unit 

OFF CHARACTERISTICS 
Collector-Eminer Breakdown Yoltage B0506 

(lC = 1.0 mAdc, IB = 0) B0508 
B0510 

Emitter-Base Breakdown Voltage 
(IE = 100 I,Adc. IC = 0) 

Collector Cutoff Current B05QS 
(VCB = 20. 30.:4(> Vdc. IE = 0) B0508 

B0510 

ON CHARACTERISTICS 

DC Current Gain (11 
(lC = 250 mAdc. VCE = 2.0 Vdc) 
(IC = 1.0 Adc. VCE = 2.0 Vdc) 

Collector-Eminer Saturation Voltage(l) 

(lC = 1.0 Adc, IB = 0.1 Adc) 

Base-Emitter On Voltage (1) 
(lC = 1.0 Adc, VCE = 1.0 Vdc) 

SMALL-SIGNAL CHARACTERISTICS 
Current-Gain·-Bandwidth Product 

(I C = 50 mAdc. V CE = 5.0 Vdc, .f=·l 00 MHz) 

Output Capacitance 
(VCB = 10 Vdc. IE = O. I = 100 kHz) 

(1) Pulse Test. Pulse Width ~ 300 ~IS. Duty Cycle ~ 20% 

FIGURE. 1 - DC CURRENT GAIN 
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There are two limitations on the power handling ability 01 a 
transistor: junction temperature and secondary breakdown. Safe 
operating area curves indicate I C -V CE limits 01 the transistor that· 
must be observed lor reliable operat,on; i.e., the transistor must 
not be subjected to greater dissipation than the curves indicate. 

The data 01 Figure 3 is based on TJ (pk) = 150'C; TC is variable 
dependinq on ·conditions. At hiqh case temperatures. thermal 
limitations will reduce the power that can be handled to values 
less than the limitations imposed by secondary breakdown 



MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

NPN SILICON ANNULAR 
AMPLIFIER TRANSISTORS 

· .. designed for general-purpose, high-voltage amplifier and driver 
applications. 

• High Collector-Emitter Breakdown Voltage -
BV CEO = 45 Vdc (Min) @ Ie = 1 mAde - B0515 

60 Vde (Min)@ Ie = 1 mAde - B0517 
80 Vde (Min)@ Ie = 1 mAdc - B0519 

• High Power Dissipation - Po = 10 W @Te = 25'C 

• Complements to B0516, B0518. B0520 

MAXIMUM RATINGS 

Rating Symbol B0515 B0517 B0519 
Collector-Emitter Voltage VeEO 45 60 80 

Collector-Base Voltage VCB 45 60 80 

Emitter-Base Voltage VEB 4.0 --
Collector Current - Continuous IC 2.0 

Total Device Dissipation @ T A -= 2SoC Po 1.0 
Derate above 25°C 8.0 

Total Device Dissipation@TC-2SoC Po 10 
Derate above 25°C 80 

Operating and Storage Junction T J.Tstg -55 to +150 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol M •• 

Thermal ReSistance. Junction to Case 8JC 12.5 

Thermal Resistance, Junction to Ambient 8JA 125 

3-337 

Unit 

Vdc 

Vdc 

Vdc 

Adc 

Watt 
mW/oC 

Watts 
mW/oC 

°c 

Unit 

°CIW 

°CIW 

80515 
80517 
80519 

NPN SILICON 
AMPLIFIER TRANSISTORS 

45 - 60 - 80 VOLTS 
10 WATTS 

E 

C 
(1) Standard package: B0515. 517. 519 
(2) Tab formed forflal mountmg. 80515-1. 517-1. 

519·1 
Also available with leads formed to TO·S con· 
figuratIon: B0515-5. 517-5. 519-5 

L-__________ . ___ . ____ _ 

J.i. 
51 

IT 
120 

25 lIT 
26 1 

LJ._ 
E 8 C 

038 24 

N--r~t2T 
ft 
54 

All dimensions In millimeters 
Collector connected 

to tab 

CASE 152 

10 TYP 

• 



80515, 80517, 80519 

ELECTRICAL CHARACTERISTICS (TC = 25°C unless otherwise noted) 
I Characteristic I Symbol I Min Typ Max Unit 

OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltage B0515 

(IC .- 1.0 mAdc. IB = 0) B0517 
110519 

Emitter-Base Breakdown Voltage 
(IE ~ 100 IIAdC. IC = 0) 

Collector Cutoff Current 
(VCB = 30 Vde. Ie = 0) B0515 
(VCB = 40 Vdc. IE = 0) B0517 
(VCB = 60 Vdc. Ie = 0) B0519 

ON CHARACTERISTICS 
DC Current Gain (1) 

(lc ~·10 mAdc. VCE = 2.0 Vdc) 
(IC ~ 150 mAdc. VCE = 2.0 Vdc) 
(lC = 500 mAde. Vce = 2.0 Vde) 

Collector-Emitter Saturation Voltage (1) 
(lC = 500 mAdc. IB = 50 mAde) 
(IC = 5OOmAdc.IB = 25mAdc) 

Base- Emitter On Voltage (1 ) 
(lC = 500 mAdc. Vce ~ 2.0 Vdc) 

SMALL-SIGNAL CHARACTERISTICS 
Current-Gain--Bandwidth Product 

(lC = 200 mAdc. Vce = 5.0 Vdc. f = 100 MHz) 

Output Capacitance 
(VCB = 10 Vdc. Ie = O. f = 100 kHz) 

(l) Pulse Test: Pulse Width :os 300 ps. Dutv Cycle -;;: 2.0%. 

FIGURE 1 - TYPICAL DC CURRENT GAIN 
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There are two limitations on the power handling ability of a 
transislor: junction temperature and secondary breakdown. Safe 
operatmg area curves Indi-s8te Ie - V.CE limits of the transistor t"at 
must be observed for reliable operation, I.e., the transistor must 
not be subjected to greater dissipation than the curves indicate 

BVCEO 45 - - Vdc 
60 - -
80 - -
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Cob - 6.0 12 pF 

FIGURE 2-"SATURATION" AND "ON" VOLTAGES 
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The data 01 Figure 3 is based on TJ (pk)" 150 ·C; TC is variable 
depending on conditions. At high case temperatures, thermal 
limitations will reduce the power that can be handled to values 
less than the limitations imposed by secondary breakdown. 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

PNP SILICON ANNULAR 
AMPLIFIER TRANSISTORS 

.. designed for general-purpose. high-voltage amplifier and drive.r 
applications. 

I 

• High Collector-Emitter Breakdown Voltage-
BV CEO = 45 Vdc (Min) @ Ie = 1 mAdc - 80516 

60 Vdc (Min)@ Ie = 1 mAdc - 80518 
80 Vdc (Min) @ Ie = 1 mAdc - 80520 

• High Power Dissipation - Po = 10 W@Te = 25·C 

• Complements to 80515. B0517. 80519 

MAXIMUM RATINGS 

Rating Sy .... bol 80516 80518 80520 

i Collector-Emitter Voltage VCEO 45 60 80 

I Collector-Base Voltage VCS 45 60 80 

I Emitter-Base Vf)itage VES -- 4.0 --
Collector Current - Continuous IC -- 2.0 --
Total Device Dissipation@TA - 25u C Po 1.0 

Derate above 2SoC 8.0 

Total Device Dissipation @TC ;;: 2SoC Po 10 
Derate above 25°C 80 

Operating and Storage Junction TJ.Tstg -55'0·150 
Temperature Range ~-

THERMAL CHARACTERISTICS 

Ch.racte,istic Svmbol Ma. 

Thermal Resistance, Junction to Case °JC 12.5 

Thermal Resistance, Junction to Ambient °JA 125 

3-339 

Unit 

Vdc 

Vdc 

Vdc 

Adc 

Watt 
mW/oC 

Watts 
mWf'lC 

°c 

Unit 

°elW 

°CIW 

BDS16 
BDS18 
BDS20 

PNP SILICON ANNULAR· 
AMPLIFIER TRANSISTORS 

45 - 60 - 80 VOLTS 
10 WATTS 

(1) Standard package: B05HI. 518. 520 
(2) Tab lormed lor lIa. mountmg 80516-1.518-1. 

520-1 
Also available with leads formed to TO·5 con
f;gura •• on 80516·5.518-5.520-5 

E 8 C 
038 24 

0461~~ 2T 
'6 

.54 

_ ill 01" 
333 

All dimenSions In millimeters 
Collector connected 

to tab 

CASE 152 

--~ -j-
10 TYP 

• 

II 



8D516, 8D518, 80520 

ELECTRICAL CHARACTERISTICS (TC ~ 2SoC unless otherwise noted) 

I Characteristic I Symbol I Min Typ Max Unit 

OFF CHARACTERISTICS 
Colleetor- Emitter Breakdown Voltage B0516 

(lC = 1.0 mAde. 18 = 0) B0518 
B0520 

Emitter-Base Breakdown Voltage 
(IE = 100 I.Ade. IC = 0) 

Collector Cutoff Current 
(VCB = 30 Vde. IE = 0) B0516 
(VCB = 40 Vde. IE = 0) B0518 
(VCB = 60 Vdc. IE = 0) B0520 

ON CHARACTERISTICS 
Dc current Gain (1) 

(lC ; 10 mAde. VCE = 2.0 Vde) 
(lC ; 150 mAde. VCE = 2.0 Vde) 
(lC = 500 mAdc. V CE = 2.0 Vde) 

Colleetor- Emitter Saturation Voltage (1) 
(lC = 500 mAde. IB = 50 mAdc) 
(lC = 500 mAde. IB = 25 mAde) 

Base· Emitter On Voltage (1) 
(IC ·500 mAde. VCE 2.0 Vde) 

SMALL-SIGNAL CHARACTERISTICS 
Current-Gain·-Bandwidth Product 

(lC = 200 mAde. VCE = 5.0Vdc.l= 100 MHz) 

Output capacitance 
(VCB ~ 10 Vdc. IE = O. 1=100 kHz) 

< m Pulse Tel' Pulse Width S 300 ps. DutY Cycl ... _ 2,0... 

FIGURE 1 - DC CURRENT GAIN 
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FIGURE 3 - DC SAFE OPERATING AREA 
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There are two limitations on the power handling ability 01 a 
transistor: Junction temperature and secondary breakdown. Safe 
operating area curves indicate IC --VCE limits of the transistor that 
must be observed lor reliable operation; i.e .. the transistor must 
not be subJ8Cted to greater dissipation than the curves indicate. 

BVCEO 45 - - Vde 
60 - --
80 - -

BVEBO 4.0 - - Vde 

nAde 
ICBO - - 100 

- - 100 
- - 100 

hFE -
- 150 -
60 130 350 
25 80 -

VCE(sat) Vde 
- 0.24 0.5 
- 0.32 -

VBE(on) - 0.78 1.0 Vde 

fT 50 125 - MHz 

Cob - 10 15 pF 

FIGURE 2 _ H ON H VOLTAGES 
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The data of Figure 3 is based on TJ (pk) " 150 ·C; TC is variable 
depending on conditions. At high case temperatures. thermal 
limitations will reduce the power that can be handled to values 
less than the limitations imposed by secondary breakdown 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

NPN SILICON ANNULAR. 
AMPLIFIER TRANSISTORS 

· .. designed for general-purpose. high-voltage amplifier and driver 
applications. 

• High Collector-Emitter Breakdown Voltage-
BV CEO = 60 Vdc (Min) @ Ie = 1.0 mAdc - B0525 

80 Vdc (Min)@ Ie = 1.0 mAdc - B0527 
100 Vdc (Min) @ Ie = 1.0 mAdc - B0529 

• High Power Dissipation - Po = 10 W@ Te = 25"C 

• Complements to PNP B0526. B0528. B0530 

MAXIMUM RATINGS 

Rating Sv- BO&26 B0627 BO&29 
Colloc:tor·Emitter Voltage VeEO 60 60 100 

Coliector·BaM Voltage VeB 60 80 100 

Emitter-Base Voltage VEB -- 4.0 --
Collector Current - Continuous Ie -- 2.0 --
Total Oeviee Dissipation @ITA = 250e Po 1.0 

Derate above 2Soe 8.0 

Total Oeviee Dissipation@lTe = 250e Po 10 
Derate above 250e 80 

Operating and Storage Junction TJ.Tstg -55 to +150 
T emparature Range 

THERMAL CHARACTERISTICS 

Ch.lICtaristic Svrnbol MIl. 

Therm.1 Resilt.nee. Junction to Case 8Je 12.5 

Thermal R .. istance. Junction to Ambient BJA 125 

3-341 

Unit 

Vde 

Vdc 

Vdc 

Ade 

Watt 
mwf'e 

.Watts 
mwf'e 

DC 

Unit 

OCIW 
OCIW 

80525 
80527 
80529 

NPN SILICON 
AMPLIFIER TRANSISTORS 

60 - 80 . 100 VOLTS 
10 WATTS 

E E 
BC BC 

It I Standard packag.: ID525. 527. 528 
(2) Tab formed for flat mounting; 10525·1. 527·1. 

529·' 
Allo available with Iuds formaci to TO·5 con· 
figuration; 80525-5. 527·5. 629·5 

All dirnenltonl In millim"er. 
Collector con,.., .. 

tot. 

C"SE 152 

• 

II 



80525,80527,80529 

ELECTRICAL ~AIJACTERISTICS (TC = 2SoC unless 6therwi~ n~ted) 
IC",a"'~.ristic I Symbol I Min Typ Max Unit 

OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltage B0525 

(IC = 1.0 niAdc. IB =0) B0527 
B0529 

Emitter-Base Breakdown Voltage 
(IE = 100 pAdp. IC = OJ 

Collector Cuton Curr.ent 
(VeB = 40 Vdc. IE = 0) B0525 
(VCB = 60 Vdc. IE =.0) B0527 
(VCB = BO Vdc. IE = Q) B0529 

ON CHARACTERISTICS 

OC Current Gain (1) 
(IC = 50 mAde. VCE = 2.0 Vdc) 
(IC = 250 mAde. VCE = 2.0 Vdc) 

Collector· Emitter Saturation VoItage(l) 
(IC = 250 mAde. IB ~ 10 mAde) 
(IC = 250 mAdc. IB = 25 mAde) 

Base-Em.itter On Voltage (1) 
(IC = 250 mAdc, VCE = 5.0 Vdc) 

SMALL SIGNAL CHARACTERISTICS I Current·Gain--Bandwidth Product '.' 
(IC = 250 mAdc. VCE = 5.0 Vdc.f ~'l00MHz) 

I 
Output Capaciljlnce 

(VCB = 10 Veil:. IE = O.·f = 100 kHz) 

FIGURE 1 - TYPICAL OC CURRENT GAIN 
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There are two limitations on the power handling abilitv of a 

transistor: lunction temperature and ... condarv breakdown. Safe 
operallng area cUjves ind.cate IC- V CE hm.ts ot the trans.stor that 
must be observed for reliable operation. i e. the transistor must 

: nOI be subjected to greater . dissipation than the curves tndlcaw 

BVCEO 60 - - Vdc 
80 - -

100 - -
BVEBO 4.0 - - Vdc 

nAdc 
ICBO - - 100 

- - 100 
- ..:.. 100 

hFE -
60 115 -
30 95 -

VCE(sat) Vdc 
- 0.18 0.5 
- 0.1 -

VBE(on) - 0.74 1.0 Vdc 

fT 50 150 - MHz 

Cob - 6.0 12 pF 

FIGURE 2 - .. SATURATION" AND .. ON" VOLTAGES 
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FIGURE 4 CURRENT·GAIN BANDWIDTH PRODUCT 
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The data of Figure 3 .s based on T J(pk) = 150'C; TC is variable 
depending on conditions. At high case temperatures. thermal 
limitations will reduce the power that can be handled to values 
less than the hmilations imposed by secondary breakdown. 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

PNP SILICON ANNULAR. 
AMPLIFIER TRANSISTORS 

.. designed for general-purpose. high-voltage amplifier and driver' 
applications. 

• High Collector-Emitter Breakdown Voltage-
BV CEO = 60 Vdc (Min) @ Ie = 1.0 mAdc - B0526 

80 Vdc (Min)@ Ie = 1.0 mAdi: - B0528 
100 Vdc (Min) @ Ie = 1.0 mAdc - B0530 

• High Power Dissipation - Po = 10 W@ Tc = 25"C 

• Complements to NPN B0525. 80527 B0529 

IAXIMUM RATINGS 

Rating Symbol B0526 B0528 B0530 
:ollector·Emluer Voltage VCEO 60 80 100 

:ollector-Base Voltage VCB 60 80 100 

muter· Base Voltage VEB -- 40 --
:nllector Current Continuous IC -- 20 --
DIal Device Dissipation @T A = 2S0C Po 1.0 

Derate above 25°C BO 

otal Device Dissipation @TC '" 2SoC Po 10 
Derate above 2SoC BO 

Iperating and Storage Junction TJ.Tstg -5510·'50 
Temperature Range 

'iERMAL CHARACTERISTICS 

CharK,.,iltic Symbol M •• 

hermat Resistance, Junction to Case 8JC 125 

hermit Resistance, Junction to Ambient 8JA 125 

3-343 

Unit 

Vdc 

Vdc 

Vdc 

Adc 

Watt 
mW/oC 

WaIn 
mWJOC 

°c 

Unit 

°CIW 

°CIW 

BD526 
BD528 
BD530 

PNP SILICON 
AMPLIFIER TRANSISTORS 

60·80·100 VOLTS 
10 WATTS 

(I) S.landa,d packag.: 8D528. 528. 530 
(2 ) Tab formed for nat mounting B 0526 -1. 528-1. 

530-1 
Also available with leads formed 10 TO·5 con· 
figuration' 8D526·5. 528·5. 530-5 

All dlmensloni In mllhme'.r, 
ColleClor connecled 

10 lab 

CASE 1';2 

• 



8'0526,8D528, 8D530 

ELECTRICAL CHARACTERISTICS (TC = 25°C unless otherwisen.otll!l) 

I Ch.arecteristic I Symbol I Min Typ . Max' Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage BD526 
(lC =1,0 mAde, IB = 0) BD528 

80530 

Emitter -Base Breakdown Voltage 
(I.E ,; 100 ,.Ade, IC = 0) 

Collector Cutoff Current 
(VC8 = 40 Vde, IE = 0) 80526 
(VCB = 60 Vde, IE = 0) 80528 
(VCB = 80 Vde, IE = 0) B0530 

ON CHARACTERISTICS 

DC Current Gain (1) 
(lC = 50 mAde, VCE = 2.0 Vdc) 
(lC = 250 mAde, VCE = 2.0 Vde) 

Collector-Emitter Saturation Voltage(l) 
(lC = 250 mAde, IB = 10 mAde) 
(IC = 250 mAde, IB = 25 mAde) 

Base-Emitter On Voltage (1) 
(lC = 250 mAde, VCE = 5.0 Vde) 

SMALL-SIGNAL CHARACTERISTICS 

Current;\3ain--Bandwidth Product 
(IC = 200 mAde, VCE = 5.0 Vde, 1= 100 MHz) 

Output Capacitance 
(VCB = 10 Vde, IE = 0, I = 100 kHz) 

(1) Pulse Test Pulse Width ~ 300 IlS. Duty Cvcle :;i 20%. 

FIGURE 1 - DC CURRENT GAIN 
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There are two limitations on the. power handling ability of a 
transistor" Junction temperature and secondary breakdown. Safe 
operatIng area curves' indicatE: Ie - V CE 'limits of tAe transistor that 
must be ob~erved for rehable operation; I.e., the transistor must 
not be subjected to greater dissipation than the curves indir:ate. 

BVCEO 60 - - Vde 
80 - -

100 - -
BVEBO 4.0 - - Vde 

nAde 

ICBO - - 100 
- - 100 I - - 100 

hFE -
60 153 -
30 98 -

VCE(sat) Vde 
- 0.22 0.5 
- 0.15 -

VBE(on) - 0.78 1.0 Vdc 

IT 50 106 - MHz 

Cob - 10 15 pF 

FIGURE 2 -" ON" VOLTAGES 
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FIGURE 4 - CURRENT-GAIN-BANDWIDTH PRODUCT 
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The data 01 Figure 3 is based on TJ (pk) = 150·C; TC is variable 
depending on conditions. At high case temperatures, thermal 
limitations Will reduce the power that can be handled to values 
less than the limitations imposed by secondary breakdown. 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

COMPLEMENTARY SILICON PLASTIC 
POWER TRANSISTORS 

designed for use in general purpose amplifier and switching 
applications. 

• Collector· Emitter Saturation Voltage -
VCE = 0.8 Vdc (Max) @ IC = 2.0 Adc 

• Collector· Emitter Sustaining Voltage -
VCEO (sus) = 45 Vdc (Min) B0533, B0534 

= 60 Vdc (Min) B0535, B0536 
= 80 Vdc (Min) B0537, B0538 

• High Current Gain - Bandwidth Product 
fT = 3.0 MHz (Min) @ IC = 250 mAdc 

• Compact TO'220 AB Package 

• T0-66 Leadform Also Available ordered with "-66" suffix 

MAXIMUM RATINGS 

80533 80535 80537 
Rating Symbol 80534 80536 80538 

Collector-Emitter Voltage VCEO 45 60 60 

Coliector·Base Voltage Vce 45 60 80 

Emitter-Base Voltage VEB 5.0 

Collector Current Continuous 'C . 4.0 . 
Peak 8.0 

Base Current 18 1.0 

Total Device Dissipation Po 
@TC=250 C 50 
Derate above 250 C 0.4 

Operating and Storage Junction 
Temperature Range 

TJ.Tstg - -65 to +150 -
THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance, Junction to Case R9JC 2.5 

Thermal Resistance, Junction to Ambient RSJA 70 

FIGURE 1 --POWER DERATING 
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Unit 

Vdc 

Vdc 

Vdc 

Adc 

Adc 

Watts 

wflc 

°c 

Unit 

°C/W 

°C/W 

NPN 
ID533 
ID535 
BD537 

PNP 
BD534 
BD536 
ID538 

4 AMPERE 

POWER TRANSISTORS 
COMPLEMENTARY SILICON 

, 
1.1 1 

.,. , 

46,60, 80 VOLTS 
&0 WATTS 

NOnS, 
1. INNSIONING AND 1Ol£RANCWG PER ANSt 

Y1UM.1tI2. 
2.. CONTROU.ING DIMENSION: INCH. 
a DIM Z DEFINES A ZONE WIRE ALl BODY AND 

LEAD IllEGU.ARITES ARE AU..OWEO. 

.W 

.1 
STYLE 1: 

G.21 • ., .. . " 
.... 

CASE 221A-04 
TO-22OA8 

PIN 1. BASE 
2. 00U£Cr0II 
3. EMITTER 
<COUfCTOA 

• 



80533. 80535. 80537 NPN 
80534. 80536. 80538 PNP 

ELECTRICAL CHARACTERISTICS ITC = 25°C unless otherwise noted) 

OFF CHARACTERISTICS 

CoIlector·Emitter Sustaining Voltagel 
(lC·0.1 Ade,IB· 0) B0533, B0534 

B0536, B0638 
80537; B0638 

CollectOr CUtoff CUr .. nt 
(VCB· 46 Vdc, Ie· 0) B0533, B0634 
(VCB·60 Vdc, IE· 0) B0536 .. B0638 
lVea· 80 Vdc, IE· 0) B0537, B063B 

CoIllCtOr CUtoff CUrrent 
(VCE· 46 Vdc, VEB· 0) B0533, B0634 
(VeE· 60 Vdc, VEB· 0) B0635, B0536 
(VCE·80 Vdc, VEB· 0) B0637, B053B 

Emitter CUtoff CUrrent 
(VBE • 5.0 Vdc, IC • 0) 

ON CHARACTERISTICSI 

u\; .... r .. nt "".n 
(lC· 10 mAde, VCE· 5 Vdc) B0533, B0534 

B0535, B053B 
B0637, B063B 

(lC· 500 mAde, VCE· 2 Vdc) 
(lC· 2 Ade, VCE· 2 Vdc) B0533, B0634 

'B0536, B0638 
B0537, B053B 

COliocto .... Emltter Saturation Voltage 
(lC· 2.0 Ade, IB • 0,2 Ade) 

Baoe-Emltter On Voltage 
IIc • 2.0 Ade, V CE a 2.0 Vde) 

DYNAMIC CHARACTERISTICS 

Cur .. nt Gain - Bandwidth Product 
(lC· 250 mAde, VCE • 1 Vdc, ftelt = 1 MHz) 

I Pulse telt - Pulse width < 300 PI, DutY Cyele < 2.~ 
2 fT • Ihfel • ftelt 

FIGURE 2 - SWI.TCHING TIME EQUIVALENT CIRCUIT 

TURN·ON PULSE 

A::,R~AX VCC 

Yin 0 .:.. - - - O~'W'~_--l r Vin 

VE8(01li--l1--11 RK 

API'ROX 131- Cjd«C,b 

• "V I 1,<1.0ns 

: : :100<12<500'" -4.0 V 
Vin-i---I,_13<15n. 

I I 
-! 
TURN·OFF PULSE 

DUTY CYCLE ~ 2.0% 
APPROX -9.0 V 
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MIn. M .... Unit 

Vdc 
46 
60 
60 

mAde 
0.1 
0.1 
0.1 

/lAde 
100 
100 
100 

mAde 
1.0 

20 
20 
15 
40 
26 
26 
15 
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0.8 

Vde 
1.5 

FIGURE 3 - TURN-ON TIME 
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80533, 80535, 80537 NPN 
80534, 80536, 80538 PNP 

FIGURE 4 - THERMAL RESPONSE 
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There are two limitations on the power handling ability of a 
transistor: average junction temperature and second breakdown . 
Safe operating area curves indicate le·VeE limits of the transistor 
that must be observed for reliable operation; i.e., the transistor 
must not be'subjected to greater dissipation than t~e curves indicate. 

The data of Figure 5 is based on T J(pk) ~ 150"C; T C is variable 
depending on conditions. Second breakdown pulse limits are valid 
for duty cycles to 10% provided T J(pk)';; lSO"C. T J(pk) may be 
calculated from the data in Figure 4,. At high case temperature~. 
thermal limitations will reduce the power that can be handled to 
values less than the limitations imposed by second breakdown. 
(5 •• AN-415A). 

FIGURE 7 - CAPACITANCE 
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80533, 80535, 80537NPN 
80534, 80536,80538 PNP 

FIGURE 8 - DC CURRENT GAIN:" 
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MOTOROLA 
• SEMICONDUCTOR -----1 

TECHNICAL DATA 

PLASTIC MEDIUM-POWER 
SILICON NPN DARLINGTONS 

· .. for use as output devices in complementary general·purpose amp· 
lifier applications. 

• High DC Current Gain ~ 
hFE = 750 (Min) @ IC = 1.5 and 2.0 Adc 

• Monolithic Construction 

• B0675, 675A, 677, 677A, 679, 679A, 681 are complementarv with 
B0676, 676A, 678, 678A, 680, 680A, 682 

• BO 677, 677A, 679, 679A are equivalent to 
MJE SOO, SOl, 802, 803 

MAXIMUM RATINGS 

Raling Symbol 
B0675 B0677 B0679 B0661 

Unit 
BD675A BD677A BD679A 

Collactor-Emltter Voltage VCEO 45 60 60 100 Vde 

Collactor-a- Voltage VCB 45 60 60 100 Vdc 

Emitter-a- Voltage VEB 5.0 Vdc 

Collactor Current IC 4.0 Ade 

a- Current IB 0.1 Adc 

Total Device Dissipation Po 
"TC=25·C 40 Watts 
Derate above 26 ·C 0.32 W/·C 

Operating end Storage Junction T,J. Toto ·c 
Temperating Range -55 to +150 

THERMAL CHARACTERISTICS 

Characteristic. Symbol -. Unit 

Thermal Resistance, 6JC ·CIW 
Junction to Case 3.13 

FIGURE 1 - POWER TEMPERATURE DERATING 
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BD675,675A,BD677,677A,BD679,679A,BD681 

ELECTRICAL CHARACTERISTics (Te ~ ZSOC unless otherwise noted) 

Min Unit 

OFF CHARACTE RISTICS 

Colloctor·Eminer B ... k_ volggol1l B0675.·67SA BVCEO 4S - Vd. 
(lC' 5OmAdc,IB· 01 B0677.677A 60 -

.. B0679.679A BO -B06B1 100 
Collector Cutoff Current ". 

'CEO "Ad. 

(VCE • Half RatacI VCEO • .lB • 01 - 500 

Collector Cutoff Current 'CBO mAde 
IVCB = Rated BVCEO. 'E • 01 - 0.2 
IVCB = Rated BVCEO, 'E = O. TC = l000CI - 2.0 

Emitter Cutoff Current 'EBO - 2.0 mAd. 
IVBE = 5.0 Vd •. IC = 01 

ON CHARACTERISTICS 

DC Current Gainl1l hFE -
IIc =1.5 Ad •. VCE = 3.0 Vd.1 B0675, B77, 679, 681 750 -

(Ie' 20 Ade. Vee - 3.0 Vd.1 BO 675A, 677A, 679A 750 .. 
_._---_. 
Collector·emittf!!' Saturation Voltage{ 1) 

lie = 1.5 Ade. 'B = 30 mAde) BO 677. 679. 681 ~CE(satl .. 2.5 Vd. 

(Ie = 2.0 Ade, 'B .. 40 mAde) BO 67SA. 677 A. 679A - 2.8 

B ... ·Emitter 0" Vo'tage!l) VBElonl Vd. 

lie -1.5 Ade. VCE ~ 3.0 Vd.) BO 677. 679. 681 - 2.5 

IIc = 2.0Ade. Vce = 3.0Vd.) BO 675A. 677 A. 679A - 2.5 

OYNA'IIIIC CHARACTE RISTICS 

r Small·Sit"'" Currant Gain 
IIC·I.SAde. VCE -3.0Vdc.f=I.0MHz) 

C 1)Pulse Test: Pulse Width '!f 300 ",., Duty Cycle '$ 2.0". 

5. 

i:' 2. 
~ 
t-

~ 1. 
:1 
B .. o. 
o 

0 

0 

0 

5 

~ 8 o. 2 

o. I 

0.0 5 
1.0 

-

2.0 

" , 

- Bonding Wite limit 
Thermallimil al TC '" 2SoC 
Second ... , Brukdown limil 

" " 

FIGURE 2 ~.oC SAFE OPERATING AREA 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

PLASTIC MEDIUM·POWER 
SILICON PNP DARLINGTONS 

· .. for use as output devices in complementary general·purpose amp· 
lifier applications. 

• High DC Current Gain-
hFE = 750 (Min) @ IC = 1.5 and 2.0 Adc 

• Monolithjc Construction 

• B0676, 676A. 678, !i78A. 680, 680A, 682 are complementary with 
B0675, 675A. 677, 677,A, 679; 679A, 681 

• BO 678, 678A, 680, 680A are equivalent to 
MJE 700, 701, 702, 703 

MAXIMUM RATING 

Rating Symbol 
B0676 B0678 BD680 B0682 

Unit 
B0676A B0678A BD680A 

Collector·Emitter Voltage VCEO 45 60 80 

Collector·Base Voltage VCB 45 60 80 

Emitter·Base Voltage VEa 5.0 

Collector Current IC 4.0 

Base Current IB 0.1 

Total Device Dissipation Po 
@TC=25°C 40 
Derate above 25°C 0.32 

Operating and Storage Junction TJ, Tstg 
Temperating Range -55 to +150 

THERMAL CHARACTERISTICS 

Charact8ristic Symbol Max. 

Thermal Resistance, IIJC 
Junction to Case 3.13 

FIGURE 1 - POWER TEMPERATURE O[RATING 
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TC.CASE TEMPERATURE I'CI 

3-351 

Vdc 

Vdc 

Vdc 

Adc 

Adc 

Watts 
W/oC 

°c 

Unit 

°C/W 

BD676,BD676A 
80678, 80678A 
BD68O, BD680A 

BD682 

4.0 AMPERE 

DARLINGTON 
POWER TRANSISTORS 

PNPSILICON 

45, &0, &0, 1011 VOLTS 
40 WATTS 

NOlES, 

STYI.Iil: 
M1.EIIIIT1EII 

'.COU!CIOI " ... 

1.1IfT .. MNNTEIlMlNAL 
ll.EA05.lRUEPOStTIONED'MTIINO.25lnm(tOMlI 
Dl4TODIM.uIAUWIIIUMrMTEII~ 

""""'" 
CASE 77-05 
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.. 



BD676,676A,BD678,678A,BD680,680A,BD682 

ELECTRICAL CI:IARACTERISTICS (Te ~ 25°C unless otherwise noted) 

Min Mo. Unit 

OFF CHARACTERISTICS 
~-.eniitter ...... _ voI.111 B0878,67BA BVCEO 46 - Vde 

IIC· 5OmAcIc.IB· 01 BD67B.87BA 80 -BD880.880A 80 
BD882 100 -

Collector Cutoff Current ICEO ,.Ade 

CVCE· H8If R.-d VCEO.IB· 01 - SOD 

Collector Cutoff Current ICBO mAde 
IVCB • Rated BVCEO. IE • 01 - 0,2 
IVCB = Rated BVCEO. ·IE = O. TC = loo"CI - 2,0 

Emitter Cutoff Current lEBO - 2,0 mAde 
IVBE = 5,0 Vde. IC' 01 

ON CHARACTERISTICS 

DC Current Gainl1l hFE -
IIC -1.SAdc. VCE· 3.0Vdcl B0676. 678. 680. 882 750 --

"C - 2_0Ade. Vce ·3,0 Vdel BD 676A. 676A. 680A 750 -
Collactor·Eminor Saturation Voltage I I I 

BD 678. 680. 682 IIC· 1;S AcIC: IB = 30 mAde! VCElsat! -- 2,5 Vde 

IIC· 2 .. 0Ade. IB =40mAdc! BD 678A. 678A. 680A - 2_8 

_Emitter On. )lOlggel1! "BE (ani Vde 

IIC"1.5Adc. VCE -.3.0Vdel BD 678. 680. 682 - 2,5 

IIC' 2,OAdc. VCE~' 3.0Vdc! BD 678A. 678A. 680A - 2,5 

DYNAMIC CHARACTERISTICS -' 
Sm.U.si, ... Current ()ain hIe '_0 - -

IIC' 1.5Ad<. VCE = 3.0Vde. '-1.0MHz! 

(1)PYI. Test: Pul .. Widtti ~ 300 "S, Dutv Cycle'S 2.0%. 

5, 0 

0 

5 

2 

I 

0,05 
1.0 

--

FIGURE 2 - DC SAFE OPERATING AREA 

1' . 
.... J 

I" - Bonding Wire limit 
Thermal Limit ,I T C s 250C 
Seco~ry 8realdown limit 

I I, I I TC· 25 oC 

r III B0676. 676A_ 
B067B.678A 
B0680.680A 
B0682 

5,0 10 20 so 100 

There are two limitations- on the power handling a~ilitv of a 
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must not be sul)jected to greater dissipation than the curves irldicate. 

At high case temperatures. therm~1 limitations will reduce the 
power that can be handled to values less than the limitations im
posed by secondary br •• 1<down, ISee AN-4151 
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FIGURE 3 - DARLINGTON CIRCUIT SCHEMATIC 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

PLASTIC DARLINGTON COMPLEMENTARY 
SILICON ANNULARo POWER TRANSISTORS 

... designed for general purpose amplifier and high·speed 
switching applications such as hammer drivers for desk calculators. 

High DC Current Gain 
hFE = 1400 (Typl @ IC = 2.0 Adc 

Collector·Emitter Sustaining Voltage - @ 10 mAdc 
VCEO (susl = 45 Vdc (MinI - B0775, 776 

= 60 Vdc (MinI - B0777, 778 
= 80 Vdc (MinI - B0779, 780 

Reverse Voltage Protection Diode 

Monolithic Construction with Built·in Base· Emitter 
output Resistor 

Thermopad 116 Construction with Hard Solder for 
High Reliability. 

MAXIMUM RATINGS 

Rdin, SVrnbol B077& B0777 
B0776 B0776 

Coliector·Emitter Voltage VCEO 45 60 

Coliector·B_ Voltage VCB 45 60 

Emitter·Base Voltage VEB 5.0 

Collector Current - IC 4.0 
Continuous Peak 6.0 

Base Current IB 100 

Total Device Dissipation Po 15 
T C - 25°C - Derate above 0.12 
25°C 

B0779 
B0780 

80 

80 

Operating and Storage TJ. Tstg - 65to+'50 
junction Temperature TJ. Tstg 
Range 

THERMAL CHARACTERISTICS 

Char_ristics SVmbai Ma. Unit 

Thermal Resistance, Junction to Case RBJC 8.34 °C/W 

Thermal Resistance, junction to Ambient RBJA 83.3 °C/W 

FIGURE 1 - POWER DERATING 
16 1.6 

r--. .. '-
~ 

l-
e 

i 12 

'""'" 
1.1 ;!i 

z ~ 
" " 

00 

i in 
U 0.8 "'..., 

........ ,. .. 
....... ~ 

is <5 
II: I'- z ... 

! ~ 4.0 0.4 .. 
"" e ; 

0 
...... r-..,. 

0 
2U 40 60 80 100 120 140 160 

T. TEMPER4TURE 10C) 

3-353 

Unit 

Vdc 

Vdc 

Vdc 

Adc 

mAdc 

Watts 
W/oC 

°C 

NPH 
B0775 
B0777 
B0779 

PH, 
B0776 
BD778 
B0780 

DARLINGTON 
4-AMPERE 

COMPLEMENTARY SILICON 
POWER TRANSISTORS 

45,60,80 VOLTS 
15 WATTS 

ST'YLft: 
PINt. EMITTER 

2. COlLECTOR 
3. BASE 

NOTES: 
1. MT-MAlNTEftMlMAL. 
2. LfADS, TRUE POSfTIONED wmtlN Q.26mm (O.o10l 

CIA TO DIM A • B AT MAXIMUM MATERIAL 
COM1II1ON. 

I ... 

• 
• 
H 

• 
R 

V 

-MOO .... MOO , ,I." ,. 7.74 , .... , .... ., .. , , .17 11 ., , ."" ... , , 'AI .o .. , , , 
,4.8, 1 '.57 , ... 

"r "r1VP , .,. , 
1.1 , ... 
• , ., , 
CASE 77-G5 

TO-126 

• 

o Annular Semiconductors Patented by Motorola Inc. 
6 Trademerk of Motorola Inc. 



B0775, B0777, B0779 NPN 
80776, 80778, B0780 PNP 

ELECTRICAL CHARACTERISTICS ITe - moe unl.lS~i" ncited) 

CHA"ACTi!RISTIC • " SYMBOL MIN. 

OFF CHARACTERISTICS 
Collector-Emitter 
Collector-Emitter Sustaining Voltage (1) VCEO (sus) 
110= 10 ,,:,Ade, IB=O) B0775, B0776 45 

B0777, B0778 60 
B0779, B0780 80 

Collector Cu toff Current ICEO 
(VCE = 20Vde,IB = 0) B0775, B0776 
(VCE = JOVde, IB = 0) B0777, B0778 
(VCE = 40 Vde, IB = 0) B0779, B0780 

Collector Cutoff Current ICBO 
(VCB = Rated, VCEO (sus),IE = 0) 
(VCB - Rated, VCEO (sus), IE =O,IC = 100°C) 

Emitter Cutoff Current lEBO 
(VBE = 5.0 Vde, IC = 0) 

ON CHARACTERISTICS 
DC Current Gain HFE 
IIC = 2.0 Ade, VCE .. 3.0 Vde) 

Collector-Emitter Saturation Voltage VCE (Sat) 
IIC = 1.5 Ade,IB = 6mAde) 

Base Emitter Saturation Voltage VBE (Sat) 
IIC= 1.5Ade,IB= 6 mAde) 

Base·Emitter On Voltage VBE (On) 
IIC = 1.5Adc, VCE = 3 Vde) 

Output Diode Voltage Drop VEC 
(I EC = 2.0 Ade) 

DYNAMIC CHARACTERISTICS 

Current Gain Bandwidth Product fT 20 
IIC = 1.0 Ade, VCE - 2.0 Vde) 

SYMBOL 

Turn·On Time IIC = 250 mAIVCE - 2 V) ton 25 
B0775·777·779 
B077&778·780 

Turn Off Time IIc = 250 rnA, VCE = 2 V) toff 
B0775-777·779 
B0776-778-780 

'IQURI! 2 - ACTIVE "IGION ..... 1 CII'I!".TlNCI ARI. 

B 115.111.119 
+1'" ,......", 

750 

, .. ~ 8D776~718 IJD i'-

VCl.COLllCTDU1II1TERIIOlT ... lltyOLnJ 't.caLLECT~~tIlIlRlItT(A"J 
ROU .... _ QARUMCilTOII ClJlCUtJ SCHEMATIC 

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

3-354 

MAX. UNIT 

Vdc 

!lAde 
100 
100 
100 

!lAde 
1.0 
100 

1.0 j./Ade 

1.5 Vde 

2.5 Vde 

2.3 Vde 

2.0 Vde 

MHz 

TYP. UNIT 

250 ns 
250 
150 

ns 
600 
400 



MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

COMPLEMENTARY PLASTIC SILICON ANNULAR· 
POWER TRANSISTORS 

· .. designed for low power audio amplifier and low current, high· 
speed switching applications. 

• Low Coliector·Emitter Sustaining Voltage -
VCEO (sus) 45 Vdc (Min) - B07B5, B0786 

60 Vdc (Min) - B0787, B0788 

• High Current·Gain - Bandwidth Product -
fT = 50 MHz (Min) @ IC = 100 mAdc 

• DC Current Gain Specified at 0.2, 1.0,2.0 and 4.0 Adc 

• Coliector·Emitter Saturation Voltage Specified at 0.5, 1.0, 
2.0 and 4.0 Adc 

·MAXIMUM RATINGS 

B0785 B07B7 
Reting Symbol B0786 B0788 

Coliector·Emitter Voltage VeEO 45 60 

Coliector·Ba .. Voltage Ve80 60 80 

Emitter·a ... Voltage VEBO 6.0 

Collector Current - Continuous Ie 4.0 
-Peak 8.0 

aa.Currant la 1.0 

Total Power Oissipation @ Te. 250 e Po 15 
O .... t. Above 250 e 0.12 

Operating and Storage Junction TJ,Tstg -e5to +150 
Temper.ture Ra .... 

THERMAL CHARACTERISTICS 

e .. racteriltlc 

Thermal Resistance. Junction to Ca. 

FIGURE 1 - POWER OERATING 
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T. TEMPERATURE l"C1 

3-355 

Unit 

Vd. 

Vdc 

Vd. 

Ad. 
Adc 

Ad. 

W.tts 
wflc 
°c 

NPN 
BD785,BD787 

PNP 
BD786,BD788 

4 AMPERE 
POWER TRANSISTORS 

COMPLEMENTARY SILICON 

45,60vOLTS 

NOTES: 

15 WATTS 

STYLE 1: 
PlNl. EMITTER 

2. COlLECTOR 
3 ..... 

1. MT = MAIN TERMINAL. 
2. LEADS, T'fIUE POSITIONED WITHIN O.2!imm (0.010) 

DIA TO DIM A &. B AT MAXIMUM MATERIAL 
CONDITION. 

ON 

• • C 
D 
F 
G 
H 
J 

• M 
Q 

R 

U 
V 

INCIIES 
MAX "" ,.5O 11.04 • 7.50 7.74 D.'" 

2." 2. 0.'" 
0.51 0." • 2. 117 0."5 
2.32 2." 0.091 
1.27 .41 DJl5i) 
0.39 .., 0.015 

1<1 16.63 0515 

3""" 
3.1& 4.01 0.148 
1.15 1.39 D.'" 
0." ... , .020 
1 3.93 0.145 
1,02 D. 

CASE 77·05 
TO·12S 

MAX 
0.435 
0.305 
0.1 
026 
0,126 
0.097 

.'" 0020 
D.'" 

"" 0.158 
D. 

0.155 

• 



B0785, B0787 NPN 
B0786, B0788 PNP 

-ELECTRICAL CHARACTERISTICS IT C = 2SoC unle .. ot"rwi. noted.1 

I. . ChIraci'erlltic 1 Symbol 

OFF CHARACTERISTICS 

ColiectOr·Emitter Sustaining Voltogo (II 
IIC· 10 mAde, 'B s 01 B07B5, B07B6 

B07B7, B07BB 

Collector Cutoff Current 
(VCE • 20 Vdc, 'B • 01 B07B5, B07B5 
IVCE • 30 Vde, IB = 01 B07B7, B07BB 

Collector Cutoff Current 
IYCE • 60 Vde, VBElolfi B0785, BD7B5 
• 1.5 Vdcl 

IVCE • BO Vde, VBEloffl B0787, B07BB 
·1.5 Vdel 

IVCE = 30 Vde, VBE~olfi B07B5, B07B5 
• 1.5 Vde, TC = 125 CI 

IVCE • 40 Vde, VBE~offl B0787, BD7BB 
= 1..5Vde,Ti;= 125 C 

Emitter Cutoff Current 
IVEa = 6.0 Vde, IC = 01 

ON CHARACTERISTICS It' 

DC Current Gain 
IIC • 200 mAde. VCE = 3.0 Vdel 
IIC = 1.'8 Ade, VCE = 3.0 Vdel 
IIC = 2.0 Ade, VCE = 3.0 Vde' 
IIC = 4.0 Ade, VCE = 3.0 Vdel 

Coliector·Emitter Slturotion Voltage 
(lC s 500 mAde, la = 50 mAde' 
IIC = 1.0 Ade, la = too mAdel 
IIC = 2.0Ade,IB = 200.mAde' 
IIC = 4.0 Ade, 'B = BOO mAdel 

Ba.·Emitter Slturation Voltage 
(lC • 2.0 Ade, la = 200 mAdel 

Base-Emitter on Voltage 
IIct 2.0 Ado, VCE = 3.0 Vdel 

OVNAMIC CHARACTERISTICS 

Current·Gain - aandwidth Product 
(lC· 100 mAde. VCE· 10 Vde, , = 10MHzI 

Output Capacitanca 
IVCB = 10 Vdc, IC = 01 B07B5, B0787 
'·O.t MHzl B07B6, B0788 

Small-Signal Current Gain 
IIC· 200 mAdc, VCE = to Vdc, 1= t.O kHzl 

'Indicates JEOEC Registered Data. 

111 Pulse Test: Pulse Width .;;; 300,... Duty Cycle';;; 2.0% 

FIGURE 2 - SWITCHING TIME TEST CIRCUIT 
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80785, 80787 NPN 
80786, 80788 PNP 

FIGURE 4 - THERMAL RESPONSE 
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There are two limitations on the power handling ability of a 
transistor average lunctlon te~perature and second breakdown . 
Safe operating area curves Indicate leVeE limits of the transistor 
that must be observed for reliable operatton; I.e .. the tranSistor 
must not be subjected to greater diSSipation than the curves mdlcate 
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FIGURE 8 - DC CURRENT GAIN 
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FIGURE 10 - TEMPERATURE COEFFICIENTS 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

COMPLEMENTARY PLASTIC SILICON ANNULAR. 
POWER TRANSISTORS 

• .. designed for low power audio amplifier and Iow·current. high 
speed switching applications. 

• High Collector·Emitter Sustaining Voltage -
VCEO(sus) = 80 Vdc (Min) - B0789. B0790 

= 100 Vdc (Min) -B0791. B0792 

• High DC Current Gain @lIC = 200 mAdc 
hFE = 40·250 

• Low Collector·Emitter Saturation Voltage -
VCE(sat) = 0.5 Vdc (Max) @lIC = 500 mAdc 

• High Current Gain - Bandwidth Product -
fT = 40 MHz (Min) @lIC= 100 mAdc) 

"MAXIMUM· RATINGS 

110789 B0791 
Rotil. Symbol B0790 B079~ 

Colle.lOr·Emitter Voltage VCEO 

Collector·a ... Volt,.. VCB 

Emitter·B ... Volt,.. VEao 

Collector Current - Continuous IC 
- Peak 

a. .. Curre.nt la 

Totll P ...... , Dissipation ., T C = 25°C Po 
De,ote _ 25°C 

Operating and Storage Junction TJ.Tstg 
Temperoture Range 

THERMAL CHARACTERISTICS 

Thermo! Resiltance. Junction 10 ea.. 

FIGURE 1 POWER DERATING 
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Unit 

Vdc 

Vd. 

Vd. 

Ado 

Ado 

Watts 
wf>c 

OC 

? 
~ 

~ 
c 

~~ 
>-... 
0 z 
3l 
>-

~ 

NPN 
BD789,BD791 

PNP 
BD790,BD792 

4 AMPERE 
POWER TRANSISTORS 

COMPLEMENTARY SILICON 

NOTES: 

so. 100 VOLTS 
15 WATTS 

smEl: 
PINt EMITTER 

2. COLLECTOR 
• !lASE 

,. MT = MAIN TERMINAL 
2. LEADS, TRUE POSITIONED WITHIN O.2Smm 10.010) 

OIA TO DIM A a B AT MAXIMUM MATERIAl 
CONDITION. 

.... 
• 
C 
D 
F 

• 
• M 
Q 

R 

V 

... .... ... MAX 
10.80 11.04 OA" 0.435 
1.50 7.74 .295 ... ,., ... 0.1195 0.105 
0.51 .. 0.020 0.026 
l.93 11 .115 0.125 
"2 2.48 0.091 0.1191 
121 A' 0.D50 0.1195 
0 .&3 .015 .02S 

14.61 , 0.575 .... 
3"T'/1' 3"T'/1' 

3.1' ." 0,1. 
1.15 ,.39 ,.'" 
'.64 ... .02S .. . 93 .,,' 
1.02 .040 

CASE 77·05 
TO-128 

0.158 

• .035 
0.155 

• 



80789. 80791 NPN 
80790. B0792PNP 

-ELEctRICAL CHARACTERISTICS (TC * 25°C unl .. othlrwi. nollld.1 

OFF CHARACTERISTICS 

ColiectOr·Emitter Sustaining Voltage 111 
(lC· 10 mAde, IB z 01 B0789, B0790 

B0791, B0792 

Collector Cutoff Current 
IVCE = 40 Vde,IB - 01 80789, B0790 
(VCE = 50 VcIc, 18 • 01 80791, 80792 

Collector Cutoff Current 
(VCE = SO Vde, VBEloffl = 1.5 Vdel B0789, B0790 
(Vee = 100 Vde, VBE(offl • 1.5 Vdel B0791,80792 
(VCE = 40 Vde, VBE 10111 = 1.5 Vde, T C =, 1250CI B0789, 80790 
IVCE = 50 Vde, VSEloff) = 1.5 Vde, TC= 125°C) 80791,80792 

Emitter Cutoff Current 
IVEB = 6.0 Vde, IC = 0) 

ON CH'ARACTERISTICS II} 

DC Current Gain 
IIc = 200 mAde, VCE = 3.0 Vde) 
II C = 1.0 Ade, VCE = 3.0 Vde) 
(lc = 2.0 Ade, VCE ·3.0 Vde) 
(lC = 4lO Ade, VCE = 3.0 Vde) 

Collector-Emitter Saturation Voltage 
(lC = 500 mAde, IB = 50 mAdel 
(lC = 1.0 Ade, IB = 100 mAde) 
(lC = 2.0 Ade, IB = 200 mAde) 
(lC = 4.0 Ade. IS = BOO mAde) 

Base-Emitter Satul"stion Voltage 
(lC = 2.0 Ade, IB = 200'mAde) 

Base-Emitter On Voltage 
IIC = 200 mAde, VCE = 3.0 Vde} 

DYNAMIC CHARACTERISTICS 

Current-Gain - Bandwidth Product 
(lC = 100 mAde, VCE = 10 Vde, f = 10 MHz) 

Output Capacitance 
IVCB -10 Vde,IC = 0, f = 0.1 MHz B0789, B0791 

80790, B0792 

Small-Signal Current Gain 
(lC = 200 mAde, VCE = 10 Vde, f = 1.0 kHzl 

'Indicates JEOEC Regi.tered Data. 
(l) Pulse Te.t: Pulse Width ';;300"., Duty Cyelo';;2.cl%. 

FIGURE 2 - SWITCHING TIME TEST CIRCUIT 
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80789, 80791 NPN 
80790, 80792 PNP 

FIGURE 4 - THERMAL RESPONSE 
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There are tlNO limitations on the power handling abiliTY 01 Ii 

tranSistor: average junction temperature and second breakdown 
Safe operating area curves indicate Ie VeE. limits of the tranSistor 

that must be observed for reliable operation, i.e. the tranSlstOI 
must not be subjected to greater diSSipation than the curves ,ndicate 

The data of Figure 5 is based on r Jlpk I ... 1500 C; T C IS variable 
depending on conditions. Second breakdown pulse limits are valid 
for duty cycles to 10% provided TJ(pkl:!} 1S00C. TJ{pkl n:av be 
calculated from the data in Figure 4, At high case temperatures. 
thermal limitations Will reduce the power that can be handled to 
values less than the limitations Imposed bv second breakdown. 

(See AN-415A1 

FIGURE 7 - CAPACITANCE 
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FIGURE 8 - DC CURRENT .GAIN 
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FIGURE 9 - "ON" VOL TAGES 
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FIGURE '0 - TEMPERATURE COEFFICIENTS 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

PLASTIC HIGH POWER 
SILICON NPN TRANSISTOR 

designed for use up to 30 Watt audio amplifiers utilizing 
complementary or Quasi complementary circuits. 

• DC Current Gain-hFE = 40 (Min) @l IC = 1.0Adc 

• eo 795, 797, 799, 801 are complementary with eo 796, 796, 
800, 802 

MAXIMUM RATINGS 

Rating Symbol Type Value Unit 

B0795 45 

Collector-Emitter Voltage VCEO 
B0797 60 Vde 
B0799 80 
BD801 100 

B0795 45 

Collector-Base Voltage VCBO 
B0797 60 Vde 
B0799 80 
BD801 100 

Emitter-Base Voltage VEBO 5 Vde 

Collector Current IC 8 Adc 

Base Current IB 3 Ade 

Total Device Dissipation TC=25O C Po 65 Watts 
Derate avove 2SOC 522 mW/oC 

Operating and Storage Junction TJ. Tstg -55 to +150 oC 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance. Junction to Case 

Characteristic Symbol Typa Min Ma. Unit 

Colleetor-Emiller Sustaining Voltage" BVCEO B0795 45 - Vdc 
(IC =O.1 Ade. IB=O) B0797 60 -

B0799 80 -
fie' 0.05 Adc. IB = 0) BD801 100 -

Collector Cutoff Current leBO mAde 
(VCB - 46Vdc,le -01 B0795 - O.t 
(VCB - 60 Vdc. Ie - 01 B0797 - 0.1 
(VCB- 8OVdc,le- 01 B0799 - 0.1 
(VCB -l00Vdc,le -OI BD801 - 0.1 

Emitter Cutoff Current lEBO mAde 
(V BE = 5.0 Vde. IC = 0) - 10 

DC current Gam 
hFE 

(IC = I A. V CE = 2 V) BO 795/797 40 -
BO 799/801 30 -

(IC : 3 A. V CE = 2 V) BO 795/797 25 -
BO 799/801 15 -

Collector-Emitter Saturation Voltage' 
V CE(sat) Vdc 

(lC ='3 Ade. IB = 0.3 Adc) - 10 

Base- Emillel On Voltage' VBE(on) Vdc 
(IC = 3 Adc. V CE = 20 Vde) - 16 

Current-Galn-Bandwidth Product 'T MHz 
(IC =O.25Adc. VCE =10Vde. 1=10MHz) 3.0 -

• Pulse Test: Pulse Width :i! 100 ",5, Duly Cycle :ii 2.0°/ •. 
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80795,80797, 8b799,' 80801 

FIGUR.E 1 ~ ACTIVE RE.GION SAFE OPE.RATING AREA 
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MOTOROLA • SEMICONDUCTOR ____ _ 
TECHNICAL DATA 

PLASTIC H'IGH POWER 
SILICON PNP TRANSISTOR 

designed lor use up to 30 Watt audio ampll',ers utilizing 
complementary or quasi complementary circuits. 

• DC Current Gain-hFE = 40 (Min) @ IC = 1.0 Adc 

• BO 796, 798, 800, 802 are complementary with BO 795, 797, 
799,801 

AAXIMUM RATINGS 

Rating Symbol Type Value Unit 

B0796 45 

Coliector·Eminer Voltage VCEO 
B0798 60 Vdc 
B0800 80 
B0802 100 

B0796 45 
Collector· Base Voltage VCBO 

B0798 60 Vdc 
B0800 80 
B0802 100 

Eminer- Base Voltage VEBO 5 Vdc 
.-

Collector Current IC B Adc 

Base Current IB 3 Adc 

Total Device Dissipation TC=25O C Po 65 Watts 
Derat. avove 25"C 522 mW/oC 

-
Operating and Storage Junction TJ. Tstg -55 to +150 °C 

Temperature Range 

iHERMAL CHARACTERISTICS 

Characteristic Max Unit 

Thermal Resistance. Junction to Cas. t.92 ° C/W 

'LECTRICAL CHARACTERISTICS (TC = 250C unless otherwise noted) 

Characteristic Symbo' Type Min ""a. Unit 

Collector· Emitter Sustaining Voltage' BVCEO B0796 45 - Vdc 
(IC =O.1 Adc. IB=O) B0798 60 -

B0800 80 -
lie' 0.05 Adc. 'B' 01 B0802 100 -

Collector Cutoff Current ICBO i mAdc 
(VeB " 45Vdc·'e- 01 B0796 - 0.1 
(Yes" 60 Vdc. 'e· 01 B0798 - 0.1 
(Ves" 8OVdc·'e=01 B0800 - 0.1 
(Ves = 100 Vdc. Ie· 01 B0802 - 0.1 

Emitter Cutoff Current lEBO mAdc 
(V SE = 5.0 Vdc. IC = 0) - 1.0 

DC current Gain 
hFE 

(Ie = 1 A. V CE = 2 VI so 196/798 40 -so 800/802 30 -
(IC = 3 A. V CE = 2 V) BD 196/788 25 -

BD 800/802 15 -
Collector· Emitter Saturation Voltage- V ' Vdc 

(lC = 3 Adc. IS = 03 Adc) 
CE(sat) 

'- 10 

Base-Emiller On Voltage' V ' Vdc 
(lC = 3 Adc. V CE = 2 0 Vdc) 

BE(on) 
- 16 

Current·Gatn·Bandwidth· Product 'T MHz 
(lC =O.25Adc. V CE = 10 Vdc. f = 1.0 MHz) i 3.0 -

Pulse Test: Pulse Width ~ 300 .,5. DUly Cycle S 2.0·, •. 
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80796, 80798, 80800, 80802 

FIGURE 1 -- ACTIVE REGION SAFE OPERATING AREA 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

PLASTIC HIGH POWER 
SILICON NPN TRANSISTOR 

· . . designed for use in high po_ audio amplifiers utilizing 
complementary or quasi complementary circuits. 

• DC Current-hFE = 30 (Min) • IC = 2.0 Adc 

• BO 80S, 807, 809 are complementary with BO 806, 808, 810 

AXIMUM RATINGS 

Rating Symbol Type Value Unit 

BD805 45 
::Ollector- Emitter Voltage VCEO BD807 60 Vdc 

BD8O& 80 

BD805 55 
:ollector-Base Voltage VCBO BD807 70 Vdc 

BD809 80 

:miner·Base Voltage VEBO 5 Vdc 

:ollector Current IC 10.0 Adc 

~ase Current IB 6.0 Adc--

rotal Device Dissipation TC=25°C Po 90 Wans 
Derate above 25°C 720 mW/oC 

)perating and Storage Junction TJ• Tstg -55 to +150 °C 
Temperature Range 

IERMAl CHARACTERISTICS 

Characteriatic Symbol Ma. Unit 

ihermal Resistance. Junction to Case 9JC 139 ° C/W 

ECTRICAl CHARACTERISTICS ITC = 250C unless otherwise noted) 

Characteristic Symbol Type Min Ma. Unit 

:ollector- Emitter Sustaining Voltage- BVCEO' 
45 - Vde 

(lC=0.2 Adc, IB =0) BD805 
BD807 60 -
B0809 SO -

:ollector Cutoff Current ICBO mAde 
(YCB • 55 Vd., Ie - 01 BD805 - 1.0 
(VCB - 70 Ydc, Ie = 01 B0807 - 1.0 
(VeB-SO Vdc, Ie - 01 BD809 - 1.0 

miller Cutoff Current lEBO mAde 
(VBE = 5.0 Vde, IC = 0) 2.0 -

.C curremGain hFE 
(Ie" 211. VCE " 2V) 130 -
(Ic = 4A, VCE = 2 V) 1'5 -

:ollector· Emiller Saturation Voltage- VCE(sal) 1- Vde 
(IC=4Ade. 'S = 0.4 Ade) 1.1 

lase-Emitter On Voltage' V .- --r- Vde 
(Ie~4Adc. V CE ~ 2.0 Vde) 

I BE(on) 
1, .6 

~uf'ent -Gain -Bandwidth Product IT MHz 
(Ie = 10 Ade, VCE = 10 Vde, f= 1.0 MHz) 

115 1-
'ulst Tesl: Pulse Width ~ 300 lAS Duty Cycle ~ 2 Oi~. 
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80805, 80807, 80809 

FIGUR.E 1 - ACTIVE R.EGION DC 
. SAFE OPERATING AREA 
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FIGURE 5 - THERMAL RESPONSE 
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Not. I: 

There are two limitations on the power handling ablli~v of a 
transistor; average junction temperature and .second breakdown. 
Safe operating area curves indicate Ie . Vee limits of the tranSistor 
that must be observed for reliable operation; I.e .• the transistor must 
not be subiected to great~r diSSipation than the curves indicate. 

The data of Figure I is based on TJ\pkl = 1So"(:: TC is variable 
depending on conditions. Second breakdown pulse limits are valid 
for duty cyc'es to 10% prOVided T Jlpkl ,,'So"C. At high case 
temperatures, thermal limitations will reduce the pOwer that can be 
handled to values less than the limitations Imposed bV second 
breakdown. (See AN·41SI 

3-368 



MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

PLASTIC HIGH POWER 
SILICON PNP TRANSISTOR 

designed for use in high power audio amplifiers utilizing 
complementary or quasi complementary circuits. 

• De eurrent-h"" = 30 (Min) @ Ie = 2.0 Adc 

• BO BOO. BOB. Bl0 are complementary with BO BOS. 807. B09 

IAXIMUM RATINGS 

Rating Symbol Type Value Unit 

I BD808 45 
Collector-Emitter Voltage VCEO BD808 60 Vde 

B0810 80 

80806 I 55 
Collector -Base Voltage VCBO BD808 70 Vde 

B0810 80 

Emitter-Base Voltage VEBO 5 Vdc 

Collector Current IC 10:0 Adc 

Base Current IB 6.0 -- f--- Ade-

--
Total Device Dissipation T -25DC Po 90 Wails 

Derat, above 25DC 
C . 

720 mWiDC 

Operating and Storage Junction TJ• TSI( -55 to +150 DC 
Temperature Range 

HERMAL CHARACTERISTICS 

Characteristic 

Thermal RlisiSlance. Junction to Case 

Characteristic Symbol Type Min ~a. Unit 

Collector- Emitter Sustaining Voltage' BVCEO BD808 45 - Vdc 
(IC =0.2 Ade. IB =0) BD808 60 -

B0810 80 -
Collector Cutoff Current ICBO !mAde 

(Vca -55 Vde.IE-OI BD808 - 1.0 
(VCB- 70 Vde.IE-OI BD808 - 1.0 
(VCB -80Vde.IE - 01 B0810 - 1_0 

Emiller Cutoff Current lEBO mAde 
(VBE = 5.0 Vde. IC = 0) - 2.0 

DC current Gain hFE 
(lC = 2A. VCE = 2V) 30 -
(IC = 4A. V CE = 2 V) 15 -

Colleetor·Emiller Saturalion Voltage' VCE(sat) 
, 

Vde 
(lC = 4 Adc. IB = 0.4 Ade) - 1.1 

Base- Emlller On Vollage' 
VBE(on) 

, 
\Ide 

(lC=4AdC. V CE = 2.0 Vde) - 1.6 

Currenl-Gain-Bandwidlh Product IT MHz 
(lC = 1.0 Ade. VCE = 10 Vdc. 1= 1.0 MHz) 1.5 -

Pulse Test: Pulse Width ~ 300 tAr.. Duty Cycle $ 2.0%. 
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Note 1: 

There are two limitations on the power handling abilitv of 8 

tranSIstor; average Junction temperature and second breakdown. 
Safe operating area curves indicate Ie - VeE limits of the transistor 
that must be observed for reliable operation; I.e., the transistor must 
not be subjected to greater diSSipation than the curves indicate. 

The data of Figure 1 is based on T Jlpk) = ISo«'C; T C is vari"" 
depending on conditions. Second breakdown pulse limits are valid 
for duty cycles to 111% provided TJ(pk) ~ISOOC. At high'case 
temperatures. thermal limitations will reduce the power that can be 
handled to values less than the limitations imposed by second 
breakdown. (See AN·41S' 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

PLASTIC POWER SILICON NPN DARLINGTONS 

for use as output devices in complementary general-purpose 
ampl ifier applications. 

• High DC Current Gain -
hFE = 750 (Min) @ IC = 3_0 and 4.0 Adc 

• Monolithic Construction 
• BOB95, 895A, 897, 897A, 899, 899A, 901 are complementary 

with B0896, 896A, 898, 898A, 900, 900A, 902. 
• Electrical equivalents to B0695A, 697, 697 A, 699, 699A, 701. 

MAXIMUM RATINGS 

Rating Symbol B0895 B0897 B0899 B0901 
B0895A B0897A BOB99A 

Collector-Emitter Voltege VCEO 45 60 SO 100 

Collector-S_ Voltage VCB 45 60 SO 100 

Emitter-Base Voltage VEB 5.0 

Collector Current IC S.O 

Base Current IB 0.1 

Total Device Dissipation Po 70 
@TC=25°C 
Derate above 25°C 0.56 

Operating and Storage Junction TJ, Tug 
Temperature Range -55 to +150 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Case OJC 1.79 °C/W 

FIGURE 1 - POWER TEMPERATURE OERATING CURVE 
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Unit 

Vdc 

Vdc 

Vdc 

Adc 

Adc 

Wattll 

wf'c 

°c 

OIl 
A 
B 

• F 

N 
J 

• L 

• Q 

R 
I 
T 

V 
Z 

B0895,B0895A 
B0897,BD897A 
B0899, B0899A 

BD901 

DARLINGTON 
8 AMPERE 

NPN SILICON 
POWER TRANSISTORS 

,. 
4.07 

3.8, 
2.42 , .... 

1L1O 
1.15 
4.83 

115 

11 -

45-60-80·100 VOLTS 
70 WATTS 

1IAX 

, ..., ... 
." ,.66 

"" , , 
79 

1.39 
47 

'17 

NOTES: 
1. DIMENSIONING AND TOlERANClNG PER ANSI 

'114.5M,19B2. 
:z. CONlROWNG DIMENSION: INCH. 
3. DIM Z DeFINES A ZONE WHERE ALL 80DY AND 

LEAD IRREGULARITIES ARE AllOWED. 

1NCIES ... 1IAX 
0,570 " ,.380 0.405 
0.160 ",,, ,..,. 

" " 0.147 , .... """ 0.110 "155 
G.Oi8 .." 

iiiiiO .... 
~ '.1155 a,,, 0.210 

""I) "20 
MiD 0.,,0 , o.IJ55 
'.235 .,,, 
0<'" .... , ... 

,.001 

CASE 221A..CJ4 
TO-Z20AB 

SffiEl: 
PIN l.8ASE 

2. COLlECTOfi 
3.EMlITER 
4. COLLECTOR 

• 



BD895,BD895A,BD897,BD897A,BD899,BD899A,BD901 

ELECTRICAL CHARACTERISTICS (TC = 25 ·C unless otherwise noted) 

Choraclllristie 

OFF CHARACTERISTICS 

Collector-Emitter 8reakdown Voltage I 80895,895A 
(lC = 1(10 mAde, 18 = 0) 80897,897A 

80899,899A 
80901 

Collector Cutoff Current 
(VCE = Half Rated VCEO, 18 = 0) 

Collector Cutoff Current 
(VC8 = Rated8VCEO,IE =0) 
(VCB = Rated 8VCEO,IE =0, TC = l00·C) 

Emitter Cutoff Current 
(V8E = 5.0 Vdc, IC = 0) 

ON CHARACTERISTICS 

DC Current Gainl. 
(lC = 3.0 Ade, VCE = 3.0 Vdc) 80895,897,899,901 
(lC =4.0 Ade, VCE =3.0 Vde) 8D895A,897A,899A 

Collector-Emitter Saturation Volta.ge 
(Ie = 3.0 Ade, 18 = 12 mAdcl 80895, 897,899,901 
(Ie = 4.0 Ade, 18 = 16 mAde) 80895A,897A,899A 

8ase-Emitter On Voltage I 
(Ie = 3.0 Adc, VeE = 3.0 Vdc) 80895,897, 899, 901 
(Ie =4.0 Ade, VCE = 3.0 Vdc) 80895A,897A,899A 

DYNAMIC CHARACTERISTICS 

Small-Signal Current Gain 
(lC =3.0 Ade, VCE = 3.0 Vdc, f = 1.0 MHz) 

I Pulse Test: Pulse Width"; 300 lIS, Duty Cycle"; 2.0%. 

There are two limitations on the power handling ability of a 
transistor: junction temperature and secondary breakdown. Safe 
operating area curves indicate IC-VCE limits of the transistor that 
must be observed for reliable ope~ation; e.g .. the transistor must 

FIGURE 2 - DC SAFE OPERATING AREA 
10 

'. D.C. 

1=150 0 " '\ 
'80895. 895A 
80897,897A 
80899,899A 
80901 

o. 1 
\1\ 

10 30 100 

VCE COLLECTOR·EMITTER VOLTAGE (VOLTS) 
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SVmboi Min. Max. Unit 

8VCEO 45 - Vdc 
60 -
80 -
100 -

ICEO jlAde 
- 500 

IC80 ",Ade 
- 0.2 
- 2.0 

IE80 mAde 
- 2.0 

hFE -
750 -
750 -

VCE(sat) Vdc 
- 2.5 
- 2.8 

V8E(on) Vdc 
- 2.5 
- 2.5 

not be subjected to greater dissipation than the curves indicate. 
At high case temperatures, thermal limitations will reduce the 
po .... r that can be handled to values lass than the limitations 
imposed by secondary breakdown (see AN-415). 

FIGURE 3 -.DARLINGTON CIRCUIT SCHEMATIC 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

PLASTIC MEDIUM-POWER 
PNP TRANSISTORS 

.. for use as output devices in complementary general·purpose amp· 
lifier applications. 

• High DC Current Gain -
hFE = 750 (Min) @ IC = 3.0 and 4.0 Adc 

• Monolithic Construct,on 

• BD896A, 898, 898A, 900, 9OOA, 902 are complementary with 
BD895A, 897, 897A, 899, 899A, 901 

• Electrical equivalents to BD696A, 698, 698A, 700, 700A, 702 

\o1AXIMUM RATINGS 

Rating Svmbol BDa B08118 BDIOO B09D2 Unit 
'B08II8A' BD8II8A BDIIOOA 

COllector-Emitter Voltage VCEO 45 60 80 100 Vdc 

COllector-Base Voltage VCB 45 60 80 100 Vdc 

Ermtter-Base Voltage VEB 5.0 Vdc 

COllector Current IC 8.0 Adc 

Base Current 18 01 Adc 

Total DeVice DISSipation @ T C '" 25°C Po 70 Watts 
Derate above 2SoC 0.56 W/oC 

Operatmg and Storage Junction TJ' Tstg -551o -150 °c 
Temperatmg Range 

rHERMAl CHARACTERISTICS 

Characteristic M .. 

Thermal ReSistance, Junction to Case 179 

FIGURE 1 - POWER TEMPERATURE DERATING CURVE 
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... 
• I 

D 
F 

• H 

B0896,B0896A 
B0898, BD898A 
BD900,BD900A 

B0902 

DARLINGTON 
8 AMPERE 
SILICON 

POWER TRANSISTORS 

45-60-80-100 VOLTS 
70 WATTS 

NOTES: 
1. DIMENSIONING AND TOLERANCING PeR ANSI 

YM.5M,1!182. 
2. CONTROLUNG DIMENSION: INCH. 
3. DIM Z CERNES A ZONE WHERE ALl BODY AND 

LEAD IRREGUlARITIES ARE ALLOWEO. 

IIIIIIIEIIIIII .. OW< ..... 15.75 
9. 10 
4.07 .... 
." .... 
3.8, 113 ,.., 
"" .71 , ,W 
1.' ,.39 

5.33 

" '01 
• 01 2.19 
1.1 1 8.4, 

,.27 
1.1 

2.01 

OW< .57. • • 0,16(1 ,., 
D.,. D. 

'" 0.147 STYLE 1: .,'" 
II 0.' , D.'" 

"" D.562 
0 .... .. "' 0.210 

0,100 0.' .... 110 .... 0.1155 

"" 0.'" ... D. .... --
CASE 221A-04 

TO-22DA8 

PlNtBASE 
2.COLl.ECTOR 
3.EMITfER 
4.COlLECTOfl 

• 



B0896,'896A, B0898, 898A, B0900, 900A, B0902 

ELECTRICAL CHARACTERI,STICS fTC - 25uC unless otherwise noted) 

Symbol Min Ma" Unit 

OFF CHARACTERISTICS 

.Collector-Emitter Breakdown Yoltage( 1 1 BDeII, IIII8A BVCEO 46 - Vdc 
(lC = 100 mAde, IB = 01 B_.IIIIA 60 -

BD800, !IOOA eo -
BDI02 100 -

Collector Cutoff Current ICEO /'Ade 

(VCE· Half Ratad VCEO' '8.01 - 500 

Collector Cutoff Current ICBO mAde 
(YCB = Rated BYCEO, IE = 01 - 0.2 
WCB = Rated BVCEO, IE = 0, TC' l000CI - 2.0 

Emitter Cutoff Curren~ lEBO - 2.0 mAde 
(YBE = 5.0 Vde, IC = 01 

ON CHARACTE RISTICS 

DC Current Gain l1 ) hFE -
(lC = 3.0 Adc, VCE = 3.0 Vdcl BD896, 888, 100, 902 750 -
(lc = 4.0 Adc, VCE = 3.0 Vdcl BD896A,IIIIA,IOOA 750 -

Collector-Emitter Saturation Voltage VCElsat) Vdc 
(lC = 3.0 Adc; '8 = 12 mAdel a_,888,900,902 - 2.5 
(lC = 4.0 Ade,IB.= 16 mAdel BD896A, 8NA, IOOA - 2.8 

Base-E mitter On Voltage VBElon) Vde 
(lC = 3.0 Ad<, VCE = 3.0 Vdcl BDeII, 888, 100. 902 - 2.5 
IIC = 4.0 Ad<, VCE = 3.0 Vdel BD896A, 888A, IOOA - 2.5 

DYNAMIC CHARACTERISTICS 

Small-Signal Current Gain 
(lC = 3.0 Ade, VCE • 3.0 Vdc, f = 1.0 MHzl 

(1 )Pul .. Test: Pul. Width S 300 ~s. Duty CVc'e ~ 2.0%. 
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FIGURE 2 - DC SAFE OPERATING AREA 

1\ 
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There are two limitations on the po~er handling ability of a 
tranSistor. junction temperature and secondary breakdown. Safe 
operating area curves indicate 'e-VeE limits of the transistor that 
must be observed for reliable Operation; e.g., the transistor must 
not be subJected to greater dissipation than the curves indicate. 

At high case temperatures, thermal lii-mtalions Will reduce the 
power that can be handled to values less than the limitations 
Imposed bv secondary breakdown. ISee AN·41S1 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

COMPLEMENTARY SILICON PLASTIC 
POWER DARLINGTONS 

· .. for use as output devices in complementary general purpose 
amplifier applications. 

• High DC Current Gain 
HFE = 1000 (min.) @ 5 Adc 

• Monolithic Construction with Built·in 
Base Emitter Shunt Resistors 

MAXIMUM RATINGS 

Rating Symbol 
BOV65 
BOV64 

Collector-Emitter Voltage VCEO 60 

Collector-Base Voltage VeB 60 

Emitter-Base Voltage VEB 

Collector Current Ie 
- Continuous 
- Peak 

Base Current IS 

Total Device Dissipation Po 
(a) Tc -'-- 25"C 

Derate above 25"C 

Operating and Storage TJ. 
Junction Tstg 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal ReSistance, Junction to Case 

BOV 65A BOV 65B 
BOV 64A BOV64B 

80 lOa 

80 laO 

5 

10 
20 

0.5 

125 
I 

-65to +150 

FIGURE 1 - POWER DERATING 
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TC. CASE TEMPERATURE I'C) 
'" 125 150 
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Unit 

Vdc 

Vdc 

Vdc 

Adc 

Adc 

Watts 

WI'C 

"C 

NPN PNP 
BDV65 

BDV65A 
BDV65B 
BDV65C 

BDV64 
BDV64A 
BDV64B 
BDV64C 

DARLINGTONS 
10 AMPERES 

COMPLEMENTARY SILICON 

POWER TRANSISTORS 

DIM 
A 
B 
C 
D 
E 
G 
H 

J 
K 
L 

N 
Q 

60·80-1 00·120 VOLTS 
125 WATTS 

MilliMETERS INCHES 
MIN MAX MIN MAX 
20.32 21.08 0.800 0.830 
15.49 15.90 0.610 0.626 
4.19 5.08 0.16510.200 
1.02 1.65 0.040 0.065 
1.35 1.65 0.053 0.065 
5.21 5.72 0.205 I 0.225 
2.41 3.20 0.095 ' 0.116 
0.38 0.64 0.015 0.015 
12.70 15.49 0.500 0.610 
15.88 16.51 0.625 0.650 
12.19 12.70 0.480 0.500 
4.04 4.22 0.159· 0.166 

CASE 340-01 
(TO·218ACI 

• 

II 



NPN-BDV65A, B, C 
PNP-BDV64A, B, C 

ELECTRICAL CHARACTERISTICS 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage (1) 

(Ie = 30 mAdc, IB "" 0) 

Collector Cutoff Current 

(VeE = 30 Vde,IB = 0) 
(VeE = 40 Vde,IB = 0) 
(VeE = 50 Vdc,IB = 0) 
(VeE = 60 Vdc,IB = 0) 

Collector Cutoff Current· 

(VeB = 60 Vdc, IE '" 0) 
(VeB = 80Vdc,IE = 0) 
(VeB = 1.OQVdc,IE = 0) 
(VeB = 120Vdc,IE = 0) 

Collector Cutoff Current 

(VeB = 30Vdc,IE = 0, Te = 150'CI 
(VeB = 40 Vdc, IE = 0, Tc = 150'C) 
(VeB = 50 Vdc, IE = 0, Te = 150'CI 
(VeB = 60Vdc,IE = 0, Te = 150'C) 

Emitter Cutoff Current 

(VeE = 5 Vdc, Ic = 0) 

ON CHARACTERISTICS 

DC Current Gain 

(Ie = 5 Adc, VeE = 4 Vdc) 

Collector-Emitter Saturation Voltage 

(lc = 5 Adc, I. = 0.02 Adel 

Base-Emitter Saturation Voltage 

(Ie = 5 Adc, VeE = 4 Vdcl 

Symbol 

VCEO (sus) 

BDV65 -BDV64 
BDV65A-BDV64A 
BDV65B-BDV64B 
BDV65C-BDV64C 

ICED 

BDV65 -BDV64 
BDV65A-BDV64A 
BDV65B-BDV64B 
BDV65C-BDV64C 

leBO 

BDV65 -BDV64 
BDV65A-BDV64A 
BDV65B-BDV64B 
BDV65C-BDV64C 

leBO 

BDV65 -BDV64 
BDV65A-BDV64A 
BDV65B-BDV64B 
BDV65C-BDV64C 

lEBO 

HFE 

VeE lsatl 

VBE lonl 

3-376 

Min. Max. Unit 

Vdc 

60 
80 
100 
120 

mAde 

1 
1 
1 
1 

mAdc 

.4 

.4 

.4 

.4 

mAdc 

2 
2 
2 
2 

5 mAdc 

1000 

2 Vdc 

2.5 Vdc 



BDV65, BDV65A, BDV65B NPN 
BDV64, BDV64A, BDV64B PNP 

NPN 

FIGURE 2 - DC CURRENT GAIN 
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There are two limitations on the power handling ability of a 
transistor: average junction temperature and second break 
down. Safe operating area curves indicate Ie .veE limits of 
the transistor that must be observed for reliable operation 
i.e .. the transistor must not be subiected to greater dissipa 
tion than the curves indicate. 
The data of figure 6 is based on T Jtpkl 150oC, TCisvariable 
depending on conditions. Second breakdown 'pulse limits 
are valid for duty cyc:les to 10% provided T Jlpkl ~ 150°C. 
TJ(pkl may be calculated from the data in figure 7. At high 
case temperatures, thermallimitalions will reduce the power 
that can be handled to values less than the limitations 
imposed bV second breakdown. (See AN·415A) 

10 

10 



BDV65, BDV65A, BDV65B NPN 
BDV64,BDV64A, BDV64B PNP 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

DAR LI NGTON COMPLEMENT ARV 
SILICON POWER TRANSISTORS 

· .. designed for general purpose and low.speed switching applications. 

• High DC Current Gain - hFE = 2500 Itvp.) @l IC = 5.0 Adc. 

• Collector Emitter Sustaining Voltage @ 30 mAde: 

VCEO(sus) = 45 Vdc (min.) - BDW39/BDW44 
60 Vdc (min.) - BDW40/BDW45 
BO Vdc (min.) - BDW41/BDW46 

100 Vdc (min.) - BDW42/BDW47 
120 Vdc (min.) -,BDW43/BDW48 

• Low Collector Emitter Saturation Voltage: 
VCE(sat) = 2.0 Vdc (max.) @lIC= 5.0 Adc 

3.0 Vdc (max.) @lIC= 10.0 Adc 

• Monolithic Construction with Built·ln Base Emitter Shunt resistors 

• T0-220AB t:<Jmpact Package 

• TO-56 Lead form also available ordered with "-66" suffix. 

MAXIMUM RATINGS 

Rating Symbol BOW39 BOW40 BOW.1 BOW42 BOW43 
BOW44 BOW45 BOW'6 BOW.7 BOW48 

Collector-Emitter Voltage VCEO 45 60 80 100 120 

Collector-Base Voltage Vcs 45 60 80 100 120 

Emitter-Base Voltage VES 5.0 

Collector Current - Continuous IC 15 

Base Current IS 0.5 

Total Device Dissipation Po 
((i Te - 25' C 85 
Derate above 25' C 0.68 

Operating and Storage Junction TJ, Tstg 
-55 to + 150 Temperature Range 

THERMAL CHARACTERISTICS 
Characteristic 

Thermal Resistance. Junction to Case 

FIGURE 1 - POWER TEMPERATURE DERATING CURVE 
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Unit 

Vdc 

Vdc 

Vdc 

Adc 

Adc 

Watts 

W/"C 

"C 

NPN 
BDW39 

thru 
BDW43 

PNP 
BDW44 

thru 
BDW48 

I ... 

• • C 

• F 
G 

• J 

• L 

Q 

" 
T 

V 
Z 

DARLINGTON 
15 AMPERE 

COMPLEMENTARY SILICON 
POWER TRANSISTORS 

45-60-80-100-120 VOLTS 
85 WATTS 

1M MAX , .... 15.75 
1028 <0, 4.82 ... 

." .73 ,,, 2.66 
2B1 , .. 

A8 0.11 
'.70 14.21 
US , .. 5.33 
2." ... 
'04 2.1. 
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BDW39, BDW40, BDW41, BDW42, BDW43 NPN 
BDW44, BDW45, BDW46, BDW47, BDW48 PNP 

ELECTRICAL CHARACTERISTICS (Te = 25°C unless otherwise noted) 

Characteristic 

OFF CHARACTERISncs 

Collector Emitter Sustaining Voltage 1 

(Ie = 30 mAdc, Ie = 0) BDW391BDW44 
BDW4OIBDW45 
BDW41/BDW46 
BDW421BDW47 
BDW431BDW48 

Collector Cutoff Current 

(Vee = 22.5 Vdc, Ie = 0) BDW391BDW44 
(Vee = 30 Vdc, Ie = 0) BDW401BDW45 
(Vee = 40 Vdc, Ie = 0) BDW41/BDW46 
(Vee = 50 Vdc, Ie = 0) BDW421BDW47 
(Vee = 60 Vdc, Ie = 0) BDW431BDW48 

Collector Cutoff Current 

(Vee = 45 Vdc, Ie = 0) BDW391BDW44 
(Vee = BOVdc, Ie = 0) BDW4O/BDW45 
(Vee = 80 Vdc, Ie = 0) BDW41/8DW46 
(Vee = 100 Vdc, Ie = 0) BDW42/BDW47 
(Vee = 120 Vdc, Ie = 0) BDW43IBDW48 

Emitter Cutoff Current 

(Vee = 5.0 Vdc, Ie = 0) 

ON CHARACTERISTICS' 

DC Current Gain 

(Ie = 5 Adc, Vee = 4.0 Vdc) 
(Ie = 10 Adc, Vee = 4.0 Vdc) 
for all except BDW43148 
for BDW 43148 

Collector-Emitter Saturation Voltage 

(Ie = 5 Adc, Ie = 10 mAdc) 
(Ie = 10 Adc, Ie = 50 mAdc) 

Base-Emitter On Voltage 

(Ie = 10 Adc, Vee = 4 Vdc) 

SECOND BREAKDOW~ 

Second Breakdown Collector 
Current with Base Forward Biased 

BDW391BDW4OIBDW41/BDW42/BDW43 
{ Vee = 28.4 Vdc 
{ Vee = 40 Vdc 

BDW441BDW451BDW461BDW47/BDW48 
Vee = 22.5 Vdc 
Vee = 36 Vdc 

DYNAMIC CHARACTERISTICS 

Magnitude 01 common emitter small signal short circuit 
current transfer ratio 

(lc = 3.0 Adc, Vee = 3.0 Vdc, f = 1.0 MHz) 

Output capacitance 
(Vce = 10 Vdc, Ie = 0, f = 0.1 MHz) 

BDW391BDW401BDW411BDW42/BDW43 
BDW44IBDW451BDW461BDW47/BDW48 

Small signal current gain 

Ie = 3.0 Adc, Vee = 3.0 Vdc, f = 1.0 kHz) 

Indicates JEDEC Registered Data. 

1 Pulse Test: Pulse Width = 300/ls, Duty Cycle = 2.0 %. 
2 Pulse Test non repetitive: Pulse Width = 250 ms. 

Symbol 

VCEO(sus) 

leeo 

leeo 

leeo 

hFe 

VeE (sat.) 

Vee lonl 

ISlb 

IT 

Cob 

hie 
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Min. Max. Unit 

Vdc 

45 
60 
80 
100 
120 

mAdc 

2 
2 
2 
2 
2 

mAdc 

1 
1 
1 
1 
1 

mAdc 

2 

1000 
250 

250 

Vdc 

2 
3 

Vdc 

3 

Adc 

3 
1.2 
3.8 
1.2 

MHz 

4.0 

PF 

200 
300 

300 
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BDW39, BDW40, BDW41, BDW42, BDW43 NPN 
BDW44, BDW4S, BDW46, BDW47, BDW48 PNP 

FIGURE 2 - SWITCHING TIMES TEST CIRCUIT 
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FIGURE 4 - THERMAL RESPONSE 
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F(GURE 5 - BOW39 THRU BOW43 
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There are two limitations on the power handling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate Ie - VeE limits of the 
transistor that must be observed for reliable operation; i.e., the 
transis{';)r must not be subjected to greater dissipation than the 
curves indicate. The data of Fig. 5 and 6 is based on TJiok) = 
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FIGURE 6 - BOW44 THRU BOW48 
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200°C; TC is variable depending on conditions. SecOnd break
down pulse. limits are valid for duty cycles to 10% provided 
T J(pk) :E;; 200 tiC. T J(pk) may be calculated from the data in 
Fig. 4, At high case temperatures, thermal limitations will reduce 
the power that can be handled to values less than the limitations 
imposed by second breakdown. (See 8n-415). 

* Unear extrapolation 



BDW39, BDW40, BDW41, BDW42, BDW43 NPN 
BDW44, BDW45, BDW46, BDW47, BDW48 PNP' 
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BDW39, BDW40, BDW41, BDW42, BDW43 NPN 
BDW44, BDW45, BDW46, BDW47, BDW48 PNP 

BDW39. 40, 41, 42. 43 (NPN) BDW44. 45. 46. 47. 48 (PNP) 

FIGURE 11 - "ON" VOLTAGES 
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FIGURE 12 - TEMPERATURE COEFFICIENTS 
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BDW39, BDW40, BDW41, BDW42, BDW43 NPN 
BDW44, BDW45, BDW46, BDW47, BDW48 PNP 

FIGURE 14 - DARLINGTON SCHEMATIC 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

DARLINGTON COMPLEMENTARY 
SI LICON POWER TRANSISTORS 

designed for general purpose and low speed switching 
applications. 

• High DC Cutrent Gain - hFE = 2500 (typ.) at Ie.; 4.0 Adc 
• Col/ector Emitter sustaining Voltage at 100 mAde 

VCEOlsus) = 45 Vdc Imin.) - BDX33. 34 
60 Vdc (min.) - BDX33A. 34A 
80 Vdc Imin.) - BDX33B. 34B 

100 Vdc Imin.) - BDX33C. 34C 
• Low Collector Emitter Saturation Voltage 

VCElsat) = 2.5 Vdc (max.) at IC = 4.0 Adc - BDX33, 33A/34, 34A 
2.5 Vdc (max.) at IC = 3.0 Adc - BDX33B. 33C/34B, 34C 

• Monolithic Construction with Built·ln Base Emitter Shunt 
resistors 

• TO·220AB Compact Package 
• TO·66 Lead form also available ordered with "-66" suffix. 

MAXIMUM RATINGS 

BDX33 BDX33A BDX33B 
Rating Symbol BDX34 BDX34A BDX34B 

Collector-Emitter Voltage VCEO 45 60 80 

Collector-Base Voltage Vce 45 60 80 

Emitter-Base Voltage VEB 5.0 

Collector Current - Continuous IC 10 
Peak 15 

Base Current Ie 0.25 

Total Oevice Dissipation Po 
@TC-25°C 70 
Derate above 25 0 C 0.56 

Operating and Storage Junction TJ. Tstg -65 to +150 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case 
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BDX33, BDX33A, BDX33B, BDX33C NPN 
BDX34, BDX34A, BDX34B, BDX34C PNP 

ELECTRICAL CHARACTERISTICS (TC = 25·C unless otherwise noted) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage· 
(lC = 100 mAde. IB = 01 BDX33/BDX34 

BDX33A/BDX34A 
BDX33B/BDX34B 
BDX33C/BDX34C 

Collector-Emitter Sustaining Voltagel 
(lc ~ 100 mAde, 18 = 0, RBE = 1001 BDX33/BDX34 

BDX33A/BDX34A 
BDX33B/BDX34B 
BDX33C/BDX34C 

Collector-Emitter Sustaining Voltagel 

(lC = 100 mAde, IB = 0, VBE = 1.5 Vdel BDX33/BDX34 
BDX33A/BDX34A 
BDX33B/BDX34B 
BDX33C/BDX34C 

Collector Cutoff Current 

(VCE = )0\ rated VCEO, IB = 01 TC=25°C 
TC=100°C 

Collector Cutoff Current 

(VCB = rated VCBO. IE = 01 TC=25°C 
TC=100°C 

Emitter Cutoff Current 
(VBE = 5.0 Vde, IC = 0) 

ON CHARACTERISTICS 

DC Current Gain 1 

(lC = 4.0 Ade, VCE = 3.0 Vde) BDX33, 33A/34, 34A 
(lc = 3.0 Ade, VCE = 3.0 Vde) BDX33B, 33C/34B, 34C 

Collector-Emitter Saturation Voltage 
(lC = 4.0 Ado, IB = 8 mAde) BDX33, 33A/34, 34A 
(lC = 3.0 Adc, IB = 6 mAde) BDX33B, 33C/34B, 34C 

Base·Emitter On Voltage 
(lC ~ 4.0 Ado, VCE = 3 V) BDX33, 33A/34, 34A 
(IC = 3.0 Ado, VCE = 3 Vde) BDX33B, 33C/34B, 34C 

Diode Forward Voltage 
(lC = 8 Adc) 

SECOND BREAKDOWN2 

Second Breakdown Collector Current 
With Base Forvwrd Biased 
(V CE = 25 Vdc) BDX33 Series 
(V CE = 20 Vdc) BDX34 Series 
(VCE = 36 Vdc) BDX33 Series 
(V CE • 33 Vdc) BDX34 Series 

DYNAMIC CHARACTERISTICS 

Small-Signal Current Gain 
(TC = 1.0 Ado, VCE= 5.0 Vdo;·1 = 1 MHz) 

Current Gain-Bandwidth product 
(lC = 1.0' Adc, V CE = 5.0 Vdc, I = 1.0 MHz) 

Output Capacitance 
BDX33 Series 

(VCB = 10 Vde, IE = 0, 1= 0.1 MHz) ·BDX34 Serie. 

I Pulse Test: Pulse Width'; 300 !loS, Duty Cycle'; 2% 
2 Pulse Test non repetitive: Pulse Width = 0.25 s. 

3-386 

Symbol Min. MIx. Unit 

VCEO(susl Vde 
45 
60 
80 
100 

VCER(susl Vde 
45 
60 
80 
100 

VCEX(susl Vde 
45 
60 
80 
100 

ICEO mAde 

0.5 
10 

ICBO mAde 
1 
5 

lEBO mAde 
10 

hFE -
750 
750 

VCE(satl Vde 
2.5 
2.5 

VBE(on) Vde 
2.5 
2.5 

VF Vde 
4 

IS/b Adc 

2.8 
3.5 
1.0 
1.0 

"FE -
1000 

IT MHz 

3 

Cob pF 
200 
300 



BDX33, BDX33A, BDX33B, BDX33C NPN 
BDX34, BDX34A, BDX34B, BDX34C PNP 

FIGURE 2 - THERMAL RESPONSE 
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transistor that must be observed fo', retiable operation, i.e., the 
transistor must not be subjected to greater dissipation than the 
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TC is variable depending on conditions. Second breakdown pulse 
limits are valid for duty cycles to 10% provided T J(pk) 150 0 C 
T J(pkl mav be calculated from the data in Fig. • At high case 
temperatures, thermal· limitations will reduce the power that can 
be handled to values less than the limitations imposed by second 
breakdown (see AN-415A). 
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MOTOROLA 
- SEMICONDUCTOR ----_ 

TECHNICAL DATA 

PLASTIC MEDIUM-POWER 
COMPLEMENTARY SILICON TRANSISTORS 

. designed for general-purpose amplifier and low-speed switching 
applications_ 

• High DC Current Gain -
hFE ; 2500 (TVp) @ IC; 4.0 Adc 

• Collector-Emitter Sustaining Voltage - @ 100 mAdc 
V CEO (sus) = 45 Vdc (Min) - 80X53, 54 

= 60 Vdc (Min) - 80X53A, 54A 
= 80 Vdc (Min) - 80X538, 548 
= 100 Vdc (Min) - 80X53C, 54C 

• Low Collector- Emitter Saturation Voltage -
VCE(sat) ; 2.0 Vdc (Max) @ IC; 3.0 Adc 

; 4.0 Vdc (Max) @ IC ; 5.0 Adc 

• Monolithic Con~tructlon with Built-In Base-Emitter 
Shunt Resistors 

• TO-220AB Compact Package 

'MAXIMUM RATINGS 

BDX53 BDX53A BDX53B 
Rating Symbol BDX54 BDXS4A BDX54B 

Collector·Emltter Voltage VCEO 45 60 80 

Collector-Base Voltage VCB 45 60 80 

Emitter-Base Voltage VEB 5.0 

Collector Current Continuous IC . 8 
Peak 12 

Base Current 'B 0_2 

Total Device DIssipation Po 
@TC"250C 60 
Derate above 25°C 0.48 

BDXS3C 
BDX54C 

100 

100 

Operating and Storage Junctfon TJ.Tstg - -65to+150 -
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristics Symbol Ma. 
Thermal Resistance. Junction to Case R8JC 2.08 

Thermal Resistance, Junction to Ambient RSJA 70 

FIGURE 1 - POWER DERATING 
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Unit 

Vd< 

Vdc 

Vdc 

Adc 

Adc 

Wall's 

W/oC 

°c 

Unit 

°C/W 

°C/W 

-• • 

MPH 
BDX53 

8OX53A 
BDX53B 
BDX53C 

PNP 
8OX54 

BDX54A 
BDX54B 
BDX54C 

DARLINGTON 
8 AMPERE 

COMPLEMENTARY SILICON 
POWER TRANSISTORS 

1 " 
II 

71 
It 1 

1.1 

1.1 

60-80-100 VOLTS 
65 WATTS 

II 

1 
8 

II 

NOlES, 
1. DIMENSIONING AND TOLERANCING !'Eft ANst 

Ylt5M, 1912. 
2. COHTROLUNG Dt.tIENSION: KH. 
3. DIM Z DEFINES A ZONE WHERE ALlIlODY AND 

.... IIIEGUL.ONTIES,w AllOWE~ 

" 
141 STYLE 1: 

'.1 1'tN1.1WiE • 2. COLLECTOR 
lEM1l1EJI 
<COlUC1OR 

." 

CASE 221A-G4 
TO-22OAB 

• 

II 



BDX53,53A, 53B, 53CNPN 
BDX54, 54A, 54B, 54C PNP 

E lECTR ICAl CHARACTE RISTICS (T C = 25°C unless otherwise noted) 

I Characteristic Symbol 

OFF CHARACTERISTICS 

Coliector·El1)itterSustaining Voltage (11 BDX53, BDX54 VCEO(susl 
(lC • 100 mAde, IB = 0) BDX53A, BDX54A 

BDX53B, BDX54B 
BDX53C, BDX54C 

Collector Cutnff Current ICEO 
IVeE = 22 Vdc, IB = 0) BDX53, BDX54 
(VCE = 30 Vdc, IB = 0) BDX53A, BDX54A 
(VCE = 40 Vdc, IB = 0) BDX53B, BDX54B 
(VCE = 50 Vdc, IB = 0) BDX53C, BDX540 

Collector Cutoff Current ICBO 
(VCB = 45 Vdc, IE = 0) BDX53, BDX54 
(VeB = 80 Vde, IE = 0) BDX53A, BDX54A 
(Ves = 80 Vde, IE = 0) BDX53S, BDX54B 
(VCB = 100 Vde, IE = 0) BDX53C, BDX54C 

Emitter Cutoff Current lEBO 
(VBE = 5.0 Vde., IC = 0) 

ON CHARACTERISTICS (1) 

DC Current Gain hFE 

(lC = 3.0 Ade, VCE • 3.0 Vde) 

Collector-Emitter Saturation Voltage 
VCEls.t) 

(Ie = 3.0 Ade, I. = 12 mAde) 

Base-Emiller Saturation Voltage VIE IIOtI 
(Ie = 3.0 Ade, Ie = 12 mAl 

DYNAMIC CHARACTERISTICS 

Small·Signal Current Gain Ihle l 
lie 0 3.0 Adc, VCE = 4.0 Vdc, 1= 1.0 MHzl 

Output Capacitancl!!' Cob 
IVeB = 10 Vde, IE ~ 0,1 '.0.1 MHz! BDX53, 53A, 53B, 530 

BDX54, 54A, 54B, 540 

III Pulse Test: Pulse Width .. 300 I'S, Duty Cycle .. 2%. 
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FIGURE 2 - SWITCHING TIMES TEST CIRCUIT FIGURE 3 - SWITCHING TIMES 

R810 Ae VARliD TO OBTAIN DESIRED CURAE~T lEVElS 
01. YUST BE FAST REcovERV TYPES f \I 
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MSD6100 USED BElOW '8 ~ 100 mA 
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BDX53, 53A, 53B, 53C NPN 
BDX54, 54A, 54B, 54C PNP 

FIGURE 4 - THERMAL RESPONSE 1.0 
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There are twO limitations on the power handling abllltv of a 
tranSistor' average Junction temperature and second breakdown. 
Safe operatl,ng area curves indicate IC .. VCE .lImlts of t~e tran· 
Sistor that must be observed for rehable operation; I.e., the tranSistor 
must not be subjected to greater diSSipation than the curves In(hcate 

The dala of Figure 5 is based on TJIPkl -. lso"C; TC "vanabl. 
dependmg on conditions Second breakdown pulse limits are valid 
for duly cycl., to 10% prov,ded T Jlpkl < ISo"C. T Jlpkl may be 
calculated from the data In Figure 4. At high case temperatures, 
thermal limitatlon$ Will reduce the polNtr that can be handled to 

val~es ·Iess than the limitations imposed bV second breakdown 
(see AN-415AI. 
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BDX53, 53A, 53B, 53C NPN 
BDX54, 54A, 54B, 54C PNP 
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FIGURE 9 - COLLECTOR SATURATION REGION 
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MOTOROLA 
• SEMICONDUCTOR ----

TECHNICAL DATA 

HORIZONTAL DEFLECTION TRANSISTOR 

· .. specifically designed for use in large screen. color deflection 
circuits. 

• Collector-Emitter Voltage - VCEX = 1300 Vdc - BU204 
1500 Vdc - BU205 

• Glassivated Base-Collector Junction 

• Switching Times with Inductive Loads -
tf = 0.65 /AS (Typ) @ Ie - 2A 

MAXIMUM RATINGS 

Rating Synibol 

Collector-Emitter Voltage VCEO(sus) 
Collector-Emitter Voltage VCEX 
Emitter Base Voltage VEB 
Collector Current - Continuous IC 

-Peak (1) ICM 
Base Current Peek (1) IBM 
Total Power Dissipation Gil TC· 26"C Po 

Gil TC-900C 
Derate above 260 C 

Operating and Storage Junction TJ. Tstg 
Tempereture Range 

THERMAL CHARACTERISTICS 

Ch8racterirtlc I Symbol 

Thermal R .. lstance. Junction to ease I R6JC 

(1) Pulse T .. t: Pulse Width· 6 mi. DutY Cycle" 1 0%. 

BU204 BU205 

GOO 700 

1300 1500 

5.0 

2.5 
3 

2.6 

36 
10 
OA 

-B6to +115 

I MIX 

I 2.5 

Unit 

Vdc 

Vdc 

Vdc 
Adc 

Adc 

Watts 

W,oC 

°c 

I Unit 

IOC/W 

BU204 
BU20S 

2.& AMPERE 

NPNSILICON 
POWER TRANSISTORS 

1300 AND 1&00 VOLTS 
38 WATTS 

Design .. 's Data for 
"Worst ea." Condition. 

The Designers' Date Sheet per
mits the design of most circuits 
entirely from the information pre
sented. Limit data - representing 
device characteristics boundaries -
are given to facil itete "worst case" 
design . 

Q 

. ~ 
'I}f I r t. -+ 

D • 

PiN 1. BASE 
2. EMITTER 

.....if-.-.<;:--+_CAS=~E ..;COLLECTOR 

NOTES: 
1. DIMENSIONS Q AND V ARE DATUMS. 
2. W IS SEATING,PLANE AND DATUM. 
3. POSITIONAL tOLERANCE FOR 

MOUNTING HOLE 0: 

1.11.I3IQ.D05)etrtvet 
FOR LEADS; 

I .1 ~1310.005Jer [vel nel 
4. DIMENSIONS AND TOLERANCES PER 

ANSI YI4.5, 1973. 

• 



BU204, BU205 

ELECTRICAL CHARACTERISTICS (TC = 250 unless otherwise noted.) 

Min TYP Unit 

OFF CHARACTERISTICS (1) 

Collector-Emitter SUlUlining Voltage BU204 VCEOCs .. ) 600 - - Vdc 
(lC· 100 mAde. IB - 0) BU206 700 - -

Collector Cutoff Current ICES mAde 
(VCE -1300 Vdc. VBE - 0) BU204 - - 1.0 
(VCE - 1500 Vdc. VBE - 0) BU205 - - 1.0 

Emitter Be. Voltage VEBO 5.0 - - Vdc 
(IE - 10 mA.lc - 0) 

ON CHARACTERISTICS (1) 

Collector-Emitter Setumion Voltage VCE(.t1 - - 5.0 Vdc 
(lC - 2.0 Ade.IB -1.0 Adc) 

Be. Emitter SetUr8tion Voltage VBE(.t1 - - 1.5 Vdc 
(lC - 2.0 Adc.IB -1.0 Ade) 

Second B ... _n Collector Current with B_ 
ISIB See Figure 14 Fo.-dBi_ 

DYNAMIC CHARACTERISTICS 

Current-Gein - Bendwidth Product (1) IT 
(lC -o.I·Ade. VCE -5.0 Vdc.'_ -1.0MHz) 

Output CoPllCitenea Cob 
(VCB = 10 Vdc. IE - 0.' = 1.0 MHz) 

SWITCHING CHARACTERISTICS 
Fall Time 

ClC = 2.0 Ade. IBI = 1.0 Adc. LB = 25"H) (See Figure 1) 

(1) Pul. Test: Pulte Width < 300,... Duty Cycle - 2%. 

FIGURE 1 - TEST CIRCUIT 

, Width 
Ad/ 

2.2 k 

2500 
5.0W 

Common 

0.1/100 V 

+80 V 

5.0kCO .... 
5WIB Ad/. 

200 
5.0W 

47 

-

-

4.0 

50 

t:.p.citor velu. in ",F 
resistors are 14 w8tt 

Ie 

MA918 
(1500 V 

Selected) 

Ie L C 

0.75 A 4.25 mH .003 "F 

I.S 2.18mH .000"F 

2.0 1.6 mH .008"F 

DRIVER TRANSFORM.ER (Til 
Motorola pert numb.r 25D88782A·05-1/4U lamln •• "'E U Iron 

cora. Prfmary Inductllnca- 39 mHo Secondary Induc'tllnC8- 22 mHo 
Leek ... Inductance with primary shorted - 2.0 "H. Primary 260 
tums #28 AWG .".n" wire, Secondary 11 turns, #22 AWG 
arwrnel wire. 

3-395 

-

-

e 

10/180 V 

+ 

MHz 

pF 

10 
5.0W 

Common + 126 V 
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BASE DRIVE: The Key to Performance 

By now. the concept of controlling the shape of the 
turn-off base current is widely accepted and appliild in 
horizontal deflection design. The problem stems from the 
fact that good saturation of the output device. prior to 
turn-off. must be assured. This is accomplished by pro
viding more than enough I B 1 to satisfy the lowest gain 
output device hFE at the end of scan ICM. Worst case 
component variations and maximum high voltage loading 
must also be taken into account. 

If the base of the output transistor is driven by a very 
low impedance source. the turn-off base current will re
verse very quickly as shown in Figure 2. This results in 
rapid. but only partial. collector turn-off, because excess 
carriers become trapped in the high resistivity collector 
and the transistor is still conductive. This is a high dissipa
tion mode. since the collector voltage is rising very rapidly. 
The problem is overcoine by adding inductance to the 
base circuit to slow the base current reversal as shown in 
Figure 3. thus allowing excess carrier recombination in the 
collector to occur while the base current is still flowing. 

Choosing the right LB is usually done empirically, since 
the equivalent circuit is complex. and since there are 
several important variables (lCM' IB1, and hFE at ICM). 
One method is to plot fall time as a function of LB, at the 
desired conditions, for several devices within the hFE 
specification. A more informative method is to plot power 
dissipation versus IB1 for a range of values of LB as shown 

in Figures 4 and 5. This shows the pardmeter that really 
matters, dissipation. whether caused by switching or by 
saturation. The negative slope of these curves at the left 
(low I B 1) is caused by saturation losses. The positive 
slope portion at higher IB1. and low values of LB is due to 
switching losses as described above. Note that for very low 
LB a very narrow optimum is obtained. This occurs when 
IB1 hFE = ICM. and therefore would be acceptable only 
for the "typical" device with constant ICM. As LB is in
creased. the curves become broader and flatter above the 
IB1 hFE = ICM point as the turn-off "tails" are brought 
under control. Eventually, if LB is raised too far, the 
dissipation all across the curve will rise. due to poor 
initiation of switching rather than tailing. Plotting this 
type of curve family for devices of different hFE. essen
tially moves the curves to the left or right according to the 
relation IB1 hFE = constant. It then becomes obvious 
that, for a specified ICM. an LB can be chosen which will 
give low dissipation over a range of hFE and/or IB1. The 
only remaining decision is to pick I B 1 high enough to 
accommodate the lowest hFE part specified. Figure 8 
gives values recommended for LB and I B 1 for this device 
over a wide range of ICM. These values were chosen from 
a large number of curves like Figure 4 and Figure 5_ 
Neither LB nor IB1 are absolutely critical, as can be seen 
from the examples shown. and values of Figure 8 are pro
vided for guidance only. 

TEST CI~CUIT WAV£FORMS 

FIGU~.E 2 FIGURE3 

(time> (time) 

TEST CIRCUIT OPTIMIZATION 

The test circuit may ba used to eValul,e device. In 'the con
ventional mannar, I .•.• to mea.ur. fIll time, Itorlgl t'me, and 
Ntur.lon voltage. However, this circuit was d.,lgned to evaluate 
devices by • simple crlw,lon, powe, supply Input. Excel.lve 
POwe, Input can be eluted by • varletv of probleml, but It II the 
dlnlpatlon In the trenslltor thet Is of fundamental lmponence. 

3-396 

Once the required trenslstor operating current Is determined, 
fixed circuit velues may b8 selected from the table. Factory tett
ing Is performed by .... dlng the current meter only. since the 
input power Is proportional to current. No adjunment of the 
test apparetus Is required. 
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,FIGURE 1Q..., THERMAL RESPONSE 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

l)p!'oii~'npl'!'oi Data Shppt 

HORIZONTAL DEFLECTION TRANSISTOR 

, .. specifically designed for use in large screen color deflection 
circuits. 

• Coliector·Emitter Voltage -
VCEX =1300 Vdc - BU207 

1500 Vdc - BU208 

• Collector-Emitter Sustaining Voltage -
VCEO(sus) = 600 Vdc - BU207 

700 Vdc - BU20B 

• Switching Times with Inductive Loads, tf = 0.4 Ils (Typ) @ 

IC= 4.5 A 

• Optimum Drive Condition Curves 

• Glass Base-Collector Junction 

*MAXIMUM RATINGS 
Rating Symbol BU207 I BU208 

Collector-Emitter Voltage VCEO(sus) 600 I 700 

Collector-Emitter Voltage VCEX 1300 I 1500 

Emitter Base Voltage VEB 5 

Collector Current - Continuous IC 5 
Peak (1) ICM 7.5 

Ba .. Current - Peak (1) 'BM 4 

Total Power Dissipation (jI T C = 96°C Po 12.5· 
Derate above 95°C 0.626 

Operating and Storage Junction TJ. Tstg -65 to+115 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Svmbol Max 
Thermal Resistance, Junction to Case ROJC 1.6 

Maximum Lead Temperature for Soldering TL 275 
Pu rpo .. s: 1/8" from Ca .. for 5 Seconds 

(1) Pulse Test: Pulse Width = 5 ms, Duty Cycle'; 10%. 

3-399 

Unit 

Vdc 

Vdc 

Vdc 

Adc 

Adc 

Watts 
W/oC 

OC 

Unit 

°C/W 

°c 

BU207 
BU208 

5 AMPERE 
NPN SILICON 

POWER TRANSISTORS 

1300 AND 1500 VOLTS 

Designer's Data for 
"Worst Case" Conditions 

The Designers Data Sheet per
mits the design of most circuits 
entirely from the information pre
sented. Limit data ~ representing 
device characteristics boundaries -
are given to facilitate "worst case" 
design. 

Q 

L~-f 
t.~ 

BASE 
EMITTER 

....-1r---;;:--t--:-:'--jCO LLECTO R 

NOTES: 
1. DIMENSIONS n AND v ARE DATUMS. 

-2. m IS SEATING PLANE AND DATUM. 
3. POSITIONAL TOLERANCE FOR 

MOUNTING HOLE Q: 

I .11.1310·..,"@lIT IV@l\ 
FOR LEADS: 

I .\I.13I""',,@lT \ v@l1 Q@l1 
4. DIMENSIONS AND TOLERANCES PER 

ANSIVI •. 5,1913. 

CASEI·OS 

• 

II 



BU207, BU208 

ELECTRICAL CHARACTERISTICS (TC· 250 unle .. otherwise noted.) 

Characteristic I Symbol Min Typ Max Unit 

OFF CHARACTERISTICS (1) 

Collecter-Emitter Sustaining Voltage 
BU207 

(lC· 100 mAde, IB = 0) BU20B 

Collecter Cuteff Current 
(VCE • 1300 Vdc, VBE • 0) BU207 
(VCE ~ 1500 Vde, VBE ~ 0) BU20B 

Emitter Bese Voltage 
(IE - 10 mA, IC· 0) 

ON CHARACTERISTICS (1) 

DC Current Gain 
(lC = 4.5 Ade, VeE· 5 Vdc) 

Collector-Emitiar Saturation Voltaga 
(lC=4.5Adc,IB -2 Adc) 

B_ Emitter Seturation Voltage 
(lC = 4.5 Ad., 'B ·2 Adc) 

~ond Breakdown Collector Currant with Base 
Forwerd Biued 

DYNAMIC CHARACTERISTICS 

Current-Ga'n - Bandwidth Product 
(lC - 0.1 Ade, VCE = 5.0 Vdc, I test • 1 MHz) 

Output CaPllcltance 
(VCB - 10 Vdc, 'E • 0, f = 0.1 MHz) 

:(lC = 4.5 Adc,IB = 1.8 Adc, 
LB -10 I'H, so. Figure 1) 

(1) Pulse Te.t: Pulse Width· 300 1", Duty Cycle < 2%. 

VCEO(sus) 

ICES 

VEBO 

hFc 

VCE(set) 

VBE(sat) 

'Slb 

IT 

Cob 

Vde 
600 - -
700 - -

mAde 
- - 1.0 

- - 1.0 

5.0 - - vde 

2.25 - - -

- - 5 Vde 

- - 1.5 Vd. 

See Figure 14 

- 4.0 - MHz 

- 125 - pF 

FIGURE 1 - SWITCHING TIMES TEST CIRCUIT 

Com 
2 k/5W 

10l'F 0( 

820 100 V ;;; 
5W 15,750 Hz 

... .. 
Freq Adj Z 

1500 
5W 

0.1 

Pul .. Wid'" Ad) 
1ICH6 Duty CyCI. 220 

1.8 k 470pF 

':" IC L. C 
A mH I'F 

3.6 0.87 0.013 

4.5 0.67 0.017 

.SOV 

100/5W 

100 

·101'F .. .3 
25 V 5W 

DRIVER TRANSFORMER (Tl) 

MRSle 
(Selected 
1500 V) 

C 

10l'F 
150 V 

-= Ion 
5W 

L 

Com +125 V 

Motorola part number 2t5D68782A-05-1/4" 'aminate "E" iron cor •. 
Primary Inductance - 39 mH, Secondary Inductance - 0.22 mH, 
La.kale I "duct_nce with primary .horted - 2.0 I'H. Primary 260 
turn., #28 AWG enamal wlr., Secondary 17 turns, #22 AWG 
enama' wlr •. 

3-400 



BU207 r BU208 

BASE DRIVE: The Key to Performance 

By now, the concept of controlling the shape of the 
turn-off base current is widely accepted and applied in 
horizontal deflection design. The problem stems from 
the fact that good saturation of the output device, prior 
to turn-off, must be assured. This is accomplished by 
providing more than enough IB1 to satisfy the lowest gain 
output device hFE at the end of scan ICM. Worst-case 
component variations and maximum high voltage loading 
must also be taken into account. 

If the base of the output transistor is driven by a very 
low impedance source, the turn-off base current will re
verse very quickly as shown in Figure 2. This results in 
rapid, but only partial, collector turn-off, because excess 
carriers become trapped in the high resistivity collector 
and the transistor is still conductive. This is a high dissipa
tion mode,since the collector voltage is rising very rapidly. 
The problem is overcome by adding inductance to the 
base circuit to slow the base current reversal as shown in 
Figure 3, thus allowing excess carrier recombination in the 
collector to occur while the base current is still flowing. 

Choosing the right LB is usually done empirically, since 
the equivalent Circuit is complex, and since there are 
several important variables 0CM, IB1' and hFE at leM). 
One method is to plot fall time as a function of LB' at the 
desired conditions, for several devices within the hFE 
specification. A more informative method is to plot power 
dissipation versus IB1 for a range of values of LB as shown 

in Figures 4 and 5. This shows the parameter that really 
matters, dissipation, whether caused by switching or by 
saturation. The negative slope of these,curves at the left 
(low I B 1) is caused by saturation losses. The positive slope 
portion at higher I B 1, and low values of LB is due to 
switching losses as described above. Note that for very low 
LB a very narrow optimum is obtained. This occurs when 
IB1 hFE'= ICM' and therefore would be acceptable only 
for the "typical" device with constant ICM. As LB is in
creased, the curves become broader and flatter above the 
IB1 hFE = leM point as the turn-off "tails" are brought 
under control. Eventually, if LB is raised too far, the 
dissipation all across the curve will rise, due to poor 
initiation of switching rather than tailing. Plotting this 
type of curve family for devices of different hFE' essen
tially moves the curves to the left or right according to the 
relation IB1 hFE = constant. It then becomes obvious 
that, for a specified leM' an LB can be chosen which will 
give low dissipation over a range of hFE and/or IB1. The 
only remaining decision is to pick 181 high enough to 
accommodate the lowest hFE ·part specified. Figure 8 
gives values recommended for L8 and 181 for this device 
over a wide range of ICM. These values were chosen from 
a large number of curves like Figure 4 and Figure 5. 
Neither L8 nor 181 are absolutely critical, as can be seen 
from the examples shown, and values of Figure 8 are pro
vided for guidance only. 

TEST CIRCUIT WAVEFORMS 

FIGURE 2 FIGURE 3 

(time) (tlmo) 

TEST CIRCUIT OPTIMIZATION 

The test circuit may be used to eveluate device. In the con~ 
ventlonal manner, I .•.• to measure fan time, storage tlma, and 
saturation voltage. However. this circuit wa. de.,gned to evaluate 
davie .. by 8 .'mple criterion, power supply Input. Excal.lve 
power Input can be cluHd by a var.ety of problems, but It Is the 
dlulpatlon In the transistor that il of fundamentel Importance. 

3-401 

Once the required tranilitor operating current II determined, 
fixed circuit valuel maY be selected from the table. Factory teIt

Ing II performed by reading the current meter onlY, Iince the 
Input power II Proportional to current. No adjustment of the 
tHt apparatul II required. 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

HQRIZONTAL DEFLECTION. TRANSISTOR 

· .. design·ed for use in televisions. 

• Collector-Emitter Voltages VCES 1500/1700 Volts 

• Fast Switching - 400 ns Typical Fall Time . 

• Low VCE(sat) 0.3 Vdc Typical at 4.5 Adc/2.25 Adc (BU20BA) 

• Low thermal Resistance 1 DC/W increased reliability 

• Glass passivated (patented photoglass). Triple diffused Mesa 
Technology for long term stability. 

MAXIMUM RATINGS 

Rating Symbol BU20BA: 

Collector-Emitter Voltage VCEO(suol 700 

Collector-Emitter Voltage VCES 1500 

Emitter-Base Voltage VES 6 

Collector Current 
- Continuous IC 7 (51 
- Peak ICM 15.(7.51 

Base Current 
- Continuous IS 4 
- Peak (Negativel ISM 3.5 

Total Power Dissipation Po 
at TC = 95°C 20 (12.51 
Derate above 95°C 1 (0.6251 

Operating a~d Storage Junqtion TJ. Tstg 
Temperature Range -65 to + 115 

THERMAL Ct:tARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance. RQJC 
Junctior) to Case 1.0 (1.61 

Maximum .L~ad Temperature 
for Soldering Purpose: 

TL 

1/8" from Cas"e for 5 Seconds 275 

NOTE: 1. Pulsed!'i r1<;, DI~ty CVf."Ip.;$ 10%. 
2 See 'pagp 3 for AddiTional Ratings on A Type. 
3. Figures m r ) ;UP. Standard Ratmgs Motorola Guarantees are Superior. 
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Unit 

Vdc 

Vdc 

Vdc 

Vdc 

Adc 

Watts 

W/DC 

°C 

Unit 

°C/W 

°c 

BU208A 

6 AND 7 AMPERES 

NPN SILICON 
POWER TRANSISTORS 

1600 to 1700 VOLTS 

L~ I.. • 
" • . D I' 

-f~ s-

o;).; /'¢ '" IV I 
I _ .?\ • 

~~ /·,1 
. '" ./ 10 

U 

NOTES 
I OIMf"NSI1)NS 0 AND V ARE DATUMS 
2 m tS SEATING PLANE AND DAtUM 
3 POSITIONAL TOLERANCE FOR 

MOUNTING HOLE Q 

1 • 1''''OO.6I e I' Ive I 
FOR LEADS 

1 .1.'31·· ... 'e' I vel .el 
4 DIMENSIONS AND TOLERANCES PER 

A"'SI YI4S. 1973 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 
A - 39.37 - 1.55D 
8 - 21.D8 - D.83D 
C 6.35 7.82 D.25D D.3DO 
D 0.97 1.D9 0.038 0.043 
E - 3.43 - 0.135 
F 30.15 SSt 1.1878se 
G 10.92 SSt 0.430 SSC 
H 5.46 SSt 0.2158SC 
J 18.89 SSC 0.865 sst 
K 11.18 12.19 0.440 0.480 
Q 3.81 4.19 0.150 0.185 
R - 28.67 - 1.050 
U 4.83 5.33 0.190 0.210 
V 3.81 4.19 0.150 0.185 

CASE 1-05 (TO-31 

• 



BU208A 

ELECTRICAL CHARACTERISTICS (TC = 25·C unless otherwise noted) 

Ch.rlCte,iltics Symbol Min. Typ. Max. Unit 

OFF CHARACTERISTICS 

Collector·Emitter Sustaining Voltage VCEO(sus) 

I 
Vde 

(lC = 100 mAde, L· 25 mH) 
700 

Collector Cutoff Current I ICES mAde 
(VCE = rated VCES, VBE = 0) ALL TYPES 1.0 

Emitter Base Voltage I Veeo Vde 
(lC = O,IE = 10 mAde) 5 
(lC = 0, Ie = 100 mAde) 7 

ON CHARACTERISTICS' 

DC Current Gain hFE 

(lC = 4.5 Ade, VCE = 5 Vde) 2.25 

Collector-Emitter Saturation Voltage VCE(sat) Vde 

(lC = 4.5 Ade, Ie = 2 Ade) i; 
(lc = 4.5 Adc, Ie = 2 Ade) 1 

Base-Emitter Saturation Voltage VeE(sat) Vde 
(lC = 4.5 Adc, IB = 2 Adc) 1.5 

DYNAMIC CHARACTERISTICS 

Current-Gain Bandwidth Product fT MHz 
(lC = 0.1 Ade, VCE = 5 Vdc, ft~st = 1 MHzl 4 

Output Capacitance Cob pF 

(Vce = 10 Vde, IE = 01, ftost = 1 MHzl 125 

SWITCHING CHARACTERISTICS 

Storage Time (see test circuit fig. 1) ts JJ.S 
(lc = 4.5 Adc, IBI = 1.8 Ade, Le = 10 JJ.H) 8 

Fall time (see test circuit fig. 1) tf JJ.S 
(lc = 4.5 Ade, leI = 1.8 Ade, Le = 10JJ.H) 0.4 

Pulse test: PW = 300 "S; Duty cycle .. 2%. 
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BU208A 

+41) V 

1 K 1 K 

lNS242 112 VI 
10 K 

FLASHOVER PERFORMANCE 

FIGURE 1 - SWITCHiNG TIME TEST CIRCUIT 
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The BU20BA is guaranteed to the following additional maximum ratings 
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BU208A 

BASE DRIVE 
The Key to Performance 

BV now, the concept of controlling the shape of the 
turn-off base current is widelv accepted and applied in 
horizontal deflection design. The problem stems from 
the fact that good saturation of the output device, prior 
to turn·off, must be assured. This is accomplished bV 
providing more than enough IBI to satisfy the lowest 
gain output device hFE at the end .of scan ICM. 
Worst·case component variattons and maximum high 
voltage loading must also be taken into account. 
If the base of the output transistor is driven bV a very 
low' impedance source, the turn·off base current will 
reverse very quicklV as shown in Fig. 3. This results in 
rapid, but onlv partial collector tLlrn'off, because excess 
carriers become trapped in the high resistivity collector 
and the transistor is still conductive. This is a high 
dissipation mode, since the collector voltage is rising 
very rapidlv. The problem is overcome bV adding 
inductance to the base circuit to slow the base current 
reversal as shown in Fig. 4, thus allowing axcess carrier 
recombination in' the collector to occur while the base 
current is still flowing. 
Choosing the right LB is usuallv done empiricallv since 
the equivalent circuit is complex, and since there are 
several important variables (lCM, IB1. and hFE at ICM), 
One method is to plot fall time as a function of LB, at 
the desired conditions, for several devices within the 
hFE specification. A more informative method is to plot 
power dissipation versus IBI for a range of values of LB, 

This shows the parameter that reallv matters, dissip~· 
tion, whether caused bV switching or bV saturation. For 
very low LB a very narrow optimum is obtained. This 
occurs when IBI. hFE"" ICM, and therefore would be 
acceptable only for the "tvpical" device with constant 
ICM. As LB is increased, the curves become broader and 
flatter above the IB1. hFE = ICM point as the turn off 
"tails" are brought under control. Eventually, if LB is 
raised too far, the dissipation all across the curve will 
rise, due to poor initiation of switching rather than 
tailing. Plotting this type of curve familv for devices of 
different hFE, essentially moves the curves to the left, or 
right according to the relation IB1' hFE = constant, It 
then becomes obvious that, for a specified ICM, an LB 
can be chosen which will give low dissipation over a 
range of hFE and/or IB1' The only remaining decision is 
to pick IBl high enough to accomodate the lowest hFE 
part specified. Neither LB nor IBl are absolutely critical. 
Due to the high gain of Motorola devices it is suggested 
that in general a low value of IBl be used to obtain 
optimum efficiencv- ego for BU208A with ICM = 4,5 A 
use .IBI "" 1.5 A, at· ICM = 4 A use IBI "" 1.2 A. These 
values are lower than for most competition devices but 
practical tests have showed comparable efficiency for 
Motorola devices even at the higher level of IB1. 
An LB of lOu H to 12 u H shou Id give satisfactory opera· 
tion of BU208A with ICM of 4 to 4,5 A and IBl be· 
tween 1.2 and 2 A. 

TEST CIRCUIT WAVEFORMS 

FIGURE 3 FIGURE.4 

'8 

'e 

(time) (time) 

TEST CIRCUIT OPTIMIZATION 

The test circuit may be used to evaluate devices in the 
conventional manner, i.e., to measure fall time, storage time, and 
saturation voltage. However. this circuit was designed to evaluate 
devices by a simple criterion, povver supply input. Excessive 

3-407 

power input can be caused by a variety of problems, but it is the 
dissipation in the transistor that is of fundamental importance. 
Once the required transistor operating current is determined, 
fixed circuit values may be"Selected. 



BU208A 

FIGURE·S - DC' CURRENT GAIN 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

NPN SILICON HORIZONTAL DEFLECTION TRANSISTOR 
WITH INTEGRATED DAMPER DIODE 

... specifically designed for use in large screen color deflection 
circuits 

• VCES= 1S00V; 
VCEO(sus) = 700 V (min) 

• Low saturation: 
VCE(sat) = 1.0 V (max) @ Ie = 4.S Adc 

MAXIMUM RATINGS 

Rating Symbol 

Collector-Emitter Voltage VCEO 

Collector-Emitter Voltage (RBE = 01 VCES 

Emitter Base Voltage VEB 

Collector Current - Continuous IC 
-Peak ICM 

Base Current - Peak 18 

Total Device Dissipation T C = 25°C Po 
Derate above 25°C 

Operating and Storage Junction TJ, Tstg 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance. Junction to Case 

FIGURE 1 - POWER DERATING 

'\ 
'\ 

\ 

6 '\ 
'\ 

\. 
'\ 

i\. 
'\ 

25 50 75 100 125 150 

TC, CASE TEMPERATURE (OCI 

Value Unit 

700 Vdc 

1500 Vdc 

5.0 Vdc 

5.0 Adc 
7.5 

3.5 Adc 

60 Watts 
0.666 W/oC 

-65 to 115 °C 

175 200 

3-409 

STYLE 1 

BU208D 

6 AMPERES 

NPN SILICON 
POWER TRANSISTORS 

1500 VOLTS 
60 WATTS 

L~" =(' 
Ie D K 

- - .-I. 

NOTES: 
1. DIMENSIONS a AND v ARE DATUMS. 
2. rn IS SEATING PLANE AND DATUM. 

PIN 1. BASE 
3. POSITIONAL TOLERANCE FOR 

MOUNTING HOLE Q: 
2. EMITTER 

CASE COLLECTO R !.!I.13(o.oo6l@!r!v@! 

OIM 
A 

• C 
0 , 
F 
G 
H 
J 
K 
Q 

R 
U 
V 

FOR LEADS: 

! • !1.13lo.005I@r! v@! Q@! 
4. DIMENSIONS AND TOLERANCES PER 

ANSI Y1U, 1973. 

MILLIMETERS 
MIN MAX 

39.37 I - 21.08 
6.35 7.52 
0.97 1.09 0.038 
1.40 1.78 0.55 
301SBSC .17 
ID.B2Bse 0.430 
5.468SC 0.215 

IS.aBase 0,665 
11.18 12.19 0.440 
3.81 4.19 0.150 

267 -
~ 4.83 5.33 0.190 

3.81 4,19 0.150 

CASE 1-05 
TO-204AA (Typel 
(Formerly TO-3) 

• 



BU208D 

ELECTRICAL CH.tU,jACTERISTICS (TC = 25°C unless otherwise notedl 

I Characteristic I Symbol Min Max Unit I 
OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltege (11 VCEO(sus) 700 - Vdc 
(lC= 100 mAde, 'a=O, L= 25 mH, Velamp = 800 V) 

Collector Cutoff Current 'CES - 1.0 mAde 
(VCE = 1500 Vde, VBE = 0) 

Emitter Cutoff Current 'EBO - 300 mAde 
(VEB = 5.0 Vdc, IC = 0) 

ON CHARACTERISTICS (1) 

Diode Forward Voltage VF - 2.0 Vde 
(IF=4.0 A) 

Collector-Emitter Saturation Voltege VCE(satl - 1.0 Vdc 
(lC = 4.5 Adc, 'B = 2.0 Adc) 

Base-Emitter Saturation Voltege VBE(satl - 1.5 Vde 
(lC = 4.5 Ade, la = 2.0 Ade) 

SWITCHING CHARACTERISTICS (InductIve Load) 

(lC (end) = 4.5 Adc, VCC = 140 Vde, 
'B (end) = 1.8 A, Lc = 0.9 mH, LB = 10 "H) 

II) Pulse Test: PW = 300 pS, Duty Cycl." 3%. 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

NPN SILICON POWER DARLINGTON TRANSISTOR 

The BU323, BU323A are monolithic darlington transistors 
designed for automotive ignition, switching regulator and motor 
control applications. 

• VCE Sat Specified at -400 C 2 V Max. at CoHee .. 

IC = 6 A. 

• 550 mJ Energy Capability 
Tested in Automotive Ignition -
Circuit. 

• Photoglass Passivation for 
Reliability and Stability. E,"'nw 

MAXIMUM RATINGS 

Rating Symbol BU323 BU323A Unit 

Collector-Emitter Voltage VCEOlsusl 350 400 Vdc 

Collector-Base Voltage VCBO 500 600 Vdc 

Emitter-Base Voltage VEao 8 8 Vdc 

CQllector Current - Continuous IC 10 10 Adc 
Peak 111 16 16 

Base Current - Continuous IS 3 3 . Ado 

Total Power Dissipation @ TC :::: 25°C Po 175 175 Watts 
@TC= 100°C 100 100 Watts 

Derate above 2SoC 1 1 W/oC 

Operating and Storage Junction TJ, Tstg -65 to +200 °c 

THERMAL CHARACTERISTICS 
Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Case R9JC 1 °CIW 

Maximum Lead Temperature for Soldering TL 275 °c 
Purposes: 1/8" from Case for 5 Seconds 

111 Pulse Test: Pulse Width - 5 ms, Outy Cycle .. 10%. 
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BU323 
BU323A 

16 AMPERE PEAK 

POWER TRANSISTORS 
DARLINGTON NPN SILICON 

350 - 400 VOLTS 
175 WATTS 

~ . .. ' <5 

,... .• , •.•. A - • 4 

~l-B ... "1 ... 1.. r 
LE m/ 1t-_.o _ i 

r··"-' . ., 

0~~t){l Q~ ..• -R-.j j r -: -- . ... lo 

U 
NOTES 

1. DIMENSIONS Q AND V ARE DATUMS 
2. m IS SEATING PLANE AND OATUM 
3. POSITIONAL TOLERANCE FOR 

MOUNTING HOLE Q 

1.11"3I,.'05,@)ITl vel 

CASE 1-05 TO-3 

• 



BU323, BU323A 

ELECTRICAL CHARACTERISTICS ITc - 25 °c unless otherwise noted) 

OFF CHARACTERISTICS· 

Collector-Emitter Sultainl", Voltaga (Figure 11 
L-l0mH 
(lC - 200 mAde, IB -'0, Vel""'p - Rated VCEOI 

Collector-Emitter sustaining Volt. (Figure 11 
(lC;' 3.-A, RBE- fOO Ohrns,L';,500PHI 
Unellmped 

Collector Cutoff Current 
(Rated VC;:ER, RBE - 100 OhITllI 

Colloctor Cutoff Current 
(Rlted VCBa. IE - 01 

Emittar Cutoff Current 
(VEB - I Vdc, IC - 01 

ON CHARACTERISTICS· 

DC Current Goin 
(lC - 3 Ade, VCE - I Vdcl 
(lc - I Ade, VCE - IVdcl 
(lc - 10 Ade, VCE - I Vdcl 

Colloctor-Emltt.r Saturation Voltaga 
(lC - 3 Ade IB - 60 mAdeI 
(lc - I Ade, IB - 120 mAde) 
(lC - 10 Ade, IB - 300 mAdel, 
(lC - I Adc,lB - 120 mAde, TC - -40 °CI 

6oo.-Erilltt.r SoturotlonVoltaga 
(lC - I Ade, IB - 120 mAde) 
(lC - 10 Adc, IB - 300 mAdeI 
(lC - I Ade, lB· 120 mAde, TC - -40 °CI 

..... Emitt.r On Voltaga 
(lC· 10 Ade, VCE - I Vdcl 

Diode ForWllrd Voltage 

(IF - 10 Adel 

DYNAMIC CHARACTERISTICS 

Output Co_tanel 
(VCB - 10 Vdc, IE· 0, 'tilt - 100 kHzl 

SWITCHING CHARACTERISTICS 

FUNCTIONAL TESTS 

(Vee - 12 Vdc, 
IC-IAde, 
IB1-IB2-0.3 Adel Fig. 2 

Socond Breakdown Colloctor Current with 
BeI.-Forwerd Bi_d 

Pulsed Energy Tim (See Figur. 121 

• Pulse Tilt: Pulse Wi,dth • 300 /II, Duty Cycle - 2". 

I t 

BU323 
BU323A 

BU323 
BU323A 

FIGURE 1 - SUSTAINING VOLTAGE TEST CIRCUIT n n Vee· '8V. 

.v -4 ~_L. t-~~~------------~~ 
I .. 11 to
... 20ms '" 

"Ac!tuIll,.dlthIt 
Icrtlttl.R .. ,rn 
.. I ... 

" 

3-412 

Symbol Mln·l~ Typ. Mex. 

VCEO( ... I 
350 
400 

VCER( ... I 
400 
475 

ICER 
1 

ICBO 
1 

lEBO 
40 

hFE 
300 550 
150 350 2000 
50 150 

VCE( •• tI 
1.5 
1.7 
2.7 
2.0 

VBE(sotl 
2.2 

I 
3 

2.4 

VBE(onl 
2.5 

V, 

2 3.6 

IS/B See Figure 10 

~ 550 
2 

FIGURE 2 - SWITCHING TIMES TEST CIRCUIT 
11IIt~200Hz 

"'.Widtll='1111 n n----- .. ,SVdt 
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Unit 

Vdc 

Vdc 
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mAde 

Vdc 

.v;;-

Vdc 

Vdc 

mJ 



BU323, BU323A 
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BU323, BU323A 

5 
~ FIGURe 9 - THERMAL RESPONSE 
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There are two limitations on the power handling ability 
of a transistor:, average junction temperature arid second 
breakdown. Safe operating area curves indicate IC-VCE 
limits of the transistor that must be observed for reliable 
operation; i.e., the transistor must not be subjected to 
greater dissipation than· the curves indicate. 

The data of Figure 10 is based on TC~ 250 C; TJ(pk) is 
variable depending on power level. Second 'breakdown 
pulse limits are valid for duty cycles to 10% but must be 
derated when TC ;;. 2!i°C. Second breakdown limitations 
do not derate the same as thermal limitati,ons. Allowable 
current o. the voltages shown on Figure 10 may be found 
at any case temperature by using the appropriate curve on 
Figure 11. 

TJ(pk) may he ~alculat.ed from the data in Figure 11. 
At high case temperatures, thermal limitations will reduce 
the power that can be handled to values less than the 
limitations imposed by second breakdown. 

FIGURE 12 - IGNITION TEST CIRCUIT 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

The BU323P, BU323APare monolithic darlington transis
tors designed for automotive ignition, switching regulator 
and motor control applications. 

• Collector-Emitter Sustaining Volta-
ge - VeER (sus) = 475 Vdc (Min. 
BU323AP) Collector 

• 125 Watts Capability at 50 Volts 

• VeE Sat Specified at -40°C = 2 V : 
Max. at Ie = 6 A B ... 

• 550 mJ Energy Capability Tested 
in Automotive Ignition Circuit 

• Photog lass Passivation for Reliabi-
... , k 

lity and Stability 
Emitter 

MAXIMUM RATINGS 

Rating Symbol BU323P BU323AP Unit 

Coliector·Emitter Voltage VCEOlsusl 200 250 Vdc 

Coliecior·Emitter Voltage VCEV 300 350 Vdc 

Emitter Base Voltage V,a 7 Vdc 

Collector Current - Continuous Ie 50 40 Adc 
-Peak(l) leM 100 80 
- Overload 101 

Sase Current - Continuous 10 10 16 Adc 
- Peak (I) 10M 

Total Power Dissipation - Te = 25°C Po 125 Watts 
- Te = .100'C 100 Watts 

Derate above 25° C 1 wrc 
Operating and Storage Junction TJ , T&tg °c 

Temperature Range -65 to +200 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Thermal Resistance. RijJC 1 'CtIN 
Junction to Case 

Maximum Lead Temperature TL 275 °c 
for Soldering Purposes: 

VB' from Case for 5 Seconds 

(1) Pulse Test: Pulse Width = 5 ms, Duty Cycle;;; 10%. 

3-415 

BU323P 
BU323AP 

DARLINGTON 
NPN SILICON 

POWER TRANSISTORS 

350 III 400 VOLTS 
125 WATTS 

DIM 
A 

• , 
0 , 
• • 
J 

• 
L 

• 
0 

MILUMEnRI INCHlS ... .AX MIN 
2OJ2 ltol .... 
15.49 IUD 0.810 
•. 19 5 •• 0.165 
"2 1.65 0 .... 
IJ5 I.n 0.053 
5.21 5.72 0.205 
2A1 3.20 0.095 .J. Q.l4 D.G15 
12.10 lUI ..... 
15.1. lUI 0.125 
12.19 t2.10 0.410 .... 4.22 0.1" 

CASE 340-01 
ITO·211..,CI 

MAX 
O.8la 
0.&28 
0.200 .... 
0.015 
0.225 
0.126 
0.025 
UtO 
USB 
0 .... 
0.1. 

• 



BU323P/BU323AP 

ELECTRICAL"CHARACTERISTICS (TC = 25,~C unless otherwise noted)" 

~.racteristic I I Symbol 

OFF CHARACTERISTICS' 

Collector-Emitter Sustaining Voltage (Figure 1) 

l' 10 mH 
IIc· 200 mAde, IS· 0, Velamp -Rated VCEO) 

Collector-Emitter sus~aining V.oltage (Figure 1) 
IIC· 3 A, RSE = 100 Ohms, l = 500/lH) 
Unclamped 

Collector Cutoff Current 
(Rated VCER, RBE· 100 Ohms) 

Collector Cutoff ·Current 
(Rated VCBO' IE = 0) 

Emitter Cutoff Current 
(VEB = 6 Vdc, IC· 0) 

ON CHARACTERISTICS' 

DC Current Gain 
IIc = 3 Ade, VCE = 6 Vde) 
(lc = 6 Ade, VCE = 6 Vdc) 
IIc· 10 Ade, VCE· 6 Vde) 

Collector-Emitter Saturation Voltage 
IIc = 3 Ade lB· 60 mAde) 
IIc· 6 Ade, lB· 120 mAde) 
IIC· 10 Ade, IB = 300 mAde) 
IIC= 6 Ade, lB· 120 mAde, TC· -40 ·C) 

Base-EmittBf Saturation Voltage 
(lC = 6 Ade, lB· 120 mAde) 
IIC' 10 Ade, lB· 300 mAde) 
IIC·6 Ade, IB = 120 mAde, TC· -40 ·C) 

Base-Emitter On Voltage 
(lC' 10 Ade, VCE· 6 Vde) 

Diode Forward Voltage 

(IF· 10 Ade) 

DVNAMIC CHARACTERISTICS 

Output Capacitance 
(VCB = 10 Vde, IE = 0, f,est· 100 kHz) 

SWITCHING CHARACTERISTICS 

FUNCTIONAL TESTS 

(VCC = 12 Vde, 
IC = 6 Ade, 
IBI = IB2· 0.3 Adc) Fig. 2 

Second Breakdown Collector Current with 
Base-Forward Biased 

Pulsed Energy Test (See Figure 12) 

Puis. Test: Pulse Width = 300 JiS, Outy Cycle = 2%. 

VCEO(sus) 
BU323P 
BU323AP 

VCERlsus) 
BU323P 
BU323AP 

ICER 

ICBO 

lEBO 

hFE 

VCE(s.,) 

VBE(sa" 

VBE(on) 

Vf 

IS/B 

IC2l 
2 

Min. TVp· . Max. I .. , Unit 

Vde 
350 
400 

Vde 
400 
475 

mAde 
1 

mAde 
1 

mAde 
40 

300 550 
150 350 2000 
50 150 

Vdc 
1.5 
1.7 
2.7 
2.0 

Vde 
2.2 
3 

2.4 

Vde 
2.5 

Vde 
2 3.5 

See Figure 10 

550 mJ 

FIGURE 1 - SUSTAINING VOLTAGE TEST CIRCUIT 
FIGURE 2 - SWITCHING TIMES, TEST CIRCUIT 
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BU323P/BU323AP 
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BU323P/BU323AP 

~ FIGURE 9 - THERMAL RESPONSE 
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TC.CASE TEMPERATURE lOCI 

There are two limitations on the power handling ability 
of a transistor: average junction temperature and second 
breakdown. Safe operating area curves indicate IC-VCE 
limits of the transistor that must be observed for reliable 
operation; Le., the transistor must not be subjected to 
greater dissipation than the curves indicate. . . 

The data of Figure 10 is based on Tc = 250 C; TJ(pk) is 
variable depending on power level. Second breakdown 
pulse limits are valid for duty cycles to 10% but must be 
derated when TC ;;. .250 C. Second breakdown limitations 
do not derate the same· as thermal limitations. Allowable 
current at the voltages shown on Figure 10 may be found 
at any case temperature by using the appropriate curve on 
Figure 11. 

T J(pk) may be calculated from the data in Figure 11. 
At high case temperatures, thermal limitations will reduce 
the power that can be handled to values less than the 
limitations imposed by second breakdown. 

FIGURE 12 ~ IGNITION TEST CIRCUIT 

IndutlNtf~ad 

.---., 
<1 lImH 

Vee = 16 Vile 0--.,-----""'\0-_-"''''' __ _ 

n."J'1 
o~ L.:J L 

!.'o~.i 
410 

Vz "'350V (BU323P) 
400V(BU323A~) 

allZ ~ 20mA 

VZ 

'110bewleCledsudltf'lillcreachrslOo\dcbefofliWllth'Otf 

NOTE FIgure ll~pet!I'estnefgy handhngClpab'I"'Honanaulomol,ve·gn,/,on c"cu.1 

3-418 

21 



MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

HIGH VOLTAGE NPN SILICON TRANSISTOR 

· .. Designed for use in the switch-mode power supplies of colour 
television receivers. 

• Collector· Emitter Voltage VCES = 800 V and 900 V 
• Coliector·Current IC = 6 A DC 
• Low collector emitter saturation voltage 

VCE (sat) = 3 V max. at IC = 4 A 
• Fall time at IC = 2.5 A 

TF = 1 jls max. at TC = l00·C 

MAXIMUM RATINGS 

Aetinl Symbol 

Collector·Emitter Voltage VCEO Isull 

Collector·Emitter Voltage VCES 

Emitter Base Voltage VEB 

Collector Current - Continuous IC 
- Peek' ICM 

Base Current - Continuous IB 
- Peek' IBM 

Reverse Base Current 20 ms max. IB 
- Peak during turn off IBM 

Total Power Dissipation Po 
Derate above 25°C 

Operating and Storage Junction TJ, Tltg 
Temperature RlnQl 

THERMAL CHARACTERISTICS 

Thermal Resiltence. Junction to Cas. 

, Pul .. TMt: Pul .. Width' 6 ms, Duty Cyel. '" 10%. 

BU326 BU328A 

375 400 

BOO 900 

10 

6 
8 

2 
3 

100 
3 

90 
0.6 

-65 to +176 

3-419 

Unit 

Vde 

Vde 

Vdc 

Adc 

Ade 

mA 
A 

Watts 
W/oC 

·C 

BU326 
BU326A 

6 AMPERES 

NPN SILICON 
POWER TRANSISTORS 

375,4CIO VOLTS 
90 WATTS 

[:94: 1 r 
. I 

Q~"'-'r""'''Vl 
8 f 1 _ .• I_ - ~ 

M , ' j , 
f-·· 0 ! 
, '._---_.:.!..I 

u 

NOTES 
1. DIMENSIONS 0 AND V ARE DATUMS. 
2. m IS SEATING Pl"NE AND DATUM. 
3. POSITIOffAL TOLERANCE fOil 

MOUNTING HOLE Q 

1 • 11"3IOO''''@ 1 T H;;, 1 
FOR lEADS: 

1 • I ~"IO,".@T I v@1 D@I 
t. OIIiENSIONSANO TOlEIlANCESPEA 

ANSI VIU, 1911. 

CASE 1·05 TO-3 

• 



BU326~ BU326A 

ELECTRICAL CHAR.ACTERISTICS (TC = 25°C unless otherwise noted) 

C= __ ~ ____ ~ ____________ C_h_.r_K __ w_r._t_ic ______________ -L ____ S~V_mb~O_I ____ ~ __ M~m~. __ ~ __ T~v~p~. __ ~ __ M~.x~'~-L __ ~U~n~it~~ 
OFF CHARACTERISTICS' 

Collector-Emitter Sustaining Voltage Vceo (susl Vde 
IIc = 100 mA, IB • 0, L= 25 mHI BU326 375 

BU326A 400 --
Collector-Cutoff Current Ices mAde 

(Vce = 800 V, VBe = 01 BU326 1.0 
(Vce = 900 V, VBe = 0) SU326A 1.0 

Collector Cutoff Current Ices mAde 
(Vce = 800 V, VBe = 0, TJ = 125 °CI BU326 2.0 
(Vce = 900 V, Vse = 0, TJ = 125°C) BU326A 2.0 

Emitter Cutoff Current leBO mAde 
(Ve8 = 10 V, IC = 01 10 

ON CHARACTERISTICS' 

DC Current Gain hFe· -
IIC = 0.6 A, VCE = 5 VI 30 

Collector-Emitter Saturation Voltage VCE (sa.) Vde 
IIC = 2.5 A, IB = .0.25 AI 10 
IIC = 4.0 A,IB = 1.25 AI 3 

Base-Emitter Saturation Voltage VBE (sa.I Vde 
IIC = 2.5 A, IB = 0.25 AI 1.4 
IIC = 4.0 A,IS = 1.25 AI 1.6 

DYNAMIC CHARACTERISTICS 

Current-Gain - Bandwidth Product 
(lC 200 mAde, Vce - 10 Vde, f.est = 1.0 MHzI 

SWITCHING CHARACTERISTICS 

Resistive Load (Table 1) 

Turn On Time 'on 0.5 jJs 

Storage Time 
(lC = 2.5 A, IBI = 0.5 AI 

's 3.5 jJs 
(182 = 1.0 A, VCC = 250 VI 

Fall Time 'f 0.3 jJs 

Fall Time 
IIC = 2.5 A, IBI = 0.5 AI 

'f 1.0 jJs 
(lB2 = 1.0 A, VCC = 250 V, TC = 100 °CI 

I Pulse Test: Pulse Width = 300 IJS. Duty Cycle == 2%. 
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BU326, BU326A 

~> 

FIGURE 1 - ACTIVE REGION SAFE OPERATING AREA 
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There ar~ two limitations on the power handling ability of a 
transistor: average junction temperature and second break
down. Safe pperating area curves indicate Ie VeE limits of 
the transistor that must be Observed for reliable operation 
i.e., the transistor must not be subjected to greater dissipa
tion than the 'curves indicate. 
The data of figure 2 is based on TC '" 2S'C; TJ(pk) is 
variable depending on power level. Second breakdown 
limitations do not derate the same as thermal limitations. 
At high case temperatures, thermal limitations will reduce the 
power that can handled to values less than the limitations 
imposed by second breakdown. (See AN415A) 

FIGURE 3 - DC CURRENT GAIN 
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MOTOROLA 
.. SEMiCONDUCTOR ........................ .. 

TECHNICAL DATA 

NPN Power Transistors 
These devices are high voltage, high speed transistors for horizontal deflection output 

stages of TV's and CRT's. 

• High Voltage: VCEV = 330 or 400 V 
• Fast Switching Speed: tf = 750 ns (max) 
• Low Saturation Voltage: VCE(sat) = 1 V (max) @ 5 A 
• Packaged in Compact JEDEC TO-220AB 
• "0" Suffix w/lntegral Damper Diode 

MAXIMUM RATINGS 

Rating Symbol BU406,O BU407,0 Unit 

Collector-Emitter Voltage VCEO 200 150 Vdc 

Collector-Emitter Voltage VCEV 400 330 Vdc 

Collector-Base, Voltage VCBO 400 330 Vdc 

Emitter Base Voltage VEBO 6 Vdc 

Collector Current - Continuous IC 7 Adc, 
Peak Repetitive 10 
Peak (10 ms) 15 

Base Current IB 4 Adc 

Total Device Dissipation, TC =' 25'C PD 60 Watts 
Derate above TC = 25'C O.4B wrc 

Operating and Storage 
Junction Temperature Range 

TJ, Tstg -65 to 150 'c 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Case R8JC 2.0B 'CIW 

Thermal Resistance, Junction to Ambient R8JA 70 'CIW 

Lead Temperature for Soldering Purposes: TL 275 'c 
lIB" from Case for 5 Seconds 

ELECTRICAL CHARACTERISTICS (TC = 25'C unless otherwise noted) 

I Characteristic Symbol Min 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage(l) BU406,D VCEO(sus) 200 
(lC = 100 mAde, IB = 0) BU407,D 150 

Collector Cutoff Current ICES 
(VCE = Rated VCEV, VBE = 0) -
(VCE = Rated VCEO + 50 Vdc, VBE = 0) -
(VCE = Rated VCEO + 50 Vdc, VBE = 0, TC = 150'C) -

Emitter Cutoff Current BU406, BU407 lEBO -
(VEB = 6 Vdc, IC = 0) BU406D, BU407D -

ON CHARACTERISTICS(1) 

Collector-Emitter Saturation Voltage (lC = 5 Adc, IB = 0.5 Adc) VCE(sat) -
Base-Emitter Saturation Voltage (lC = 5 Adc, IB = 0.5 Adc) VBE(sat) -
Forward Diode Voltage (lEC = 5 Adc) "D" only VEC -

(1) Pulse Test: Pulse Width", 300 1'8, Duty Cycle'" 1%. 
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BU406,D 
BU407,D 

7 AMPERES 
NPN SILICON 

POWER TRANSISTORS 
60 WATTS 

150 and 200 VOLTS 

"0" SUFFIX ONLY 

CASE 221A-04 
TO-220AB 

Typ Max Unit 

- - Vdc 
- -

mAde 
- 5 
- 0.1 
- 1 

- 1 mAde 
- 400 

- 1 Vdc 

- 1.2 Vdc 

- 2 Volts 

(continued) 



BU406,0 • BU407,0 

ELECTRICAL CHARACTERISTICS - continued (TC = 25·C unless otherwise noted) 

I Characteristic I Symbol I Min 

DYNAMIC CHARACTERISTICS 

Current-Gain - Bandwidth Product 
(lC = 0.5 Adc, VCE = 10 Vdc, ftest = 20 MHz) 

Output Capacitance 
(VCB = 10 Vdc, 'E = 0, f = 1 MHz) 

SWITCHING CHARACTERISTICS 

~ 
I-
Z 
~ a: 

Inductive Load Crossover Time 
(VCC = 40 Vdc, IC = 5 Adc, 
'Bl = IB2 = 0.5 Adc, L = 150I'H) 

100 

70 
TJ = loo·C 

50 
2S"C - I 

VCE = SV 
-I'... 

r-.... 

fT 10 

Cob -

10 

1 

-

Typ 

-

80 

BANDING WIRE LIMIT 
~ 30 u 

,~ 
------- THERMAL LIMIT 

Max 

-

-

de 
l'.. 

~ ~ SECOND BREAKDOWN LIMIT 

i 20 

Unit 

MHz 

pF 

~TCI ~S·C 
BU40j~ = 

10 
0.1 0.2 0.3 O.S 0.7 1 2 3 

IC, COLLECTOR CURRENT (AMPS) 

Figure 1. DC Current Gein 

BU4Ot?= 

10 7 10 20 30 SO 70 100 
VCE, COLLECTOR·EMITIER VOLTAGE (VOLTS) 

Figure 2. Maximum Rated Forward 
Bias Safe Operating Araa 

OUTLINE DIMENSIONS 

NOTES: 
t, OIMENSIONING AND TOl£RANClNG PER ANSI 

Yl4.5M.l9B2. 
2. CONTROLLING DIMENSION: INCH. 
3. DIM Z DEFINES A ZONE WHERE ALL BODY AND 

LEAD IRREGUlARlTlES ARE AU.OWEO. 

STYLE 1: 
PIN 1. BASE 

2. COLLECTOR 
3. EMITTER 
4. COlLECTOR 

CASE 221A-04 
TO-220AB 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

HIGH VOLTAGE NPNSILICON TRANSISTOR 

designed for use in the switched mode power supply of 900 and 
1100 colour television receivers. 

II 

• High Coliector·Emitter Voltage 
VCES = BOO V, 900 V 

• Collector Current 
IC = 6 Adc 

• Low Collector Emitter Saturation Voltage 
VCE(sat) =3Vdc,@IC = 4A,IS ='1.25Adc 

• Fall Time @ IC = 2 .. 5 A, 18 (end) '= 1 A 
. tf = O,3/lsec (typ) 

MAXIMUM RATINGS 

Rating Symbol IIU426 BU426A 

CoUactor·:Emitter V~I.tB.ge VCEO 375 400 

Coliector.Emi.ltar Voltage VeE = 0 VCES 800 900 

Emitter·ea .. Voltage VEe 10 

Collector Current - Contlnuoui IC 6 
-Peak 12 

Base Current Ie 2.0 

Total Device DilSipation @ TC = 25°C Po "3 
Derate above 250C 0.90 

Operating and Storage Junction TJ. T,tlI 
Temperature Range -65 to 150 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, JUI1ction to Case 

FIGURE 1 - POWER DERATING 
1.0 ,,' H-

"'" " i 

"'-.. 

" 
0.6 

" " 
0.4 

"'-.. 0.2 

o 
o 

i 
---~ 

25 SO 15 100 125 150 
Te. CASE TEMPE~ATU~E rCI 

Unh 

Vdc 

Vdc 

Vdc 

Adc' 

Adc 

Watts 
W/oC 

°G 

BU426 
BU426A 

6 AMPERES 

TRIPLE DIFFUSED 
NPN SILICON 

POWER TRANSISTORS 

DIM 
A 

• 
C 
D 
E 
G 
H 
J 
K 
L 
N 
Q 

800,900 VOLTS 
113 WATTS 

MILLIMETERS INCHES 
MIN MAX MIN 
20.32 21.08 0.800 
15.49 15.90 0.610 
4.19 5.08 0.165 
1.02 1.65 0.040 
1.35 1.65 0.053 
5.21 5.12 0.205 
2.41 3.20 0.095 
0.38 0.64 0.015 
12.70 15.49 0.500 
15.88 16.51 0.625 
12.19 12.70 0.480 
4.04 4.22 0.159 

CASE 340.(11 
(TO·218ACI 

MAX 
0.830 
0.626 
0.2110 
0.065 
0.D65 
0.225 
0.126 
0.025 
0.610 
0.650 
0.500 
0.166 

• 



BU426 
BU426A 

ELECTRICAL CHARACTERISTICS ITC • 250 C un I ... othorwiso notodl 

I Ch.'lctariltic I Symbol 

OFF CHARACTERISTICS 

Coliector·Emitter Susteining Voltage Sao Figuro B BU426 vceo 
IIC - 100mA,L - 26mH) BU426A 

Coliector·Cutoff Current ICES 
IVCES = Rated Value, TC = 250 C) 
IVCES = Rated Value, TC = 1250 C) 

Emitter Cutoff Current leao 
VEB = 10 Vdc, IC = 0) 

ON CHARACTERISTICS 
DC Current Gain hFE 

IIC = 0.6 Adc, VCE = 5 Vdc) 
Collector· Emitter Saturation Voltage VCEhal) 

IIC = 2.5 Adc, IB = 0.5 Adc) 
IIC = 4 Adc, IB = 1.25 Adc) 

Base·Emitter Seturation Voltege VaEI,.t) 
(lC = 4 Adc, IB = 1.25 Adc) 
lie = 2.5 Adc, IB = 0.5 Adc) 

DYNAMIC CHARACTERISTICS 

Curr.nt G'aln - Bandwidth Product 
(lC = 0.2 Adc. VCE = 10 Vdc, ft •• t = 1.0 MHz) 

SWITCHING CHARACTERISTICS (Resistive Load) 

Turn on Time ton 

Storage Tim. (lC = 2.5 A, IBl = 0.5 A) ts 
(lB2 = 1.0 A, VCC = 250 V) 

Fall Tim. It 

FaU Tim. 
(lC = 2.5 A, ISl = 0.5 A) 

It 
(lB2 = 1.0 A, VCC = 250 V, TC = 950C) 

It 

3-425 

Min Typ MIX u .. , 

375 - - V~ J 
400 - -

mA~ , 
- - 1.0 I - - 2.0 

- - mAde I 
10 , 

30 - - , 
VdC j 

- - 1.5 

- - 3 I - -
Vile I - - 1.6 

- - 1.4 I 

MIN TYP MAX 

0.2 0.6 ", 
2 3.5 

0.5 
,.. 

0.76 
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BU426 
BU426A 
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Thf!fC iln' tWo lirrdtatinn! 0'1 Ihe nOWfr handlin9 ,~bi!ity of a 
tranSistor' ilver.age junctioll le~peralure <lnd ~f.!t,;ond brl'ak 
down. Safe of')r.rating area r:iJnIf~S indicaTe Ie-VeE I!mits of 
the transistor that Must be observed tOl reliable operation 
i.e , the transistor musl not be subjecled to greater dlssipa 
tion than the curves indicate. 
The data of figure 6 is based on T Jlpkl 150oC. Tcisvariabie 
depending on conditions. Second breakdown purse limits 
are valid for dllty cycle~ 10 100 10 provided T Jlpkl" 150 oC. 
TJlpklll1ay be c:alculated from the data in figure 7. At high 
en"!? temperatures. thermallimitarions will reduce the power 
that can be hanrHed 10 values less than the lirnil;Hions 
im~)osf!d hy sec:ond hreakdown. {SE'P. .6.N 415AI 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

HORIZONTAL DEFLECTION TRANSISTOR 

... specifically designed for use in large 
screen color deflection circuits 

• VCEX = 1500V; 
VCEO(sus) = 700 V (min.) 

• Low saturation: 
VCE(sat) = 1 V (max.) @Ic = 4.5 Adc 

MAXIMUM RATINGS 

Rating Symbol 

Collector-Emitter Voltage VCEO(sus) 

Collector-Base Voltage VCBO 

Emitter-Base Voltage VEBO 

Coilector·Emitter Voltage (VBE = -2.0 V) VCI:X 

Collector-Current - continuous IC 
- peak (pw':;300/ls) ICM 

Base-Current continuous IB 

Total Power Dissipation@TC=25°C Po 

Operating and Storage Junction TJ.Tstg 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case 

FIGURE 1 - POWER DERATING 

1. 0 

'''- '\ 

Value 

700 

1500 

5 

1500 

6 
16 

4 

75 

-65 to 150 

--1---
._- t-.-• ~ 

" I 
'\ 

1 r-- --

'" --. ~ -'" -L~+= 
I ~ I 

--l-h~ --t--
0 1 1 

25 &0 15 100 125 158 175 200 

Tc. tASE TEMPERATURE tOCI 

3-428 

Unit 

Vdc 

Vdc 

Vdc 

Vdc 

Adc 
Apk 

Adc 

Watts 

°c 

BUSOO 

6 AMPERES 

NPN SILICON 
POWER 

MET AL TRANSISTOR 

NOTES: 

,600 VOLTS 
75 WATTS 

I. DIMENSIONS 0 AND V AR~ DATUMS 
2. OJ IS SEATING PLANE AND DATU'" 
3. POSITIONAL TOLERANCE FOR 

MOUNTING HOLE Q 

1·11·"<O.OO5'0I,l v01 
fOR LEADS 

1·11.131,.oo"0'~ 

CASE ,-05 TO-3 

-



ELECTRICAL CHARACTERISTICS (TC = 2SoC unless otherwise noted) 

Characteristic Symbol Min. Max. Unit 

OFF' CHARACTeRISTICS (1) 

Collector-Emitter Sustaining Voltage VCEOlsusl Vde 
(IC = 500 mAde, IB = Q) L = 10 mH 700 

Collector Cutoff Current at Reve .. e Bias: ICBO mAde 
IVce =1000 V, Ie = 01 0.02 
(VCE = 1500 V, Ie = 01 1.0 

Coliector·Emitter Cutoff Current Icex mAde 
(VCE = 1500 V, VBe = ·2 VI 1.0 

Emitter-Base Reve .. e Voltage VEBO V 
(Ie =loomAI 5 

Emitter Cutoff Current lEBO mAde 

(VEB = 4 VI 10 

ON CHARACTERISTICS (11 

DC Current Gain hFE -
(lC = 4.5 Ade, VCE = 5 VI 3.0 

Collector-errfitter Saturation Voltage VCE(satl Vdc 
(lC =4.5Ade,IB = 2 AI 1.0 

Base-Emitter On Voltage VBE(onl Vdc 
(lc =4.5Adc, VCE = 2 Al 1.3 

SWITCHING CHARACTERISTICS (Resistive Load) 

- lis 

Storage Time 
(VCC = 100 Vdc, IC = 4,5 A, 

ts - 1.2 
IBl = 1.5A,IB2 = 1.5 AI 

Fall Time tf - 1.0 

(1) Pulse Test: Pulse Width ;::;:: 300~. Duty Cvcle ~ 20/0. 

3-429 



MOTOROLA 
.. SEMiCONDUCTOR ...................... .. 

TECHNICAL DATA 

NPN Silicon Power Transistors 
Horizontal Deflection 

• •. specifically designed for use in large screen 
color deflection circuits. 

• Glass Passivated (Patented Photoglass) 
• Triple Diffused Mesa Technology for Long Term 

Stability 
• Collector-Emitter Voltage - VCE = 1500 Vdc 
• Collector-Emitter Sustaining Voltage -

VCEO(sus) = 700 Vdc 
• Switching Times with Inductive Loads, 

tf = 0.5 p.S (Typ) @ IC = 4.5 A 
• Optimum Drive Condition Curves 
• Glass Base-Collector Junction 
• TO-218 Package for Low Cost Mounting 
• Available with Internal Flyback Diode, "0" Suffix 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Emmiter Voltage 

Emitter Base Voltage 

Collector Current - Continuous 
Peak(1) 

Base Current - Continuous 
Peak(1) 

Total Power Dissipation @ TC = 25"C 
Derate above 25"C 

Operating and Storage Temperature Range 

THERMAL CHARACTERISTICS 

CMnIc:tMstic 

Thermal Resistance, Junction to Case 

Maximum Lead Temperature for Soldering Purposes, 
118" from Case for 5 seconds 

(1) Pulse Test: Pulse Width = 5 MS, Duty Cycle'" 10%. 

"D" SUFFIX 

Symbol 

VCEOlsus) 

VCES 

VEB 

IC 
ICM 

IB 
IBM 

Po 

TJ, Tatg 

Symbol 

RIlJC 

TL 

3':430 

BU508 
BU508D 
.:BU508A 
BU508AD 

POWER TRANSISTORS 
8 AMPERES 
1500 VOLTS 

CASE 340-01 
T0-218 AC 

AII.Parts 

700 

1500 

5 

8 
15 

4 
6 

Unit 

Vde 

Vde 

Vde 

Ade 

Ade 

125 Watts 
1 wrc 

-65 to +150 ·C 

Max Unit 

1 "C/W 

275 ·C 



BU508, BU508D, BU508A, BU508AD 

ELECTRICAL CHARACTERISTICS (TC = 25° unless otherwise noted) 

I c:tuncterIlltic I Symbol 

OFF CHARACTERISTICS11) 

Collector-Emitter sustaining voltage 
IIc = 100 mAde, IB = 0) 

Collector Cutoff Current 
IVCE = 1500 Vdc, VBE = 0, TC = 25,,(;) 
IVCE = 1500 Vde, VBE = 0, TC = 125,,(;) 

Emitter Base Leakage BU50B, A 
IVEB = BV,IC = 0) BU50BD,AD 

ON CHARACTBIISTICSI1) 

DC Current Gain 
(lC = 4.5 Adc, VCE = Vdc) 

Collector-Emitter Saturation Voltage BU508,D 
(lC = 4.5 Ade, IB = 2 Ade) BU508A,AD 

Base Emitter Saturation Voltage 
(lC = 4.5 Ade, IB = 2 Ade) 

Second Breakdown Collector Current with Base 
Forward Biased 

DYNAMIC CHARACTERIS11CS 

Current-Gain - Bandwidth Product 
(lC = 0.1 Ade, VCE = 5 Vde, ftest = 1 MHz) 

Output Capacitance 
(VCB = 10 Vdc, IE = 0, f = 0.1 MHz) 

SWITCHING CHARACTERISTICS 

IIC = 4.5 Ade, IB = I.B Ade, dlatdt = 1 AlpS, 
LB = 101M, see Figure 1) 

11) Pulse Test: Pulse Width = 5 ms, Duty Cycle'" 10%. 

130 
0.5W 

10p.Fl00V • 
15,750 Hz 
FRfOADJ 

Com 

lki!iW 

lN5348 

+60V 

lOO15W 

VCEO(sus) 

ICES 

lEBO 

hFE 

VCE(sat) 

VBE(sat) 

ISlb 

fT 

Cob 

r---~~~ ~+-*-~~I~~--~; 

PULSE WlO1}f ADJ 
50% DUTY CYCLE 

2000' 
0.5W 

-= DRIVER TRANSFORMER (T1) 

• 

• Ferrox cube pot core #4229f'.L00·3C8 

10 "F + 
25 V 

3 
5W 

Min 

700 

-
-

2.25 

-
'-

-

-

100 

Typ 

-

-
-
-

-
-

-

See 
Figure 11 

7 

125 

IC L C 
A mH "F 

• Adjust gap for primary inductance Lp = 70 mH (approximately 5 mil spacer) 
• Primary 230T #28 AWG (5 layers) 

3.5 0.87 0.013 • Secondary 15T #22 AWG (I layer) 

4.5 0.67 0.017 • Secondary leakage inductance should be less than 3 ~ 
• Use 3 mil mylar tape between each winding layer 

Figure 1, Switching Times Test Circuit 
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Ma. 
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0.1 
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10 
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-
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-

-

IC 

MRSIS 
(SELECTED 
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Unit 

Vde 

mAde 

mAde 

-

Vdc 

'Vde 

MHz 

pF 

c 

10 p.F 
150V 

+ 
Ion 
5W 

COM +125V 



BU508, BU508D, BU508A, BU508AD 

BASE DRIVE: The Key to Performence 

Sy now, the cOncept of controlling the shape of the turn:off 
base current is widely accepted and applied in horizontal de
flection design. The problem stems from the fact that good sat; 
uration of the output device, prior to turn-off, must be assured. 
This is accomplished by. providing more than enough lSI to 
satisfy the lowest gain output device hFE at the end of scan 'CM. 
Worst-case component variations and maximum high voltage 
loading must also be taken into account. 

If the base of the output transistor is driven by a very low 
impedance source, the turn-off base current will reverse very 
quickly as shown in Figure 2. This results in rapid, but only 
partial, collector turn-off, because excess carriers become trap
ped in the high resistivity collector and the transistor is still 
conductive. This is a high dissipation mode, since the collector 
voltage is rising very rapidly. The problem is overcome by add
ing inductance to the base circuit to slow the base current re
versal as shown in Figure 3, thus allowing excess carrier recom
bination in .the cpllector to occur while the base current is still 
flowing. 

Choosing the right LS is usually done empirically, since the· 
equivalent circuit is complex, and since there are several im
portant variables (lCM, lSI, and hFE at 'CM). One method is to 
plot fall time as a function of LS, at the desired conditions, for 

several devices within the hFE·specification. A more informative 
method is to plot power dissipation versus lSI for a range ·of 
values of LS. This kind of analysis shows the parameter whioh 
really matters is dissipation, whether caused by switching or. by 
saturation. The negative slope of these curves at the left (low 
'SI) is caused by saturation losses. Tile positive slope portion 
at higher lSI, and low values of LS is due to switching losses 
as described above. For very low LS a very nSfrow optimum is 
obtained. This occurs wheo;t lSI hFE '" 'CM, and therefore would 
be acceptable only for the "typical." device with constant 'CM. 
As LS is increased, the curves become broader and flatter aboye 
the iSl hFE = ICM point as the turn-off "tails" are brought under 
control. Eventually, if LS is raised too far, the dissipation all 
across the curve will rise, due to poor initiation of switching 
rather than tailing. Plotting this type of curve family 'for devices 
of different hFE, essentially moves the curves to the left or right 
according to the relation lSI hFE = constant. It then becomes 
obvious that, for a specified ICM, an LS' can be chosen which 
will give' low dissipation over a range of hFE andlor 'SI. The 
only remaining decision is to pick IBi high enough to accom
modate the lowest hFE part s·pecified."Neither LS nor lSI are 
absolutely critical, and should be selected for .the specific re
quired condition. Similar curves relating to this discussion can 
be found on Motorola'S data sheet for the BU207. . 

TEST CIRCUrr WAVEFORMS 

la 18 

Ie Ie 

ITIMEI ITIMEI 

Figure 2. Figure 3. 

TEST CIRCUrr OPTIMIZATION 

The test circuit may be used to evaluate devices in the con
vllntional manner, i.e., to measure fall time, storage time, and 
saturation voltage. However, this circuit was designed to eval
uate devices by a simple criterion, power supply input. Excessive 
power input can be caused by a variety of problems, but it is 
the dissipation in the transistor that is of fundamental impor-

tance. Once the required transistor,operating current is deter
mined, fixed circuit values may be selected from the table. Fac
tory testing is performed by reading the current meter only, since 
the input power is proportional to current. No adjustment of the 
test apparatus is required. 
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BU508, BU508D, BU508A, BU508AD 
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Figure 6. Typical Base Emitter Saturation Voltage 
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la. aASE CURRENT CONTINUOUS lAMPS) 

Figure 7. Typical Collector Saturation Region 
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CASE 340·01 
TO.z1BAC 

STYLE 1: 
PIN 1. BASE 3. EMITTER 

2. COLLECJOR 4. COLLECTOR 

MILLIMETERS IICHES 
DIM Mil MAX Mil MAX 
A 20.32 21.0B 0.800 0.830 
B 15.49 15.90 0.610 0.626 
C 4.19 5.08 0.165 0.200 
0 1.02 1.65 0.040 0.065 
E 1.35 1.65 0.053 0.065 
G 5.21 5.72 0.205 0.225 
H 2.41 3.20 0.095 0.126 
J 0.38 0.64 0.015 0.025 
K 12.70 15.49 0.500 0.610 
L 15.88 16.51 0.625 0.650 
I 12.19 12.70 0.480 0.500 
Q 4.04 4.22 0.159 0.166 



MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

HIGH VOLTAGE SILICON POWER DARLINGTONS 

Power Transistor mainly intended for use as ignition circuit output 
transistor. 

• Specified minimum sustaining voltage: 
VCER(susl = 350 V (BU5221 
at IC = 1 A 400 V (BU522AI 

425 V (BU522BI 

• High S.O.A. capability: 
VCE = 350 V (BU5221 at IC = 5 A 

400 V (BU522A, BU522BI 

• Low VCE(satl = 2.0 V max. at IC = 4 A (BU522A, BU!i22BI 

MAXIMUM RATINGS 

R8ting Symbol BU522 BU522A BU522B 

Collector· Emitter Voltage Sust. VCERlsusl 350 400 425 

Collector-Emitter Voltage VCER 375 425 450 

Collector-Base Voltage VCBO 400 450 475 

Emitter-Base Voltage VEBO 5.0 

CollectorCurrent - Continuous IC 7.0 

Base Current IB 2.0 

Total Device Dissipation Po 
@TC=25 0 C 75 
Derate above 250C 0.60 

Operating and Storage Junction TJ, Tstg 
Temperature Range --65 to 150 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance. Junction to Case 

FIGURE 1 - POWER OERATING 
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Unit 

Vdc 

Vdc 

Vdc 

Vdc 

Adc 

Adc 

Watts 

W/oC 

oc 

.. 
• • C 
D 
F 
G 
H 
J 

• L 

• • • • T 

Z 

BU522 
BU522A 
BU522B 

7 AMPERES 

DARLINGTON 
TRIPLE DIFFUSED 

POWER TRANSISTORS 
NPN SILICON 

375, 425, 450 VOLTS 
75 WATTS 

NOTES, 
1. IlMENSIONING AND TOLERANClNG PER ANSI 

Y14.5M,1!B2. 
1 CONTROLLING DIMENSION: INCH. 
~. DIM Z DEFINES A ZONE WHERt: ALL BODY AND 

LEAD IRREGULARITIES AilE ALLOWfO. 

.....mRS -. ... .... 
14.048 15.75 
S ... ".28 
<0' ..., ... 

1 3.73 
2.42 2." 
2.80 .... ." 12.70 1<27 
1.15 1.3. .... 033 
2." • 
1.1 1 

." 
.00 127 

1.15 
2. 

... .... 
0.570 0.620 
0.380 0." 
0.160 0.190 
0.D25 0.035 
0.142 0.147 
0." 0.105 
0.110 0.155 
.018 0.028 ... O. 

0." 

" 0.210 .,00 0.120 . .., 0.110 
0 .... 
0.235 0 
0."" 0 
O. 

CASE 221A-04 
TO·220AB 

STYlE': 
PIN 1. BASE 

2.COUECTOA 
3. EMITTER 
4. COlleCTOR 

• 



BU522, BU522A, BU522B 

ELECTRIcAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 

I . Characteristic Symbol Min. TVp. Max. 

OFF CHARACTERISTICS 

Coliector·Emit18rSultainlng Voltage (See Figure 2) VCER(sus) Vde 
(lc = 1.0 A) See Figure 2 BU522 350 

BU522A 400 
BU522B 425 

·Collector Cutoff Current ICER mAde 
(Reted VCER, RBE = 2700) 

1.0 

-
Collector Cutoff Current ICBO mAde 

(Rated VCBO,IE = 0) 1.0 

Emitter Cutoff Current lEBO mAde 

(VEB =5.0 Vde, IC = 0) 40 

ON CHARACTERISTIC!; 

DC Current Gain hFE -
(lC = 2.5 Ade, VCE = 6 Vde) 250 

Collector-Emitter Saturation Voltage BU522 VCE(sstl 2.5 Vdc 
(lC = 4 Ade, IB = 80 mAde) BU522A, BU522B 2 

Base-Emitter Saturation Volt. VBE(satl Vdc 
(lC = 4 Ade, IB = 80 mAde) 2.5 

DVNAMIC CHARACTERISTICS 

Current Gain - Bandwidth Product IT MHz 
(lC= 0.3 mAde, VCE = 5.0 Vde, Itest = 1.0 MHzl 7.5 

Output Capecitance I Cob pF 
(VCB = 10 Vdc, IE =0, I = 0.1 MHz 150 

3-436 



BU522, BU522A, BU522B 

FIGURE 2 - SUSTAINING VOLTAGE TEST VCER I ... ) 

~~':. { I:: 
VOLT.GI 

". 

".OU1vc •• ,_,J 
c ....... , .... Oc' 

~~=.r--h~-::--;h-l 
'-c~CJ+-, I _...1 

I, to be selecred that Ie r.achM 3 Adc before switch·off 

Case temperature of the power transistor. T C _ 250 C 

Tnt _Ition. of lh<o Collector·_ CI_ping Circuit: 

_...,.. __________ ,... ___ .... v ... , .... ... 
MDUCl'l'tl 

LOAD 

I,IA 

O.10,uF -_ .... _~_ .... -.:_ __ ..;..__'_4-_'_..;..__ .... , •• 

........ -... ......... ... 

Clamping device characteristics: 

.J.-f-
~f-

BU522 

BU522A 

BU5228 

V - 350 V (BU5221 ± 1 % I 20 A 
Z - 400 V lBU522A/BI at Z = m 

Clamping duration is around 4405 !lsec (BU5221 
!lsac (BU622A/BI 

t2 to be selected that IL reaches 
5· Adc before switch-off 

Case temperature of the power 
transistor: TC = 250 C. 

FIGURE 3 - S.O.A. TEST 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

• 

NPN DARLINGTON POWER TRANSISTORS 

These Darlington transistors are high voltage. high speed devices 
for horizontal deflection circuits in TV's and CRT's. 

• High Voltage: VCEV = 330 or 400 V 

• Fast Switching Speed: 
tc = 1.0 itS (maxI 

• Low Saturation Voltage: 
VCE(satl = 1.5 V (maxI 

• Packaged in JEDEC TO-220AB 

• Damper Diode VF is specified. 
VF = 2.0 V (maxI 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 
-Peak 

Emitter-Collector Diode Current 

Base Current 

Total Device Dissipation. TC = 25°C 
Derate above TC = 25°C 

Operating and Storage Junction 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case 

Thermal Resistance. Junction to Ambient 

Lead Temperature for Soldering Purposes. 
tlB" from Case for 5.0 Seconds 

Symbol 

VCEO 

VCEV 

VCBO 

VEBO 

IC 

IF 

IB 

Po 

TJ. 
Tstg 

BUeOe 

200 

400 

400 

6.0 

B.O 
15 

to 
2.0 

60 

----.., 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I ____ .1 

BUB07 

t50 

330 

330 

0.4B 

-65 to t50 

Symbol Max 

RSJC 2.08 

RSJA 70 

TL 275 

Unit 

Vdc 

Vdc 

Vdc 

Vdc 

Ado 

Adc 

Adc 

Watts 
W/oC 

°C 

Unit 

°C/W 

°C/W 

°C 

BU806 
BU807 

8.0 AMPERE 

DARLINGTON 
NPN POWER 

TRANSISTORS 
60 WATTS 

150 and 200 VOLTS 

NOTES, 
I. DIMENSIONING AND TOLERANCING PER ANSI 

V14.5M,II182. 
2. CON1'ftOl.UNG DIMENSION: INCH. 
3. DIM Z CEANES A ZONE WHERE All BODY AND 

LEAD MGUI.ARI11ES ARE ALLOWED. 

IIICIEI 
... MAX 

7i 0.510 0.620 
, 0.380 OAOS 

07 0.1 .1110 
.. 0, 

STYLEt: 
.., 1 
.80 11 0.1 

o 1 8 
1 ... O. 

1.1 O. 
0.1 .1 

5C ., 0.1 
11M 0.11 
1.15 0 

o 
'" 1.27 

tIS .. .... 
CASE 221A-04 

TO-220AB 

PIN 1. BASE 
2.COI.LECTOR 

"""""R 4.COI.l.fCTOR 

• 



BU806,· BU807 

ELECTRICAL CHARACTERISTICS (TC = 25°C unless otherwise noted) 

Characteristic I Symbol Min Typ Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage (1) ausos VCEO(sus) 200 - - Vde 
(lc = 100 mAde, la = 0) aUB07 150 - -

Collector Cutoff Current ICES - - 100 I'Ade 
(VCE = Rated Vcao, VaE = 0) 

Collector Cutoff Current ICEV - - 100 I'Adc 
(VCE = Rated VCEV, VaE(off) = S.O Vde) 

Emitter Cutoff Current lEBO - - 3.0 mAde 
(VEa = 6.0 Vde, IC = 0) 

ON CHARACTERISTICS (1) 

Collector-Emitter Saturation Voltage VCE(sat) - - 1.5 Vdc 
(lc = 5.0 Ade, la = 50 mAde) 

Base·Emitter Saturation Voltage VaE(sat) - - 2.4 Vde 
(IC = 5.0 Ade, la = 50 mAde) 

Emitter-Collector Diode Forward Voltage VF - - 2.0 Vdc 
(IF = 4.0 Ade) 

SWITCHING CHARACTERISTICS 

Turn-On Time (Resistive Load, VCC = 100 Vde, ton - 0.35 - I's 

.Storage Time IC = 5.0 Ade, lal = 50 mAde, ts - 0.55 - I's 

Fall Time la2 = 500 mAde) tf - 0.20 - I's 

Crossover Time te - 0.40 1.0 I's 
(IC = 5.0 Ade, lal = 50 mAde, VaE(off) = 4.0 Vde, 
Velamp = 200 Vde, L = 500 I'H) 

(11 Pulse Test: Pulse Width E;; 300 IlS, Duty Cycle:EO;; 1%. 

FIGURE I - DC CURRENT GAIN FIGURE Z - SAFE OPERATING AREA (FaSOA) 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

SWITCHMODE II· SERIES 
NPN SILICON. POWER TRANSISTORS 

The BUS36 and BUS37 transistors are designed for low voltage, 
high speed, power switching in inductive and resistive circuits where 
turn-off times. are critical. They are particularly suited for battery
operated Switchmode applications and driver applications such as : 

• Switching Regulators 

.• Inverters 

.' Solenoid and Relay Drivers 

• Motor Controls 

Fast Turn-Off Times 
60 ns Inductive F~II Time - 25°C (Typ) 

110 ns Inductive Crossover Time - 25°C (Typ) 

Operating Temperature Range - 65 to + 175°C 

100°C Performance Specified for: 
Reverse-Biased SOA with Inductive Loads 
Switching Times with Inductive Loads 
Saturation Voltages 
"Leakage Currents (125~C) 

MAXIMUM RATINGS 

Total Power Dissipation - .T C = 25°C 
. '-TC=·100OC 

Derate above 25°C 

Operating aria' Storag •. Junction 
Temperat"re Ran!J8 .' 

THERMAL CHARACTERISTICS 
" 

ClN!racterjatlc 

Thermal Resistance, 
Junction to C~se ". 
Maximum Lead Temperature 
for Soldering Purposes: 

lIS" from Case for 5 Seconds 

Symbol 

.RWC 

TL 

(1) Pulse Test: Pulse W,dth = 5 ms, Duty Cycle :Ii 10%. 

107 
53 

0.71 

- 65 to .'175 

Max 

1.4 

275 

3-440 

Adc 

Watts 

w/oe 

Unit 

"CfW 

°C 

BUS36 
BUS37 

12 AMPERES 

NPN SILICON 
POWER TRANSISTORS 

120 8< 150 VOLTS 
107 WATTS 

Deelgner'. Dats for 
"W_ C_" ConcItIans 

The Designers· Data Sheet penn it. the 
design of moat circuits entirely from 
the information presented. Limit data 
- representing device characteristics 
boundaries - are given to facilitate 
"worst case'" deSign. 

sm.£1: 

CASE 221A-04 
TO-22OAB 

l'1li1._ 

'''''''''''' .... ".. 
.""""'" 

• 



BUS36, BUS37 

ELECTRICAL CHARACTERISTICS (TC 25°C unless otherwise noted) 

Chllnlcterilltlc 

OFF CHARACTERISTICS 111 

Collector-Emitter Sustaining Voltage (Table 11 
(lC=50mA,IB=O) L=25mH BUS36 

BUS37 

Collector Cutoff Current 
(VCEV =Reted Value, VBE(off) = 1.5 Vdc) 
(VCEV =Reted Value, VBE(off) = 1.6 Vdc, TC = 125°C) 

CollectOr Cutoff Current 
BUS36: VCE =60 V 
BUS37 : VCE "= 75 V 

Emitter Ciltoff Current 
(VEB =6 Vdc, IC=OI 

Emitter-base breakdown Voltage 
(lE=50mA-lc=O) 

SECOND BREAKDOWN 

Second Breakdown Collector Current with Base Forward Biased 

Clamped Inductive SOli, with Base Reverse Biased 

ON CHARACTERISTICS (,) 

DC Current Gain 
IIC= 10 Adc, VCE =2 Vdc) 
(lc =0.5 Amp, VCE'''' 2 VI 

Collector-Emitter Saturation Voltage 
IIC=12 Amp,IB=I.2 Amp) 
(lC= 12 Amp,IB = 1.2 Amp, Tc= 100°C) 

Base-Emitter Saturation Voltage 
(lC = 12 Amp, IB = 1.2 Amp) 
(lC = 12 PImp, IB = 1.2 Amp, T c = 100°C) 

DYNAMIC CHARACTERISTICS 

Output Capecitance 
(VCB = 10 Vdc, IE =0, ftest = 100 khzl 

Current Gain - Bandwidth Product (2) 
(lC = 1.0 Adc, VCE = 10 Vdc, ftest = 1.0 MHz 

SWITCHING CHARACTERISTICS 
R8listive ....... (Teble 11 

DeleyTime 

Aise Time (VCC = 100 Vdc, IC = 12 A, 
IBI = 1.2 A, tp = 30ps, 

Storage Time Duty Cycle :s 2%, VBE(offl = 5 VI 
Fall Time 

Storage :nme 
(TC = 250CI 

Fall Time 
(lC(pkl = 12 A, 
IBI = 1.2 A, 

Storage Time VBE(offl = 6 V, 
(TC= l000 CI 

Fall Till'le VCE(cl1 = 100 VI 

.(11 Pulse Test: PW = 300 ps, Duty Cycle :s 2%. 

3-441 

Symbol 

VCEO(sus) 

ICEV 

ICEO 

lEBO 

BVEBO 

hFE 

VCE(sat) 

. 
VBE(sat) 

Cob 

iT 

ld 
tr 

to 
tf 

tsv 

tfi 

tsv 

tfi 

Min Typ Me. UnIt 

Vdc 
120 -
150 - -

mAde 
- - 0.1 
- - 1.0 

mAdc 
- - 0.05 . ..:. - 0.05 

mAdc 
0.1 

Ydc 
B.O 

See Figure 12 

See F jgure 13 

-
30 - -
50 - -

Vdc 
- - O.B 
- - 1.0 

Vdc 
- - I.B 
- - 1.8 

pF 
- - 300 

MHz 
30 - -

- 0.07 0.15 1'5 

- 0.15. 0.3 

- 0.5 1.0 

- 0.12 0.26 

- 0.5 - 1'" 

- 0.06 -
- 0.6 1.0 

- 0.15 0.30 



BUS36. BUS37 

DC CHARActERISTICS 

FIGURE 1 - DC CURRENT GAIN FIGURE 2 - COLLECTOR SATURATION REGION 
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FIGURE 6 - COLLECtOR CUTOFF Rf;GION 

10 2 

~ 10 1 

... 
~ a 10 
~ 

o 
I-

0 

~ lO-1 

f-- TJ'" +150oC 

I"-

g 
~10-

!-REVERSE 
2 

3 w
-0.2 -0.1 

y 
/. --
+lOQoe 

+25 DC /1--

/ 

FORWARO 

A --
+O.t to.2 +0.3 

VSE •. SASE·EMITTER VOL TAGE (VOLTS) 

-- I-- I--

VCE"50V-

"'0.4 +0.5 

2.0 

~ 
l.B 

0 1.6 
<= .. 1.4 

~ 1.2 
> 
~ In 
~ 
iii 0.8 

i 0.6 

~ 0.' 

0.2 I--

5000 

2000 

1000 

"" .. 500 u z 
;! 
~ 200 

~ 100 
U 

50 

20 

3-442 

II II 
TJ=2SOC .4 
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FIGURE 6 - CAPACITANCE 

0.5 

Cib 

~ 

10 
VR. REVERSE VOLTAGE (VOLTS) 

t-

20 

11111 
TJ=250C 

10 

50 70 

TJ=250C 

Cob 

50 100 



BUS36, BUS37 

TABLE I - TEST CONDITIONS FOR DYNAMIC PERFORMANCE 

"'111 -III 
:1:1 u ... 
!lEe 
u> 

VCEOC ..... 

JfW Varied 10 Att.in 

le· 1OOmA 

Leo •• = 80 mH Vee = 10 V 

"coi'" 0 7 n 

INDUCTIVE TEST CIRCUIT 

See AbOVe fOf 

OMalltld Condition' 

RBSOA AND INDUCTIVE SWITCHING 

leo,' ;80 ~H 
"COil· 0 05 n 
Vee' 20" 

Vclamp - 250 V 

A8 .dlusted 10 etta,n de"red 'a, 

OUTPUT WAVEFORMS 

'e l£?1\" C"m"d 

1--!1 tf~1 

VCft vc"[:: 
~mp 

T,m, 1-'1-1 

I, Adlusted to 

Obt.,n Ie 

., .. LCOIIOCpk' 

vee 

'2 "" LC;Ol,IICp.1 
V e1amp 

T." EqUIPment 
Scope - T.'Ufon,. 
4150' Equivalent 

RESISTIVE SWITCHING 

TURN ON TIME 
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obt •• n the forced 

hFE dft"N 
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Ule InductIve 'Wltch,ng 

drove' •• the input 10 

ttl. '"'U",'. tell Clley,'. 

Yee 250 v 
RL 8311 
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RESISTIVE TEST CIRCU,T 
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BUS36, BUS37 

SWITCHING TIMES NOTE 

In resistive switching circuits. rise. fall. and storage 
times have been defined and apply to both current and 
voltage waveforms since they are in phase. However. 
for inductive loads which are common to SWITCH MODE 
power supplies and hammer drivers. current and voltage 
waveforms Ire not in phase. Therefore. separate measure· 
ments must be made on each waveform to determi.ne 
the total switching time. For this reason. the following 
new terms have been defined. 

tsv a Voltage Storage Time. 90% IS1 to 10% Vclamp 
trw = Voltage Rise Time. 10-90% Vclamp 
tfi z Current Fall Time. 90-10% Ie 
tti = Current Tail. 10-2% Ic 
Ie = Crossover Time. 10% Vclamp to 10% IC 

An enlarged portion of the inductive switching waveforms 

is shown in Figure 7 to aid in the visuel identity olthese 
terms. 

For the designer. there is minimal switching loss 
during storage time arid the predominant switching 
power losses occur during the crossover interval and 
can be obtained using the standard equetion from AN-222: 

PSWT = 1/2 VCCIC(lelf 
In general. trv + tfi '" te. However. at lower test currents 
this relationship may not be valid. 

As is common with most switching transistors. resistive 
switching is specified at 250C and has become a bench
mark for designers. However. for designers of high 
frequency converter circuits. the user oriented specifica
tions which make this a "SWITCHMODE" transistor are 
the inductive switching speeds (Ie and ts~1 which are 
guaranteed at 1000C. 

INDUCTIVE SWITCHING 

j 
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BUS36, BUS37 

The S.f. Opannlng AnI. flguras shown In FlgurH 12 and 13 .ra 
_1fIed for th ... devlc:as uncia, the test conditions shown. 

FIGURE 12 - FORWARO BIAS sAFE OPERATING AREA .. 
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FIGURE 13 - REVERSE BIAS SAFE OPERATING AREA 
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SAFE OPERATING AREA INFORMATION 

FORWARD BIAS 
There are two limitations on the power handling ability 

of a transistor: average junction temperature and second 
breakdown. Safe operating area curves indicate IC-VCE 
limits of the transistor that must be observed for reliable 
operation; i.e., the transistor must not be subjected to 
greater disSipation than the curves indicate. 

The data of Figure 12 is based on TC = 250 C; TJ(pk) 
is variable depending on power level. Second breakdown 
pulse limits are valid for duty cycles to 10% but must be 

derated when TC ;;. 250 C. Second breakdown limitations 
do not derate the same as thermal limitations. Allowable 
current at the vohages shown on Figure 12 may be found 
at any case temperature by using the appropriate curve 
on Figure 14. 

T J(pk) may be calculated from the data in Figure 11. 
At high care temperatures, thermal limitations will reduce 
the power that can be handled to values less than the 
limitations imposed by second'breakdown. 

REVERSE BIAS 
For inductive loads, high voltage and high current 

must be sustained simultaneously during turn·off, in 
most cases, with the base to emitter junction reverse 
biased, Under these conditions the./ collector voltage 
must be held to a safe level at or below a specific value of 
collector current. This can be accomplished by seve I 
means such as active clamping" RC snubbing, load lin~ 
shaping, etc. The safe level for these devices is specif;~d 
as Reverse Bias Safe Operating Area and represents the 
voltage·current conditions during reverse biased turn.off. 
This rating is verified under clamped condition, SO that 
the device is never subjected to an avalanche mode. Figure 
13 gives RBSOA characteristics. 
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OVERLOAD CHARACTERISTICS 

FIGURE 16.,. RATED OVERLOAD SAFE OPERATING AREA 

(OLSOAI 

OLSOA 

OLSOA applies when maximum collector current is 
limited and known. A good·example is a circuit where an 
inductor is inserted between the transistor and the bus, 
which limits the rate of rise of collector current to a known 
value. If the transistor is then turned off within a spacified 
amount of time, the magnitude of collector current is also 
known. 

.. 
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Maximum allowable collector-emitter voltage versus 
collector current is plotted for several pulse widths. (Pulse 
width is defined as the time lag between thefaultcondition 
and the removal of base drive.) Storage time of the tran· 
sistor has been factored into the curve. Therefore, with 
bus voltage and maximum collector current known, 
Figure 16 defines the maximum time which can be allowed 
for fault detection and shutdown of base drive. 

OLSOA is measured in a common.IJase circuit 
(Figure 17) which allows precise definition of collector· 
emitter voltage and collector current. This is the same 
circuit that is used to measureforward.IJiassafeoperating 
area. 

FIGURE 17 - OVERLOAD SOA TEST CIRCUIT 

Notes: 

• VeE = Vee +VSE 

• Adjust pulsed current source 
for desired Ie, tp 



MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

SWITCHMODE II SERIES 
NPN SILICON POWER TRANSISTORS 

The BUS 45P transistor is designed for'high-voltage, high-speed, 

power switching in inductive circuits where fall time is critical. It is 

particularly suited for line-operated switchmode applications such as: 

• Switching Regulators 

• Inverters 
• Solenoid and Relay Drivers 

• Motor Controls 

• Deflection Circuits 
Fast Turn-Off Times 

1 QO ns Inductive Fall Time-25°C (Typ) 
150 ns Inductive Crossover Time-25°C (Typ) 
400 ns Inductive Storage Time-25°C (Typ) 

Operating Temperature Range - 65 to + 150°C 

100°C Performance Specified for: 
Reverse-Biased SOA with Inductive Loads 
Switching Times with Inductive Loads 
Saturation Voltages 
Leakage Currents 

MAXIMUM RATINGS 

Rating Symbol 

Collector-Emitter Voltage VCEO(sus) 

Collector-Emitter Voltage VCEV 

Emitter Base Voltage VEB 

Collector Current - Continuous IC 
- Peak(l) ICM 

Base Current - Continuous 'B 
- Peak(11 'BM 

Total Power Dissipation - TC = 25°C Po 
- TC = 100°C 

Derate above 25°C 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg 

THERMAL CHARACTERISTICS 

Charact .... tlc Symbol 

Thermal Resistance, Rwe 
Junction to Case 

Maximum Lead Temperature TL 
for Soldering Purposes: 

118" from Case for 5 Seconds 

BUS 45P 

450 

850 

6 

3 
5 

1,5 
3 

75 

-65to +150 

Max 

1.67 

275 

11! Pulse Test: Pulse W,dth = 5 ms, Duty Cycle :$ 10%, 

Unit 

Vdc 

Vdc 

Vdc 

Adc 

Adc 

Watts 

WloC 

°c 

Unit 

°C/w 

°c 

BUS4SP 

3 AMPERES 

NPN SILICON 
POWER TRANSISTORS 

450 VOLTS 
75 WATTS 

Designer'. Data for 
"Worat Ca •• " Conditions 

The Designers Data Sheet permits the 
design of most circuits entirely from 
the information presented. Limit data 
- representing device characteristics 
boundaries - are given to facilitate 
"worst case" design. 

smEl: 

., ,. 

. , , 

CASE 221A-04 
TO-22OAB 

PlNI.IIASE 
",ow"," 
I.EfIITllII 
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,BUS45P 

ELECTRICAL C,",ARACTERI$TlCS (TC = 25·C unless otherwise noted) 

C"racterlatlc 1 Symbol 

OFF CHARACTERISTICS (1) 

Collector-Emitter Sustaining Voltage (Table 1) 
(lC = 100 rnA, IB = 01 

Collector Cutoff Current 
(VCEV = 860 V, VBE(off) = 1.5 Vdc) 
(VCEV = 850 V, VBE(off) = 1.5 Vdc, TC = 100· C) 

Collector Cutoff Current 
(VC~ = 850 V, RBE = 500, TC = 100· C) 

Emitter Cutoff Current 
(VEB = 6.0 Vdc, IC = 0) 

ON CHARACteRISTICS (1 ) 

DC Current Gain 
(lC = 2 Adc; VCE = 5.0 Vdc) 

Collector-Emitter Saturation Voltage 
(lC = 2 Adc,JB = 0.5 Adc) 
(lC = 3 Aile; IB =.0.75 Adc) 
(lC = 2 Adc, IB ~·O.5 Adc, TC = 100· C) 

Base-Emitter Saturation Voltage· 
(lC = 2 Adc, IB = 0.5 Adc) 
(lC = 2 Adc,IB = 0.5 Adc, TC = 100'CI 

SWITCHING CHARACTERISTICS 
R •• latlve Load (Table 1) 

Delay Time 

Rise Time (VCC = 260 Adc, IC = 2 A, 
IBI = 0.6 Adc, tp = 30/Js, Storage Time 

Fall Time 
Duty Cycle ::ii 2%, VBE(off) = 5.0 Vdcl 

Inductive Load Clamped (Table 1) 

Storage Time 

Crossover Time (lC(pkl = 2 A, 
Fall Time IBI = 0.5 Adc, 

Storage Time VBE(off) = 5.0 Vdc, 

Crossover Time VCE(pkl = 250 V) 

Fall Time 

(11 Pulse Test: PW = 300 /JS, Duty Cycle ::ii 2 %. 

Pf=~ 
IB 

(TJ = 100· C) 

(TJ = 25° C) 

3-448 

VCEO(sus) 

ICEV 

ICER 

lEBO 

hFE 

VCE(sat) 

V8E(sat) 

td 

tr 

ts 

tf 

tsv 

tc 

tfi 

tsv 

tc 

tfi 

Min I· Typ Max Unit 

Vdc 
450 - -

mAdc 
- - 0.5 
- - 2.5 

- - 3.0 mAdc 

- - 1.0 mAdc 

6 - - -

Vdc 
- - 1.0 
- - 3.0 
- - 2.0 

Vdc 
- - 1.5 
- - 1.5 

- 0.03 0.05 /JS 

- 0.10 0.40 

- 0.40 1.50 

- 0.175 0.50 

0.70 2.0 /Js 

- 0.28 0.56 
- 0.15 0.35 

- 0.40 -
- 0.15 -
- 0.10 -



MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

SWITCHMODE II SERIES 
NPN SILICON POWER TRANSISTORS 

The BUS 46P transistor is designed for high-voltage, high-speed, 

power switching in inductive circuits where fall time is critical. It is 

particularly suited for line-operated switchmode applications such as: 

• Switching Regulators 

• Inverters 
• Solenoid and Relay Drivers 

• Motor Controls 

• Deflection Circuits 

Fast Turn-Off Times 
100 ns Inductive Fall Time- 25°C (Typ) 
150 ns Inductive Crossover Time-25°C (Typ) ":' 
400 ns Inductive Storage Time-25°C (Typ) 

Operating Temperature Range - 65 to + 150°C 

100°C Performance-Specified for: 
Reverse-Biased SOA with Inductive Loads 
Switching Times with Inductive Loads 
Saturation Voltages 
Leakage Currents 

MAXIMUM RATINGS 

Rating Symbol 

Collector-Emitter Voltage VCEO(sus) 

Collector-Emitter Voltage VCEV 

Emitter Sase Voltage VES 

Collector Current - Continuous IC 
- Peakl1' ICM 

Base Current - Continuous IS 
- Peak 11) ISM 

Total Power Dissipation - TC = 25°C Po 
- TC = 100°C 

Derate above 25°C 

Operating and Storage Junction TJ, Tstg 
Temperature Range 

THERMAL CHARACTERISTICS 

Charactaristic Symbol 

Thermal Resistance, RruC 
Junction to Case 

Maximum Lead Temperature TL 
for Soldering Purposes: 

118" from Case for 5 Seconds 

BUS 46P 

450 

850 

6 

5 
8 

2 
4 

80 

-65to +150 

Max 

1.56 

275 

11' Pulse Test: Pulse Width = 5 ms, Duty Cycle :iii 10%. 

3-449 

Unit 

Vdc 

Vdc 

Vdc 

Adc 

Adc 

Watts 

WloC 

°c 

Unit 

°CIW 

°c 

BUS46P 

5 AMPERES 

NPN SILICON 
POWER TRANSISTORS 

460 VOLTS 
BOWATTS 

Designer'. Data for 
"Worst Ca .... Condition. 

The Designers Data Sheet permits the 
design. of most circuits entirely from 
the information presented. Limit data 
- representing device characteristics 
boundaries - are given to facilitate 
"worst case" design. 
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BUS46P 

ELECTRICAL CHARACTERISTICS (Te = 25°C unless otherwise noted) 

Chllracterlatlc . Symbol 

OFF CHARACTERISTICS 111 

Collector-Emitter Sustaining Voltage ITable 11 
IIC = 100 mA, IB = 01 

Collector Cutoff Current 
IVCEV = B50 V, VBEloffl = 1.5 Vdcl 
IVCEV = 850 V, VElEloffi = 1.5 Vdc, TC = 100·C) 

Collector Cutoff Current 
IVCE = 850 V, RBE = 50 C, TC = 100·CI 

Emitter Cutoff Current 
IVEB = 8.0 Wc, IC = 01 

SECOND BREAKDOWN 

Second Breakdown Collector Current with Base Forward Biased 

Clamped Inductive SOA with Base Reverse Biased 

ON CHARACTERISnCS 11) 

DC Current Gain 
IIc = 3.0 Adc, VCE = 5.0 Vdcl 

Collector-Emitter Saturation Voltage 
IIC = 3.0 Adc, IB = 0.6 Adcl 
IIc = 5.0 Adc,IB = 1.0 Adcl 
IIc = 3.0 Adc, IB = 0.6 Adc, TC = 100·CI 

Base-Emitter Saturation Voltage 
IIC = 3.0 Adc, IB = 0.6 Adc) 
IIc = 3.0 Adc, IB = 0.6 Adc, TC = 100·C) 

DYNAMIC CHARACTERlsncs 

Output Capacitance 
IVCB = 10 Vdc, IE = 0, ftest = 100 Khz) 

SWITCHING CHARACTERISnCS 
Relhltlve Load (Table 1) 

Delay Time 

Rise Time IVCC = 250 Adc, IC = 3.0 Adc, 
IBI = 0.4 Adc, tp = 30 ps, Storage Time 

Fall Time 
Duty Cycle :iii 2%, VBEloff) = 5.0 Vdcl 

Inductive Load Clamped (Table 1) 

Storage Time 

Crossover Time IIClpkl = 3.0 A, 
Fall Time IBI = 0.4 Adc, 

Storage Time VBElolfl = 5.0 Vdc, 

Crossover Time VCElpk) = 250 V) 

Fall Time 

111 Pulse Test: PW = 300 ps, Duty Cycle :iii 2 %. 

PI =~ 
IB 

(TJ = 100·CI 

ITJ = 25·C) 

3-450 

VCEOlsusl 

ICEV 

ICER 

lEBO 

hFE 

VCElsat) 

VBElsat) 

td 

tr 

ts 

tl 

tsv 

tc 

tli 

tsv 

tc 

tfi 

Min Typ Max Unit 

Vdc 
450 - -

mAdc 
- - 0.5 
- - 2.5 

- - 3.0 mAdc 

- - 1.0 mAdc 

See Figure 1 2 

See Figure 1 3 

7.0 - - -

Vdc 
- - 1.0 
- - 3.0 
- - 2.0 

Vdc 
- - 1.5 
- - 1.5 

- 0.03 0.05 ps 

- 0.10 0.40 

- 0.40 1.50 

- 0.175 0.50 

- 0.70 2.0 ps 

- 0.28 0.50 

- 0.15 0.30 

- 0.40 -
- 0.15 -
- 0.10 -
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TYPICAL ELECTRICAL CHARACTERISTICS 

FIGURE 1 - DC CURRENT GAIN 
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TABLE 1 - TEST CONDITIONS FOR DYNAMIC PERFORMANCE 

VCEOlous) RBSOA AND INDUCTIVE SWITCHING RESISTIVE SWITCHING 

0.02.F 100 j+V-llV 

1 HP 2141 " 1 J2N6191 or Equlv 
PG. 

+ 20 " 
~-:51f 

10.F 
RBI ,TURN·ON TIME 

+10V>~01 
r:-. 

'8~: 20 t:jA en 0S"'L t Z. 
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Fr 
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PW V.ried to Att,in 500 u .. jndu~tjv. switch in, 

'C· ,OOmA .' 100 b-v 
driver as the input to 

':" the "".tiv. test Circuit. 
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SWITCHING TIMES NOTE 

In resistive switching circuits. rise. fall. and storage 
times have been defined and apply to both current and 
voltage waveforms since they are in phase. However. 
for inductive loads which are common to SWITCHMODE 
power supplies and hammer drivers. current and voltage 
waveforms are not in phase. Therefore. separate measure· 
ments must be made on each waveform to determine 
the total switching time. For this reason. the following 
new terms have been defined. 

tsv = Voltage Storage Time. 90% IS1 to 10% Vclamp 
trv = Voltage Rise Time. 10-90% Vclamp 
tfi = Current Fall Time. 90-10% IC 
tti = Current Tail. 10-2% IC 
tc = Crossover Time. 10% Vclamp to 10% IC 

An enlarged portion of the inductive switching waveforms 

is shown in Figure 7 to aid in the visual identity of these 
terms. 

For the designer. there is minimal switching loss 
during storage time and the predominant switching 
power losses occur during the crossover interval and 
can be obtained using the standard equation from AN·222: 

PSWT = 1/2 Vcclc1lclf 
In general. trv + tfi "" tc' However. at lower test currents 
this relationship may not be valid. 

As is common with most switching transistors. resistive 
switching is specified at 250 C and has become a bench
mark for designers. However. for designers of high 
frequency converter circuits. the user oriented specifica
tions which make this a "SWITCHMODE" transistor are 
the inductive switching speeds Itc and tsv) which are 
guaranteed at 1000C. 

INDUCTIVE SWITCHING 
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The Safa Operating Area figures shown in Figura. 12 and 13 are 
.pacIfIed for thasa devlcas 'ndar the t •• t conditions .hown. 

FIGURE 12 - MAXIMUM RATED FORWARD BIAS 
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SAFE OPERATING AREA INFORMATION 

FORWARD BIAS 
There are two limitations on the power handling ability 

of a transistor: average junction temperature and second 
breakdown. Safe operating area curves indicate IC-VCE 
limits of the transistor that must be observed for reliable 
operation; i.e., the transistor must not be subjected to 
greater dissipation than the curves indicate. 

The data of Figure 12 is based on TC = 250 C; TJ(pk) 
is variable depending on power level. Second breakdown 
pulse limits are valid for duty cycles to 10% but must be 

derated when TC ;;. 250 C. Second breakdown limitations 
do not derate the same as thermal lim itations. Allowable 
current at the voltages shown on Figure '12 may be found 
at any case temperature by using the appropriate curve 
on Figure 14. 

TJ(pk) may be calculated from the data in Figure 11. 
At high case temperatures, thermal limitations will reduce 
the power that can be handled to values less than the 
limitations imposed by second breakdown. 

REVERSE BIAS 
For inductive loads, high. voltage and high current 

must be sustained simultaneously during turn·off, in 
most cases, with the base to emitter junction reverse 
biased. Under these conditions the collector voltage 
must be held to a safe level at or below a specific value of 
collector current. This can be accomplished by several 
means such as active clamping, RC snUbbing, load line 
shaping, etc. The safe level for these devices is specified 

as Reverse Bias Safe Operating Area and represents the 
voltage-current conditions during reverse biased t~rn-off. 
This rating is verified under clamped conditions so that 
the device is never subjected to an avalanche mode. Figure 
13 gives R BSOA characteristics. 



MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

SWITCHMODE II· SERIES 
NPN SILICON POWER TRANSISTORS 

The BUS 47 and BUS 47 A transistors are designed for high
voltage, high-speed, power switching in inductive circuits where fall 
time is critical. They are particularly suited for line-operated switch
mode applications such as: 

• Switching Regulators 

• Inverters 
• Solenoid and Relay Drivers 

• Motor Controls 
• Deflection Circuits 
Fast Turn-Off Times 

... 

60 ns Inductive Fall TIme-25°C (Typl -= 
120 ns Inductive Crossover Time-25°C (Typl 

Operating Temperature Range -65 to +200oC 

100°C Performance Specified for: 
Reverse-Biased SOA with Inductive Loads 
Switching Times with Inductive Loads 
Saturation Voltages 
Leakage Currents (125°C) 

MAXIMUM RATINGS 

Rating Symbol BUS 47 BUS 47A 

Collector-Emitter Voltage VCEO(susl 450 450 

Collector-Emitter Voltage VCEV 850 1000 

Emitter Base Voltage VEB 7 

Collector Current - Continuous Ie 9 
- Pe.kll1 ICM 18 
- Ollerload 101 36 

Base Current - Continuous IB 5 
- Pe.kll) IBM 10 

Total Power Dissipation - T C = 250C Po 150 
- TC = 100°C 85.5 

Derate abov.e 25°C 0.86 

Operating and Storage Junction TJ, Tstg 
Temperature Range -65 to +200 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance, RruC 1.17 
Junction to Case 

Maximum Lead Temperature TL 275 
for Soldering Purposes: 

1/8" from Case for 5 Seconds 

I 11 Pulse Test: Pulse Width = 5 ms, Duty Cycle:S 10 %. 

3-455 

Unit 

Vdc 

Vdc 

Vdc 

Adc 

Adc 

Watts 

W/oC 

°C 

Unit 

°C/W 

OC 

BUS47 
BUS47A 

9 AMPERES 

NPNSILICON 
POWER TRANSISTORS 

400 AND 450 VDL TS IBVCEOI 
150 WATTS 

850 - 1000 V IBVCESI 

De8Igner's Data for 
"Worst Case" Conditions 

The Designers. Data Sheet permits the 
design of most circuits entirely from 
the information presented. Limit data 
- representing device characteristics 
boundaries - are given to facilitate 
"worst case" design. 

... 1. IAH 

NOTES 
1 O.MENSIDIG 0 AND V o\IIE DATUMS 
2 [IJISUATIIiIGPL ..... EAIIDOAYUM. 
3. POSITIONAL TOLERANCE FOil 

MOUNTING MOLE 0 

I. [e.UIO_e[T[V@[ 
FOItLEAOS 

I +1",3I1UIII&I@T I v@!(l@1 
'.O'.ENSIOIISAlilDTOLfltAIlCESPER 

AIII$lYIU.It73. 

1 RNTTEIt 
CAll COLLEmlll 

CASE 1-05 TO-3 TYPE 

• 



BUS47, BUS47A 

ELECTRICAL CHARACTERISTICS (TC - 25·C unless otherwise noted) -
." 

Characteristic 

OFF CHARACTERISTICS (1) 

Collector-Emitter Sustaining Volf8ge nable 1) 
BUS47 (lC=200 mA,lB =0) L=25 mH 
BUS47A 

Collector Cutoff Current 
(VCEV = Rated Value, VBE(olf) = 1.5 Vde) 
(VCEV -Rated Value, VBE(off) = 1.5 Vdc, TC = 125·C) 

Collector Cutoff Current 
TC= 25·C 

(VCE =Reted VCEV, RBE =10!1) 
TC=125·C 

Emitter Cutoff Current 
(VEB =5 Ydc,IC=O) 

Emitter-base breakdown Voltage 
(lE=50mA-lc=O) 

SECoND BREAKDOWN 

Second Breakdown Collector Current with Base forward Biased 

Clamped Inductive SOA with Base Reverse Biased 

ON CHARACTERISTICS (1) 

DC Current Gain 
(lC=6 Ade, VCE =5 Vde) 
(lC =5 Adc, VCE =5 V) 

Collector-Emitter Saturation Voltage 
(lC = 6 Adc, IB = 1.2 Adc) 
(lC =9 Adc, IB = 1.8 Adc) 
(lC =6 Adc, IB =; 1.2 Adc, TC = l00·C) 
(lC=5 Adc,IB =l.Adc) 
(lC =8 Adc, IB = 1.6 Adc) 
(lC =5 Adc, IB = 1 Adc, TC = l00·C) 

Base-Emitter Saturation Voltage 
(lC=6 Adc, IB =1.2 Adc) 
(lC=6 Adc, IS =1.2 Ade, TC=l00·C) 

(lC=5 Adc, IS =1 Adc) 
(lC=5 Adc, IS =1 Adc, TC=l00·C) 

DYNAMIC CHARACTERISTICS 

Output Capacitance 
(VCS = 10 Vdc, IE =0, f test = 100 Khz) 

SWITCHING CHARACTERISTICS 

Resistive Load (Table 11 

Delay Time 

Rise Time (VCC=250 Vdc,IC=6 A, 

BUS47 
BUS47A 

BUS47 

BUS47A 

SUS47 

BUS47A 

Storage Time ISl =1.2 A, t~=30 /lS, 
Duty Cycle , VSE(off) = 5 V) 

Fall Time 

Inductive Load Clamped (Table 1) 

Storage Time (lC(pk) =6A, SUS47 (TC=25·C) 
Fall Time ISl = 1.2 A, 

VSE(off) =5 V, 
Storage Time VCE(cl) = 250 V) 

Crossover Time IC(pk) =5 A BUS47A (TC = l00·C) 

Fall Time 
ISl =1 A 

111 Pulse Test: PW = 300 ps, Duty Cycle ;$ 2 'lb. 

3-456 

Symbol 

VCEO(sus) 

ICEV 

ICER 

lEBO 

BVEBO 

hFE 

VCE(satl 

VBE(sat) 

td 

tr 

ts 

tf 

tsv 

tfj 

tsv 

Ie 
tfi 

Min Typ Max Unit 

400 
Vdc 

450 - -
mAde 

- - 0.15 
- - 1.5 

0.4 
mAde 

- - 3.0 

mAde 
- - 0.1 

Vdc 
7.0 - -

See Figure 12 

See Figure 13 

7 - -

Vde 
- - 1.5 
- - 5.0 
- - 2.5 

- - 1.5 
- - 5.0 
- - 2.5 

Vdc 
- - 1.6 
- - 1.6 

- - 1.6 
- - 1.6 

- J 0.05 0.2 /lS 

- -.l 0.5 0.8 

- I 1 2.0 

- I 0.2 0.4 

- 0.9 - /lS 

- 0.06 -
- 1.0 2.5 

- 0.2 0.5 

- 0.1 0.3 



BUS47, BUS47A 

DC CHARACTERISTICS 
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TABLE 1 - TEST CONOITIONS FOR OVNAMIC PERFORMANCE 

VCEOlsusl RBSOA ANO INDUCTIVE SWITCHING RESISTIVE SWITCHING 
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SWITCHING TIMES NOTE 

In resistive switching circuits, rise, fall, and storage 
times have been defin~ and apply to both current and 
voltage waveforms since they are in phase. However, 
for inductive loads which are common to SWITCHMOOE 
power supplies and hammer drivers. current and voltage 
waveforms are not in phase. Therefore, separate measure
ments must be made on each waveform to determine 
the total switching time. For this reason. the following 
new terms have been defined. 

tsv = Voltage Storage Time, 90% 181 to 10% Vclamp 
trv = Voltage Rise Time. 10-90% Vclamp 
tfi = Current Fall Time. 90-10% IC 
tti = Current Tail, 10-2% IC 
tc = Crossover Time, 10% Vclamp to 10% IC 

An enlarged portion of the inductive switching waveforms 

is shown in Figure 7 to aid in the visual identity of these 
terms. 

For the designer, there is minimal switching loss 
during storage time and the predominant switching 
power losses occur during the crossover interval and 
can be obtained using the standard equation from AN-222: 

PSWT· 112 VCCICltclf 
In general, trv + tfi '" le. However. at lower test currents 
this relationship may not be valid. 

As is common with most switching transistors, resistive 
switching is specified at 250 C and has become a bench
mark for designers. However, for designers of high 
frequency converter circuits, the user oriented specifica
tions which make this a "SWITCHMOOE" transistor are 
the inductive switching speeds (tc and tsvl which are 
guaranteed at 1 OOOC. 

INDUCTIVE SWITCHING 
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BUS47. BUS47A 

The Sala Operating Area figures shown In Figures 12 and 13 are 
specified for thl!ae davie •• under thI! teat conditions ah_n. 
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SAFE OPERATING AREA INFORMATION 

FORWARD BIAS 
There are two limitations on the power handling ability 

of a transistor: average junction temperature and seCond 
breakdown. Safe operating area curves indicate IC- VCE 
limits of the transistor that must be observed for reliable 
operation; i.e., the transistor must not be subject.ed to 
greater dissipation than the curves indicate. 

The data of Figure 12 is based on TC = 250 C;TJ(pk) 
is variable depending on power level. S8(;ond breakdown 
pulse limits are valid for duty cycles to 10% but must be 
derated when T C ;;. 250 C. Second breakdown limitations 
do not derate the same as thermal limitations. Allowable 
current at the voltages shown on Figure 12 may be found 
at any case temperature by using the appropriate curve 
on Figure 14. 

T J(pk) may be calculated from the data in Figure 11. 
At high case temperatures, thermal limitations will reduce 
the power that can be handled to values less than the 
limitations imposed by second breakdown. 

REVERSE BIAS 
For inductive loads, high. voltage and high current 

must be sustained simultaneously during turn-off, in 
most cases, with the base to emitter junction reverse 
biased. Under these conditions the collector voltage 
must be held to a safe level at or below a specific value of 
collector current. This can be accomplished by several 
means such as active clamping, RC snubbing, load line 
shaping, etc. The safe level for these devices is specified 
as Reverse Bias Safe Operating Area and represents the 
voltage·current conditions during reverse biased t~rn-off. 
This rating is verified under clamped conditions so that 
the device is never subjected to an avalanche mode. Figure 
13 gives R BsOA characteristics. 
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FIGURE '1-THERMAL REIPONBE 
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OLSOA 

o lSOA applies when maximum collector current is 
limited and known. A good example is a circuit where an 
inductor is inserted between the transistor and the bus. 
which limits the rate of rise of collector current to a known 
value. If the transistor is then turned off within a specified 
amount of time, the magnitude of collector current is also 
known. 

Maximum allowable collector·emitter voltage versus 
collector current is plotted for several pulse widths. (Pulse 
width is defined as the time lag between thefaultcondition 
and the removal of base drive.) Storage time of the tran· 
sistor has been factored into the curve. Therefore, with 
bus voltage and maximum collector current known, 
Figure 16 defines the maximum time which can be allowed 
for fault detection and shutdown of base drive. 

OlSOA is measured in a common-base circuit 
(Figure 17) which allows precise definition of collector
emitter voltage and collector current. This is the same 
circuit that is used to measure forward-bias safe operating 
area. 

FIGlI'RE 17 ., OVERLOAD SOA TEST CIRCUIT 

Not .. : 

• VCE=VCC+VBE 

• Adjust pulsed current source 
for desired I C, tp 



MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

SWITCH MODE II· SERIES 
NPNSILICONPOWER TRANSISTORS 

The BUS 47P/BUS 47AP transistors are designed for high
voltage, high-speed, power switching in inductive circuits where fall 
time is critical. They are particularly suited for line-operated switch
mode applications such as: 

• Switching Regulators 

• Inverters 
• Solenoid and Relay Drivers 

• Motor Controls 
• Deflection Circuits 
Fast Turn-Off Times 

60 ns Inductive Fall Time-25DC (Typ) -= 
120 ns Inductive Crossover Time-25DC (Typ) 

Operating Temperature Range - 65 to + 175DC 
1 OODC Performance Specified for: 

Reverse-Biased SOA with Inductive Loads 
Switching Times with Inductive Loads 
Saturation Voltages 
Leakage Currents (125 DC) 

MAXIMUM RATINGS 

Rating Symbol BUS47P BUS47AP 

Collector-Emitter Voltage 

Collector-Emitter Voltage 

Emitter Base Voltage 

Collector Current - Contin'uous 
- Peak III 
- Overload 

Base Current .:.... Continuous 
- Peakll) 

Total Power Dissipat.ion - T C ~ 25°C 
. - TC = 100°C 

Derate above 25°C 

Operating and Storage Junction 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, 
Junction to Case 

Maximum Lead Temperature 
for Soldering Purposes: 

1/8" from Case for 5 Seconds 

VCEOlsus) 

VCEV 

VE8 

IC 
ICM 

IB 
IBM 

Po 

TJ, Tstg 

Symbol 

RWC 

TL 

400 450 

850 1000 

7 

9 
18 
36 

5 
10 

128 
64.5 
0,86 

-65 to + 175 

Max 

1.17 

275 

(1) Pulse Test: Pulse Width = 5 ms, Duty Cycle ::i 10%. 
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Unit 

Vdc 

Vdc 

Vdc 

Adi: 

Adc 

Watts 

W/oC 

°c 

Unit 

°C/W 

·C 

BUS47P 
BUS47AP 

9 AMPERES 

. NPN SI LICON 
POWER TRANSISTORS 

400 AND 450 VOLTS iBVCEO) 

DIM 

H 

128 WATTS 
850 - 1000 V IBVCES) 

STYLE 1: 
1. BASE 
2. COLLECTOR 
3. EMITTER 
4. COLLECTOR 

MILLIMETERS INCHES 
MIN MAX MIN MAX 

20.32 21.08 0.800 0.830 
15.49 15.90 0.610 0.626 
4.19 5.08 0.165 0.200' 
1.02 1.65 0.040 0.065 
1.35 1.65 0.053 0.065 
5.21 5.72 0.205 0.225 
2.41 3.20 0.095 0.126 
0.38 0.64 0.D15 0.025 

12.70 15.49 0.500 0.610 
15.88 16.51 0.625 0.650 
12.19 12.70 0.480 0.500 
3.94 4.19 0.155 0.165 

CASE 340-01 
TO·218AC 

• 
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ELECTRICAL CHARACTERISTICS (Te = 25°e unless otherwise noted) 

Characteristic 

DFF CHARACTERISTICS (11 

Collector-Emitter Sustaining Voltage (Table 11 
SUS47P (lC = 200 mA,lS =01 L=25 mH 
SUS47AP 

Collector Cutoff Current 
(VCEV = Rated Value, VSE(off) = 1.5 Vdel 
(VCEV = Rated Value, VSE(off) =1.5 Vdc, TC=125OCI 

Collector Cutoff Current 
TC= 25°C (VCE = Rated VCEV, RSE = 10 {1) 
TC = 125°C 

Emitter Cutoff Current 
(VEs=5Vde,lc=01 

Emitter-base breakdown Voltage 
(IE =50 mA -IC=OI 

SECOND BREAKDOWN 

Second Breakdown Collector Current with Base Forward Biased 

Clamped Inductive SOA with Base Reverse Siased 

ON CHARACTERISTICS (11 

DC Current Gain 
(lC=6 Ade, VCE =5 Vdel 
(lC=5 Ade, VCE =5 VI 

CollectQr~Emitter Saturation Voltage 
(lc=6Ade,ls=1.2 Adel 
(lC =9 Ade, IS = 1.S Adel 
(lC=6 Ade,ls =1.2 Ade, TC=loo·CI 
(lC =5 Ade, IS = 1 Adel 
(lC =8 Ade, IS = 1.6 Adel 
(lC =5 Ade,ls = 1 Ade, TC=loooCI 

Sase-Emitter Saturation Voltage 
(lC=6 Ade,IB = 1.2 Adel 
(lC=6 Ade, IS ~1.2 Ade, TC=loooCI 

(lc=5Ade,ls=1 Adel 
(lC=5 Ade,lS = 1 Ade, TC= lOOoCI 

DYNAMIC CHARACTERISTICS 

Output Capacitance 
(VCS = 10 Vde, IE =0, ftest = 100 Khzl 

SWITCHING CHARACTERISTICS 

Reslstl •• Load (Tobie 11 

DelavTime 

Rise Time .(Vcc=250Vde,lc =6 A, 

SUS47P 
SUS47AP 

SUS47P 

BUS47AP 

SUS47P 

SUS47AP 

Storage Time 
lSI = 1.2 A, tp ,;,30 !.!s, 
Duty CveleS2%,VSE(offl =5 VI 

Fall Time 

Inductive Load, Clamped (T." 11 

Storage"Time (lC(pkf= 6A, (TC=25OCI SUS47P 
Fall Time lSI =1.2 A, 

Storage Time VSE(offl =5 V, 
VCE(ell =250 VI 

Crossover Time IC(pkl =5 A SUS47AP 
(TC=loooCI 

...£~T~,!,e 
lSI =1 A 

(11 Pulse Test: PW = 300 !,S, Dutv Cvcle ~ 2 %. 

Symbol 

VCEO(susl 

ICEV 

ICER 

IESO 

BVEBO 

hFE 

VCE(sati 

VSE(satl 

Cob 

td 
tr 

t, 

tf 

tsv 

tfi 

tsv 

te 

tfi 
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Min Typ Max Unit 

400 Vde 

450 - -

mAde 
- - 0.15 
- - 1.5 

0.4 
mAde 

- - 3.0 

mAde 
- - 0.1 

Vde 
7.0 - -

See Figure 12 

See Figure 13 

7 - -

Vde 
- - 1.5 
- - 5.0 
- - 2.5 
- - 1.5 
- - 5.0 
- - 2.5 

Vde 
- - 1.6 
- - 1.6 

- - 1.6 
- - 1.6 

- - 300 
pF 

- 0.05 0.2 !.!s 

- 0.5 0.8 

- 1 2.0 

- 0.2 0.4 

- 0.9 - !.!s 

- 0.06 -
- 1.0 2.5 

- 0.2 0.5 

- 0.1 0.3 
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DC CHARACTERISTICS 
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UJ 
Z 
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TABLE 1 - TEST CONDITIONS FOR DYNAMIC PERFORMANCE 

RBSOA AND INDUCTIVE SWITCHING 

Lcoit " 180,.H 

"cOil" DOS n 
Vee = 20" 

Vclamp - 250 V 
AS .d,ulted to en.in desired IS1 

INDUCTIVE TEST CIRCUIT OUTPUT WAVEFORMS 
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Use inductive Iwitchin, 
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SWITCHING TIMES NOTE 

In resistive switching circuits, rise, fall,' and storage 
times have been defined and apply to both current and 
voltage waveforms since they are in phase. However, 
for inductive loads which are common to SWITCHMODE 
power supplies and hammer drivers, current and voltage 
waveforms are not in phase. Therefore, separate measure· 
ments must be made on each waveform to determine 
the total switching time. For this reason, the following 
new terms have been defined. 

tsv = Voltage Storage Time, 90% 181 to 10% Vclamp 
trY = Voltage Rise Time, 10-90% Vclamp 
tfi = Current Fall Time: 90-10% IC 
tti = Current Tail, 10-2% IC 
tc = Crossover Time, 10% Vclamp to 10% IC 

An enlarged portion of the inductive switching waveforms 

is shown in Figure 7 to .aid in the visual identity of these 
terms. 

For the designer, there is minimal switching loss 
during storage time and the predominant switching 
power losses occur during the crossover interval and 
can be obtained using the standard equation from AN·222: 

PSWT = 1/2 VCClc1tclf 
In general, trv + tfi "" tc' However, at lower test currents 
this relationship may not be valid. 

As is common with most switching transistors, resistive 
swilching is specified at 250C and has become a bench· 
mark for designers. However, for designers of high 
frequency· converter circuits, the user oriented specifica· 
tions which make this a "SWITCHMODE" transistor are 
the inductive switching speeds It.c and tsvl which are 
guaranteed at l000C. 

INDUCTIVE SWITCHING 
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The Set. Operating Area figures shown In figures 12 and 13 .re 
_1fIed for lhasa devices under the _ cancRtlans shown. 
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SAFE OPERATING AREA INFORMATION 

FORWARD BIAS 
There are two limitations on the power handling ability 

of a transistor: average junction temperature and second 
breakdown. Safe operating area curves indicate IC-VCE 
limits of the transistor that must be observed for reliable 
operation; i.e., the transistor must not be subjected to 
greater dissipation than the curves indicate. 

The data of Figure 12 is based on TC = 250 C;TJ(pkl 
is variable depending on power level. Second breakdown 
pulse limits are valid for duty cycles to 10% but must.be 
derated when T C ;;.. 250 C. Second breakdown limitations 
do not derate the same as thermal limitations. Allowable 
current at the voltages shown on Figure 12 may be found 
at any case temperature by using the appropriate curve 
on Figure 14. 

T J(pkl may be calculated from the data in Figure 11. 
At high case temperatures, thermal limitations will reduce 
the power that can be handled to values less than the 
I imitations imposed by .second breakdown. 

REVERSE BIAS 
For inductive loads, high. voltage and high current 

must be sustained simultaneously during turn·off, in 
most cases, with the base to emitter junction reverse 
biased. Under these conditions the collector voltage 
must be held to a safe level at or below a specific value of 
collector current. This can be accomplished by several 
means such as active clamping, RC snubbing, load line 
shaping, etc. The safe level for these devices is specified 

as Reverse Bias Safe Operating Area and represents the 
voltage·current conditiOns during reverse biased turn·off. 
This rating is verified under clamped conditions so that 
the device is never subjected to an avalanche mode. Figure 
13 gives R BSOA characteristics. 
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OlSOA applies when maximum collector current is 
limited and known. A good example is a circuit where an 
inductor is inserted between the transistor and the bus, 
which limits the rate of rise of collector current to a known 
value. If the transistor is then turned off within a specified 
amount of time, the magnitude of collector current is also 
known. 
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Maximum allowable collector·emitter voltage versus 
collector current is plotted for several pulse widths. (Pulse 
width is defined as the time lag between thefaultcondition 
and the removal of base drive.) Storage time of the tran· 
sistor has been factored into the curve. Therefore, with 
bus voltage and maximum collector current known, 
Figure16 defines the maximum time which can be allowed 
for fault detection and shutdown of base drive. 

OlSOA is measured in a common·base circuit 
(Figure 17) which allows precise definition of collector· 
emitter voltage and collector current. This is the same 
circuit that is used to measure forward-bias safe operating 
area. 

FIGURE 17 - OVERLOAD SOA TEST CIRCUIT 

Notes: 

• VCE=VCC+VBE 

• Adjust pulsed current source 
for desired Ie, tp 
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- SEMICONDUCTOR 

TECHNICAL DATA 

SWITCHMODE II· SERIES 
NPN SILICON POWER TRANSISTORS 

The BUS 48 and BUS 48A transistors are designed for high
voltage, high-speed, power switching in inductive circuits where fall 
time is critical. They are particularly suited for line-operated switch
mode applications such as: 

• Switching Regulators 

• Inverters 
• Solenoid and Relay Drivers 

• Motor Controls 
• Deflection Circuits 
Fast Turn-Off Times 

60 ns Inductive Fall Time-25°C (Typ) -= 
120 ns Inductive Crossover Time-25°C (Typ) 

Operating Temperature Range -65 to +2DDoC 

100°C Performance Specified for: 
Reverse-Biased SOA with Inductive loads 
Switching Times with Inductive loads 
Saturation Voltages 
leakage Currents (125°C) 

MAXIMUM RATINGS 

Rating Symbol BUS 4B BUS4BA 

Collector·Emitter Voltage VCEDlsusl 400 450 

Collector-Emitter Voltage VCEV S50 1000 

Emitter Base Voltage VEB 7 

Collector Current - Continuous IC 15 
- Peak(1) ICM 30 
- Overload IOL 60 

Base Current - Continuous IB 5 
- Peakl1) IBM 20 

Total Power Dissipation - T C = 25°C Po 175 
- TC = 100°C 100 

Derate above 25°C 1.0 

Operating and Storage Junction TJ, Tstg 
Temperature Range -65 to +200 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance, RruC 1.0 
Junction to Case 

Maximum Lead Temperature TL 275 
for Soldering Purposes: 

1 IS" from Case for 5 Seconds 

I 1) Pulse Test: Pulse Width = 5 ms, Duty Cycle :5i 10 %. 

3-469 

Unit 

Vdc 

Vdc 

Vdc 

Adc 

Adc 

Watts 

WloC 

°C 

Unit 

°CIW 

°c 

BUS48 
BUS48A 

15 AMPERES 

NPNSILICON 
POWER TRANSISTORS 
400 and 450 VOLTS IBVCEO) 
850 - 1000 VOLTS IBVCES) 

175 WATTS 

Designer's Data for 
"Worst Case" Conditions 

The Designers· Data Sheet permits the 
design of most circuits entirely from 
the information presented. Limit data 
- representing device characteristics 
boundaries - are given to facilitate 
"worstcase" design. 
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ELECTRlCAL CHARACTERISTICS (TC = 25·C unless otherwise noted I 

Characteristic 

OFF CHARACTERISTICS (1) 

Coliector·Emitw·Sustaining'Voitage ITabie 1) 
BUS48 IIc=200mA,IB=OI L=25mH 
BUS48A 

Collector Cutoff Current 
IVCEV = Rated Value, VBElof!l = 1.5 Vdel 
IVCEV = Rated Value, VBEloffl = 1.5 Vde, TC = 125·CI 

Collector Cutoff Currant 
TC= 25·C 

IVCE = Rated VCEV, RBE = 10 nl TC=125·C 

Emitter Cutoff Current 
IVEB =5 Vdc,IC =01 

Emitter·base breakdown Voltage 
liE =50 rnA - 1(:=01 

SECOND BREAKDOWN 

Second Breakdown Collector Current with Base Forward Biased 

Clamped Inductive SOA with Base Reva"e Biased 

ON CHARACTERISTICS 111 

DC Currant Gain 
IIc = 10 Adc, VCE =5 Vdel 
IIc= SAde, VCE=5VI 

Coliactor·Emitter Saturation Voltage 
IIC=10 Ade,IB =2 Adel 
IIC=15 Ade,IB =3Adcl 
IIC= 10 Ade, IB =2 Ade. TC=l00·CI 
lIe= S Adc,lB =1.6 Adel 
lIe=12 Ade,IB =2.4 Adcl 
lIe= SAde,IB=1.6Adc,TC=100·CI 

Basa·Emitter Saturation Voltage 
lIe=10 Adc,lB =2,Adcl 
IIC= 10 Adc,IB =2 Nlc, TC= l00·CI 
IIC= S Adc,IB =1.6Adcl 
IIC= SAde,IB=1.6Adc,TC=100·CI 

DYNAMIC CHARACTERISTICS 

Output Capacitance 
IVCB = 10 Vde, IE =0, ftast = 100 Khzl 

SWITCHING CHARACTERISTICS 

R_iva laIId IT ..... 11 

Delay Time 

BUS48 
BUS48A 

BUS48 

BUS48A 

BUS48 

BUS48A 

Rise Time IVCC=250 Vde,lc= 10 A, 

Storage Time 
ISl =2.0 A, tp=30IlS, 

Duty Cyela < 2% , VBEloffl =5 VI 
Fall Tima 

Inductive Lom, Clamped ITable') 

Storage Time ITC=25·CI 

Fall Time IIClpkl=10 A, 

Storage Time 
ISl =2.0 A, 
VSElof!l =5 V, 

Crossover Time VCElcll = 250 VI ITC=l00·CI 

Fall Time 

111 Pulse Test: PW = 300 ps, Duty Cycle :iii' 2 %. 

Symbol 

VCEOlsusl 

ICEV 

ICER 

lEBO 

BVEBO 

hFE 

VCElsatl 

VBElsatl 

fd 
tr 

to 
tf 

tsv 
tfi . 

tSY 

to 
tfi 

3-470 

Min 

400 
450 

-
-

-

-
7.0 

S 

-
--
-
-
-
-
-
-
-

-
-
-
-

-
-
-
-
-

Typ 

-

-
-

-

-

-

See Figure 12 

See Figure 13 

-

--
-
-
-
-
-
-
-
-

0.1 

0.4 

1.3 

0.2 

1.3 

0.06 

1.5 

0.3 

0.17 

Max Unit 

Vde 
-

mAde 
0.2 
2.0 

0.5 
mAde 

3.0 

mAde 
0.1 

Vde 
-

-
Vde 

1.5 
5.0 
2.0 
1.5 
5.0 
2.0 

Vdc 
1.6 
1.6 
1.6 
1.6 

0.2 PI 

0.7 

2.0 

0.4 

- jlS 

-
2.5 

0.6 

0.35 
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DC CHARACTERISTICS 

FIGURE 1 - DC CURRENT GAIN 
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TABLE I - TEST CONDITIONS FOR DYNAMIC PERFORMANCE 
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SWITCHING TIMES NOTE 

In resistive switching circuits, rise, fall, and storage 
times have been defined and apply to both current and 
voltage waveforms since they are in phase. However, 
for inductive loads which are common to SWITCH MODE 
power supplies and hammer drivers, current and voltage 
waveforms are not in phase. Therefore, separate measure· 
ments must be made on each waveform to determine 
the total switching time. For this reason, the following 
new terms have been defined. 

tsv s Voltage Storage Time, 90% 181 to 10% Vclamp 
trv = Voltage Rise Time, 10-90% Vclamp 
tfi = Current Fall Time, 90-10% IC 
tti = Current Tail, 10-2% IC 
tc = Crossover Time, 10% Vclamp to 10% IC 

An enlarged portion of the inductive switching waveforms 

is shown in Figure 7 to aid in the visual identity of these 
terms. 

For the designer, there is minimal switching loss 
during storage time and the predominant switching 
power losses occur during the crossover interval and 
can be obtained using the standard equation from AN·222: 

PSWT = 1/2 Vcclc11clf 
In general, trv + tfi .. tc' However, at lower test c:urrents 
this relationship may not be valid. 

As is common with most switching transistors, resistive 
switching is specified at 250C and has become a bench
mark for designers. However, for designers of high 
frequency converter cirC:Uits, the user oriented specifica
tions which make this a "SWITCHMODE" transistor .re 
the inductive switching speeds Itc and tsvl which .r. 
guaranteed at 1000C. 

INDUCTIVE SWITCHING 
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SAFE OPERATING AREA INFORMATION 
The Set. Operating Area figures shown in Figures 12 and 13 ere 
specified for theee devicu under the test concltlona shown. 
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FORWARD BIAS 
There are two limitations on the power handling ability 

of a transistor: average junction temperature and second 
breakdown. Safe operating area curves indicate IC-VCE 
limits of the transistor that must be observed for reliable 
operation; i.e., the transistor must not be subjected to 
greater dissipation than the curves indicate .. 

The data of Figure 12 is based on TC = 250 C; TJ(pk) 
is variable depending on power level. Second breakdown 
pulse limits are valid for duty cycles to 10% but must be 
derated when TC;;a. 250 C. Second breakdown limitations 
do not derate the same as thermal limitations. Allowable 

Jill current at the voltages shown on Figure 12 may be found 
at. any case temperature by using the appropriate curve 
on Figure 14. 

T Jlpk) may be calculated from the data in Figure II. 
At high case temperatures, thermal limitations will reduce 

10 20 50 100 200 5110 1lI0II the power that can be handled to values less than the 
veE. COLLECTOR-EMITTER VOLTAGE (VOLTS) 

FIGURE 13 - REVERSE BIAS SAFE OPERATING AREA 
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FIGURE 14 - POWER DERATING 

limitations imposed by second breakdown. 

REVERSE BIAS 
For inductive loads, high. voltage and high current 

must be sustained simultaneously during turn·off, in 
most cases, with the base to emitter junction reverse 
biased. Under these conditions the collector voltage 
must be held to a safe level at or below a specific value of 
collector current. This can be accomplished by several 
means such as active clamping, RC snubbing, load line 
shaping, etc. The safe level for these devices is specified 
as Reverse Bias Safe Operating Area and represents the 
voltage·current conditions during reverse biased t~rn·off. 
This rating is verified under clamped conditions so that 
the device is never subjected to an avalanche mode. Figure 
13 gives R BSOA characteristics. 

100 
~ 

"- .......... ..... SECOND BREAKDD~_ 

""-
f---

- THERMAL f--.... DERATING 

DERATING 

'" t---.... 
~ "" r-... 

"-

'" 0 

"" 0 IS 
4D 80 120 160 200 

TC. CASE TEMPERATURE lOCI 

3-474 



BUS48, BUS48A 

FIGURE 15 - THERMAL RESPONSE 
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OVERLOAD CHARACTERISTICS 

fiGURE 16 - RATED OVERLOAD SAFE OPERATING AREA 
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OLSOA 

OLSOA applies when maximum collector current is 
limited and known. A good example is a circuit where an 
inductor is inserted between the transistor and the bus, 
which limits the rate of rise of collector current to a known 
value. If the transistor is then turned off within a specified 
amount of time, the magnitude of collector current is also 
known. 

Maximum allowable collector·emitter voltage versus 
collector current is plotted for several pulse widths. (Pulse 
width is defined as the time lag between thefaultcondition 
and the removal of base drive.) Storage time of the tran
sistor has been factored into. the curve. Therefore, with 
bus voltage and maximum collector current known, 
Figure 16 defines the maximum time which can be allowed 
for fault detection and shutdown of base drive. 

OlSOA is measured in a common·base circuit 
(Figure 18) which allows precise definition of collector
emitter voltage and collector. current. This is the same 
circuit that is used to measure forward-biassafe operating 
area. 

FIGURE 18 - OVERLOAD SOA TEST CIRCUIT 

Notes: 

• VCE=VCC+VSE 
• Adjust pulsed current source 

for desired Ie. tp 



MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

SWITCHMOD~ ·11· SERIES 
NPN SILICON POWER TRANSISTORS 

The BUS 48P/BUS 48AP transistors are designed for high
voltage, high-speed, Power switching in inductive circuits where fall 
time is critical. They lire particularly suited for line-operated switch
mode appliCations such as: 

• Switching Regulators 

• Inverters 
• SOlenoid \lnd Relay Drivers 

• Motor Controls 
• Deflection Circuits 
Fast Turn-Off Times 

60 ns,lnductive Fall Time-25°C (Typ)· 
120 ns. Inductiva Crossover Time-25°C (Typl 

Operating Temperature Range -65 to + 175°C 
100°C Performance Specified for: 

Reverse-Biased SOA with Inductive Loads 
Switching Times with Inductive Loads 
Saturation Voltages 
Leakage Currents '(125 QC) 

MAXIMUM RATINGS 

RatIng Symb!JI BUS48P BUS48AP 

Collector-Emitter Voltage VCEO(sus) 400 450 

Collector-Emitter Voltage VCEV 850 1000 

Emitter Base Voltage VEa 7 

Collector Current ,,: :;::~I~rou, IC 15 
ICM 30 

- Overload 101 60 

Base Current -. Continuous }a 5 
- Peakll} laM 20 

Total Power Dissipation - T C = 250C Po 150 
- TC = 100DC 75 

Derate above 250C 1.0 

Operating and Storage Junction TJ, Tstg 
Temperature Range -65 to +'175 

THERMAL CHARACTERISTICS 

Characteristic Symbol Mex 

Thermal Resistance, RruC 1.0 
Junction to Case 

Maximum Lead Temperature TL 275 
for Soldaring Purposes: 

1/8" from Case for 5 Seconds 

(I) Pulse Test: Pulse Width = 5 ms, Duty Cycle S 10%. 

3-476 

Unit 

Vdc 

Vdc 

Vdc 

Adc 

Adc 

Watts 

WI DC 

OC 

Unit 

DC/W 

·C 

BUS48P 
BUS48AP 

15 AMPERES 

NPNSILICON 
POWER TRANSISTORS 
400 and 4&0 VOLTS IBVCEO) 
8&0 - 1000 VOLTS IBVCES) 

OIM 
A 

o 

H 

N 
o 

150 WATTS 

K 

--~ 
GJ.=l-D 

STYLE 1: 
1. SASE 
2. COLLECTOR 
3. EMITTER 
4. COllECTOR 

MILLIMETERS INCHES 
MIN MAX MIN MAX 

20.32 nos O.SOO 0.S30 
15.49 15.90 0.610 0.628 
4.19 .5.0S 0.165 0.200 
1.02 1.65 0.040 0.065 
1.35 1.65 0.053 0.065 
5.21 5.12 0.205 0.225 
2.41 3.20 0.095 0.126 
0.3S 0.64 0.015 0.025 

12.70 15.49 0.500 0.610 
15.S8 16.51 0.625 0.650 
12.19 12.70 0.480 0.500 
3.94 4.19 0.155 0.165 

CASE 34D-Ol 
TO-21BAC 

• 
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ELECTRICAL CHARACTERISTICS (TC = 25°C unless otherwise noted) 

Characteristic 

OFF CHARACTERISTICS (1) 

Coliector·Emitter SU$Ulining Vol~ c:roble 11 
BUS48P flC=200mA,IB=OI Lco25mH 
BUS48AP 

Collector Cutoff Current 
IVCEV =Ratad Value, VBE(offl = 1.5 Vdel 
(VCEV =Ratad Value, VBE(offl = 1.5 Vde, TC = 125°CI 

Collector Cutoff Current 
TC = 25°C (VCE =Ratad VCEV, RBE = 10 01 
TC = 125°C 

Emitter Cutoff Currant 
(VEB =5 Vde,IC =01 

Emitter·base breakdown Voltage 
(lE=50mA-lc=OI 

SECOND BREAKDOWN 

Second Breakdown Collector Current with Base Forward Biased 

I Clamped Inductive SOA with Base Reverse Biased 

ON CHARACTERISTICS (11 

DC Current Gain 
(lC = 10 Ade, VCE =5 Vde) 
(lC= 8Ade,VCE=5V) 

Collector-Emitter Saturation Voltage 
flC=10 Ade,lB =2 Ade) 
flC = 15 Ade,IB =3 Adcl 
flC= 10 Ade,lB =2 Ade, TC= l000 CI 
flC= 8 Ade,lB =1.6 Adel 
flC=12 Ade,lB =2.4 Adcl 

8 Ade,IB =1.6 Ade, TC=l00oCI flC= 
Base-Emitter SaturatiGn Voltage 

flc = 10 Ade, IS =2 Adel 
(lC= 10 Ade,ls =2 Adc, TC=I00oC) 
(lC= 8 Ade, IS = 1.6 Adel 
(lC= 8Ade,Is = 1.6 Ade, TC=100oC) 

DVNAMIC CHARACTERISTICS 

Output Capacitance 
(VCS = 10 Vde, IE =0, I test = 100 Khz) 

SWITCHING CHARACTERISTICS 

Reeiotive Load (Tobie 11 

Delay Time 

Rise Time 
(Vee =250 Vde,lc=10 A, 
lSI =2.0 A, tp =30 1'5, 

BUS48 
BUS48A 

BUS48P 

BUS48AP 

BUS48P 

SUS48AP 

Storage Time Duty Cycle 2 , VSE(offl = 5 VI 
Fall Time 

Inductive Load, Clamped (T ..... 11 

Storage rime (TC = 25°C) 

Fall Time (lC(pkl = 10 A, 

Storage Time lSI =2.0A, 

Symbol 

VCEOlsusl 

ICEV 

ICER 

lEBO 

BVEBO 

ISIb 
RBSOA 

hFE 

VCE(satl 

VBE(satl 

ld 
tr 

to 
tf 

tsv 

tfi 

tsv 
Crossover Time 

VBE(off) =5 V, 
(TC=l00oC) VCE(e11 =250 VI to 

Fall Time tfi 

(11 Pulse Test: PW = 3OO/ls, DutvCycle:iii 2%. 
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Min Typ Max Unit 

400 
Vde 

- -450 

mAde 
- - 0.2 
- - 2.0 

0.5 
mAde 

- -
3.0 

mAde 
- - 0.1 

Vde 
7.0 - -

See Figure 12 

See Figure 13 I I 

8 - -
Vde 

- - 1.5 
- - 5.0 
- - 2.0 
- - 1.5 
- - 5.0 
- - 2.0 

Vde 
- - 1.6 
- - 1.6 
- - 1.6 
- - 1.6 

- 0.1 0.2 ps 

- 0.4 0.7 

- 1.3 2.0 

- 0.2 0.4 

- 1.3 - jJJ 

- 0.06 -
- 1.5 2.5 

- 0.3 0.6 

- 0.17 0.35 
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DC CHARACTERISTICS 

. FIGURE 1 - DC CURRENT GAIN 
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~ 

~E zo -z 
8 

VCEOI ... I 

.'0V>~O' 
20 

oIL 

pw v.,iMI to An_in 

le· 1OOmA 

LeDit = 80 mH Vee· 10 V 

"COil'" 0.7" 

TABLE 1 - TEST CONOITIONS FOR DYNAMIC PERFORMANCE 

RBSOA AND INDUCTIVE SWITCHING 

Leoil 180lAH 
RCDil ~ OO!5 n 
Vee = 20 V 

V clamp '- 250 V 
RS edlu.ted to err.in dftired II' 

INDUCTIVE TEST CIRCUIT OUTPUT WAVEFORMS 

., Ad; ... ,," to 
Oblein Ie 

LCOIICICp'" ., ----vee 
" Ole Lc;Oil(lCpk l 

VclemD 

Test Equipment 
Scope - Telnronia 
.75 or Equ""elent 

RESISTIVE SWITCHING 

TURN·ON TIME 

II' lIdiva" to 
obtain the tore .. 
hFE deli ..... 

TURN·OFF TIME 
U .. iMluctiv. switGhinl 
drivet' .. the input to 
m. ,.Ii.live .... circuit. 

Vee = 250 V 
"L = 8311 
Pulse Width = 1 0.1'5 

RESISTIVE TEST CIRCUIT 

FIGURE 7 - INDUCTIVE SWITCHING MEASUREMENTS FIGURE B - PEAK-REVERSE CURRENT 
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SWITCHING TIMES NOTE 

lit resistive switching circuits, rise, "fall, and storage 
times have been defined and apply to both current and 
voltage waveforms since they are in phase. However, 
for inductive loads which are common to SWITCHMODE 
power supplies and hammer drivers, current and, voltage 
waveforms are not in phase. ,Therefore, separate measure· 
ments must be made on each waveform to determine 
the total switching time. Fo~ this reason, the following 
new terms have been defined. 

tsv z Voltage Storage Time, 90% 181 to 10% Vclamp 
trv = Voltage Rise Time; 10-90% Vclamp 
tfi = Current Fall Time,90-10% IC 
tti - Current Tail, 10-2% IC' 

,tc = Crossover Time, 10% V clamp to 10% IC 
An enlarged portion of the inductive switching waveforms 

is shown in Figure 7 to aid in the visual identitY. of these 
terms. 

For the designer, there is minimal switching loss 
during storage time and the predominant switching 
power losses occur during the crossover interval and 
can be obtained using the standard equation from AN·222: 

PSWT = 112 Vcclclfelf 
In general, trv + tfi '"' fe. However, at lower test currents 
this relationship may not be valid. 

As is common with most switching transistors, resistive 
switching is specified at 250 C and has become a bench· 
mark for designers. However, for designers of high 
frequency converter circuits, the user oriented specifica· 
tions which make this a "SWITCHMODE" transistor are 
the inductive switching speeds Itc and ltv) which are 
guaranteed at 1000C. 

INDUCTIVE SWITCHING 
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SAFE OPERATING AREA INFORMATION 
The Safe Operating Area fIgurae .hawn In Figure. 12 and 13 are 
.....,.,.... for. thMa davice. uncIar tha taot conditione shown. 
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FORWARD BIAS 

FIGURE 12 - FORWARD BIAS SAFE OPERATING AREA 
There are two limitations on the power handling ability 

of a transistor: average junction temperature and second 
breakdown. Safe operating area curves indicate IC-VCE 
limits ·of the transistor that must be observed for reliable 
operation; i.e .• the transistor must not be subjected to 
greater dissipation than the curves indicate. 
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The data of Figure 12 is based on TC = 250 C; T J(pkl 
is variable depending on power level. Second breakdown 
pulse limits are valid for duty cycles to 10% but must be 
derated when T C ;;;. 250 C. Second breakdown limitations 
do not derate the same as thermal limitations. Allowable 

jill current at the voltages shown on Figure 12 may be found 
at any case temperature by using the appropriate curve 
on Figure 14. 

T J(pkl may be calculated from the data in Figure ". 

500 1000 

At high case temperatures, thermal limitations will reduce 
the power that can be handled to values less than the 
limitations imposed by second breakdown. 

FIGURE 13 - REVERSE BIAS SAFE OPERATING AREA 
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REVERSE BIAS 
For inductive loads, high. voltage and high 'current 

must be sustained simultaneously during turn·off, in 
most cases. with the base to emitter junction reverse 
biased. Under these conditions the collector voltage 
must be held to a safe level at or below a specific value of 
collector current. This can be accomplished by several 
means such as active clamping, RC snubbing, load line 
shaping, etc. The safe level for these devices is specified 
as Reverse Bias Safe Operating Area and represents the 
voltage·current conditions during reverse biased t~rn·off. 
This rating is verified under clamped conditions so that 

1000 the device is never subjected to an avalanche mode. Figure 
13 gives R BSOA characteristics. 
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BUS48P, BUS48AP 

FIGURE'. - THERMAL RESPONSE 
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OLSOA 

OLSOA applies when maximum collector current is 
limited and known. A good example is a circuit where an 
inductor is inserted between the transistor and the bus, 
which limits the rate of rise of collector current to a known 
value. If the transistor is then turned off within a specified 
amount :of time, the magnitude of collector current is also 
known. 

Maximum allowable collector-emitter voltage versus 
collector current is plotted for _eral pulse widths. (Pulse 
width is defined asthe time lag between the fault condition 
and the removal of base drive.) Storage time of the tran
sistor 'has been factored into the curve. Therefore, with 
bus voltage and maximum collector current known, 
Figure 16defines the maximum time which can be allowed 
for fault detection and shutdown of base drive. 

OLSOA is measured in a common-base circuit 
(Figure 18) which allows precise definition of collector
emitter voltage and collector current. This is the same 
circuit that is used to measUre forward-biassafe operating 
area . 

FIGURE '8 ~ OVERLOAD lOA TEST CIRCUIT 

Notel: 

• VCE=VCC+VSE 

• Adiust pulsed current source 
for desired I C. tp 



MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

ADVANCED INFORMATION 
SWITCHMODE SERIES 

NPN SILICON POWER TRANSISTORS 

The BUS50 transistor is designed for low voltage, high-speed, power 
switching in inductive circuits where fall time is critical. It is particularly 
suited for battery switchmode applications such as: 

• Switching Regulators 

• Inverters 

• Solenoid and Relay Drivers 

• Motor Controls 

Fast Turn-Off Times 
300 ns Inductive Fall Time -25°C (Typ) 

Operating Temperature Range -65 to +200°C 

100°C Performance Specified for: 
Reverse-Biased SOA with Inductive Loads 
Switching Times with Inductive Loads 
Saturation Voltages 
Leakage Currents (125°C) 

MAXIMUM RATINGS 

Rating Symbol 

Collector-Emitter Voltage VCEOlsusl 

Collector-Emitter Voltage VCEV 

Emitter Base Voltage V,o 

Collector Current - Continuous Ie 
- Peak (1) leM 
- Overload 101 

Base Current - Continuous 10 
- Peak (1) 10M 

Total Power Dissipation - Te = 25°C Po 
- Te = 100°C 

Derate above 25°C 

Operating and Storage Junction TJ, T8t9 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol 

Thermal Resistance, ReJc 
Junction to Case 

Maximum Lead Temperature TL 
for Soldering Purposes: 

y," from Case for 5 Seconds 

(1) Pulse Test: Pulse Width = 5 ms, Duty Cycle ~ 10%. 

BUS50 Unit 

125 Vdc 

200 Vdc 

7 Vdc 

70 Adc 
140 

20 Adc 

350 Watts 
200 

2 wrc 

°c 
-65 to +200 

Max Unit 

0.5 0c/w 

275 °c 
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BUSSO 

70 AMPERES 

NPN SILICON 
POWER TRANSISTORS 

125 VOLTS (BVCEO) 
350WATIS 

200 V (BVCES) 

De.lgner'. Data for 
"Worst Ca .... Conditions 

The Designers· Data Sheet permits the 
design of most circuits entirely from 
the information presented. Limit data 
- representing device characteristics 
boundaries - are given to facilitate 
"worst case" deSign. 

'rst~t1' t. K 
. . I 

. ....1. IAiE r - F ~ 1 DinE!! @'-8CASECOLLECTOII 

0',., VI 
j ..S • • 

H 'p .• 
u 

NOTES 
!. DIMHIISJONSOAND V AliI: DATUMS. 
2. CD IS SEATING PLANE AND DATUM. 
3. POSITIONAL TOLERANCE fOR 

MOUIIITJH& HOU 0 

1.1 •. 13!a,oosIGl!Tlv@1 
FOR LO.DS 

[ *1 •. I3(O,OO5I@T!vBlo@! 
4 OIMElUIO .. S ... NDTOLU ..... CES'ER 

..... SIYl4.S.1973. 

MILLIMETERS INCHES 
DIM MI. MAK MIN MAX 

A 38.35 39.37 1.510 1.550 

• 19.30 21.08 0.760 0.830 
C 8.35 7.62 0.250 0.3110 
D US 1.80 0.057 0.063 
E - 3.43 0.135 
F 29.90 30.40 1.177 1.17 
G 10.67 11.18 0.420 0.440 
H 5.21 .72 O. 0.225 

1 17.1 .655 
K 11.18 12.19 0.440 0.480 
Q 3.4 4.09 0.151 0.161 
R 24.19 28.67 0.980 1.050 

CASE 1-05 TO-3 TYPE 

• 



BUS50 

ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) , 

Cheraoteriotlc Symbol Min. Max. Unit. 

OFf CHARACTERISTICS' 

Coliector-Emitter'SiJstaining Voltage VCEO(_I Vde 
(Ie = 200 mA, I. = 0, L = 25mH) 125 

Collector Cutoff Current at Reverse Bias: ICE>< mAde 
(VeE = 200 V, V., ;, -1.5 V) .2 
(VeE = 200 V, V., = -1.5 V, Te = 125'C) 2 

Collector-Emitter Cutoff Current ICE~ mAde 
(VeE = 125 V) 1 

Emitter Cutoff Current I,BO mAde 
(V .. = 7 V) .2 

ON CHARACTERISTICS' 

DC Current Gain hFE 
(Ie = 5 A, VCE = 4 V) 20 
(Ie = 50 A, VCE = 4 V) 15 

Coliector~Emitter Saturation VoJtage 
V

CEI
_
atl . V", 

(le=35A,I.=2A) 1 
(le=70A,1.=7A) 1.2 

Base--Emitter Saturation Voltage V8E(.~) V", 
(le=35A,1.=2A) 1.8 
(le=70A,I.=7A) 2 

SWITCHING CHARACTERISTICS (Resistive Load) t.,., and (Inductive Load) t~, to 

1.2 
Ie = 70 A, I., = 7 A VBEoff =; -5 V 

(Vee = 125 V) 
1.5 

.3 

, Puis. Test: Pulse Width '" 300 lIS, Duty Cycle'" 2 % 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

ADVANCED INFORMATION 
SWITCHMODE SERIES 

NPN SILICON POWER TRANSISTORS 

The BUS51 and BUS52 transistors are designed for low voltage, high
speed, power switching in inductive circuits where fall time is critical. They 
are particularly suited for battery switch mode applications such as: 

• Switching Regulators 

• Inverters 
• Solenoid and Relay Drivers 

• Motor Controls 

Fast Turn-Off Times 
300 ns Inductive Fall Time -25'C (Typ) 

Operating Temperature Range ~5 to +2oo'C 

100'C Performance Specified for: 
Reverse-B.iased SOA with Inductive Loads 
Switching TImes with Inductive Loads 
Saturation Voltages 
Leakage Currents (125'C) 

MAXIMUM RATINGS 

Rating Symbol 

Collector-Emitter Voltage VCEO(susl 

Collector-Emitter Voltage VCEV 

Emitter Base Voltage VEe 

Collector Current - Continuous Ie 
-Peak (1) leM 
- Overload 101 

Base Current - Continuous Ie 
-Peak(l) leM 

Total Power Dissipation - T e = 25'C Po 
- Te = 100'C 

Derate above 25'C 

Operating and Storage Junction TJI TSl9 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol 

Thermal Resistance, RaJe 
Junction to Case 

Maximum Lead Temperature TL 
for Soldering Purposes: 

Yo" from Case for 5 Seconds 

BUSSI BUS52 

200 250 

300 350 

7 

50 40 
100 80 

10 16 

350 
200 
2 

-65 to +200 

Max 

0.5 

275 

(1) Pulse Test: Pulse Width = 5 ms, Duty Cycle;;; 10%. 
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Unit 

Vdc 

Vdc 

Vdc 

Adc 

Adc 

Watts 

W/'C 

'c 

Unit 

.c/w 

'c 

BUSS I 
BUSS2 

50 " 40 AMPERES 

NPN SILICON 
POWER TRANSISTORS 

200 and 250 VOLTS (BVCEO( 
350 WATTS 

300-360 (BVCES( 

Designer's ,Data for 
"Worst Case" Conditions 

The Designers~ Data Sheet permits the 
design of most circuits entirely from 
the information presented. Limit data 
- representing device characteristics 
boundaries - are given to facilitate 
"worst case" design. 

"'111'. JAIE 
1 umEit 

CAlI COLLECTOR 

NOTES 
ID,IIEMSIONSQANDVAIIEDATUIIS 
2 CIJ IS UATIJ'G 'lANi ""0 DATUM 
3 POSITIONAL TOURANC£FOII 

MDUNflIIQMOLIO 

It' •. 13Io.IIDriI@ITlv@! 
fOIlLEAOS 

'tl.mo.OD5)(!)Tl velllel 
4D,MENSIONSAIilOYOlEIIANCUPEIi 

ANSI Y14S, 'In 

MILLIMETERS INCHES 
DIM MI. MAX MIN MA. 

A 38.35 39.37 1.510 1.550 

• 19.30 21.08 0.760 o.B30 
C 8.35 7.2 D.25O o. 
a 1.45 1.10 0.DS7 0.1113 
E - 3.43 - al35 
F 29.90 3UO 1.177 1.17 
B lUI 11.11 0.420 0.410 
H 5.1 72 O. 

1 171 
K 11.1' 12.19 0.410 0. ... 
D 3.14 4. 0.151 0.161 
R 24. 28. 0.910 1.050 

CASE 1-05 TO·3 

• 

II 



BUS51, .BUS52 

ELECTRICAL CHARACTERISTICS (Te = 25°C unless otherwise noted) 

Characteristic 

OFF CHARACTERISTICS' 

Collector-Emitter Sustaining Voltage ITable 1) 
(Ie = 200mA,I. = 0, L ':' 25mH) 

Collector Cutoff Curr~nt-
IVeEv = Rated Value, V.Eloff) = 1.5 Vde) 
IVeEv ",.Rated Value,V.'Ioff) = 1.5Vde, Te = 125°C) 

Collector Cutoff Current . 
IVeEo = Rated Value)' 

Emitter Cutoff Current 
IV" = 7 Vde, Ie = 0) 

ON CHARACTERISTICS' 

DC Current Gain 
(Ie = 5 Ade, VeE'" 4 Vde) 
(Ie = 50 Ade, VeE .= 4 V) 

DC Current Gain 
(Ie = 5 Ade, VeE = 4 Vde) 
(Ie = 40 Ade, VeE';' 4 V) 

Col1ector~Emitter Saturation Voltage 
lie = 30 Adc, I. = 2 Adc) 
(Ie = 50 Adc, I. = 5 Ade) 

(Ie = 25 Adc, I. = 2 Adc) 
(Ie = 40 Adc, I. = 4 Ade) 

Base-Emitter Saturation Voltage 
(Ie = 30 Adc, I. = 2 Adc) 
(Ie = 50 Adc, I. = 5 Adc) 

(Ie = 25 Ade, I. = 2 Adc) 
(Ie = 40 Adc, I. = 4 Adc) 

SWITCHING CHARACTERISTICS 
Resistive Load ITabl. 1) 

Ie 1"" - 50A 
Turn~on Time Ibl = SA 

VBEloff) = 5 V 

1 
Vee (el) = 150 V 
Ie ipk) =,40 A ] 

,ISl = 4A 

Inductive Load, Clamped {Table II 

Storage Time Ie (pk) - 50 A 1 Fall Time Ibl = 5 A 

Storage Time 
VBE(off) = 5V 
VeE (el' = 150 V 

Crossover Time IC(pk) = 40A ] 

Fall Time 
.181 = 4A 

1 Pulse Test: PW = 300 J,ls, Duty Cycle ~ 2%. 

BUS51 

BUS52 

BUS51 

BUS52 

Symbol 

VCEO(lIusl 
BUS51 
BUS52 

IfEv 

IcEo 

lEBO 

h" 
BUS51 

h" 
BUS52 

VCEtsat) 

BUS51 

BUS52 

VBE(sst) 

BUS51 

BUS52 

to" 
ITe = 25°C) 

ITe = 100°C) 

t.v 
(Te = 25°C) t, 

i~ 
ITe = 100°CI to 

4' 

3c486 

Min Typ Max Unit 

Vde 
200 
250 

mAde 
0.2 
2.0 

mA 
1 

mAde 
2 

20 
15 

20 
15 

Vdo 
1 

1.5 

1 
1.5 

Vdo 
1.8 
2 

1.8 
2 

1 ~s 

2 ~s 

.3 



MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

SWITCHMODE II'" SERIES 
NPN SILICON POWER TRANSISTORS 

The BUS97 and BUS97A transistors are designed for high
voltage, high-speed, power switching in inductive circuits where fall 
time is critical. They are particularly suited for line-operated switch
mode applications such as: 

• Switching Regulators 

• Inverters 
• Solenoid and Relay Drivers 

• Motor Controls 

• Deflection Circuits 

Fast Turn-Off Times 
60 ns Inductive Fall Time-25°C (Typ) -=-

120 ns Inductive Crossover Time-25°C (Typ) 

Operating Temperature Range -65 to +200°C 

100°C Performance Specified for: 
Reverse-Biased SOA with Inductive Loads 
Switching Times with Inductive Loads 
Saturation Voltages 
Leakage Currents (125°C) 

MAXIMUM RATINGS 

Rating Symbol BUS97 

Collector-Emitter Voltage VCEO(susi 400 

Coilector-Emitter Voltage VCEV 850 

Emitter Base Voltage VEB 

Collector Current - Continuous IC 
- Peak!l) ICM 
- Overload IOL 

Base Current - Continuous IB 
- Peak(l) 'BM 

Total Power Dissipation - TC = 25°C Po 
- TC = 100°C 

Derate above 25°C 

Operating and Storage Junction 

BUS97A 

450 

1000 

7 

lS 
30 
60 

5 
20 

175 
100 
1.0 

Temperature Range 
TJ. Tstg 

-65 to +200 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance, RWC 1.0 
Junction to Case 

Maximum Lead Temperature TL 275 
for Soldering Purposes: 

liS" from Case for 5 Seconds 

! 1) Pulse Test: Puise Width = 5 mo, Duty Cycle :5 10%. 

3-487 

Unit 

Vdc 

Vdc 

Vdc 

Adc 

Adc 

Watts 

W/oC 

°c 

Unit 

°C/W 

°c 

BUS97 
BUS97A 

18 AMPERES 

NPN SILICON 
POWER TRANSISTORS 

4SOVOLTS 

175 WATTS 

D •• igner'. Data for 
"Worst Ca.e" Conditions 

The Designers'" Data Sheet parmits the 
design of most circuits entirely from 
the information presented. Limit data 
- representing device characteristics 
boundaries - are given to facilitate 
"worst case" design. 
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CASE 1-05 TO-3 
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BUS97, BUS97A 

ELECTRICAL CHARACTERISTICS (TC = 25·C unless otherwise noted) 

ChllrJCteristic 

OFF CHARACT.ERISTICS (1) 

Collector-Emitter Susiaining Voltage (Table 11 SUS97 
(lc=2oo.mA,IS=0IL:;25 ",H SUS97A 

Collector Cutoff Current 
(VCEV = Rated Value, VSE(offl =1.5 Vdel 
(VCEV = Rated Value, VSE(offl = 1.5 Vde, TC = 125·CI 

Collector Cutoff Current. 
TC= 25·C 

(VCE = Rated VCEV, RSE = 10 nl TC=125·C 

Emitter Cutoff Current 
(VEB =5 Vde,lc =01 

Emitter-base breakdown Voltage 
(Ie· =50 mA -IC=OI 

seCOND BREAKDOWN 

Second Breakdown ,Cpllector Current. with Ba .. Forward Biased 

Clamped Inductive SOA with Base Reverse Biased 

ON CHARACTERISTICS 111 

DC Current Gain 
(lC = 1 2Ade, VCE = 5Vdel 
(lC = lOA, VCE = 5VI 

Collector-Emitter Saturation Voltage 
(lC = 12A,IS = .~.4AI 
(lC = 1 SA, 18 =6AI 
(lC = 12A, IS= 2.4A, TC =.100·CI 
(lC = .10A, IS = 2AI 
(lC = 15A, IS = 3AI 
(lC = lOA, IS = 2A, TC = 100·CI 

Base-Emitter Saturation Voltage 
(lC = 12Ade, IB = 2.4Adel 
(lC = 12Ade, 18 = 2.4Ade, TC = 100 0 CI 
(lC = lOA, IS = 2Adel 
(lC = IDA. IB = 2Ade, TC = 100·CI 

DYNAMIC CHARACTERISTICS 

Output Capacitanca 
(VCB = 10 Vde, IE =0, ftest = 100 Khzl 

SWITCHING CHARACTERISTICS 

Rnistive Load (Tobie 11 

Delay Time 

8US97 
SUS97A 

] SUS97 

] SUS97A 

] SUS97 

] SUS97A 

Rise Time (VCC = 250 Vde, IC = 12A, 

Storage Time 
lSI = 2.4A, tp = 30 ~s, 
Duty Cycle ;$ 2 %, VBE(off) = 5 V) 

Fall Time 

Inductive Loed, Clomped (Tabl. 11 

Storage Time 
(lC(pk) = 12A,] BUS97 

(TC=25OCI 

Fall Time. IBI = 2.4A, 

Storage Time VBE(off) = 5 V, 

Crossover Time 
VCE(Cl) = 250 V) 

(TC=loooCI 
IC(PK) = 10AJBUS97A 

Fall Time IBI = 2A 

(11 Pulse Test: PW = 300!,s, Duty Cyele:li 2%. 

Symbol _I Min 

" 

VCEO(susl 400 
450 

ICEV 
-
-

ICER 

-
IESO 

-

7 

hFE 
7 

VCE(satl 
-
-
-
-
-
-

VBE(satl -
-

Id -
tr -
ts -
tf -

tsv -
tfi -
Isv -
Ie -
tfi -

Typ . Max Unit 

Vdc 
- -

mAde 
- 0.2 
~ 2.0 

0.5 
mAde 

- 3.0 

mAde 
- 0.1 

Vde 

See Figure 12 

See Figure 13 

- -

Vde 
- 1.5 
- 3 
- 2.5 
- 1.5 
- 5.0 
- 2.5 

Vde 
- 1.6 
- 1.6 

1.6 
1.6 

0.1 0.2 IlS 

0.4 0.7 

1.3 2.0 

0.2 0.4 

1.3 - IlS 

0.06 " -
1.5 2.5 

0.3 0.6 

0.17 0.35 



BUS97, BUS97 A 

DC CHARACTERISTICS 

FIGURE 1 - DC CURRENT GAIN 

50 - 900 /0 

.,20 

~ 
.... 
~ 10 

-:-. 
---;;::: 

~. 10°/0 
f-- I--

a 1 
u 
o 5 

i -- - -

.. - -- -

VCE==5V 

8 10 20 50 

'c. COLLECTOR CURRENT lAMPS) 
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BUS97, BUS97 A 

~J 
::1-... !: 
20 
-2 

8 

VCEOlsu.1 

+10V>~01 
2 • 

• ...rL 

PW V.ried to Anain 

Ie" 100mA 

LeOil = 80 mH Vee'" 10 V 

Reoil'" 07 n 

TABLE 1 - TEST CONDITIONS FOR DYNAMIC PERFORMANCE 

RBSOA AND INDUCTIVE SWITCHING 

LeOil - )80 ~H 
"coil ~ 005 n 
Vee' 20 V 

V (:Iamp - 250 V 
RS adJusted 10 allain da,ired 181 

INDUCTIVE TEST CIRCUIT OUTPUT WAVEFORMS 

I, Adjusted to 

Obtain Ie 

LCD" (lCpk' 

t 1 "" ------vee-
12 ~ LCOllltCPkl 

V c1emp 

Talt Equipment 
Scope - Taktr.onill 

475 Of Equiv •• nt 

RESISTIVE SWITCHING 

TURN·ON TIME 

I B 1 adjusted to 
obtain the forced 

hFe da,ired 

TURN OFF TIME 

Use inductive switching 
driver altha input to 
the 'e,istive ta.t circuit. 

Vcc~ 250V 
RL - 83n 
Pulse Width 10 ",5 

RESISTIVE TEST CIRCUIT 

FIGURE 7 - INDUCTIVE SWITCHING MEASUREMENTS FIGURE 8 - PEAK-REVERSE CURRENT 
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BUS97, BUS97 A 

SWITCHING TIMES NOTE 

In res'st,ve switching circuits, rise, fall, and storage 
times have been defined and apply to both current and 
voltage waveforms since they are in phase. However, 
for inductive loads which are common to SWITCHMODE 
power supplies and hammer drivers, current and voltage 
waveforms are not in phase. Therefore, separate measure· 
ments must be made on each waveform to determine 
the total switching time. For this reason, the following 
new terms have been defined. I 

tsv = Voltage Storage Time, 90% 181 ~o 10% Vclamp 
trv = Voltage Rise Time, 10-90% Vclamp 
tfi = Current Fall Time, 90 -10% IC 
tti = Current Tail, 10-2% IC 
tc = Crossover Time, 10% V clamp to 10% IC 

An enlarged portion of the inductive switching waveforms 

is shown in Figure 7. to aid in the visual identity of these 
terms. 

For the designer, there is minimal switching loss 
during storage time and the predominant switching 
power losses occur during the crossover interval and 
can be obtained using the standard equation from AN·222: 

PSWT = 1/2 VCCIC(tclf 
In general, trv + tfi '" tc' However, at lower test currents. 
this relationship may not be valid. 

As is common with most switching transistors, resistive 
switching is specified at 250C and has become a bench· 
mark for designers. However, for designers of high 
frequency converter circuits, the user oriented specifica· 
tions which make this a "SWITCH MODE" transistor are 
the inductive switching speeds (tc and tsvl. which are 
guaranteed at 1000C. 

INDUCTIVE SWITCHING 

FIGURE 9 - STORAGE TIME, Tsv 
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The Safe Operating Area figures .hown In Figure. 12 and 13 are 
Ip8CifIed for th ... davic •• under the test condition. shown. 
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SAFE OPERATING AREA INFORMATION 

FORWARD BIAS 
There are two limitations on the power handling ability 

of a transistor: average junction temperature and second 
breakdown. Safe operating area curves indicate IC- VCE 
limits of the transistor that must be observed for reliable 
operation; i.e., the transistor must not be subjected to 
greater dissipation than the curves indicate. 

The data of Figure 12 is based on TC = 250 C; TJ(pkl 
is variable depending on power level. Second breakdown 
pulse limits are valid for duty cycles to 10% but must be 
derated when TC ;;;. 250 C. Second breakdown limitations 
do not derate the same as thermal limitations. Allowable 

"" current at the voltages shown on Figure 12 may be found 
at any case temperature by using the appropriate curve 
on Figure 14. 

T J(pkl may be calculated from the data in Figure 11. 
At high case temperatures, thermal limitations will reduce 
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limitations imposed by second breakdown. 

REVERSE BIAS 
For inductive loads, high. voltage and high current 

must be sustained simultaneously during turn-off, in 
most cases, with the base to emitter junction reverse 
biased. Under these conditions the collector voltage 
must be held to a safe level at or below a specific value of 
collector current. This can be accomplished by several 
means such as active clamping, RC snubbing, load line 
shaping, etc. The safe le~el for these devices is specified 
as Reverse Bias Safe Operating Area and represents the 
voltage·current conditions during reverse biased t~rn-off. 
This rating is verified under clamped conditions so that 
the device is never subjected to an avalanche mode. Figure 
13 gives R BsOA characteristics. 
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FIGURE 15 - THERMAL RESPONSE 
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OlSOA 

OlSOA applies when maximum collector current is 
limited and known. A good example is a circuit where an 
inductor is inserted between the transistor and the bus, 
which limits the rate of rise of collector current to a known 
value. If the transistor is then turned off within a specified 
amount of time, the magnitude of collector current is also 
known. 

Maximum allowable collector-emitter voltage versus 
collector current is plotted for several pulse widths. (Pulse 
width isdefined as the time (ag between thefaultcondition 
and the removal of base drive.) Storage time of the tran
sistor has been factored into the curve. Therefore, with 
bus voltage and maximum collector current known, 
Figure 16 defines the maximum time which can be allowed 
for fault detection and shutdown of base drive. 

OlSOA is measured in a common-base circuit 
(Figure 18) which allows precise definition of collector
emitter voltage and collector current. This is the same 
circuit that is used to measure forward-bias safe operating 
area . 

FIGURE 18 - OVERLOAD SOA TEST CIRCUIT 

Not.: 

• VCE=VCC+V8E 

• Adjust pulsed current source 
for deSired I C, tp 

II 



MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

SWITCHMODE II SERIES 

NPN SILICON POWER TRANSISTORS 

The BUS 98 and 8US 98A transistors are designed for high

voltage, high-speed, power switching in inductive circuits where fall 

time is critical. They are particularly suited for line-operated switch

mode applications such as: 

• Switching Regulators 

• Inverters 
• Solenoid and Relay Drivers 

• Motor Controls 

• Deflection Circuits 
Fast Turn-Off Times 

60 ns Inductive Fall Time - 25°C (Typ) 
120 ns Inductive crossover Time - 25°C (Typ) 

Operating Temperature Range - 65 to + 200°C 

100°C Performance Specified for: 
Reverse-Biased SOA with Inductive Loads 
Switching Times with Inductive Loads 
Saturation Voltages 
Leakage Currents (125°C) 

MAXIMUM RATINGS 

Base Current - Continuous IB 
- Peakl1l IBM 

Total Power Dissipation - TC = Po 
-TC=1 

Derate above 25°C 

Operating and Storage Junction 

10 
30 

250 
142 
1.42 

Temperature Aange 
T J, Tstg 

-65to+200 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Aesistance, AWC 0.7 
Junction to Case 

Maximum Lead Temperature TL 275 
for Soldering Purposes: 

1/8" from Case for 5 Seconds 

(1) Pulse Test: Pulse W.dth = 5 ms, Duty Cycle :s 10%. 
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Adc 

Watts 

W/oC 

Unit 

°C/W 

°c 

BUS9S 
BUS9SA 

30 AMPERES 

NPN SILICON 
POWER TRANSISTORS 

400 AND 450 VOLTS (BVeEO) 
250 WATTS 

850 - 1000 V (BVCES) 

Designer'. Data for 
"Worst Ca.e" Condition. 

The Designers .... Data Sheet permits the 
design of most circuits entirely from 
the information presented. Limit data 
- representing device characteristics 
boundaries - are given to facilitate 
"worst case~' deSign. 

! 8 ,C 

L~" ".' [". 
,E w· D 

NOTES 
lDtMENSIONSQAfIIDVAREOATUMS. 
2. ill ISSUTlHG PLANE AND DATUM 
3.POStTtoNAL TOLERANC£FOA 

MOUNTJNGHOLEO 

1.1 •. 13!OOll!ileITlvB! 
fOil lEADS: 

! .le.13!Il.OOIiIGrlvelnGI 
, DIMENSIONSANDTDLEIIANCESPl:R 

ANSI V145. 1SJ3. 

D.M 

A 
B 
C 
D 
E 
F 
G 

" J 
K 
0 
A 

MILLIMETERS INCHES 
M'N MAX M'N 

38.35 39.31 1.510 
'9.30 2'.08 0.160 
6.35 1.2 0.250 
1.45 '.60 0.051 

3.43 -
29.90 30.40 1.111 
10.61 11.18 0.42iJ 
5.21 5.12 5 

16. 111 
11.18 12.19 0.440 
3.84 4.09 0.151 

24.89 28.61 0.980 

CASE 197-01 
MODIFIEO TO 3 

MAX 

1.5511 
U30 
0.300 
0.1163 
0.'35 
1.197 
0.440 
0.25 

0.480 
0.18' 
1.11511 

• 



BUS98, BUS98A 

ELECTRICAL CHARACTERISTICS (TC 25°C unless otherwise noted) 

I Characteristic 

OFF CHARACTERISTICS (11 

Ccllector-Emitter Sustaining Voltage (Table 1) 
(lC =200 mA,lB =01 L=25mH BUs98 

BUs98A 

Ccllector Cutoff Current 
(VCEV = Rated Value, VBE(offl = 1.5 Vdcl 
(VCEV = Rated Value, VBE(offl = 1.5 Vdc, TC = 1250CI 

Ccllector Cutoff Current 
(VCE = Rated VCEV, RBE =10 nl Te= 2SoC 

TC= 12SoC 

Emitter Cutoff Current 
(VES ~ 7 Vdc, Ie ~ 0) 

Emitter-base breakdown Voltage 
{IE = 100 mA -IC =01 

SECOND BREAKDOWN 

Second Breakdown Collector Current with Base Forward Biased 

Clamped Inductive sOA with Base Reverse Biased 

ON CHARACTERISTlCs( 11 

DC Current Gain 
(lC=20 Adc, VCE =5 Vdcl 
(lc= 16 Adc, VCE =5 VI 

Collector-Emitter Saturation Voltage 
{lC=20Adc,IB=4Adcl 
{lC=30Adc,IB=8Adcl 
(lC=20 Adc,IB =4 Adc, Tc= 1000 CI 

{lC=16Adc,IB=3.2Adcl 
{lc =24 Adc,IB =5 Adcl 
(Ie = 16 Adc, 18 =3.2 Adc, Tc=100oCI 

Base-Emitter Saturation Voltage 
(lC=20 Adc,IB =4 Adc) 
(lC=20 Adc, IB =4 Adc, Tc= 100°C) 

(lc = 16 Adc, IB =3.2 Adc) 
(lc = 16 Adc, IB =3.2 Adc, T c = 100°C) 

DYNAMIC CHARACTERISTICS 

Output Capacitance 
(VCB = 10 Vdc, IE =0, ftest= 100 khzl 

SWITCHING CHARACTERISTICS 
Resistive Load (Tabla 11 

Delav Time 

Rise Time 
(VCC=250 Vdc,IC=20A, 
IBI =4.0A,tp=30!,s, 

Storage Time 

BUs98 
BUs9BA 

BUs98 

BUs98A 

BUs98 

BUs98A 

Duty Cycle';;; 2%, VBE(offl = 5 VI 

Fall Time 
(for BUS9BA: IC= 16A,Ibl =3.2A) 

Inductive Load,Clamped (Table 11 

Storage Time 
IC(pkl =20A 

Fall Time Ibl =4A 
1 (BUS9BI (TC=25OCI 

Storage Time VBE(offl = 5 V, 

Crossover Time 
VCE(c11 =250 VI 

(TC = 1000 CI IC(pkl =16A 
Fall Tim. IBI =3.2A 1 (BUS9BAI 

(11 Pulse Test ;.PW =300 IJ.S, Duty Cvcle ';;;2%. 
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Symbol 

VCEO(susl 

ICEV 

ICER 

lEBO 

VEBO 

hFE 

VCE(satl 

VBE(satl 

td 

tr 

ts 

tf 

tsv 

tfi 

tsv 

tc 

tfi 

Min Typ Max Unit 

Vdc 
400 - -
450 - -

mAdc 
- - 0.4 
- - 4.0 

mAde 
- - 1.0 
- - 6.0 

mAde 
0.2 

7.0 Vdc 

See Figure 12 

See Figure 13 

-
8 - -

Vdc 
- - 1.5 
- - 3.5 
- - 2.0 

- - 1.5 
- - 5.0 
- - 2.0 

Vdc 
- - 1.6 
- - 1.6 

- - 1.6 
- - 1.!l 

- 0.1 0.2 !,S 

- 0.4 0.7 

- 1.55 2.3 

0.2 0.4 

- 1.55 - !,S 

- 0.06 

- 1.8 2.8 

- 0.3 0.6 

- 0.17 0.35 
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DC CHARACTERISTICS 
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FIGURE 2 - COLLECTOR SATURATION REGION 
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TABLE 1 - TEST CONDITIONS FOR DYNAMIC PERFORMANCE 
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SWITCHING TIMES NOTE 

In resistive switching circuits, rise, fall, and storage 
times have been defined and apply to both current and 
voltage waveforms since they are in phase, However, 
for inductive loads which are common to SWITCHMODE 
power supplies and hammer drivers, current and voltage 
waveforms are not in phase. Therefore, separate measure· 
ments must be made on each waveform to determine 
the total switching time. For this reason, the following 
new terms have been defined. 

tsv = Voltage Storage Time, 90% IS1 to 10% Vclamp 
trv = Voltage Rise Time, 10-90% Vclamp 
tfi = Current Fall Time, 90-10% IC . 
tti = Current Tail, 10-2% IC 

. tc = Crossover Time, 10% Yclamp to 10% IC 
An enlarged portion of the inductive switching waveforms 

. is shown in Figure 7 to aid in the visual identity of these 
terms. 

For the designer, there is minimal switching loss 
during storage time and the predominant switching 
power losses occur during the crossover interval, and 
can be obtained using the standard equation from AN·222: 

PSWT = 1/2 VCCICltc)f 
In general, try + tfi '" tc' However, at lower test currents 
this relationship may not be valid. 

As is common with most switching transistors, resistive 
switching is specified at 250 C and has become a bench· 
mark for designers. However, for designers of high 
frequency converter circuits, the user oriented specifica· 
tions which make this a "SWITCHMODE" transistor are 
the inductive switching speeds (tc and tsv) which are 
guaranteed at 1000 C. 

INDUCTIVE SWITCHING 
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The S.fe Oper.ting Are. fl9ure •• hown In Figure. 12 and 13 are 
specified for thes. device. under the telt condition. shown. 

FIGURE 12 - FORWARD BIAS SAFE OPERATING AREA 
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SAFE OPERATING AREA INFORMATION 

FORWARD BIAS 
There are two limitations on the power handling ability 

of a transistor: average junction temperature and second 
breakdown. Safe operating area curves indicate IC-VCE 
limits of the transistor that must be observed for reliable 
operation; i.e., the transistor must not be subjected to 
greater dissipation than the curves indicate. 

The data of Figure 12 is based on TC = 250 C; T J(pk) 
is variable depending on power level. Second breakdown 
pulse limits are valid for duty cycles to 10% but must be 
derated when TC ;;. 250 C. Second breakdown limitations 
do not derate the same as thermal limitations. Allowable 
current at the voltages shown on Figure 12 may be found 
at any case temperature by using the appropriate curve 
on Figure 14. 

T J(pk) may be calculated from the data in Figure 11. 
At high case temperatures, thermal limitations will reduce 
the power that can be handled to values less than the 
limitations imposed by second breakdown. 

REVERSE BIAS 
For inductive loads, high voltage and high current 

must be sustained simultaneously during turn·off, in 
most cases, with the base to emitter junction reverse 
biased. Under these conditions the collector voltage 
must be held to a safe level at or below a specific value of 
collector current. This can be accomplished by several 
means such as active clamping, RC snubbing, load line 
shaping, etc. The safe level for these devices is specified 

as Reverse Bias Safe Operating Area and represents the 
voltage·current conditions during reverse biased turn·off, 
This rating is verified under clamped conditions so that 
the device is never subjected to an avalanche mode. Figure 
13 gives R BSOA characteristics, 
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OlSOA 

OlSOA applies when maximum collector current is 
limited and known. A good example is a circuit where an 
inductor is inserted between the transistor and the bus, 
which limits the rate of rise of collector current to a known 
value. If the transistor is then turned off within a specified 
amount of .time, the magnitude of collector current is also 
known. 

Maximum allowable collector·emitter voltage versus 
collector current is plotted for several pulse widths. (Pulse 
width is defined asthe time lag between thefaultcondition 
and the removal'of base drive.) Storage time of the tran· 
sistor has been factored into the curve. Therefore, with 
bus voltage and maximum collector current known, 
Figure 16 defines the maximum timewhich can be allowed 
for fault detection and shutdown of base drive. 

OlSOA is measured in a common·base circuit 
(Figure 18) which allows precise definition of eollector· 
emitter voltage and collector current. This is the same 
circuit that is used to measure forward·bias safe operating 
area . 

FIGURE 18- OVERLOAD SOA TEST CllicUIT 

Not .. : 

• VCE=VCC+VBE 

• Adjust pulsed current'.saurce 
for desired (C. tp 



MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

SWITCH MODE SERIES 
NPN SILICON POWER DARLINGTON TRANSISTORS 

WITH BASE-EMITTER SPEEDUP DIODE 

The BUT 13 Darlington transistor is designed for high-voltage, 
high-speed, power switching in inductive circuits where fall time is 
critical. They are particularly suited for line-operated switchmode 
applications such as: 

• AC and DC Motor Controls 

• Switching Regulators 

• Inverters 

• Solenoid and Relay Drivers 

• Fast Turn-Off Times 
300 nS Inductive Fall Time at 25°C (Typ) 
1 .1 )1S Inductive Storage Time at 25°C (Typ) 

• Operating Temperature Range - 65 to 200°C 

MAXIMUM RATINGS 

Rating Symbol BUT13 Unit 

_~olleetor.Emitter Voltage VCEOlsus) 400 Vde 

Collector· Emitter Voltage VCEV 600 Vde 

Emitter Base Vohage VES 10 Vde 

Collector Current Ade 
- Continuous IC 28 
_. Peakl1) ICM 35 

Base Current Ade 
.- Continuous IS 6 
- Peakl1) ISM 7.5 

Free Wheel Diode: Ade 
Forward current - CQntinuous IF 28 

- Peak IFM 35 

Total Power Dissipation @TC ~ 25°C Po 175 Watts 
@TC ~ 100uC 100 

Derate above 2 SoC W/OC --
Operating and Storage Junction TJ, Tstg °c 

Temperature Range - 65 to +200 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Thermal Resistance, RQJC °C/W 
Junction to Case 1.0 

Maximum Lead Temperature TL °c 
for Soldering Purpose: 

1/S" from Case for 5 Seconds 275 

11) Pulse Test. Pulse Width ~ 5 ms, Duty Cycle :5 10%. 

3-501 

BUll 3 

28 AMPERES 

NPN SILICON 
POWER DARLINGTON 

TRANSISTORS 

600 VOLTS 

175 WATTS 

Designar'. Data for 
"Worst Cas." Conditions 

The Designers Da~a Sheet permits the" 
design of most circuits entirely from 
the information presented. limit data 
- representing device characteristics 
boundaries - are given to facilitate 
"worst case" design. 

NOTES 
1 OIMfNSIONS 0 AND V ARE DATUMS 
1 OJ IS StATING PLANt AND DATUM 

3 POSITIONAL TOLERANCE FOR 
MOUNTING HOlE Q 

[DIiJiooo., ('UiT;§] 
FOR HAOS 

[tE'''" ... ; ~'TGT'2E:~ 
4 DIMENSIONS ANO 10LERANCES PER 

AN!:>I Y1f5.191J 

DIM 

• • c 
• • f 

!i. · j 

• • • u 
~ 

CASE 1-05 TO-3 

• 
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ELECTRICAL CHARACTEmSTICS fTC 25°C unless otherwise noted} 
Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage (Table 11 
(lC = 100 rnA. IB = 01 

Collector Cutoff Current 
(VCEV = Rated Value. VBE(offl = 1.5 Vdcl 
(VCEV = Rated Value, VBE(offi = 1.5 Vdc, TC = 100°C 

Emitter Cutoff Current 
(VEB = 2.0 V, IC = 01 

SECOND BREAKDOWN 

Second Breakdown Collector Current with base forward biased 

Clamped Inductive SOA with Base Reverse Biased 

ON CHARACTERISTICS (11 

DC Current Gain 
(lC = lOA, VCE = 5 VI 
(lC = 18 A, VCE = 5 VI 

Coliector·Emitter Saturation Voltage 
(lC = 10 A, IB = 0.5 AI 
(lC = 18 A, IB = 1.8 AI 
(lC = 22 A, IB = 2.2 AI 
(lC = 28 A, IB = 5.6 AI 

Base·Emitter Saturation Voltage 
(lC = 10A,I8 = 0.5A) 
(lC = 18 A. 18 = 1.8 AI 
(lC = 22 A, IB = 2.2 AI 

Diode Forward Voltage 
(IF = 22 AI 

SWITCHING CHARACTERISTICS 
Inductive Load Clamped ITable 1) 

Storage Time 

Fall Time 
TC = '25°C 

Storage Time 

Fall Time TC = 100°C 

(1) Pulse Test: PW = 300 ps, Duty Cycle:;; 2%. 

See Table 1 

IC = 18 A 

IBI = 1.8 A 

VBE(off) = 5 V 

Symbol 

VCEO(susl 

ICEV 

lEBO 

hFE 

VCE(satl 

VBE(sati 

Vf 

ts 

tf 

ts 

tf 

3-502 

Min Typ Max Unit 

.1 
Vdc 

400 - -

mAde 
- - 0.1 
- - 2.0 

mAde 
- - 175 

See Figure 1 6 

See Figure 1 7 

30 - -
20 - -

Vdc 
- - 2.0 
- - 2.5 
- - '3.0 
- - 5.0 

Vdc 
- - 2.5 
- - 3.0 
- - 3.3 

Vdc 
- - 4.0 

1.1 2.6 ps 

- 0.3 0.8 ps 

- 1.4 - ps 

- 0.33 - ps 
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TYPICAL CHARACTERISTICS 

FIGURE 1 - DC CURRENT GAIN FIGURE 2 - COLLECTOR SATURATION REGION 
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TABLE 1 - TEST CONDITIONS FOR DYNAMIC PERFORMANCE 
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FREE-WHEEL DIODE CHARACTERISTICS 

FIGURE 10 - FREE WHEEL DIODE MEASUREMENTS 
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The .. ,. Operating A ... figure •• hown In Fillura. 1 I .nd 17 
.re .peclfed for tM .. avlon under tM _.t oondhlon •• hown. 

FIGURE 1 I .:. IAFE OPERATING AREA 

10 30 '00 300' 1000 
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SAFE OPERATING AREA INFORMATION 

FORWARD BIAS 

There are two limitations on the powar handling ability 
of a transistor: avarage junction tam perature and second 
braakdown. Safa oparating araa curves indicate IC-VCE 
limits of the transistor that must be observed for raliable 
operation, i.e" the transistor must not be subject to 
grater dissipation than tha curves indicate. 

The data of Figure 16 is based on TC = 25°C; TJ(pkl is 
variable depending on power level. Second breakdown 
pulse limits are valid for duty cycles to 10% but must be 
derated when TC Ol:: 25°C. Second breakdown limitations 
do not derate the same as thermal limitations. Allowable 
current at the voltages shown on Figure 16 may be found 
at any case temperature by using the appropriate curve 
on Figure 18. 

TJ(pkl may be calculated from the data in ,Figure 5. At 
high case temperatures, thermal limitations will reduce 
the power that can be handled to values less than the 
limitations i",posed by second breakdown, 

REVERSE BIAS 

For inductive loads, high voltage and high current must 
be sustained simultaneously during turn-off, in most 
cases, with the base to amitter junction reverse biased. 
Under these conditions the collector voltaga must be held 
to a safa level at or below a specific value of cOllactor 
current, This can be accomplished by several means such 
as active clamping, RC snubbing, load line shaping. etc. 
The safe level for these devices is specified as Reverse 
Bias Safe Operating Area and represents the voltage
current condition allowable during reverse biased turn
off, This rating is verified under clamped conditions so 
that the device is never subjected to an avalanche mode, 
Figure 17 gives the RBSOA characteristics, 

FIGURE 1B - POWER DERATING 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

SWITCHMODE SERIES 

NPN SILICON POWER DARLINGTON TRANSISTORS 
WITH BASE-EMITTER SPEEDUP DIODE 

The BUT 14 Darlington transistor is designed for high-voltage, 
high-speed, power switching in inductive circuits where fall time is 
critical. They are particularly suited for line-operated switchmode 
applications such as: 

• AC and DC Motor Controls 

• Switching Regulators 0-

• Inverters 

• Solenoid and Relay Drivers 

• Fast Turn-Off Times 
300 nS Inductive Fall Time at 25°C (Typl 
1.3 /1S Inductive Storage Time at 25°C (Typl 

• Operating Temperature Range - 65 to 200°C 

MAXIMUM RATINGS 

Rating Symbol BUT14 

Collector-Emitter Voltage VCEOlsusl 500 

Collector-Emitter Voltage VCEV 850 

Emitter Base Voltage VEB 10 

Collector Current 
- Continuous IC 25 
- Peaklll ICM 35 

Base Current 
Continuous IS 5 

- Peak 111 ISM 7.5 

Free Wheel Diode; 
Forward current Continuous IF 25 

Peak IFM 
1 

35 

Total Power Dissipation @)TC ~ 25°C PD 175 
@TC = 100°C 100 

Derate above 25°C 

Operating and Storage Junction TJ. Tstg 
Temperature Range -65to +200 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal ReSistance. R9JC 
Junction to Case 1.0 

Maximum:Lead Temperature TL 
for Soldering Purpose: 

1/8" from Case for 5 Seconds 275 

111 Pulse Test. Pulse Width; 5 ms. Duty Cycle :$ 10%. 

3-507 

Unit 

Vdc 

Vdc 

Vdc 

Adc 

--
Adc 

Adc 

Watts 

W/oC 

°c 

Unit 
... -

°C/W 

°c 

BUT14 

25 AMPERES 

NPN SILICON 
POWER DARLINGTON 

TRANSISTORS 

850 VOLTS 
175 WATTS 

Designer' 5 Data for 
"Worst Case" Conditions 

The DeSigners Data Sheet permits the 
design of most circuits entirely from 
the information presented. limit data 
- representing device characteristics 
boundaries - are given to facilitate 
"worst case" design. 

NOl ~s 
1 DIMENSIONS a AND v ARf DATUMS 

2 W ISS~ATING PlAN~ AND DATUM 

1 POSITIONAL TOLERANCE FOR 
MOUNTING HOlf 0 

[~_TI-i3!o-iiO!iI(0"I1J v(.5l 
fORl(AOS 

[.-ri "'00';'1 ~lTi@lQ~ 
4 OIM{NSIONSANOTOL~RANCESPlR 

CASE 1-05 TO·3 

• 

II 
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ELECTRICAL CHARACTERISTICS ITC 25°C unless otherwise noted) 

Characteristic Symbol Min Typ ., Max Unit 

OFF CHARACTERISTics 

Collector-Emitter Sustaining Voltage nable 1) VCEO(sus) Vdc 
(lC = .100 mA, III = 0) 500 - -

Collector Cutoff Current ICEV mAdc 
(VCEV = Rated Value, VBEloft) = 1.5 Vdc) - - 0.2 
IVCEV = Rated Value, VBEloff) :: 1.5 Vdc. TC = 100°C - - 2.0 

Emitter Cutoff Current lEBO mAdc 
IVEB = 2.0 V, IC = 0) - - 175 

SECOND BREAKDOWN 

Second Breakdown Collector Current with base forward bias:.:e:.:d'-_+--'='--+ ____ --+_--=S:.:e:::,e..:,F"'ig"'u::.re=-:.I.::6_-+ ____ --! 
Clamped Inductive SOA with Base Reverse Biased See Figure 17 

ON CHARACTERISTICS 11) 

DC Current Gain 
IIC = 8 A, VCE = 5 V) 
IIc = 16 A, VCE = 5 V) 

Collector·Emitter Saturation Voltage 
/lc = 8 A, la = 0.4 A) 
/lC = 16 A. la = 1.6 AI 
(lC = 20 A, la = 2.0 A) 
(lc = 25 A, la = 5 A) 

Base·Emitter Saturation Voltage 
IIC = 8 A, la -~ 0.4 A) 
/lc = 16 A, la = 1.6 A) 
IIC = 20 A, la ~. 2 A) 

Diode Forward Voltage 
(IF = 20 A) 

SWITCHING CHARACTERISTICS 
Inductive Load, Clamped (Table 1) 

Storage Time 

Fall Time TC = 25"C 

Storage Time 

Fall Time TC = ioooc 

III Pulse Test: PW : 300 lIS, Duty Cycle::5 2%. 

See Table 1 

IC ~ 16A 

lal = 1.6 A 

VaEloff) = 5 V 

3-508 

hFE 
30 - -
15 - -

VCElsat) Vdc 
- - 2.0 
- .- 3.0 
- - 3.5 
-- - 5.0 

VaElsatl Vdc 
" - 2.5 
- " 2.9 
- " 3.3 

VI Vdc 
- - 4.0 

ts - 1.3 2.8 /AS 

tf - 0.3 0.8 /AS 

ts - 1.5 _. /IS 

tf .- 0.35 - /AS 



BUT14 

TYPICAL CHARACTERISTICS 

FIGURE 1 - DC CURRENT GAIN FIGURE 2 - COUECTOR SATURATION REGION 
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BUT14 

TABLE 1 - TEST CONDITIONS FOR DYNAMIC PERFORMANCE 
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FREE-WHEEL DIODE CHARACTERISTICS 

FIGURE 10 - FREE WHEEL DIODE MEASUREMENTS 

FIGURE 12 - FORWARD MODULATION VOLTAGE 
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FIGURE 11 - FORWARD VOLTAGE 
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The s.t. Operating Are. figures shown in Figure. 16 ."" 17,< 
are 8peClfed far these devica. uncIer the test condhlOn, shown. 
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SAFE O.PERATING AREA INFORMATION 

FORWARD BIAS 

There are "two limitations on the power handling ability 
of A transistor: average junction tamperature and second 
breakdown. Safe operating area curves indicate IC~VCE 
limits of the transistor that must be observ.ed for reliable 
operation, i.e .. the transistor must not be subject to 
grater dissipation than the curves indicate. 

The data of Figure 1'6 is based on TC = 25°(;; TJ(pkl is 
variable depending on power level. Second breakdown 
pulse limits are valid for duty cycles to 1 0% b~t must be 
derated when TC i;: 25°C. Second breakdown limitations 
do not derate the same as thermal limitations. Allowable 
current at the voltages shown on Figu~e 1 6 may be found 
at any case temperature by using the appropriate curve 
On Figure 18. 

TJ(pk) may be calculated from the data in Figure 5. At 
high case temperatures, thermal limitations will reduce 
the power that can be handled to values less than 'the 
limitations imposed by second breakdown. 

REVERSE BIAS 

For inductive loads, high voltage and high current must 
be sustained simultaneously during turn-off, in' most 
cases, with the base to emitter junction reverse biased. 
Vnder these conditions the collector voltage must be held 
to a safe level at or below a specific value of collector 
current. This can be accomplished by several means such 
as active clamping, RC snubbing, load line shaping, etc. 
The safe level for these devices is specified as Reverse 
Bias Safe Operating Area and represents the voltage
current condition allowable during 'reverse biased turn· 
off. This rating· is verified under clamped conditions so 
that the device is never subjected to an avalanche mode. 
Figure 17. gives the RBSOA characteristics. 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

SWITCH MODE SERIES 

NPN SILICON POWER DARLINGTON TRANSISTORS 
WITH BASE-EMITTER SPEEDUP DIODE 

The BUT 15 Darlington transistor is designed for high-voltage, 
high-speed, power switching in inductive circuits where fall time is 
critical. They are particularly suited for line-operated switchmode 
applications such as: 

• AC and DC Motor Controls 

• Switching Regulators 

• Inverters 

• Solenoid and Relay Drivers 

• Fast Turn-Off Times 
300 nS Inductive Fall Time at 25°C (Typl 
1.2 /1S Inductive Storage Time at 25°C (Typl 

• Operating Temperature Range - 65 to 200°C 

MAXIMUM RATINGS 

Rating Symbol BUT15 

Collector-Emitter Voltage VCEOlsus) 700 

Collector-Emitter Voltage VCEV 1000 

Emitter Base Voltage VEB 10 

Collector Current 
- Continuous IC 20 
-- Peak(1) ICM 25 

Base Current . 
- Continuous IB 5 
- Peak(1) IBM 10 

Free Wheel Diode: 
Forwa"rd current - Continuous IF 20 

-" Peak IFM 25 

Total Power Dissipation@Tc = 25°C Po 175 
@TC = 100°C 100 

Derate above 25°C 

Operating and Storage Junction TJ' Tstg 
Temperature Range - 65 to +200 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance, R9JC 
Junction to Case 1.0 

Maximum Lead Temperature TL 
for Soldering Purpose: 

1 IS" from Case for 5 Seconds 275 

(1) Pulse Test. Pulse Willth = 5 ms, Duty Cycle:;; 10%. 
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U"it 

Vdc 

Vdc 

Vdc 

Adc 

Adc 

Adc 

Watts 

W/oC 

°C 

Unit 

°C/W 

°c 

BUTIS 

20 AMPERES 

NPN SILICON 
POWER DARLINGTON 

TRANSISTORS 

1000 VOLTS 
175 WATTS 

Designe,'s Data for 
"Worst Ca .... Conditions 

The Designers Data Sheet permits the 
design of most circuits entirely from 
the information presented. Limit data 
- representing device characteristics 
boundaries - are given to facilitate 
"worst case" design. 
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BUT15 

ELECTRICAL CHARACTERISTICS (TC 25°C unless otherwise noted) 
Characteristic Symbol 

OFF CHARACTERISnCS 

Collector-Emitter Sustaining Voltage (Table 11 
(lC = 100 mA, IB·~ 01 

Collector Cutoff Current 
(VCEV '" RateclValue, VBE(offl = 1.5 Vdcl 
(VCEV = Rated Value, VBE(off) = 1.5 Vdc, TC = 100·CI 

Emitter Cutoff Current 
(VEB = 2.0 V, IC = 01 

SECOND BREAKDOWN 

Second Breakdown Collector Current with base forward biased 

Clamped Inductive SOA with Base Reverse Biased 

ON CHARACTERISTICS (11 

DC Current Gain 
(lC = 6 A, VCE = 5 VI 
(lc = 1 2 A, VeE = 5 VI 

Collector-Emitter Saturation Voltage 
(Ie = 6 A, IB = 0.3 AI 
(Ie = 12 A,IB = 1.2.AI 
(lC = 16 A,IB = 1.6 AI 
(lC = 20 A, IB = 4 AI 

Base-Emitter Saturation Voltage 
(Ie = 6 A, IB = 0.3 AI 
~Ie = 12 A,IB = 1.2 AI 
(Ie = 16 A, IB = 1.6 AI 

Diode Forward Voltage 
(IF = 16 AI 

SWITCHING CHARACTERISTICS 
Inductive Load, Clamped (Table 11 

Storage Time 

Fall Time TC = 25·C 

Storage Time 

Fall Time Te = 100·C 

(11 Pulse Test: PW = 100 IJ.S, Duty Cycle S 2%. 

See Table 1 

Ie = 12 A 

181 = 1.2 A 

VBE(off) = 5 V 

3-514 

VCEO(susl 

ICEV 

lEBO 

hFE 

VCE(satl 

VBE(sati 

Vf 

ts 

tf 

ts 

tf 

Min Typ Mu Unit 

Vdc 
700 - -

mAdc 
- .., 0.1 
- - 2.0 

mAdc 
- - 175 

See Figure 1 6 

See Figure 1 7 

30 - -
15 - -

Vdc 
- - 2.0 
- - 3.0 
- .- 3.5 
- .. 5.0 

Vdc 
- - 2.5 
- - 2.9 
- - 3.3 

Vdc 
- - 4.0 

- 1.2 2.5 IJ.S 

- 0.3 O.B IJ.S 

- 1.4 - IJ.S 

- 0.35 - IJ.S 



BUT1S 

TYPICAL CHARACTERISTICS 

FIGURE 1 - DC CURRENT GAIN FIGURE 2 - COLLECTOR SATURATION REGION 
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TABLE 1 - TEST CONDITIONS FOR DYNAMIC PERFORMANCE 
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FREE-WHEEL DIODE CHARACTERISTICS 

FIGURE 10 - FREE WHEEL DIODE MEASUREMENTS 
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FIGURE 11 - FORWARD VOLTAGE 
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BUT1S 

The Slife OperatIng Area ttgurn shown In FIgur..16 and 17 
... speclfed for theM .vlces uncler the test conditions shown. 
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SAFE OPERATING AREA INFORMATION 

FORWARD BIAS 

There are two limitations.on the power handling ability 
of a transistor: average junction temperature and second 
breakdown. Safe operating area curves indicate IC-VCE 
limits of the transistor that must be observed for reliable 
operation, i.e., the transistor must not be subject to 
grater dissipation than the curves indicate . 

The data of Figure 16 is based on TC = 25°C; TJ(pk) is 
variable depending on power level. Second breakdown 
pulse limits are valid for duty cycles to 10% but must be 
derated when TC iii: 25°C. Second breakdown limitations 
do not derate the same as thermallirnitations. Allowable 
current at the voltages shown 'on Figure 16 may be found 
at any case temperature by using the appropriate' curve 
on Figure 18 . 

TJ(pk) may be calculated from the data in Figure 5. At 
high case temperatures, thermal limitations will reduce 
the power that can be handled to values less than the 
limitations imposed by second breakdown. 

REVERSE BIAS 

For inductive loads. high voltage anll high current must 
be sustained simultaneously during turn-off, in most 
cases, with the base to emitter junction reverse biased. 
Under these conditions the collector voltage must be held 
to a safe level at or below a specific value of collector 
current. This can be accomplished by several means s':'ch 
as active clamping. RC snubbing. load line shaping. etc. 
The safe level for these devices is specified as Reverse 
Bias Safe Operating Area and represents the voltage
current condition allowable during reverse biased turn
off. This rating is verified under clamped conditions so 
that the device is never subjected to an avalanche mode. 
Figure 1 7 gives the RBSOA characteristics. 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

SWITCH MODE SERIES 

NPN SILICON POWER DARLINGTON TRANSISTORS 

WITH SASE-EMITTER SPEEDUP DIODE 

The BUT 16 Darlington transistor is desigried for high-voltage, 
high-speed, power switching in inductive circuits where fall time is 
critical. They are particularly suited for line-operated switchmode 
applications such as: 

• AC and DC Motor Controls 

• Switching Regulators 

• Inverters 

• Solenoid and Relay Drivers 

• Fast Turn-Off Times 
2.0 uS Inductive Fall Time at 100°C (Typl 
0.8 uS Inductive Storage Time at 100°C (Typ) 

• Operating Temperatwe Range - 65 to 175°C 

MAXIMUM RATINGS 

Rating Symbol BUT16 Unit 

Collector-Emitter Voltage VCEO(sus) 1000 Vdc 

Collector-Emitter Voltage VCEV 1400 Vdc 

Emitter Base Voltage VEB 10 Vdc 

Collector Current Adc 
- Continuous IC 12 
- Peak(l) ICM 20 

Base Current Adc 
_. Continuous IB B 
- Peak(ll IBM 10 

Free Wheel Diode: I Adc 
"Forward current - Continuous IF 12 

- Peak IFM 20 

T o~al Power Dissipation @TC ~ 25°C Po 150 Watts 
@TC - 100°C 75 

Derate above 2 SoC W/oC 

Operating and Storage Junction TJ' Tstg °c 
Tem.perature R~nge -65to+175 

THERMAL CHARACTERISTICS 

Characteristic Symbol Ma. Unit 

Thermal Resistance, RGJC °C/W 
Junction to Case 1.0 

Maximum Lead Temperature TL °c 
for Soldering Purpose: 

1IB'· from Case for 5 Seconds 275 

(1) Pulse Test. Pulse Width 5 ms, Duty Cycle :5 10%. 
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BUTl6 

12 AMPERES 

NPN SILICON 
POWER DARLINGTO.N 

TRANSISTORS 

1400 VOLTS 
1S0WATTS 

Designe,' s Data for 
"Worst Case·' Conditions 

The Designers Data Sheet permits the 
design of most circ4its entirely from 
the information presented. Limit data 
- representing device characteristics 
boundaries - are given to facilitate 
"worst case" design. 
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BUT16 

ELECTRICAL CHARACTERISTICS (TC 25°C unless otherwise noted) 
Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage ITable 11 
(lC = 100 mAo IB = 01 

Collector Cutoff Current 
IVCEV = Rated Value. VBEloifi = 1.5 Vdcl 
IVCEV = Rated .Value. VBEloffl = 1.5 Vdc. TC = 100·CI 

Emitter Cutoff Current 
IVEB = 2.0 V. IC = 01 

SECONO BREAKDOWN 

Second Breakdown Collector Current with base lorward biased 

Clamped Inductive SOA with Base Reverse Biased 

ON CHARACTERISTICS 111 

OC Current Gain 
(lC = 4 A. VCE = 5 VI 
(lC = B A. VCE = 5 VI 

Collector-Emitter Saturation Voltage 

(lC = T 2 A. IB = 6 AI 

Base-Emitter Saturation Voltage 

(lC = B A. IB = 1.6 AI 

Diode Forward Voltage 
(IF = 12 AI 

SWITCHING CHARACTERISTICS 
Inductive Load. Clamped !Table 11 

Storage Time 

Fall Time TC = 25·C 

Storage Time 

Fall Time TC = 100·C 

III Pulse Test: PW ~ 300fJs. Duty Cycle:5 2%. 

See Table 1 

IC = BA 

IBI = 1.6 A 

VBElolfi = 5 V 

3c520 

Symbol 

VCEOlsusl 

ICEV 

lEBO 

hFE 

VCElsatl 

VBElsatl 

VI 

ts 

tl 

Is 

tl 

Min TVp Mao Unit 

Vdc 
1000 - -

mAde 
- - 0.1 
- _. 2.0 

mAde 
- - 175 

See Figure 1 6 

See Figure 1 7 

20 - -
5 - -

Vdc 

- - 5.0 

Vdc 

- - 3.3 

Vdc 
- - 4.0 

- - 3.3 fJS 

- - 1.5 fJS 

- 2.0 - fJS 

- O.B - fJS 
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TYPICAL CHARACTERISTICS 

FIGURE 1 - DC CURRENT GAIN FIGURE 2 - COLLECTOR SATURAnON REGION 
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FIGURE 5 - THERMAL RESPONSE 
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TABLE 1 - TEST CONDITIONS FOR DYNAMIC .PERFORMANCE 
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FREE· WHEEL DIODE CHARACTERISTICS 

FIGURE 10 - FREE WHEEL DIODE MEASUREMENTS 
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SAFE OPERATING AREA INFORMATION 

FORWARD BIAS 

There ara two limitations on the powar handling Ibllity 
of a transistor: averlge junction tlmplrltur. Ind Blcond 
breekdown. Safe op.rlting aral curval Indiclta IC-VCE 
limits of tha transistor that must be observed for ralilble 
operation. i.a .• the trlnsiltor must not be subjact to 
grater dissipation thin tha curves indicate. 

The data of Figure 16 is besed on TC = 25°C; TJ(pk) is 
variable depending on power level. Second breakdown 
pulse limits are valid for duty cycle. to 10% but must be 
derated when TC iii: 25°C. Second breakdown limitations 
do not derate the same as thermal limitations. Allowable 
current at the voltages shown on Figure 16 may be found 
at any case temperature by using the appropriate curve 
on Figure 1 8. 

TJ(pk) may be calculated from the data in Figure 5. At 
high case temperatures. thermal limitations will reduce 
the power that can be handled to values less than the 
limitations imposed by second breakdown. 

REVERSE BIAS 

For inductive loads. high voltage and high current must 
be sustained simultaneously during turn-off. in most 
cases. with the base to emitter junction reverse biased. 
Under these conditions the collector voltage must be held 
to a safe level at or below a specific value of collector 
current. This can be accomplished by several means such 
as active clamping. RC snubbing. load line shaping. etc. 
The safe level for these devices is specified as Reverse 
Bias Safe Operating Area and represents the voltage
current condition allowable during reverse biased turn
off. This rating is verified under clamped conditions so 
that the device is never subjected to an avalanche mode. 
Figure 17 gives the RBSOA characteristics. 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

SWITCH MODE SERIES 

NPN SILICON POWER DARLINGTON TRANSISTORS 
WITH BASE-EMITTER SPEEDUP DIODE 

The BUT 33 Darlington transistor is designed for high-voltage. 

high-speed. power switching in inductive circuits where fall time is 

critical. They are particularly suited for line-operated switchmode 

applications such as: 

• AC and DC Motor Controls 

• Switching Regulators 

• Inverters 

• Solenoid and Relay Drivers 

• Fast Turn ·Off Times 
BOO nS Inductive Fall Time at 25°C (Typ) 
2.0 liS Inductive Storage Time at 25°C (Typl 

• Operating Temperature Range - 65 to 200°C 

MAXIMUM RATINGS 

Rating Symbol 

Collector Emitter' Voltage VCEOlsusl 

Coliector·Ernltter ,Voltage VCEV 

Emitter Base Voltage VEB 

Collector Current 
CllnttnuOuS IC 
Peak 111 ICM 

Base Current 
Continuous IB 
Peak III IBM 

Free Whep.1 Dtodt-i 
F-orwiird CutfPnt Continuous IF 

PeClk IFM 

Total Power DISSipation (a: T C 25"C PD 
(UTC 100"C 

Derate above 2 5(lC 

Operating ,md Storage JunctIon TJ. Ts'~ 

BUT33 

400 

600 

10 

56 
75 

12 
15' 

~16 

75 

250 
140 

Temperdture Range 6~ to .200 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal ReSistance, RO.JC 
Junction to Case 0.7 

MaXimum Lead Temperature TL 
for Solder!ng Purpose' 

1/8" from Case for 5 Seconds 275 

t1) Pulse Test. Pulse Width 5 ms, Duty Cycle ~ 10%. 

3-525 

Unit 

Vdc 

Vdc 

Vdc 

Adc 

Arlc 

Adc 

Watts 

W."C 

"c 

Unit 

"C·W 

°c 

BUT33 

56 AMPERES 

NPN SILICON 
POWER DARLINGTON 

TRANSISTORS 

600 VOLTS 
250 WATTS 

De.igner'. Oat. for 
"Worst C ..... Condition. 

The DeSigners Data Sheet permits the 
deSign of most circuits entirely from 
the information presented. limit data 
- representing device characteristics 
boundaries - are given to facilitate 
"worst case" design. 

~ 
B C 

~ D K 

...- '. 

lOll 
• B 

D 
E 
F 

• • J 

• Q 

• 

STYLE 1; 
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ELECTRICAL CHARACTERISTICS (TC 25°C unless otherwise noted) 

I . Cbaracteristic Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Suslaining Vollage (Table 1 I VCEO(susi 
(lC ~ 100 mAo IB = 01 

Colleclor Culoff Currenl ICEV 
(VCEV = Raled Value. VBE(off) 1_5 Vdcl 
(VCEV = Raled Value .. VBE(offi ~ 1.5 Vdc. TC = 100°CI 

Emitter Cutoff Current lEBO 
(VEB = 2.0 V. IC ~ 01 

SECOND BREAKDOWN 

Second Breakdown Colle<;.tor Corrent with base forward biased 

Clamped Inductive SOA with Base: Reverse Biased 

ON CHARACTERISTICS (1 I 

DC Current Gain 
(lC = 20 A. VCE ~ 5 VI 
(lC = 36 A. VCE = 5 VI 

COllector-Emitter Saturation Voltagt:. 
(lC -- 20 A. IB 1 AI 
(IC = 36 A.IB - 3.6 AI 
(Ie 44 A. IB -- 4.'4 AI 
(lC = 56 A. IB -- 11.2 AI 

Base-Emitter Saturation Voltage 
(lC = 20 A. 18 -- 1 AI 
IIC -- 36 A. IB = 3.6 AI 
IIc = 44 A. 18 4.4 AI 

Diode Forward Voltage 
(IF = 44 AI 

SWITCHING CHARACTERISTICS 
Inductive Load Clamped (Table 1) 

Storage Time 

Fall Time TC - 25"C 

Storage Time 

Fall Tune TC c 100"C 

See Table 1 

(11 Pulse Test: PW 300 I'S. Ouly Cycle:i 2%. 

hFE 

VCE(satl 

VBE(sati 

VI 

IC " 36 A Is 

18 " 3.6 A It 

Is 

V8E(offi .. 5V It 

3-526 

Min Typ . . Max Unit 

Vdc 
400 :.. -

mAde 
- "7 0.2 

- - 4.0 

mAde 
- - 350 

See Figure 1 6 

See Figure 1 7 

30 - -
20 - -

Vdc 

- - 2.0 

- .,.. 2.5 

- - 3_0 

- - 5.0 

Vdc 

- - 2.5 

- - 2.9 
- - 3.3 

Vdc 

- - 4.0 

- 2.0 3.3 I'S 

- 0.8 1.6 I'S 

- 2.2 - I'S 

- 0.8 - 1'. 
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'TYPICAL CHARACTERISTICS 

FIGURE 1 - DC CURRENT GAIN 
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FREE-WHEEL DIODE CHARACTERISTICS 

FIGURE 10 - FREE WHEEL DIODE "otEASUREMENTS 
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FIGURE 11 - FORWARD VOLTAGE 
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The Safe 0per8I1ng AnI. fIgu_ .-n in Fig .... 16 and 17 
_ apecIfed fort ..... devices undart"'tastcondltions shown. 

SAFE OPERATING AREA INFORMATION 
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FIGURE 16 - SAFE OPERATING AREA 

.... 1oo"S 
....... OC 

"' " 
-

TC • 15"(; "-
1 I ~ 

'0 3D 'DO 3D0 
VrF COllECtOR UUTTER VOl UGf IVOlTS! 

.o.s 

'000 

FORWARD BIAS 

There art! two limitations-on the power handling ability 
of a transistor: average junction temperature and second 
breakdown. Safe operating area curves indicate IC-VCE 
limits of the transistor that must be observed for reliable 
operation, i.e., the transistor must not be subject to 
grater dissipation than the curves indicate. 

The data of Figure 16 is based on TC = 25°C; TJ{pkl is 
variable depending on power level. Second breakdown 
pulse limits are valid for duty cycles to 10% but must be 
derated when TC iii: 25°C. Second breakdown limitations 
do not derate the same as thermal limitations. Allowable 
current at the voltages shown on Figure 16 may be found 
at any case temperature by using the appropriate curve 
on Figure 18. 

FIGURE 17 - REVERSE BIAS SAFE OPERATING AREA 

TJ{pkl may be calculated from the data in Figure 5. At 
high case temperatures, thermal limitations will reduce 
the power that can be handled to values less than the 
limitations imposed by second breakdown. 
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REVERSE BIAS 

For inductive loads, high voltage and high current must 
be sustained simultaneously during turn· off , in most 
cases, with the base to emitter junction reverse biased. 
Under these conditions the collector voltage must be held 
to a safe level at or below a specific value of collector 
current. This can be accomplished by several mean.s such 
as active clamping, Rt snubbing, load line shaping; etc. 
The safe level for these devices is specified as Reverse 
Bias Safe Operating Area and represents the voltage 
current condition allowable during reverse biased turn· 
off. This rating .s verified under clamped conditions so 
that the device .s never subjected to an avalanche mode. 
Figure 17 giVes the RBSOA characteristics. 
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MOTOROLA 

- SEMICONDUCTOR -----1 
TECHNICAL DATA 

SWITCHMODE SERIES 

NPN SILICON POWER DARLINGTON TRANSISTORS 
WITH BASE-EMITTER SPEEDUP DIODE 

The BUT 34 Darlington transistor is designed for high-voltage, 
high-speed, power switching in inductive circuits where fall time is 
critical. They are particularly suited for line-operated switch mode 
applications such as: 

• AC and DC Motor Controls 

• Switching Regulators 

• Inverters 

• Solenoid and Relay Drivers 

• Fast Turn-Off Times 
0_7 uS Inductive Fall Time at 25°C (Typ) 
1.8 uS Inductive Storage Time at 25°C (Typ) 

• Operating Temperature Range - 65 to 200°C 

MAXIMUM RATINGS 

Rating Symbol BUT34 Unit 

Collector-Emitter Voltage VCEOlsusl 500 Vdc 
r----' -

Collector-Emitter Voltage VCEV 850 Vdc 

Emitter Base Voltage VE8 10 Vdc 

Collector Current Adc 
Continuous IC 50 

- Peakl1l ICM 75 

Base Current Adc 
- Continuous IS 10 
- Peak I 1 I ISM 15 

Free Wheel Diode: Adc 
Forward current - Continuous IF 50 

- Peak IFM 75 

--

Total Power Dissipation@Tc = 25°C Po 250 Watts 
@TC = 100°C 140 

Derate above 25°C W/oC 

Operating and Storage Junction TJ, Tst9 °C 
Temperature Range .- 65 to +200 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

--
Thermal Resistance. R9JC °C/W 
Junction to Case 0.7 

Maximum Lead Temperature Tl °c 
for Soldering Purpose: 

1/8" from Case for 5 Seconds 275 

111 Pulse Test. Pulse Width = 5 ms, Duty Cycle:;; 10%. 

3-531 

BUT34 

50 AMPERES 

NPN SILICON 
POWER DARLINGTON 

TRANSISTORS 

850 VOLTS 
250 WATTS 

Designer'l Dete for 
"Worst C ... " Condition. 

The Designers Data Sheet permits the 
design of most circuits entirely from 
the information presented. Limit data 
- representing device characteristics 
boundaries - are given to facilitate 
"worst case" design. 
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STYUl 
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2 EMITTER 
CASE COLLECTOR 

Mllllllnl:AS INeMU 
M'. MAX M' MA, 
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ELECTRICAL CHARACTERISTICS ITC 25°C unless otherwise noted I 
Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage ITable 11 
IIC = 100 mAo IB = 01 

Collector Cutoff Current 
IVCEV = Rated Value. VBEloffl = 1.5 Vdcl 
IVCEV = Rated Value. VBEloffl = 1.5 Vdc. TC = 100 0 CI 

Emitter Cutoff Current 
IVEB = 2.0 V.IC·= 01 

SECOND BREAKDOWN 

Second Breakdown (oliActor Current with base forward biased 

Clamped Inductive SOA with Base Reverse Biased 

ON CHARACTERISTICS 11 I 

DC Current Gain 
IIC = 16 A. VCE = 5 VI 
IIC = 32 A. VeE = 5 VI 

Collector-Emitter Saturation Voltage 
(lC = 16A.IB = 0.8 Al 
lie = 32 A. IB = 3.2 Al 
lie = 40 A. IB = 4 Al 
IIC = 50 A. IB = 10.AI 

Base-Emitter Saturation Voltage 
IIC = 16 A. IB = 0.8 Al 
lie = 32 A. IB 0.' 3.2 Al 
(Ie = 40 A. 18 = 4 Al 

Diode Forward Vollage 
(IF = 40 Al 

4O"C 

SWITCHING CHARACTERISTICS 
Induclive Load Clamped ITable 1 I 

Storage Tim~ 

Fall Time 
TC .0 25°C 

Slorage Ti';e-

Fall Time TC = 100°C 

III Pulse lest: PW = 300 ps. DUly Cycle :5 2 %. 

See Table 1 

IC = 32 A 

181 = 3.2 A 

VBEloffl = 5 V 

3-532 

Symbol 

VCEOlsusl 

ICEV 

lEBO 

hFE 

VCElsat) 

VBElsat) 

Vt 

Is 

tt 

Is 

It 

MIn Typ Ma" UnIt 

Vdc 
500 - -

mAde 
- - 0.2 
- - 4.0 

mAdc 
- - 350 

See Figure 16 

See Figure 1 7 

30 - --
15 - -

Vdc 
- - 2.0 
- - 3.0 
- - 3.5 
- - 5.0 

Vdc 
- - 2.5 
- - 2.9 
- - 3.3 

Vdc 
- - 4.0 

1.8 3.0 ps 

- 0.7 1.5 ps 

- 2.2 - ps 

- 0.8 - ps 
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TYPICAL CHARACTERISTICS 

FIGURE 1 - DC CURRENT GAIN FIGURE Z - COLLECTOR SATURATION REGION 
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FREE-WHEEL DIODE CHARACTERISTICS 

FIGURE 10 - FREE WHEEL DIODE MEASUREMENTS 

FIGURE 12 - FORWARD MODULATION VOLTAGE 
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The .. fe ()per811ng AIu ....... hown In Figu_ 18 .ncI 17 
__ Ifed forthna devtce ........... t .. t condition. shOwn. 

FIGURE 18 - SAFE OPERATING AREA 
10 

30 loS 
~'0", 

~ lit 100", 

~ 10 

~ 
\ 

., . 
3.0 "' ,. 

g 1.0 

:i 
0.& 

~ 
0.3 

TC·2S·C 

0.1 I I 
10 30 100 300 1000 

VCE. COLLECTOR·Eftf'TTER 'VOl T AGE IVOL lSI 

FIGURE 17 - REVERSE IllAS SAFE OPERATING AREA 
10 

-- -- --

\ 

\ I t--1---
I--- TC· 2S·C ~ ---+--{---lelia· 10 

I h VaEloltI .. SV ... J 

200 600 850 
VCE. COLLECTOR·EMITT£R VOL T AGE IVOLTSI 

SAFE OPERATING AREA INFORMATION 

FORWARD BIAS 

There' are two limitatioris on the power hlindling ability 
of a transistor: average junction temperature and second 
breakdown. Safe operating area curves indicate IC.vCE 
limits of the transistor that must be observed for reliable 
operation, i.e., the transistor must not be subject to 
gratar dissi'pation than the curves indicate . 

The data of Figure 16 is based on TC = 25°C; TJ(pk) is 
variable depending on power level. Second breakdown 
pulse limits are velid for duty cycles to 10% but must be 
derated when TC iii:; 25°C. Second breakdown limitation. 
do not derate the same as thermal limitations. Allowable 
current at the voltages shown on Figure 16 may be found 
at any case temperature by using the appropriate curve 
on Figure 1 8. 

TJ(pk) may be calculated from the data in Figure 5. At 
high case temperatures, thermal limitations will reduce 
the power that can be handled to values less than the 
limitations imposed by second ·breakdown. 

REVERSE BIAS 

For inductive loads, high voltage and high current must 
be sustained simultaneously during turn-off, in most 
cases, with the base to emitter junction' reverse biased. 
Under these conditions the collector voltage must be held 
to a safe level at or below a specific value of collector 
current. This can be accomplished by several means such 
as active clamping, AC snubbing, load line shaping, etc. 
The safe level for these devices is specified as Reverse 
Bias Safe Operating Area and represents the voltage
current conditi!)n allowable during reverse biased turn
off. This rating is verified under clamped conditions so 
that the device is never subjected to an avalanche mode. 
Figure 17 gives the'RBSOA characteristics. 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

SWITCH MODE SERIES 
NPN SILICON POWER DARLINGTON TRANSISTORS 

WITH BASE-EMITTER SPEEDUP DIODE 

The BUT 35 Darlington transistor is designed for high-voltage, 
high-speed, power switching in inductive circuits where fall time is 
critical. They are particularly suited for line-operated switchmode 
applications such as: 

• AC and DC Motor Controls ;h 
• SwitchIng Regulators ~' 
• Inverters 

• Solenoid and Relay Drivers 

• Fast Turn-Off TImes 
550 nS InductIve Fall TIme at 25°C (Typi &0 8 

2.5 uS Inductive Storage Time at 25°C (Typi 

• Operating Temperatu,e Range - 65 to 200°C 

MAXIMUM RATINGS 

Rating Symbol BUT35 Unit 

1---------------+-.----+---------------
~~ector-Emitler Voltage ______ ~CEOlsu!'l 700 i Vdc 

_~ollector-Emltter ~oltage _40"' ____ t-VCEV :_ --1000~=+-~Vd~ __ 

~~tter Base Voltag~_____ VEB I 0 __ +_~ 

Collector Current Adc 

_):;:~nl~ou~ _______________ ~~_ :~-----L ___ _ 
Base Current i Adc 

- Continuous 18 10 I 

Fre~ ::~,l~,ode t'BM f-- 20 --+--Ad~---
forward curref'lt Continuous IF t 40 I 

7ot~'P~:;r DIS~:;,;.:,,~e~~- 25~- 1;;- ---- 2
5
:0 -1' -W;t7;-

(iilTC - 100°C 140 

Derate above 25°C -----r-- i ---------t-~~~ 
Operating and Storage Junction TJ,1st9 ! °C 

Temperature Range 65 to 't 200 I 
THERMAL CHARACTERISTICS 

Characteristic Symbol Mao Unit 

-- -------r-----
Thermal Resistance. ReJC "C/W 
Junction to Case 0.7 

---
Maximum Lead Temperature 

I 
TL °C 

for Soldering Purpose: 
liB" from Case for 5 Seconds 275 

II I Pulse Test_ Pulse Width 5 ms, Duty Cycle :ii 10%. 
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BUT35 

40 AMPERES 

NPN SILICON 
POWER DARLINGTON 

TRANSISTORS 

1000 VOLTS 
260 WATTS 

Designer'. Oete for 
"Wor.t Ca .... Conditions 

The Designers Data Sheet permits. the 
design of most circuits entirely from 
the information presented. limit data 
- representing device characteristics 
boundaries - are given to facilitate 
"worst case" design. 

STYU 1 
PIN 1 lASE 

2 EMITTUt 
CASE COLLECTOR 

CASE 197-01 
MODIFIED TO-3 

-

II 



BUl35 

ELECTRICAL CHARACTERISTICS ITC 25°C unless otherwise noted) 
Chllnoctaristic 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage ITable I} 
IIC = 100 mAo .IB = O} 

Collector Cutoff Current 
IVCEV = Rated Value. VBEloff} = 1.5 Vdc} 
IVCEV = Rated Valu.e. VBEloff} ~ 1.5 Vdc. TC = 100·CI 

Emiller Cutoff Current 
IVEB = 2.0 V. IC = 01 

SECOND BREAKDOWN 

Second Breakdown Collector Current with base lorward biased 

Clamped Inductive SOA with Base Reverse Biased 

ON CHARACTERISTICS 111 

DC Current Gain 
IIC = 12 A. VCE = 5 VI 
IIC = 24 A. VCE = 5 VI 

Collect Of Emitter Saturation Voltage 
IIc : 12 A. IS " 0.6 AI 
lie '0 24 A, IS = 2.4 AI 
IIC ~ 32 A. IS .0 3.2 AI 
lie = 40 A. IB = S AI 

Symbol I. MIn 

VCEOlsus} 

ICEV 

lEBO 

hFE 

VeElsatl 

700 

-
-

-

30 
15 

Typ Me. Unit 

Vdc 
- -

mAdc 
- 0.2 
- 4.0 

mAdc 
-- 350 

See Figure 1 6 

See Figure 1 7 

~'-------'------'----------------------------~-------r------~------r-----~-----~---i 
Base-Emitter Saturation Voltage VBElsatl 

IIC = 12 A. IB = 0.6 AI 
lie = 24 A. IS 0_ 2.4 AI 
lie = 32 A, 18 ' 3.2 AI 

.-------------------r--------<I------+-----+---+-----l 
Diode Fo.rward Voltage VI 

IIF = 32 AI 

SWITCHING CHARACTERISTICS 
Inductive Load, Clamped ITable 1 I 

Storage Time 
---.:-:-:--::"----._- Te -- 25·e Fall Time 

Storage Time ---------.. TC 100"e Fall Time 

III Pulse Test: PW ' 300 pS. Duty Cycle :5 2 %. 

See Table 1 ts 

IC = 24 A tl 

IBI -- 2.4 A ts 

VSEloIII = 5 V tf 
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TYPICAL CHARACTERISTICS 

FIGURE 1 - DC CURRENT GAIN 
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TABLE 1 - TEST CONDITIONS fOR DYNAMIC PERFORMANCE 
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FREE-WHEEL DIODE CHARACTERISTICS' 

FIGURE 10 - FREE WHEEL DIODE MEASUREMENTS 
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FIGURE 11 - FORWARD VOLTAGE 
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The Safe Oparating A ... figures shown In Figure. 16 and 17 
are .pecifad for the .. device. uncia. the te.t conditions shown. 

FIGURE 16 - SAFE OPERATING AREA 
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SAFE OPERATING AREA INFORMATION 

FORWARD BIAS 

There are two limitations on the power handling ability 
of a transistor: average junction temperature and second 
breakdown. Safe operating area curves indicate IC·VCE 
limits of the transistor that must be observed for reliable 
operation, . i.e., the transistor must not be subject to 
grater dissipation than the curves indicate. 

The data of Figure 16 is based on TC = 25°C; TJtpk) is 
variable depending on power level. Second breakdown 
pulse limits are valid for duty cycles to 10% but must be 
derated when TC iO: 25°C. Second breakdown limitations 
do not derate the same as thermal limitations. Allowable 
current at the voltages shown on Figure 16 may be found 
at any case temperature by using the appropriate curve 
on Figure 18 . 

TJIPk) may be calculated froin the data in Figure 5. At 
high case temperatures, thermal limitations will reduce 
the power that can be handled to values less than the 
limitations imposed by second breakdown. 

REVERSE BIAS 

For inductive loads, high voltage and high current. must 
be sustained simultaneously during turn· off , in most 
cases, with the base to emitter junction reverse biased. 
Under these conditiOnS the collector voltage must be held 
to a safe level at or below a speCIfic value of collector 
current. This can be accomplished by several means such 
as active clamping, RC snubbing, load line shaping, etc. 
The safe level for these devices is specified as Reverse 
Bias Safe Operating Area and represents 'the voltage· 
current conditIon allowable during reverse biased turn· 
off. This rsling is verified under clamped COnditions so 
that the device is never subjected to an avalanche mode. 
Figure 17 gives the RBSOA characteristics . 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

SWITCHIIiIODE SERIES 

NPN SILICON POWER DARLINGTON TRANSISTORS 

WITH BASE-EMITTER SPEEDUP DIODE 

The BUT 36 Darlington transistor is designed for high-voltage, 
high-speed, power switching in inductive circuits where fall time is 
critical. They are particularly suited for line-operated switchmode 
applications such as: 

• AC arid DC Motor Controls 

• Switching Regulators 

• Inverters 

• Solenoid and Relay Drivers 

• Fast Turn-Off Times 
1_7 uS Inductive Fall Time at 100°C (Typ) ~ 50 

4_5 uS Inductive Storage Time at 100°C (Typ) 

• Operating Temperature Range - 65 to 175°C 

MAXIMUM RATINGS 

Rating Symbol BUT36 

Collector-Emitter Voltage VCEOlsusl 1000 

Collector-Emitter Voltage VCEV 1400 

Emitter Base Voltage VEB 10 

Collector Current 
~ Continuous IC 24 
- Peak III ICM 40 

Base Current 
- Continuous IB 15 
- Peakll I IBM 20 

Free Wheel Diode: 
Forward current Continuous IF 24 

Peak IFM 40 
--

Total Power Dissipation @TC ~ 25°C Po 250 
@TC ~ 100°C 125 

Derate above 25°C 

Operating and Storage Junction TJ' Ts1g 
Temperature Range ·-6510+175 

THERMAL CHARACTERISTICS 

Chafacteristic Symbol Max 

Thermal Resistance, R9JC 
Junction to Case 0.6 

Maximum Lead Temperature TL 
for Soldering Purpose: 

1 IS" from Case for 5 Seconds 275 

III Pulse Test. Pulse Width ~ 5 ms, Duty Cycle:ii 10%. 
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Unit 

Vdc 

Vdc 

Vdc 

Adc 

Adc 

Adc 

Watts 

W/oC 

°c 

Unit 

°C/W 

°c 

BUT36 

24 AMPERES 

NPN SILICON 
POWER DARLINGTON 

TRANSISTORS 

1400 VOLTS 
250 WATTS 

O.li_r'·. Data for 
"Wor.t ea .... Condhlon. 

The Designers Data Sheet permits the 
design of most circuits entirely from 
the information presented. Limit data 
- representing device characteristics 
boundaries - are given to facilitate 
"worst case" design. 
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STYUt· 
Pt. I. lASE 

l.EMITTER 
CASE COLLECTOR 

MILLI • TE S INe"ES .... .... • ... , 
31.31 " .. - '10' '1311 
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1 171 DO" 0115 
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21.61 1050 

CASE 197-01 
MODIFIED TO-3 
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BUT36 

ELECTRICAL CHARACTERISTICS eTC 25°C unless otherwise noted I 
Characteristic 

OFF CHARACTERiStiCS 

Collector-Emitter Sustaining Voltage iTable 1 I 
IIC = 100 mA, IB =,01 

Collector Cutoff Curreni 
IVCEV = Rated Value, VBEloff) = 1.5 Vdel 
IVCEV = Rated Value, VBEloff) = 1.5 Vde, TC = 100·CI 

Emitter Cutofl Current 
IVEB = 2.0 V, IC = 01 

SECOND BREAKDOWN 

Second Breakdown Collector Current with base forward biased 

Clamped Inductive SOA with Base Reverse Biased 

ON CHARACTERISTICS 11 I 

DC .Current Gain 
(lC .~ e A, VCE = 5 VI 

~_ = 16 A, VCE = 5 VI 

Collector· Emitter Saturation Voltage 

(lC = 24 A, Ie = 12 AI 

Base-Emitter Saturation Voltage 

IIC= 16 A,le c 3.2 AI 

--
Diode Forward Voltage 

IIF = 24 AI 

SWITCHING CHARACTERISTICS 
Inductive load Clamped IT able 1 I 

Storage T;m~ 

Fall Time TC ~ 25°C 

Storage Time 

Fall Time TC = 100·C 

111 Pulse Test: PW 300 ps, Duty Cycle ~ 2 %. 

See Table 1 

IC = 16A 

le1 -3.2 A 

VBEloff) .. 5 V 

3-544 

Symbol 

VCEOlsusl 

ICEV 

lEBO 

hFE 

VCElsat) 

VBElsat) 

VI 

ts 

tl 

ts 

tl 

Min Typ UnIt 

Vdc 
1000 - -

mAde 
- - 0.2 
- - 4.0 

mAde 
- - 350 

See Figure 1 6 

See Figure 1 7 

20 - -
5 - -

Vdc 

- - 5.0 

Vdc 

- - 3.3 

Vdc 
- -- 4.0 

- - 6.0 ps 

- - 2.5 ps 

.. 4.5 - ps 

- 1.7 - ps 
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TYPICAL CHARACTERISTICS 

FIGURE 1 - DC CURRENT GAIN 
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FIGURE 3 - COLLECTOR-EMITTER SATURATION VOLTAGE 
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FIGURE 5 - THERMAL RESPONSE 
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TABLE 1 - TEST CONDITIONS .FOR DYNAMIC PERFORMANCE 
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FREE-WHEEL DIODE CHARACTERISTICS 

FIGURE 10 - FREE WHEEL DIODE MEASUREMENTS 
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The Safe Operating Ara. figural .hown in Figures 16 and' 17 
are .peeifed for these devices under the test conditions shown. 

FIGURE 16 - SAFE OPERATING AREA .. 
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FIGURE 17 - REVERSE BIAS SAFE OPERATING AREA 
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SAFE OPERATING AREA INFORMATION 

FORWARD BIAS 

There are two limitations on the power handling ability 
of a transistor: average junction temperature and second 
breakdown. Safe operating area curves indicate IC-VCE 
limits of the transistor that must be observed for reliable 
operation; i.e., the transistor must not be subject to 
grater dissipation than the curves indicate. 

The data of Figure 16 is based on TC = 25'C; TJ(pk) is 
variable depending on power level. Second breakdown 
pulse limits are valid for duty cycles to 10% but must be 
derated when TC i:: 25'C. Second breakdown limitations 
do not derate the same as thermal limitations. Allowable 
current at the Voltages. shown on Figure 16 mllY be found 
at any case temperature by using the appropriate curve 
on Figure 18. 

TJfpk) may be calculated from the data in Figure 5. At 
high case temperatures, thermal limitations will reduce 
the power that can be handled to values less than the 
limitations imposed by second breakdown. 

REVERSE BIAS 

For inductive loads, high voltage and high current must 
be sustained simultaneously during turn-off, in most 
cases, with the base to emitt!!r junction reverse biased. 
Under these conditions the collector voltage must be held 
to a safe level at or below a specific value of collector 
current. ThIS can be accomplished by several means such 
as active clamping, RC snubbing, load line shaping, etc. 
The safe level for these devices is specified as Reverse 
81as Safe Operating Area and represents the voltage· 
current condition allowable during reverse biased turn
off. ThIS rating is verified under clamped conditions so 
that the dpvice is never subjected to an avalanche mode. 
Figure 17 gives the RBSOA characteristics. 
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MOTOROLA 

• SEMICONDUCTOR ----
TECHNICAL DATA 

ADVANCE INFORMATION 

SWITCHMODEA SERIES 
NPN SILICON POWER DARLINGTON TRANSISTORS 

The BUT50P darlington transistor is designed for high-voltage, 
high-speed,. power switching in inductive circuits where fall time is 
critical. It is particularly suited for line operated switch-mode appli
cations such as : 

• Switching Regulators 
• Inverters 
• Solenoid and Relay Drivers 
• Motor Controls 
• Deflection Circu its 

MAXIMUM RATINGS 

Rating Symbol BUT50P 

Collector-Emiter Voltage VCEO(susl 500 

Collector-Emitter Voltage VCEX(susl 850 

Collector-Emitter Voltage VCEV 850 

Emitter Base Voltage VEB 8 

Collector Current - Continuous IC 8 
- Peak (11 ICM 16 

Base Current - Continuous IB 2 
- Peak (11 IBM 4 

Free Wheel Diode: 
Forward Current - continous IF 8 

- peak IFM 16 

Total Power Dissipation@Tc=25°C Po 100 
@TC=100°C 40 

Derate above 25°C .8 

Operating and Storage Junction TJ, Tstg -65 to + 150 
Temperature Range 

THERMAL CHARACTERISTICS 
Characteristic I Symbol Max 

Thermal Resistance, Junction to Case I ROJC 1.25 

(11 Pulse Test: Pulse Width = 5 ms, Duty Cycle';; 10%. 

3-549 

Unit 

Vdc 

Vdc 

Vdc 

Vdc 

Adc 

Adc 

Adc 

Watts 

W/oC 

"c 

I Unit 

I °CIW 

BUT50P 

8 AMPERES 

NPN SILICON 
POWER DARLINGTON 

TRANSISTORS 
500 VOL TS-V.oolous' 
100 WATTS 
850 VOLTS-V .. 

STYlE I , .... 
2.COlLECTOfl 
3, UIITTER 
4. COLLECTOR 

MILL_lEU IIICHES 
DI. .. OWl ... · ,." 21.01 : .. 
• 15.41 '5.8' .... , 4.11 ... 0.111 

• 'M IJ. , ... 
• u. u. , ... 
• ,1' 5.12 ,.,.. 
• ,., ..,0 .... , .... ... .. IS , 12.11 .... .... 
L ..... lUI ,,. 
· 12.1. IUD ..... 
a 1M 4.1' 0.1. 

Case 340-01 
TO-218AC 

... ..... ... 
.'111 ... . ... 
OJ" 
0.121 

'J" 
1.111 .... ..... 
.'" 

• 



~UT50P 

.ELECTRICAL CHARACTERISTICS (TC = 25·C unless otherwise noted) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage 
(lc=100mA,IB=0) 

Collector Cutoff Current 
(VCEV = Rated Value, VBE(off) = 1.5 Vdc) 
(VCEV = Rated Value, VBE(off) = 1.5 Vde, TC = 100·C 

Emitter Cutoff Current 
(VEB = 8.0 V, IC = 0) 

ON CHARACTERISTICS (1) 

DC Current Gain 
(Ie = 2 Ade,Vee = 5 v) 

Collector-Emitter Saturation Voltage 
(Ie = 5 Ade, Ib = 0.25 Ade) 
(Ie = 8 Ade, Ib = 1 Ade) 
(Ie = 5 Ade, Ib = 0.25 Ade, T e = 100·C) 

Base-Emitter Saturation Voltage 
(Ie = 5 Ade, Ib = 0.25 Ade) 
(Ie = 5 Ade, Ib = 0.25 Ade, T e = 1()O·C) 

Diode Forward Voltage 
(IF = 5 Ade) 

SWITCHING CHARACTERISTICS 
Inductive Load, Clamped 

. (Ie = 5 A, Ibl = 0.25 A, Vbe(off) = 5 vI 

(1) Pulse Test: PW = 300 fJS, Duty Cycle';;; 2% 

ov-% 

I Symbol Min 

VCEO(sus) 
500 

ICEV 
-
-

IE(jO 
-

hFE 
30 

VCE(sat) 
-
-
-

VBE(sat) 
-
-

Vf 
-

• VCC· zev 

~ 

Typ 

-

-
-

-

-

-
-
-

-
-

-

-'5V 
RC-50". 
i.e.R.41A.Ca 1"f Vc LA.aRATEDVC£X 

SWITCHING TIMES.TEST CIRCUIT 

3-550 

Max Unit 

Vde 
-

mAde 
0.25 
2.5 

, mAde 
175 

-
-

Vde 
2.0 
3.0 
2.5 

Vde 
2.5 
2.5 

Vde 
4.0 



MOTOROLA 

-SEMICONDUCTOR -----1 
TECHNICAL DATA 

ADVANCE INFORMATION 

SWITCHMODEA SERIES 
NPN SILICON POWER DARLINGTON TRANSISTORS 

The BUT51 P darlington transistor is designed for high-voltage, 
high-speed, power switching in inductive circuits where fall time is 
critical. It is particularly suited for line operated switch-mode appli-

cations such as: ~-lj'~ 
• Switching Regulators 
• Inverters 
• Solenoid and Relay Drivers 
• Motor Controls 
• Deflection Circuits 

"'100 "'15 2, 

MAXIMUM RATINGS 

Rating Symbol BUT51P 

Collector-Emiter Voltage VCEO(sus) 500 

Collector-Emitter Voltage VCEX(sus) 850 

Collector-Emitter Voltage VCEV 850 

Emitter Base Voltage VEB 8 

Collector Current - Continuous IC 15 
- Peak (1) ICM 25 

Base Current - Continuous IB 2_5 
- Peak (1) IBM '5 

Free Wheel Diode: 
Forward Current - continous IF 15 

- peak IFM 25 

Total Power Dissipation@Tc=25°C PD 125 
@TC=100°C 50 

Derate above 25°C 1 

Operating and Storage Junction TJ, Tstg -65 to + 150 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic I Symbol I Max 

Thermal Resistance, Junction to Case I ROJC I 1 

(1) Pulse Test: Pulse Width = 5 ms, Duty Cycle';; 10%. 

3-551 

Unit 

Vdc 

Vdc 

Vdc 

Vdc 

Adc 

Adc 

Adc 

Watts 

wrC 

°c 

Unit 

°C/W 

BUTS1P 

15 AMPERES 

NPN SILICON 
POWER DARLINGTON 

TRANSISTORS 
500 VOLTS-Vc ... C.uII 
100 WATTS 
850VOLTS-V_ 

STYLE! 
' .... 
Z. COLUCTOR 
J.ElllnEl 
•. COLLECTO" 

_u_nu ,-
M -... -• ,.., " ... ~ .... 
• 15.4' , ... .. " C • 11 ... .... 
• ,n .. 
• Il. 1.0 .... • .." 5.72 .... 
• ,., IJII 

• U • ... 0.011 

• lUI , .... a .... , 'SIO lUI ... 
• Itl' ,t/. ... 
I ,.. U, .. 0 

Ca .. 340-01 
TO-218AC 

... ... 
ua 
1.1 .... 
O.Ila .... 
•• I. 

• 



MOTOROLA 
.~SEMICONDU.CTOR 

TECHNICALD~TAJ 

S,WITCHMODE'" SERIES 
NPN SILICON POWER TRANSISTOR 

· .. designed for high 9urrent, high speed, high power applications. 

• HFemin.: 20atlc=10A 

• TFmax.=Q.45/.1satlc=15A 

• Equivalentto BOY5B 

Retllll Symbol V ..... 

Coliector·Emitler Voltage VCEOlsuII 125 

Collector-B_ Voltage VCBO 160 

Emitler-B_ Voltage VEBO 7 

CoIlector-Emitler Voltage IVBE = -1.5 VI VCEx 160 

Collector-Emitler Voltage IRBE -100nl VCER 140 

Coliector~Current - continuous IC 26 
- Peak Ipw <: 10 mil ICM 30 

B_-Current continuous la 6 

Tot-' Po_r Dissipation@Tc=25 OC Po 175 

Operating and Storage Junction TJ, Tstg 
Tamparature Range -66 to 200 

THERMAL CHARACTERISTICS 

Thennel Resistance, Junction to C-

FIGURE 1 - POWER DERATING 

,. • 
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""- ..........., .. 81 120 '60 200 
Te. TEMPERATURE l'tl 

3·552 

Unit 

Vdc 

Vdc 

Vdc 

Vdc 

Vdc 

Adc 
Apk 

Adc 

Watts 

"c 

BUV10N 

25 AMPERES 

NPN SILICON 
POWER 

METAL TRANSISTOR 

125 VOLTS 
175 WATTS 

L t='::I==i r~K E SEATIN(+~ j 
PLANE 

STYlE 1: 
PIN 1. BASE 

2 EMITTER 
CASE·COLLECTOR 

521 S12 0.205 o.ns 
1664 17 15 0.655 0 67~ 
792 0.312 
384 4.09_0.15~.+~ 

1~:~: -om 
All JEOEC dlll!eI)SIOIl~ diU] lillie., .I!lllly 

CASE '·03 
(TO·3) 

• 



BUV10N 

ELECTRICAL CHARACTERISTICS (Te = 25°e unless otherwise notedl 

OFF CHARACTERISTICSI 

Coliector·Emitter Sustaining Voltage 
IIc=200mA,IB = 0, L = 25 mH) 

Collector Cutoff Current at ~everse Siais: 
(VCE = 160 V, VBE = -1.5 V) 
(VCE = 160 V, VBE =-1.5 V, TC=125°C) 

Coliector·Emitter Cutoff Current 
(VCE=I00V) 

Emitter·Basa Reverse Voltage 
liE =50 mA) 

Emitter-Cutoff Current 
(VeB =5 V) 

SECOND BREAKDOWN 

Second Breakdown Collector Current with base forward biased 
(VCE =20 V;t=0.5 5) 

(VCE =48 V, t =0.5 5) 

ON CHARACTERISTICSI 

DC Current Gain 
IIC= 10 A, VCE =4 V) 
IIC=20A,VCE=4V) 

Collector-Emitter Saturation Voltage 
IIC=10A,IB=IA) 
IIc =20 A,IB =2 A) 

Base-Emitter Saturation Voltage 
IIc = 10 A,IB =1 A) 

DYNAMIC CHARACTERISTICS 

Current Gain - Bandwidth Product 
(VCE=15V,IC=1 A,f=4MHz) 

SWITCHING CHARACTERISTICS (Resistive Loadl 

Turn on Time 

Storage Time 
Ie =15 A,IBI =IB2= 1.5 A, 

Fall Time 
(Vce=75 V, RC=5n) 

1 Pulse Test: Pulse Width <;300 p.s, Duty Cycle <;20 10. 

Symbol 

VCEO(sus) 

ICEX 

ICEO 

VEBO 

lEBO' 

ISlb 

hFE 

VCE(sati 

VBE(sat) 

ton .. 
tf 

Min. -. Unit 

Vde 
125 

mAde 
1.5 

6 
mAde 

1.5 

V 
7 

mAde 
0.5 

20 60 
10 

Vde 
1 

2.0 

Vde 
1.5 

1.0 p.. 

1.55 

0.45 
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There are two limitations on the power handling ability of i!t 
transistor: average junction temperature and second "break
down. Safe operating area curves indicate ICNCE limits of 
the transistor that must be observed for reliable operation 
i.e" the transistor must not be subjected to greater dissipa· 
tion than the curves indicate. 
The data of figure 2· is based on T C = 25" C; T J (pk) is 
variable depending on power level. Second breakdown 
limitations do not.derate the same as thermal limitations. 
At high case temperatures. thermal limitations will reduce the 
power that can handled to values less than the limitations 
imposed by second breakdown. (See AN415A) 

FIGURE 5 - RESISTIVE SWITCHING PERFORMANCE 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

SWITCHMODEA SERIES 
NPN SILICON POWER TRANSISTOR 

· .. designed for high current, high speed, high power applications. 

• High DC current gain: HFE min. = 20 at Ie = 6 A 

• Low VCE(sat), VCE(sat) max. = 0.6 V at Ie = 6 A 

• Very fast switching times: 
TF max. = 0.8ps at Ie = 12 A 

MAXIMUM RATINGS 

RIIti", Symbol v ..... 
Coliector·Emitter Voltage VCEO(susl 200 

Collector·ease Voltage Vceo 250 

Emitter·eese Voltage VEBO 7 

Coliector·Emitter Voltage (VeE = -1.5 VI VCEX 250 

Coliector·Emitter Voltage (RBE = 100nl VCER 240 

Coliector·Current - continuous IC 20 
-peak (pw';;10msl ICM 25 

Base-Current continuous IB 4 

Total P~r Dissipation@Tc=25 OC Po 150 

Operating and Storage Junction TJ,Tstg 
Temperature Range ~5to200 

THERMAL CHARACTERISTICS 

ChI_ie 

Thermal Resistance, Junction to Case 

FIGURE 1 - POWER DERATING 
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Unit 

Vdc 

Vdc 

Vdc 

Vdc 

Vdc 

Adc 
Apk 

Adc 

Watts 

"c 

BUYll 

20 AMPERES 

NPN SILICON 
POWER 

METAL TRANSISTOR 

200 VOLTS 
150 WATTS 

L t=':::J=t r~K ESEATIN(~ I 
PLANE 

DIM 
S 
C 
D 
E 
F 
G 
H 

r+-K 
n 
S 
T 

I---J-

STYlE I 
PIN 1. ~ASE 

2. EMITTER 
CASE·COLLECTOR 

STYLE 2: 
PIN 1. BASE 

2. COLLECTOR 
CASE·EMITTER 

MILLIMETERS liicHES-
MIN MAX MIN MAX 

22.23 - 0.875 
6.35 11.43 0250 0.450 
097 1.09 0.038 0.043 
.. 3.43 O.13~ 

29.90 30.40 r~~~~~ - r---JdU-1067 11.18 0.440 
5,21 5.72 0.205 0.225 

16.64 17.15 0.655 0675 
7.92 0.312 .. 

38' 4.09 0.151 ~ - 1334 0.525 
4.18 0188 

AIiJEDECtl"illlenSlullsiIlH.illllln,lflply 

CASE '·03 
ITO·3) 

-

II 
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ELECTRICAL CHARACTERISTICS (TC = 25°C unless otherwise noted) 

Characteristic 

OFF CHARACTERISTICS· 

Collector-Emitter Sustaining Voltage 
IIC =200 mAo IB = 0, L = 25 mH) 

Collector Cutoff Current a:t Reverse Biais: 
IVCE =250V. VBE =-1.5V) 
IVCE = 250 V, VBE =-1.5 V, TC=125°C) 

Collector-Emitter Cutoff Current 
IVCE=160V) 

Emitter-Base Rove ... Voltage 
IIE=50mA) 

Emrtter-Cutoff Current 

IVEB=5V) 

SECOND BREAKDOWN 

Second Breakdown Collector Current with base forward bi .. d 
IVCE= 3OV,t=1s) 
IVCE=140V.t=1s) 

ON CHARACTERISTICS· 

DC Current Gain 

lIe·= 6 A. VCE =2 V) 
IIc= 12A, VCE =4 V) 

Collector-Emitter Saturation Voltage 
IIc= 6A,IB=0.6A) 
IIC =12 A,IB =1.5 A) 

Base-Emitter Saturation Voltage 
IIC= 12 A.IB= 1.5 A) 

DYNAMIC CHARACTERISTICS 

Current Gain - Bandwidth Product 
IVCE = 15 V,IC=1 A, f=4 MHz) 

SWITCHING CHARACTERISTICS (Resistive Load) 

Turn on Time 

Storage Time 
IC = 12A,IB1 =IB2 =1.5 A, 

Fall Time 
IVCC =150 V, RC=12.5 il) 

• Pulsa Test: Pulsa Width <;300 /.IS. Duty Cycle <;2010. 

3-556 

SymbOl 

vCEOlsus) 

ICEX 

ICEO 

VEBO 

lEBO 

hFE 

VCElsad 

VBElsat) 

ton 

to 
tf 

Min. Max. Unit 

Vde 
200 

mAde 
1.5 
6 

mAde 
1.5 

V 
7 

mAde 
1.0 

20 60 
10 

Vde 
0;6 
1.5 

Vde 
1.5 

O.B /.Is 

1.B 

0.4 
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FIG' IRE 2 -c ACTIVE REGION SAFE OPERATING AREA 
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There are two limitations on the power handling ability of a 
transistor: average junction temperature and second break
down. Safe operating area curves indicate Ie-VeE limits of 
the transistor that must be observed for reliable operation 
i.e., the transistor must not be SUbjected to greater dissipa
tion than the curves indicate. 
The data of figure 2 is based on TC = 25°C; TJ(pkl is 
variable depending on power level. Second breakdown 
limitations do not derate the same as thermal limitations. 
At high case temperatures, thermal limitations will reduce the 
power that can handled to values less than the limitations 
imposed by second breakdown. (See AN415AI 

FIGURE 5 .- SWITCHING TIMES VERSUS COLLECTOR CURRENT 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

NPN SI LICON POWER METAL TRANSISTOR 

· .. designed for high speed, high current. high power applications. 

II 

• High DC Current gain - HFE min 20 @ IC = SA 
• Very fast switching times 

tF max. = 0.25 j.lS @ IC = 15 A 

• Low VCE(sat)= VCE(sat) max: = 0.6 V, @ IC = SA 
• High VCEO: 160 V. 

MAXIMUM RATINGS 

Rating Symbol Valu. 

Collector-Emitter Voltage VCEO(sus) 160 

Coll.etor·S ... Voltage VCSO 220 

Emitter-Base Voltage VEBO 7 

Coliector·Emitter Voltage (VSE = -1.5. V) VCEX 220 

Coliector·Emitter Voltage (RSE = lOOn) VCER 200 

Collector-Current - continuous IC 20 
- peak (pw .. 10 ms) ICM 25 

Base-Current continuous IS 5 

Total Power Dissipation @ TC "" 25°C Po 150 

Operating and Storage Junction TJ. T"9 
Temperature Range -65 to 200 

THERMAL CHA.RACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case 

FIGURE 1 - POWER DERATING 

a: 
o 

1.0 

0.8 

~ 0.6 

'" z 

~ ::5 0.4 
c 

o. 2 

'" "" f'.. 
i'-. 

"-
"-

"" ~ 
'"'" 40 80 120 160 200 

TC. TEMPERATURE rCI 

Unit 

Vdc 

Vde 

Vde 

Vde 

Vde 

Ade 
Apk 

Adc 

Watts 

°c 

BUV11N 

NPN SILICON 
POWER 

METAL TRANSISTOR 

20 AMPERES 

c 

C B=:1--1-
l~-+ r D K 
E SEATING .\ 

DIM 
B 
C 
D 
E 
F 
G 
H 
J 
K 
Q 

S 
T 

PLANE 

STYlE 1: 
PIN 1. BASE 

2. EMITTER 
CASE·COLlECTOR 

STYLE 2, 
PIN 1. BASE 

2. COLLECTOR 
CASE·EMITTER 

MILLIMETERS INCH~ 
MIN MAX PIIIN MAX 

22.23 - 0.875 
6.35 11.43 0.]50 0.450 
0.97 1.09 0.038 0.043 
- 3.43 O.13!i 

29.90 30.40 l.i77 1.191 
10.61 11.18 0.420 0.440 
5.21 ;)2 0.20; 0.225 

16.64 17.15 0.6;; 0.675 
1.92 0.312 
3.84 4.09 0.151 0161 

13.34 0.525 
- 4.78 - 0.188 

AIiJEOECtlllllenslolls.mdlllJteSijpply 

CASE 1·03 
ITO·31 

• 
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ELECTRICAL CHARACTERISTICS (TC = 25·C unless otherwise noted) 

OFF CHARACTERISTICS' 

Collector-Emitter Sustaining Voltage 
IIc = 200 mA, IB = 0, L = 25 mHI 

Collector Cutoff Current at Revene Bias: 

(VCE = 220 V, VBE = -1.5 VI 
(VCE = 220 V, VBE - -1.5 V, TC = 125 ·CI 

Collector~Emitter Cutoff Current 
(VCE· 130 V) 

Emitter·Base Reverse Voltage 
(IE = SOmAl 

Emitter-Cutoff Carrent 
(VEB· 5 V) 

SECOND BREAKDOWN 

Second Breakdown Collector Current with base forward biased 
(VCE = 30 V, I = 1 5) 

(VCE = 140 V. 1=1 5) 

ON CHARACTERISTICS' 

DC Current. Gain 
(lC = 8 A, VCE = 2 V) 
(lc = 15 A. VCE =,4 V) 

Collector-Emitter Saturation Voltage 

IIC=8A.IB=0.8A) 
IIC·'5A.IB= 1.88 A) 

Base-Emitter Saturation Voltage 
(lC = 15 A. IB = 1.88 A) 

DYNAMIC CHARACTERISTICS 

Symbol 

VCEO(sus) 

ICEX 

ICEO 

VEBO 

lEBO 

hFE 

VCE(,a.) 

VBE(,al) 

Min. Max. Unit 

Vdc 
160 

mAde 
1.5 
6.0 

mAde 
1.5 

V 
7 

mAde 
1.0 

20 60 
10 

Vdc 
0.6 
1.5 

Vdc 
1.8 

Current Gain - Bandwidth Product fT I MHZJ 
(VCE=15V,IC=IA.f=4MHz) 8 L-~~~ __ ~ ________________________ ~ ____ . __ ~ ______ L-. ______ _ 

SWITCHING CHARACTERISTICS (Aesistive Load) 

Turn on Time 'on 1.2 ~s 

Storage Time 
(lC = 15 A. IBI = IB2 = 1.88 A. 

ts 1.2 
VCC=30V.AL~ 2n1 

0.25 Fall Time If -

• Pulse Test: Puis. Width < 300 "s. DUlY Cycle <2%. 

3-559 
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FIGURE 2- ACTIVE REGION SAFE OPERATlNG.AREA 
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There are tvvo limitations on the poWer handling ability of a 
transistor: ,average junction temperature ~md second break
down. Safe operating area curves indicate Ie-VeE limits o~ 
the transistor that must be observed for reliable operation 
i.e., the transistor must not be subjected to greater dissipa
tion than the curves indicate. 
The data of figure 2 is based on TC = 25 'C;TJlpkl is 
variable depending on power level. Second breakdow!1 
limitations do not derate the same as thermal limitations. 
At high case temperatures, therma.1 limitations will reduce the 
power that can be handled to values less than the limitations 
imposed by second breakdown. (See AN415AI 

FIGURE 4 - DC CURRENT GAIN 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

SWITCHMODE"" SERIES 
NPN SILICON POWER TRANSISTOR 

· .. designed for high speed, high voltage, high power applications. 

• High DC current gain:, 
HFE min. = 20 at Ic = 5 A 

• Very fast switching times: 
TS max. = 1.5 jJ.S at Ic= 10 A 
TF max.=0:5!isatlc= lOA 

MAXIMUM RATINGS 

Rating Symbol 

Coliector·Emittar Voltage VCEO(su,1 

Coilector·B ... Voltage VCBO 

Emlttar·Sese Voltage VESO 

Coliector·Emittar Voltage (VSE =-1.5 V) VCEX 

Coilector·Emittar Voltage (RSE -lOOn) VCER 

CollectOr-Current -" continuous IC 
- peak (pw 0;;; 10 ms) ICM 

B_·Currant continuous" IS 

T ot.1 Power Di.lpation @TC _ 25 DC Po 

Operating and Storage Junction TJ, Tug 
Tamperature Range 

THERMAL CHARACTERISTICS 

Cllant:ariotic 

Thermal Rasist.,ce. Junction to Case 

FIGURE 1 - POWER DERATING 

1. I ."" • ~ 
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" I.Z 

.. .1 120 16' 
Te. TEMPERATURE ('t) 

v ..... 
250 

300 

7 

300 

290 

20 
25 

III 

150 

-65 to 200 

""-

"" Z'D 

3-561 

Unit 

Vdc 

Vdc 

Vdc 

Vdc 

Vdc 

Adc 
Apk 

Adc 

Watts 

"c 

BUV12 

20 AMPERES 

NPN SILICON 
POWER 

METAL TRANSISTOR 

250 VOLTS 
150 WATTS 

c 

L t=':;j-+ 
r~-+ 
[SEATlNG'+~ I 

PLANE 

r--- f--I 
I 1-'-.1--

STYLE 1: 
PIN 1. BASE 

2. EMITTER 
CASE·COLLECTOR 

STYlE 2 
PIN 1. BASE 

2. COllECTOR 
CASE·EMIHE R 

All JEDEC illllll!I1SHlm ,llId 1l1l!1!~ "Pilly 

CASE '·03 
(TO·J) 

• 
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ELECTRICAL CHARACTERISTICS (TC = 25°C unless otherwise noted) 

Characterioti. 

OFF CHARACTERISTICS1 

CoIlector·Emitter Sustaining Voltage 
IiC =200 mA, fa':' D,L = 25 mH) 

Collector Cutoff Curreht at Reverse Siais: 

IV CE = 300 V, VBE = -.1.5 V) 
IVCE = 300 V, VBE =-1.5 V, TC = 125"<:) 

Coliector·Emitter Cutoff Current 
(VCE =200 V) 

Emitter-Base Reverse Vottage 

IiE=50mA) 

Emitter-Cutoff Current 
(VEB =5 V) 

SECOND BREAKDOWN 

Second Breakdown Collector Current with base forward biased 
(VCE= 30V,t=1 s) 
(VCE=140V,t=1 s) 

ON CHARACTERISTICS1 

DC Current Gain 

IiC= 5 A, VCE =4 V) 
IiC=10A,VCE=4V) 

Collector-Emitter Saturation Voltage 
IiC= 5A,IB=0.5A) 
IIC= 10 A, IB = 1.25 A) 

Base-Emitter Saturation Voltage 

lic = 10 A,IB =1.25 A), 

DYNAMIC CHARACTERISTICS 

Current Gain - Bandwidth Product 
(VCE = 15 V,IC=1 A, 1=4 MHz) 

SWITCHING CHARACTERISTICS (ResistiveLoad) 

Turn on Time 

Storage Time 
I.C = lOA, IB1 =IB2=1.25 A, 

(VCC = 150 V, RC =;5 H) 
Fall Time 

I Pulse Test: Pulse Width "';300/As, Duty Cycle "';20 10. 

. 

3-562 

Symbol . 

VCEO\sus) 

ICEX 

ICEO 

VEBO 

lEBO 

ISlb 

hFE 

VCE".t) 

VBE(sat) 

ton 

to 
tl 

Min. Max. Unit 

Vde 
250 

mAde 
1.5 

6 

mAde 
1.5 

V 
7 

mAde 
1.0 

20 60 
10 

Vde 
1.0 
1.5 

. I7de 
1.5 

0.7 Ils 

1.5 

0.5 
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There are two limitations on the power handling ability of a 
transistor: average junction temperature and second break
down. Safe operating area curves indicate Ie-VeE limits of 
t"e transistor that must be observed for reliable operation 
i.e .. the transistor must not be subjected to greater dissipa
tion than the curves indicate. 
The data of figure 2 is based on Te '" 25°C; TJ(pk) is 
variable depending on power level. Second breakdown, 
limitations do not derate the same as thermal 'imitations. 
At high case temperatures, thermal limitations will reduce the 
power that can handied to values less than the limitations 
imposed by second breakdown. (See AN415A) 

FIGURE 5 - RESISTIVE SWITCHING PERFORMANCE 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

SWITCHMODE'" SERIES 
NPN8,ILICON POWER TRANSISTOR 

· .. designed for high speed, high current, high power applications. 

• High DC current gain: 
HFE min. ~ 20 at Ic ~25 A 

~1()at Ic~50.A 

• Low VCE(sat): 
VCE(sat) max. ~ 0.6 V at Ic ~ 25 A 

~ 1.2 V at Ic ~ 50 A 
• Very fast sw'itch ing ttmes: 

TF ~ 0.25 j.ls at .Ic ~ 50 A 

MAXIMUM RATINGS 

Rating Symbol 

Collector-Emit18r Vol_ VCEOlsus) 

Collector-Base Vol_ VCBO 

Emit18r-Base Voltage VEBO 

Collector-Emit18r Voltage IVBE ~ -1.5 V) VCEX 

Collector-Emitter Voltage IRBE ~ 1000) VCER 

CoIlector·Current - continuous IC 
- peak Ipw';;; 10 mo) ICM 

Base-Current continuous IB 

T otel Po_r Dissipation @T C ~ 25°C Po 

Operating and Storage Junction TJ, Tstg 
Temperature Range 

THERMAL CHARACTERISTICS 

Charac:tllrlltic 

Thermal Resistance, Junction to Case 

FIGURE 1 - POWER DERATING 
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160 
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"'" "'" 200 
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Unh 

Vdc 

Vdc 

Vdc 

Vdc 

Vdc 

Adc 
Apk 

Adc 

Watts 

"c 

BUV20 

50 AMPERES 

NPN SILICON 
POWER 

METAL TRANSISTOR 

125 VOLTS 
250 WATTS 

iF A -

~
.~C 

L . 

.- . --+ 
E K 

SEATING 0 1" 
PLANE 

DIM 

• I 
c 
0 
E 
F 
G 
H 
J 
K 
a 
R 

J-

STYLE I, 
PIN I. 8ASE 

2. EMITTER 
CASE. OOLLECTOR 

MILLIMETERS INCHES 
MIN MAX MIN 

38.35 38.37 1.510 
18.30 21.DB 0.760 
1.35 7.62 0.250 
1.45 1.60 0.057 
- 3.43 -

29.90· .3D.4O 1.177 
10.67 11.18 0.'2 

.1 O. 
1 

1 .18 12.18 0.440 
3 4- 0.151 

24- O. 

CASE 197-01 
MODIFIED TO 3 

MAX 

1.550 
0.830 
.300 

0.0&3 
0.135 
.17 

0.440 
O. 5 

0.410 
0.181 
I. 

R 
I 

G' 

• 
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ELECTRICAL CHARACTERISTICS (TC = 25°C unless otherwise noted) 

Characteristic 

OFF CHARACTERISTICSI 

Collector-Emitter Sustaining Voltage 
(lc =200 mAo Ie = 0, L = 25 mHI 

Collector Cutoff Current at Reverse 8iais: 
(VCE =140 V, VeE =-1.5 VI 
(VCE =140 V, VeE =-1.5 V, TC=125°CI 

Collector-Emitter Cutoff Current 
(VCE=looVI 

Emitter·ease Reverse Voltage 
(IE =50 mAl 

Emitter·Cutoff Current 
(VEe =5 VI 

SECOND eREAKOOWN 

Second Breakdown Collector Current with base forward biased 
(VCE=20V,t=ls1 
(VCE=40V,t=ls1 

ON CHARACTERISTICSI 

DC Current Gain 
(lC= 25A, VCE =2 V) 
(lc = 50A, VCE =4 VI 

Collector-Emitter Saturation Vottage 
(lC=25A,IS=2.5A) 
(Ie =50 A, Ie =5 A) 

Base-Emitter Saturation Voltage 
(lC=50A,IS=5AI 

DYNAMIC CHARACTERISTICS 

Current Gain - Bandwidth Product 
(VCE = 15 V, IC = 2A, f=4 MHz) 

SWITCHING CHARACTERISTICS (Resistive Load)/ 

Turn on Time 

Storage Time 
le=50A, lSI =le2= 5A, 

Fall Time 
(VCC =30V, RC= 0.6 0) 

I Pulse Test: Pulse Width ~OOP.s, Duty Cycle "';2 0 10. 

Symbol 

VCEO(susl 

ICEX 

ICEO 

VEeO 

IEeO 

hFE 

VCE(s.tl 

VSE(s.,) 

ton 

to 
tf 

3-565 

Min. MIl •. Unit 

Vde 
125 

mAde 
3.0 
12 

mAde 
3.0 

V 
7 

mAde 
1.0 

20 60 
10 

Vde 
0.6 
1.2 

Vde 
2.0 

1.5 p's 

1.2 

0.25 
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There are two limitations on the power handling ability of a 
transistor: average junction temperature and second break· 
down. Safe operating area curves indicate Ie-VeE limits of 
the transistor that must be observed for re;liable operatIOn 
i.e., the transistor must not be subjected to, greater diss,pa 
tion than the curves indicate. 
The 'data of figure 2 is baSe'd on TC ;= 25'C; TJ(pk) is 
variable depending on power level. Second breakdown 
limitations do not derate the same as thermal limitations. 
At high case temperatures, thermallimitations will reduce the 
power that can 'handled to values less than the Hmi~ations 
imposed by second breakd.own. (See AN415A) 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

SWITCHMODE.a. SERIES 
NPN SILICON POWER TRANSISTOR 

· .. designed for high speed, high current, high power applications. 

• High DC current gain: 
HFE min.=20at Ic= 12A 

• Low VCE(sat), VCE(sat) max. = 0.6 V at Ie = 8 A 

• Very fast switching times: 
TF max. = 0.4/1s at Ie = 25 A 

MAXIMUM RATINGS 

Rating Symbol V ..... 

Collector·Emitter Voltage VCEOlsus) 200 

eollector·B_ Voltage VCBO 250 

Emitter·Base Voltage VEBO 7 
>--

Collector·Emitter Voltage (VBE =-1.5 V) VCEX 250 

CoIlector·Emitter Voltage IABE -lOOn) VCEA 240 

Collector-Current - continuous IC 40 
- peak Ipw';; 10 ms) ICM 50 

B .. -Current continuous IB 8 

Total Power Dissipation@Tc=25 OC Po 150 

Operating and Storage Junction TJ. Tstg 
Temperature Range -65 to 200 

THERMAL CHARACTERISTICS 

Cha_ristlc 

,Thermal ReSistance, Junction to Case 

FIGURE 1 - POWER DERATING 

0 

"" o. 8 "'" ~ 
o. 6 "'" ""'- "-
o. 4 

"-

"'" o. 2 

'" " .. 80 120 180 200 
Te. TEMPERATURE ("C) 

3-567 

Unit 

Vd. 

Vdc 

Vdc 

Vdc 

Vd. 

Adc 
Apk 

Adc 

Watts 

"C 

BUV21 

40 AMPERES 

NPN SILICON 
POWER 

METAL TRANSISTOR 

, E 
SUTING 

'L .... l 

zoo VOLTS 
250 WATTS 

STYLE " 
PIN 1. BASE 

2. EMlnEA 
CASE. CD LLECTDR 

MILLIMETERS INCHES 
DIM 

A 
I 

0 
E 
F 
& 
H 

K 
0 
R 

MIN MAX MIN 

38.35 39.37 1.510 
19.30 21.01 0.760 
S. 7. 0.250 
1.48 I.BO 0.057 
- 3.43 -.. 3D.4D 1.177 

10.67 11.18 0.420 
5.21 . 2 o. 

1 1 
11.18 12.19 0.440 
3.8' 4.09 0.151 

2'. 21.67 0.980 

CASE 197·01 
MODIFIED TO 3 

MAX 
1.550 
0.B3D 
o. 
0.118 
0.135 
1. 
0.440 
O . 

0.4BD 
0.1 1 
1.050 

-

c 



BUV21 

ELECTRICAL CHARACTERISTICS (TC = 25°C unless otherwise noted) 

Characteristic 

OFF CHARACTERISTICS· 

Collector-Emitter Sustaining Voltage 
(lc=200mA,IB=O, L=25mHI 

Collector Cutoff Curreht at Reverse Biais: 

,VCE =250 V, VBE =-1.5 VI 
(VCE = 250 V, VSE =-1.5 V, TC = 125°CI 

Collector-Emitter Cutoff Current 
,VCE =160VI 

Emitter-Base Reverse Voltage 
(IE =50 mAl 

Emitter-Cutoff Current 
'VES =5 VI 

SECOND BREAKDOWN 

Second Breakdown Collector Current with base forward biased 

(VCE=20V,t=1 sl 
'VCE=140V,t='I,1 

ON CHARACTERISTICS' 

DC Current Gain 

(lC = 12 A. VCE = 2 VI 
(lc = 25A. VCE =4 VI 

Collector-Emitter Saturation Voltage 
(lC=12A.IS=I.2AI 
(lC = 25A. IS =3AI 

8ase-Emitter Saturation Voltage 
liC=25A.IS=3AI 

DVNAMIC CHARACTERISTICS 

Current Gain - Bandwidth Product 
,VCE = 15 V,IC =2 A. 1=4 MHzI 

SWITCHING CHARACTERISTICS (Resistive Load) 

~urn on Time 

S!:orage Tim. 
IC= 25A.ISI =IS2= 3A. 

(VCC=I00V.RC=4QI 
Fall Time 

• Pulse Test: Pulse Width ';;300 jJs. Duty Cycle ';;2 0 /0. 

Symbol 

VCEO(susl 

'CEX 

'CEO 

VESO 

'ESO 

'Slb 

.hFE 

VCE'sati 

VSE'satl 

ton 

to 
tl 

3-568 

Min. Max. Unit 

Vde 
200 

mAde 
3.0 

12.0 

mAde 
3.0 

V 
7 

mAde 
1.0 

20 60 
10 

Vde 
0.6 
1:5 

Vde 
1.5 

1.0 jJs 

1.8 

0.4 
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FIGURE 2 - ACTIVE REGION SAFE OPERATING AREA 
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There are two limitations on the power handling abilitv of a 
transistor: average junction temperature and second break
down. Safe operating area curves indicate Ie-VeE limits of 
the transistor that must be observed for rei iable operation 
Le., the transistor must not be subjected to greater dissipa
tion than the curves indicate. 
The data of figure 2 is based on TC = 25 C; TJ(pkl is 
variable depending on power level. Second breakdown 
limitations do not derate the same as thermal limitations. 
At high case temperatures, thermal limitations will reduce the 
power that can handled to values less than the limitations 
imposed by second breakdown. (See AN415Al 

FIGURE 5 - RESISTIVE SWITCHING PERFORMANCE 
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MOTOROLA 
_ SEMICONDUCTOR 

TECHNICAL DATA 

SWITCHMODEA SERIES 
NPN SILICON POWER TRANSISTOR 

... designed for high speed, high current, high power and'low cost 
appl ications. 

• High De current gain: HFE min. = 15 at Ic = 20 A 

• Low VeE (sat) : VeE (sat) max. = 1.0 Vat Ic = 20 A 
= 1.B V at Ic = 40 A 

• Very fast switching times: 
TF max. = 0.2 JJ.S at Ic = 40 A 

MAXIMUM RATINGS 

Rating Symbol 

Coliector·Emitter Voltage VCEO(susl 

Colleetor·Base Voltage VCBO 

Emitter·Base Voltage VEBO 

Collector· Emitter Voltage (VBE = -1.5 VI VCEX 

Colle,etor·Emitter Voltage '(RBE -100nl VCER 

Collector-Current - continuous IC 
- peak (pw or;;; 1 0 msl ICM 

Base-Current continuous IB 

Total Po_r Dissipation@Tc=25OC Po 

Operating and Storage Junction TJ, Tstg 

V.I ... 

160 

220 

7, 

220 

200 

40 
50 

10 

250 

Temperature Rang. -65 to 200 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, ~unction to Case 

FIGURE 1 - POWER DERATING 

l.D 

"'" "'" ~ 0.' 

. 0.6 ~ I 

"'-
'" "-

D.2 ""-

"'" "'" 'D au 120 180 200 
Te. TEMPERATURE ("&1 

3-570 

Unit 

Vdc 

Vdc 

Vde 

Vdc 

Vde 

Ade 
Apk 

Adc 

Watts 

"c 

BUV21N 

40 AMPERES 

NPN SILICON 
POWER 

METAL TRANSISTOR 

DIM 

A 
I 

0 
E 
F 
G 
H 

K 
II 
R 

160 VOLTS 
250 WATTS 

STYLE " 
PIN 1. BASE 

2. EMITTER 
CASE. COllECTOR 

MILLIMETERS INCHES 
MIN -MAX MIN 

38.36 38.31 1.510 
19.30 21.DB 0.160 
6.35 1.62 
1.45 1.60 0.051 

3.43 -
.90 3D.4D 1.111 

1 .61 11.18 0.420 
5.21 

1 1. 
11.18 12.19 D.44D 

.84 4.08 0.151 
4. 28.81 Ue!! 

CASE 197-01 
MODIFIED TO 3 

MAX 
1.560 
0.830 

0.1163 
0.135 
.JIlL 

0.44D 
5 

0.480 
0.181 
1.060 

• 



BUV21N 

ELECTRICAL CHARACTERISTICS (TC = 25°C unless otherwise noted) 

Characteristic 

OFF CHARACTERISTICS· 

Collector-Emitter Sustaining Voltage 
(lC=200 mA,le =0, l = 25 mH) 

Collector Cutoff Current at Reverse.Biais: 
(VCE =220 V, Vee =-1,5 V) 
(VCE = 220V, VeE = -1.5 V, TC = 125°C) 

Collector-Emitter Cutoff Current 
(VCE=130 V) 

Emitter-Base Reverse Voltage 
(lE=50mA) 

Emitter-Cutoff Current 
(VEB=5V) 

SECONO eREAKDOWN 

Second Breakdown Collector Current with base forward biased 
(VCE= 25V,t=0.51) 
(VCE =140V,t=0.5 I) 

ON CHARACTERISTICS! 

DC Current Gain 
(lC = 2OA, VCE =4 V) 
(lc =40A, VCE =4 V) 

Collector-Emitter Saturation Voltage 
(lC =20 A, IB =2A) 
(lC=40A,IB=5A) 

Base-Emitter Saturation Voltage 
(lC =40 A,IB =5 A) 

DYNAMIC CHARACTERISTICS 

Current Gain - Bandwidth Product 
(VCE = 15 V,IC= 2A, f=4 MHz) 

SWITCHING CHARACTERISTICS (Resistive Load) 

Turn on Time 

Storage Time 
IC=40A,IBl =IB2= 5A, 

(VCC =30V, RC =0.75 Sl) 
Fall Time 

• Pulse Test: Pulse Width ';;300 p's, Duty Cvele ';;2010. 

Symbol 

vceo(,u,) 

ICEX 

ICEO 

Veeo 

lEBO 

'Sib 

hFE 

VCE(,atl 

VBE(sad 

ton 

ts 
tf 

3-571 

Min. Max. Unit 

Vde 
160 

mAde 
3,0 
12.0 

mAde 
3.0 

V 
7 

mAde 
1.0 

15 60 
10 

Vde 
1.0 
1.8 --

Vde 
2.0 

1.2 p's 

1.0 

0.2 
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FIGURE 2 - ACTIVE REGION SAFE OPERATING AREA 

"'-

I 
.0 100 160 

VeE. COLLECTOR EMITTER VOLTAGE (V) 

FIGURE 3 - "ON" VOLTAGES 

lelia = 10 

VBEluI) 
, ./' 

I 
VCEI"') 

.0 
Ie. COllECTOR CURRENT (A) 

FIGURE 4 - DC CURRENT GAIN 

veE = 4 V 

i i ! 

I 

/ 

V 
/ 

"', 
II 

10 

Ie. COLLECTOR CURRENT (A) 

"-.' 
"-

3-572 

There are two limitations on the pO\t .... r handli"g ability of a 
transistor: average junction temperature CI,"!oj ser.o!ld break
down. Safe operating area curve.s indi<;ate IC-VCi I:rnits l,tf 
the transistor that must be observed for reliable operation 

. i.e., the transistor must not be subjected to greater dissipa
tion than the curves indicate. 
The data, of figure 2 is based on Te = 25"C, TJ(pk) is 
variable depending on power level. Second breakdown 
limitations do not derate the same as thermal limitations. 
At, high case temperatures, thermal limitations will reduce the 
power that can handl~d to ~alues·less than the limitations 
imposed bV second bre~kdown. (See AN415A\ . 
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FIGURE 5 - RESISTIVE SWITCHING PERFORMANCE 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

SWITCHMODEA SERIES 
NPN SILICON POWER TRANSISTOR 

· .. designed for high current, high speed, high power applications. 

• High DC current gain: HFE min .. = 20 at Ie = 10 A 

• Low VCE(sat): VCE(sat) max. = 1.0 Vat Ie = 10 A 

• Very fast switching times: 
TF max. = 0.35 IlS at Ie = 20 A 

MAXIMUM RATINGS 

Rating Symbol Volue 

Collector-Emitter Voltage VCEO(sus) 125 

Coliector·Base Voltage VCBO 300 

Emitter·Base Voltage VEBO 7 

Collector· Emitter Voltage (VBE = -1.5 V) VCEX 300 

Collector·Emitter Voltage (RBE = lOOn) VCER 290 

Collector~Current - continuous IC 40 
- peak (pw';; 10 ms) ICM 50 

Base-Current continuous IB B 

Total Power Dissipation@Tc-25°C Po 250 

Operating and Storage Junction TJ, Tstg 
Temperature Range ~5to2oo 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case 

FIGURE 1 - POWER DERATING 

1. 0 

"'" 8 "'" ~ o. 

o . • "" " • i', 

'" 
o . 

"" o. 2 

'" "'" .. 80 120 1&0 200 
Te. TEMPERATURE ("1:) 

3-573 

Unit 

Vdc 

Vdc 

Vdc 

Vdc 

Vdc 

Adc 
Apk 

Adc 

Watts 

"C 

BUV22 

40 AMPERES 

NPN SILICON 
POWER 

METAL TRANSISTOR 

250 VOLTS 
250 WATTS 

r-;= A----< 

~
B Ie 

L -+ 
te K 

SEATING 0 t 
,.,. ... Nt: 

DIM 

A 
B 
C 
D 
E 
F 
6 
H 

K 

R 

STYlE " 
PIN 1. BASE 

2. EMITTER 
CASE. COLLECTOR 

MI 1M TEAS INCHES 
MI. MAX MI. MAX 

31.35 39.31 1.510 1.558 
IUD 1. 0.180 0.830 
8.35 1.12 0.250 
1.46 1.80 0.1151 0.083 
- 3.43 - 0.135 

Z!I.9D 3D.4D 1.111 1.11 
10.81 11.11 0.420 440 
5.1 5. 

1 1. 
11.1' lZ.18 0.440 llL~ 

.84 4.118 0.151 
4. 87 0.910 

CASE 197-(11 
MODIFIED TO 3 

11 
1.1150 

• 



BUV22 

ELECTRICA,L CHARACTERISTICS (TC = 25°C unless otherwise noted) 

Characteristic 

OFF CHARACTERISTICS! 

Coliector8 Emitter $u.s:taining Voltage 
(lC = 200 mA, IB =0, L = 25 mHI 

Collector C':Itoff Current ~t Reverse Biais: 
(VCE = 300 V, VBE =-1.5 VI 
(VCE = 300 V, VBE =-1.5 V, TC=125°CI 

Collector~Emitter Cutoff Current 
(VCE =200 V) 

Emittar·Base Reverse Voltage 
(lE=50mAI 

Emitter-Cutoff Current 
(VEB =5 V) 

SECOND BREAKDOWN 

Second Breakdown Collector Current with base forward biased 
(VCE= 20V,t=ls) 
(VCE =140 V, t=1 sl 

ON CHARACTERISTICS! 

DC Current Gain 
(lC = 10 A, VCE =4 V) 
(lC=20A, VCE =4 V) 

Collector-Emitter Satura~ion Voltage 
(lC = 10 A, IB = 1 AI 
(lC =20 A,IB =2.5 A) 

Base-Emitter Saturation Voltage 
(IC=40A,IB=4A) 

DYNAMIC CHARACTERISTICS 

Current Gain - Bandwidth Product 
(VCE = 15 V,IC=2A, f=4 MHz) 

SWITCHING CHARACTERISTICS (Resistive Load) 

Turn on Time 

Storage Time 
IC = 2OA, IBI = IB2 = 2.5 A, 

Fall Time 
(VCC =100V,RC =5 0) 

! Puis. Test: Pulse Width ';;;300 j.ls, Duty Cycle ';;;20 /0, 

Symbol 

vCEO(susl 

ICEX 

ICEO 

VEBO 

lEBO 

ISlb 

hFE 

VCE(sat) 

VBE(s,t) 

ton 

Is 
tf 

Min. Max. Unit 

Vde 
250 

rT1Ade 
3.0 

12.0 

mAde 
3.0 

V 
7 

mAde 
1.0 

20 60 
10 

Vde 
1.0 
1.5 

Vde 
1.5 

O.B ps 

1.1 

0.35 
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FIGURE 2 - ACTIVE REGION SAFE OPERATING AREA 
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There are two limitations on the power handling ability of a 
transistor: average junction temperature and second break
down. Safe operating area curves' indicate le·VeE limits of 
the transistor that must be observed for reliable operation 
Le., the transistor must not be subjected to greater dissipa
tion than the curves indicate. 
The data of figure 2 is based on TC = 25°C; TJ(pk) is 
variable depending on power level. Second breakdown 
limitations do not derate the same as thermal limitations . 
At high case temperatures, thermal limitations will reduce the 
power that can handled to values less than the limitations 
imposed bV second breakdown. (See AN415AI 

FIGURE 5 - RESISTIVE SWITCHING PERFORMANCE 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

SWITCHMODE·SERIES 
NPN SILICON POWER TRANSISTOR 

· .. designed for high current, high speed, high power applications. 

• HiQh DC current gain: HFEmin. = 15 at Ic = 8 A 

• L.o\!V VCE(sat), VCE(sat) max. = 0.8 Vat Ic = 8 A 

• Very fast switching times: 
TF = 0.4 Its at Ic = 16 A 

MAXIMUM RATINGS 

Rating Symbol Val ... Unit 

Coliector·Emitter Voltage VCEO(suII 325 Vdc 

Coliector·Base Voltage VCBO 400 Vdc 

Emitter·Base Voltage VEBO 7 Vdc 

Coliector·Emltter Voltage (VBE = -1.5 VI VCEX 400 Vdc 

Coliector·Emitter Voltage (RBE = 100ni VCER 390 Vdc 

Collector-Current - continuous IC 30 Adc· 
- peak (pw';;; 10 msl ICM 40 Apk 

Base-Current continuous IB 6 Aile 

Total Po_r Dissipation@Tc-25°C Po 250 . Watts 

Operating and Storage Junction TJ, Tstg "c 
Temperature Range -65 to 200 

THERMAL CHARACTERISTICS 

Charl_lstic 

Thermal Resistance, Junction to Case 

FIGURE 1 - POWER DERATING 

1.0 
"-..., 

o . • "" ~ 
0.6 "'. 

r-..... 

0.4 
....... 

0.2 
......... 

"" "" 40 8D 128 16. 200 
Te. TEMPERATURE ("cl 

3-576 

BUV23 

30 AMPERES 

NPN SILICON 
POWER 

METAL TRANSISTOR 

325 VOLTS 
250 WATTS 

IF A-----l 

.L I 

.~B Ic 

-. --+ 
L E K 

SlATING 0 r 
'LANE ~ 

F 

J-

STYLE " 
PIN 1. BASE" 

2. EMITTER 
CASE. COLLECTOR 

Mil 1M TERS INCHES 
DIM 

A 
I 
C 
0 
E 
f 
G 
H 

K 
a 
R 

MIN MAX MIN 

38.36 39.31 1.510 
19.30 21.08 0.180 
8.36 1.12 0.210 
1.45 1.60 0.1151 
- 3.43 -

29.90 40 1.111 
10.81 11.18 0.420 
_5.:1 &.12 O. 

1.1 
11.18 12.19 0.440 

4.08 0.151 
24.19 8. 0.980 

CASE 197.(JI 
MODIFIED TO 3 

MAX 

1.510 
0.830 
0.300 
0.1163 
0.136 
1.1 
0.440 

0.4BO 
0.181 
1.050 

• 



BUV23 

ELECTRICAL CHARACTERISTICS (TC; 25°C unless otherwise noted) 

Char_istic 

OFF CHARACTERISTICSI 

Collector·Emitter Sustaining Voltoga 
(lc;2oomA.IB;O, L; 25mH) 

CoII.ctor Cutoff Current at R.v .... Biais: 
(VCE ;400 V, VBE ;-1.5 V) 
(VCE ;4OOV, VBE ;-1.5 V, TC;125"c) 

Collector·Emitter Cutoff Current 
(VCE;260V) 

Emitter·Base Rev .... Voltage 
(lE;50mA) 

Emitter·Cutoff Current 
(VEB;5V) 

SECOND BREAKDOWN 

Second Breakdown Collector Curr.nt with base forward biased 
(VCE; 2OV,t;ls) 
(VCE ;140V,t; I.) 

ON CHARACTERISTICSI 

DC Current Gain 
(lC= BA,VCE;4V) 
(lC ;16 A, VCE;4 V) 

CoII.ctor·Emitter Saturation Voltage 
(lC; SA,IB;I.6A) 
(lC ;16 A,IS; 3.2 A) 

Basa-Emitter Saturation Voltage 
(lC =16 A,IS; 3.2 A) 

DYNAMIC CHARACTERISTICS 

Current Gain - Bandwidth Product 
(VCE; 15 V,IC=2A, f;4 MHz) 

SWITCHING CHARACTERISTICS (Resistive Load) 

Turn on Time 

Storage Tim. 
IC; 16A,ISI ;IS2; 3.2 A. 

Fall Tim. 
(VCC ;100 V,RC =6.26 .0) 

I Pul .. Test: Pulse Width';;;3OO fJs, Duty Cycle ';;;2 010. 

Symbol 

VCEO(sus) 

ICEX 

ICEO 

VEBO 

lEBO 

ISlb 

hFE 

VCE(sat) 

VBE(sat) 

ton 

Is 
tf 

3-577 

Min. MI •• Unit 

Vde 
325 

mAde 
3.0 
12 

mAde 
3.0 

V 
7 

mAde 
1.0 

15 60 
S 

Vde 
O.S 
1.0 

Vde 
1.5 

O.S fJs 

I.S 

0.4 
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There are two limitations on the power handling abilitY of a 
transistor: average junction temperature'and second break
down. Safe operating area curves indicate Ie-VeE limits of 
the transistor that must be" observed for reliable operation 
i.e., the transistor must not be subjected to greater dissipa
tion than the curves indicate. 
The data of figure 2 is based on TC = 25c C;" TJ(pk) is 
variable depending on power level. Second breakdown 
limitations do not derate the same as thermal limitations. 
At high case temperatures, thermal limitations will reduce the 
power that can handled to values less than the limitations 
imposed by second breakdown. (See AN415AI 

FIGURE 5 - RESISTIVE SWITCHING PERFORMANCE 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

SWITCHMODE~ SERIES 
NPN SILICON POWER TRANSISTOR 

· .. designed for high current, high speed, high power applications. 

• Low VCE(sat), VCE(sat) max. = 1.0 V at Ic = 12 A 

• Very fast switching times: 

TF max. = 0.9}Js at Ic = 12 A 

MAXIMUM RATINGS 

Rating Symbol Value 

COllector-Emitter Voltage vCEO( .... ) 400 

Coliector·Base Voltage VCBO 450 

Emitter·Base Voltage VEBO 7 

Coliector·Emitter Voltage (VBE = -1.5 V) VCEX 450 

Coliector·Emitter Voltage (RBE = lOOn) VCER 440 

Collector-Current - continuous IC 20 
- peak (pw"; 10 ms) ICM 30 

Base-Current continuous IB 4 

Total Power Dissipation@Tc=25°C PD 250 

Operating and Storage Junction TJ, Tstg 
Temperature Range -65 to 200 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case 

FIGURE 1 - POWER DERATING 
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Te. TEMPERATURE ("'CI 

3-579 

Unit 

Vdc 

Vdc 

Vdc 

Vdc 

Vdc 

Adc 
Apk 

Adc 

Watts 

"c 

BUV24 

20 AMPERES 

NPN SILICON 
POWER 

METAL TRANSISTOR 

NOTES 

400 VOLTS 
250 WATTS 

---F --. 

1 OIMHlSIONS 0 AND 11 ARf DATUMS 
7 [ljISSfATINGPlANfANDOATUM 
J POSITIONAL TOlfRANCE fOR 

MOUNTING ~Ol£ 0 

[}]iiJWooSi (.) 1-1 Tv 01 
fOR LEADS 

r D 111 loo"'QJ1~0F§] 
4 DIMf,,"SIONSANQ TOURANns PfR 

ANSI Y145.1913 

MILliMETERS INCHES 

O~M MIN ~t3XI t-~ 

~-h-ls+_2;~~ O1f1JWol 
~ .091 ~~~ 0038 ~.~;~ 

F JOaBSC 1lSlBSC 

r+ J~:~:~~. -%~H¥C-
J1689BSC·~ 
K 1118121904400480 
a l81 4.19 0150 016!i 

483 2~;; o 19iit-tm-
381 4190150.0165 

CASE 1-05 TO-3 

• 



BUV24 

ELECTRICAL CHARACTERISTICS (TC = 25°C unless otherwise noted) 

Characteristic ' 

OFF CHARACTERISTlCSI 

Coliector·Emitter Sustaining Voltage 
IIc=200mA,IB = O,L '= 25mHl 

Collector Cutoff Current' at Reverse Siais: 

(VCE = 45PV. VBE = -1.5 VI 
(VCE = 450 V, VBE =-1.5 V, TC = 125°CI 

Collector-Emitter Cutoff Current 
(VCE =320 VI 

Emitter-Base Reverse Voltage 
IIE=50mAI 

Emitter-Cutoff Current 

(VEB =5 VI 

SECONO BREAKDOWN 

Second Breakdown Collector Current with base forward biased 

(VCE= 20V,t=1 sl 
(VCE=140V,t=ls1 

ON CHARACTERISTICSI 

DC Current Gain 

IIC= SA, VCE =4 VI 
IIc=12A,VCE=4VI 

Collector-Emitter Saturation Voltage 
IIC= SA,IS=I.2AI 
(IC = 12 A, IS = 2.4 Al 

Base-Emitter Saturation Voltage 
IIC = 12 A, IB = 2.4 Al 

OYNAMIC CHARACTERISTICS 

Current Gain - Bandwidth Product 
(VCE = 15 V,IC = 2A, f =4 MHzl 

SWITCHING CHARACTERISTICS (Resistive Load) 

Turn on Time 

Storage Time 
IC = 12A,IBI = IS2 =2.4 A, 

Fall Time 
(VCC =120 V, RC =8.3 n) 

I Pulse Test: Pulse Width ';;300 fls, Duty Cycle ';;2 010. 

3-580 

Symbol 

VCEO(susl 

ICEX 

ICED 

VEBO 

lEBO 

ISlb 

hFE 

VCE(satl 

VBE(satl 

ton 

to 
tf 

Min. Max. Unit 

Vde 
400 

mAde 
3.0 

12.0 

mAde 
30 

V 
7 

mAde 
1.0 

15 SO 
8 

Vde 
O.S 
1.0 

Vdc 
1.5 

1.6 fls 

3.0 

0.9 
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FIGURE 2 - ACTIVE REGION SAFE OPERATING AREA 
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There are two limitations on the power handling ability of'8 
transistor: average junction temperature and second break· 
down. Safe operating area curves indicate Ie-VeE limits of 
the transistor that must be observed for reliable operation 
i.e., the transistor must not be subjected to greater dissipa
tion than the curves indicate. 
The data of figure 2 is based on Te'" 25"C, TJlpk) is 
variable depending on power level. Second breakdown 
limitations do not derate the same as thermal limitations. 
At high case temperatures, thermal limitations will reduce the 
power that can handled to values less than the limitations 
imposed by second breakdown. (See AN415A) 

FIGURE 5 - RESISTIVE SWITCHING PERFORMANCE 
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MOTOROLA 

- SEMICONDUCTOR ------------TECHNICAL DATA 

Designer's Data Sheet 
NPNSilicon Power Transistors 
Switch mode Series 

These transistors are designed for high-voltage, high-speed, power switching in induc
tive circuits where fall time is critical. They are particularly suited for line-operated 
switchmode applications. . 

Typical Applications: Features: 
• Switching Regulators • Collector-Emitter Voltage - VCEV = 850 and 1000 
• Inverters • Fast Turn-Off Times 
• Solenoids 140 ns IndiJctive Fall Time -100°C (Typ) 
• Relay Drivers 170 & 250 ns Inductive Crossover Time -100°C (Typ) 
• Motor Controls 1200 & 1800 ns Inductive Storage Time -100°C (Typ) 
• Deflection Circuits • 100°C Performance Specified for: 

Reverse-Biased SOA with Inductive Load 
Switching Times with Inductive Loads 
Saturation Voltages 
Leakage Currents 

• Extremely High RBSOA Capability 

MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage BUWll112 VCEO(sus) 400 
BUWllA112A 450 

Collector-Emitter Voltage BUW11/12 VCEV 850 
BUWllA112A 1000 

Emitter-Base Voltage VEB 10 

Collector Current - Continuous BUW11/11A IC 5 
BUWl2112A 8 

-Peak(l) BUW11/11A ICM 10 
BUWl2112A 20 

Base Current - Continuous BUW11/11A IB 2 
BUW12112A .4 

-Peak (1) BLiw11/11A IBM 4 
BUWl2112A 8 

Total Power Dissipation @ TC = 25'C Po 125 
@TC = l00'C 50 

Derate above TC = 25'C 1 

Operating and Storage Junction Temperature Range TJ, Tstg -55 to +150 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case 

Lead Temperature for Soldering Purposes: 118" from Case for 5 Seconds 

(11 Pulse rest: Pulse Width = 5 ms, [July Cycle .. 10%. 

3-582 

Unit 

Vdc 

Vdc 

Vdc 

Adc 

Adc 

Watts 

wrc 

'c 

Symbol 

R9JC 

TL 

BUW11,A 
BUW12,A 

POWER TRANSISTORS 
5 and 8 AMPERES 

400 and 450 VOLTS 
125 WATTS 

, 
CASE 340-01 

TO-218AC 

Max 

.1 

275 

Unit 

'CIW 

'c 



BUW11,A. BUW12,A 

ELECTRICAL CHARACTERISTICS (Tc = 25'C unless otherwise noted) 

I Ch • ...-Istic Symbol Min Typ Max Unit 

OFF CHARACTERISTICS(') 

Collector-Emitter Sustaining Voltage (Table 1) BUW11/12 VCEO(sus) 400 - - Vdc 
(lC = 100 mAo IB = 0) BUW11A112A 450 - -

Collector Cutoff Current ICEV mAdc 
(VCEV = Rated VCEV, VBE(off) = 1.5 Vdc) - - 0.1 
(VCEV = Rated VCEV, VBE(off) = 1.5 Vdc, TC = 100'C) - - 1 

Collector Cutoff Current ICER - - 1 mAdc 
(VCE = Rated VCEV, RBE = 50 n, TC = l00'C) 

Emitter Cutoff Current lEBO - - 0.1 mAdc 
(VEB = 9 Vdc, IC = 0) 

SECOND BREAKDOWN 

Second Breakdown Collector Current with Base Forward Biased See Figures 8 and 9 

Clamped Inductive SOA with Base Reverse Biased See Figures 10 and 11 

BUW'1 
ON CHARACTERISTICS(') 

Collector-Emitter Saturation Voltage VCE(sat) Vdc 
(lc = 1 Adc, IB = 0.2 Adc) - - 1 
(lC = 3 Adc, IB = 0.6 Adc) - - 1.5 
(lC = 3 Adc, IB '" 0.6 Adc, TC = 100'C) - - 2 

Base-Emitter Saturation Voltage VBE(sat) Vdc 
(lC = 3 Adc, IB = 0.6 Adc) - - 1.4 
(lC = 3 Adc, IB = 0.6 Adc, TC = 10O'C) - - 1.4 

DC Current Gain hFE 6 - - -
(lC = 3 Adc, VCE = 5 Vdc) 

DYNAMIC CHARACTERISTICS 

Output Capacitance 
(VCB = 10 Vdc, IE = 0, ftest = 1 kHz) 

SWITCHING CHARACTERISTICS 

Inductive Load (T.ble ,) 

Storage Time (lC = 3 Adc, tsv - 1.2 1.5 /,S 

Fall Time 
IB1 = 0.6 Adc, (TJ = 100'C) tfi - 0.14 0.3 
VBE(off) = 5 Vdc, 

Crossover Time VCE(pk) = 300 Vdc) tc - 0.25 0.5 

Resistive Load (Table 2) 

Delay Time (lC = 3 Adc, td - - 0.1 /'" 

Rise Time VCC = 250 Vdc, 
(lB2 = 0.6 Adc, tr - - 0.8 

Storage Time 
IB1 = 0.6 Adc, 

RB2 = 40) 4 PIN = 2O!'S, ts - -
Fall Time Duty Cycle'" 2%) tf - - 0.8 

(1) Pul.e Test: Pul.e Width = 300 p.s. Duty Cycle" 2%. 
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BUW11,A • BUW12,A 

ELECTRICAL CHARACTERISncS (Continllell) (TC = 25·C unless otherwise noted) 

I ctia.acteristic I Symbcil Min Typ Max Unit 

BUW11A 
ON CHARACTERISTlCS(I) 

Collector-Emitter Saturation Voltage VCE(sat) Vdc 
(lC = I Adc, Ie = 0.2 Adc) - - I 
(lC = 2.5 Adc, Ie = 0.5 Adc) - - 1.5 
(lC = 2.5 Adc, Ie = 0.5 Adc, TC = lDO·C) - - 2 

ease-Emitter Saturation Voltage VeE(sat) Vdc 
(lC = 2.5 Adc, Ie = 0.5 Adc) - .- 1.4 
(lC = 2.5 Adc, Ie = 0.5 Adc, TC = lOO"C) - - 1.4 

DC Current Gain hFE 6 - - -
(lC = 2.5 Adc, VCE = 5 Vdc) 

DYNAMIC CHARACTERISTICS 

Output Capacitance 
(Vce = 10 Vdc, IE = 0, ftest = I kHz) 

SWITCHING CHARACTERISTICS .-
Inductive Load (Table I) 

Storage Ti me (lC = 2.SAdc, tsv - ,1.2 .1.5 I's 

Fall Time leI = 0.5 Adc, (TJ = 100·C) tfi - 0.14 0.3 
VeE(off) = 5 Vdc, 

Crossover Time VCE(pk) = 300 Vdc) tc - 0.25 0.5 

Resistive Load (Table 2) 

Delay Time (lC = 2.5 Adc, td - - 0.1 I's 

Rise Time Vec = 250 Vdc, 
(I e2 = 0.5 Adc, t, - - 0.8 

Storage Time 
leI = 0.5 Adc, 

Re2 =40) ts 4 PW = 20l's, - -
Fall Time Duty Cycle'" 2%) tf - - 0.8 

(1) Pulse Test: Pulse Width = 300 p.s. Duty Cycle" 2%. 
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BUW11,A • BUW12,A 

ELECTRICAL CHARACTERISTICS (Continued! (TC = 25·C unless otherwise noted! 

I Characteristic I Symbol 

BUW12 
ON CHARACTERISTICS(1! 

Collector-Emitter Saturation Voltage 
(lC = 3 Adc, la = 0.6 Adc! 
(lC = 6 Adc, la = 1.2 Adc! 
(lC = 6 Adc, la = 1 .. 2 Adc, TC = l00"C! 

aase-Emitter Saturation Voltage 
(lC = 6 Adc, la = 1.2 Adc! 
(lC = 6 Adc, la = 1.2 Adc, TC = 10o-C! 

DC Current Gain 
(lC = 6 Adc, VCE = 5 Vdc! 

DYNAMIC CHARACTERISTICS 

Output Capacitance 
(Vca = 10 Vdc, IE = 0, fteS! = 1 kHz! 

SWITCHING CHARACTERISTICS 

Inductive Load (Table 1! 

Storage Time (lC = 6 Adc, 

Fall TIme 
IBl = 1.2 Adc, 
VBE(off! = 5 Vdc, 

Crossover Time VCE(pk! = 300 Vdc! 

Resistive Load (Table 2! 

Delay Time (lC = 6 Adc, 

Rise Time VCC = 250 Vdc, 

Storage Time 
lal = 1.2 Adc, 
PW = 20 jLS, 

Fall Time Duty Cycle'" 2%! 

(1 I Pulse Test: Pul.e Width = 300 p.., Duty Cycle'" 2%. 

BUW12A 
ON CHARACTERISTICS(1! 

Collector-Emitter Saturation Voltage 
(lC = 3 Adc, la = 0.6 Adc! 
(lC = S Adc, la = 1 Adc! 
(lC = 5 Adc, IB = 1 Adc, TC = loo·C! 

Base-Emitter Saturation Voltage 
(lC = 5 Adc, la = 1 Ade! 
(lC = 5 Adc, la = 1 Adc, TC = loo"C! 

DC Current Gain 
(lC = 5 Ade, VCE = 5 Vde! 

DYNAMIC CHARACTERISTICS 

Output Capacitance 
(Vca = 10 Vdc, IE = 0, ftest = 1 kHz! 

SWITCHING CHARACTERISTICS 

Inductive Load (Table 1! 

Storage TIme (lC = 5 Ade, 

Fall Time lal = 1 Adc, 
VBE(off! = 5 Vde, 

Crossover Time VCE(pk) = 300 Vde) 

Resistive Load (Table 2) 

Delay TIme (lC = SAde, 

Rise Time VCC = 250 Vdc, 

Storage TIme 
lal = 1 Ade, 
PW = 2OILS, 

Fall Time Duty Cvcle '" 2%) 

(1) Pulse Test: Pulse Width = 300 p.., Duty Cycle'" 2%. 

VCE(sat! 

VaE(sat! 

hFE 

tSY 

(TJ = 10o-C! tfi 

tc 

Id 

(la2 = 1.2 Adc, tr 

Ra2 = 4!l1 ts 

tf 

VCE(sat! 

VaE(sat! 

hFE 

tsv 

(TJ = 100·C! tfi 

te 

td 

(la2 = 1 Adc, tr 

RB2 = 4!l1 ts 

tf 
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Min Typ Max Unit 

Vdc 
- - 1 
~ - 1.5 
- - 2 

Vdc 
- - 1.5 
- - 1.5 

6 - - -

- 1.8 2.3 ILS 

- 0.14 0.3 

- 0.17 O.S 

- - 0.1 ILS 

- - 0.8 

- - 4 

- - 0.8 

Vdc 
- - 1 
- - 1.S 
- - 2 

Vdc 
- - 1.S 
- - 1.S 

6 - - -

- 1.8 2.3. ILs 

- 0.14 0.3 

- 0.17 0.5 

- - 0.1 ILs 

- - 0.8 

- - 4 

- - 0.8 



BUW11,A. BUW12,A 

TYPICAL STATIC CHARACTERISTICS 
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IClp~1 .J....- ~VCElpkl -.......r 1 I~ 
./ 90% vCElpkl1 1\ 90% IClpkl 

IC"""'" - -Isv Irvfl~lfl- -111-

I-+Ic~ l-
V I" 

VCE 10% VCElpkl 10% ....... ~7c" 
18-i-- 90% 181 IClpk) 

-- --\- -- -- -- -- -
\ -.--"-'" 

I, TIME 

Figure 7, Inductive Switching Measurements 

Table 1. Inductive Load Switching 

Drive Circuit 

A 

VIBRICEO(IUSI 
L ~ 10mH 
RB2 ~ x 

--g 
L ~ 200I'H 
RB2 ~ 0 

VCC ~ 20Volts 
IClpkl ~ 100 mA 
La ~ 0 

VCC ~ 21lVolts 
RBI selected for desired IBI 
LB ~ 'I'H 

RBSOA 
L ~ 21lOI'H 
RB2 ~ 0 
VCC ~ 20 Volts 
RS1 selected for desired IS1 
La ~ 0 

V~o---~----~~+-----------~ 

'TeIIIIonixAM503 
P6302 or Equivalent 

Scope - T elrtronix 
7403 01 Equivalent 

Nolo: Adjust Voff 10 obtain desired VBElofI) at Poinl A. 

In ~-'1V 
OV 

:..:.......t Ir ""5n. 

wrellllonixAM503 
P6302 .. Equivalent 

lcoilllCpkI 
T, ~--vee-

T, adjusted 10 obtain IClpkl 

Tl-1 I---+V 

Oyn -- U::-y 

Table 2. Resistive Load Switching 

+1504~~--~----~----~-----, 

ts and tf Il'f ::t 

Ylofl) edjusted 
IOg ... pecified 
off drive -.lL+ 10 Y >-t1 

sool 

Voffo---~----~~~--------~ 

Tm l" Vee 
-=- ":' 



BUW11,A • BUW12,A 

MAXIMUM FORWARD BIAS SAFE OPERATING AREA 
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MAXIMUM REVERSE BIAS SAFE OPERATING AREA 
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BUW11,A. BUW12,A 

SAFE OPERATING AREA INFORMATION 

FORWARD BIAS 

There are two limitations on the power handling ability 
of a transistor: average junction temperature and second 
breakdown. Safe operating area curves indicate Ie-VCE 
limits of the transistor that must be observed for reliable 
operation; i.e., the transistor must not be subjected to 
greater dissipation than the curves indicate. 

The data of Figures 8 and 9 is based on TC = 25°C; 
TJ(pk) is variable depending on power level. Second 
breakdown pulse limits are valid for duty cycles to 100/. 
but must be derated when TC "" 25°C. Second breakdown 
limitations do not derate the same as thermal limitations. 
Allowable current at the voltages shown on Figures 8 and 
9 may be found at any case temperature by using the 
appropriate curve on Figure 13. 

100 

0 

~ , ..... 

40 

" ..... SECOND BREAKDOWN _ 

" ~.~ DERATING 

THERMAL ~ 
.... , 

DERATING-~ 'I , ! 
I 

" I 

1'" 
80 120 

T C. CASE TEMPERATURE (OCI 

Figure 13. Power Dereting 

160 200 

TJ(pk) may be calculated from the data in Figure 12. 
At high case temperatures, thermal limitations will 
reduce the power that can be handled to values less than 
the limitations imposed by second breakdown. 

REVERSE BIAS 

For inductive loads, high voltage and high current must 
be sustained simultaneously during turn-off, in most 
cases, with the base-to-emitter junction reverse biased. 
Under these conditions the collector voltage must be held 
to a safe level at or below a specific value of collector 
current. This can be accomplished by several means such 
as active clamping, RC snubbing, load line shaping, etc. 
The safe level for these devices is specified as Reverse 
Biased Safe Operating Area and represents the voltage
current condition allowable during reverse biased turn
off. This rating is verified under clamped conditions so 
that the device is never subjected to an avalanche mode. 
Figures 10 and 11 gives the RBSOA characteristics . 

OUTLINE DIMENSIONS 

STYLE 1: 
PIN 1. BASE 

2. COLLECTOR 
3. EMITTER 
4. COllECTOR 

CASE 340-01 
TO-21BAC 

3-589 

MIlLIMETERS INCHES 
DIM MIl MAX MIN MAX 
A 20.32 21.1l8 0.800 0.830 
B 15.49 15.90 0.610 0.626 
C 4.19 5.1l8 0.165 0.200 
D 1.02 1.65 0.040 0.065 
E 1.35 1.65 0.053 0.065 
G 5.21 5.n 0.205 0.225 
H 2.41 3.20 0.095 0.126 
J 0.38 0.64 0.D15 0.025 
K 12.70 15.49 0.500 0.610 
L 15.88 16.51 0.625 0.650 
N 12.19 12.70 0.480 0.500 
Q 4.04 4.22 0.159 0.166 



MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

SWITCHMODE'" SERIES 
NPN SILICON POWER TRANSISTOR 

· .. designed for high speed, high voltage, high power applications. 

• Low VCE(sat), VCE(sat) max. = 1.5 V at Ie = 8 A 

• Verv fast switching times: 
TF max. = 0.8 liS at Ie = 8 A 

MAXIMUM RATINGS 

Rating Symbol v ..... 
Collector-Emitter Voltage VCEOlsus) 325 

Collector-Base Voltage VCBO 400 

Emitter-Base Voltage VEBO 7 

Collector-Emitter Voltage IVBE = -2.5 V) VCEX 400 

Collector-Emitter Voltage IRBE -100 0) VCER 390 

CollectOr-Current - continuous IC 15 
- peak Ipw <; 10 ms) ICM 20 

a .. .current c~ntinuoul IB 3 

Total Power Dissipation@Tc=25"c Po 150 

Operating and Storage Junction TJ, Tstg 
Temperature Range -6510200 

THERMAL CHARACTERISTICS 

Thermal Resistance, Junction to Case 

FIGURE 1 - POWER DERATING 
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Unh 
Vdc 

Vdc 

Vdc 

Vdc 

Vde 

Adc 
Apk 

Ade 

Walll 

"c 

BUXl3 

15 AMPERES 

NPN SILICON 
POWER 

METAL TRANSISTOR 

32& VOLTS 
150 WATTS 
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BUX13 

ELECTRICAL CHARACTERISTICS (TC = 25°C unless otherwise noted) 

Characteristic 

OFF CHARACTERISTICS' 

Coliector·Emitter Sustaining Voltage 
(lc=200mA,le= O,L = 25mHI 

Collector Cutoff Current at Reverse Biais: 
IVCE =400V, VeE = -1.5 VI 
IVCE =400 V, VeE = -1.5 V, TC = 125°CI 

Collector-Emitter Cutoff Current 

IVCE =260VI 

Emitter-Base Reverse Voltage 
(lE=50mAI 

Emitter·Cutoff Current 

IVEB=5VI 

SECOND BREAKDOWN 

Second Breakdown Collector Current with base forward biased 
IVCE 0' 30 V, t = 1.1 
IVCE"140V,t = 1.1 

ON CHARACTERISTICS' 

DC Current Gain 
(lC = 4 A, VCE =4 VI 
IIc = 8 A, VCE =4 VI 

Collector-Emitter Saturation Voltage 
IIC= 4 A. Ie =0.8 AI 
IIC= BA,la=1.6A) 

Base-Emitter Saturation Voltage 
IIc = B A,la = 1.6 AI 

DYNAMIC CHARACTERISTICS 

Current Gain - Bandwidth Product 
(VCE = 15 V, IC = 1 A, f =4 MHzl 

SWITCHING CHARACTERISTICS (Resistive Load) 

Turn on Time 

Storage Time 
IC= 8 A.IB1 =IB2=1.6 A, 

18.7 HI IVCC=150V, RC = 
Fall Time 

1 Pulse Test: Pulse Width ~300.us, Duty Cycle ~2o/o. 

Symbol 

VCEOI.u.1 

ICEX 

ICEO 

VEBO 

lEBO 

hFE 

VCEI •• ,I 

VaEI •• ,) 

ton 

" 
tf 

3-591 

Min. Max. Unit 

Vde 
325 

mAde 
1.5 
6.0 

mAde 
1.5 

V 
7 

mAde 
1.0 

15 60 
8 

Vde 
O.B 
1.5 

Vde 
1.5 

II 1.2 p. 

2.5 

0.8 



BUX13 

10 

1 

2. 5 

2. 0 

5 

.0 

. 5 

50 

40 

0 
I--"'" 

0 

0 

o 
110 
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There are two limitations on the power handling ability of a 
transistor: average junction temperature and second break
down. Safe operating area curVe.s indicate Ie-VeE limits of 
the transistor that must be observed for reliable operation 
i.e., the transistor must not be subi!!!cted to greater dissipa
tion than the curves indicate. 
The data of figure 2 is baSed on TC '" 2S"C; TJ(pk) is 
variable depending on power level. Second breakdown 
limitations do not derate the same as thermal limitations. 
At high case temperatures, thermal limitations will reduce the 
power that can handled to values less than the limitations 
imposed by second breakdown. (See AN415AI 

FIGURE 5 - RESISTIVE SWITCHING PERFORMANCE 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

NPN SILICON POWER METAL TRANSISTOR 

· .. designed for high speed, high current, high power application. 

• High current gain - bandwidth product Ft min. ; 8.0 MHz 
• High De current gain HFE min. 15@ Ie; 12 A. 

Very fast switching times 
tF max. = 0.25 /JS @ Ie = 20 A 

MAXIMUM RATINGS 

Rating Symbol Vllue 

~~Emitter Voltage VCEO(Sus) 90 

Collector-Base Voltage VCBO 120 

Emitter-Base Voltage VEBO 7 

""(;,lIector.Emitter Voltage (VBE ~ ··1.5 V) VCEX 120 

Coliector·Emitter Voltage (RBE ~ 10011) VeER 110 

Collector-Current - continuous IC 30 
- peak Ipw .. 10 ms) ICM 40 

Base-Current continuous Ie 6 

TotB:' Power Dissipation @TC= 25°C Po 120 

Operating and Storage Junction TJ. Tstg 
Temperature Range -65to 200 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case 

FIGURE 1 - POWER DERATING 
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TC. TEMPERATURE rC) 

3-593 

Unit 

Vdc 

Vdc 

Vdc 

Vdc 

Vdc 

Adc 
Apk 

Ade 

Watts 

°e 

BUX39 

NPN SILICON 
POWER 

MET AL TRANSISTOR 

30 AMPERES 

L t=':j==t 
r~K ESEATIN(~ I 

PLANE 

OIM 
B 
C 
0 
E 
F 
G 
H 
J 
K 
Q 

T 

STYLE l' 
PIN 1. BASE 

2. EMITTER 
CASE·COLLECTOR 

STVLE2; 
PIN 1. BASE 

2. COllECTOR 
CASE·EMITTER 

MILLIMETERS INCHES 
MIN MAX MIN MAX 

22.23 0.815 
6.35 11.43 0.250 0.450 
0.97 1.09 0.038 0.043 

3.43 0.135 
29.90 30.40 1.177 1.191 
10.61 11.18 0.420 0440 
5.21 5.72 0.205 0.225 

16.64 1715 0.655 0615 
1.92 0.312 
3.84 4.09 0.151 0.IS1 

1 .34 0.525 
- 4.18 - 0.188 

All JEDEC dlluenslOns lind 1HJles ilPP'V 

CASE 1·03 
ITO·3) 

• 



BUX39 

ELECTRICAL CHARACTERISTICS (TC =25 °c unless otherwise noted} 

Characteristic 

OFF CHARACTERISTICS' 

Collector-Emitter SUstaining Voltage 
(lc = 200 mAo 18 = O. L = 25 mH) 

Collector-Emitter Cutoff Current at ReverSE dias Voltage 
!VCE" 120 V. VeE = -1.S VI 

Svmbol 

VCEO(susl 

1- Min. Max. Unit 

Vde 
90 

mAde 

-- (VeE = 120 V. VBE· -1.S V. TC = _12_S_"_C_I _______________ ~ _____ I----______ 5 ___ + ___ --1 

Gollector-E.r.itter Cutoff Current 
(VCE • 70 VI 

~Base Reverse Voltage 
\le=SOmAI 

Emitter-Cutoff Current 

ICEO mAde 

r----------+------~-------+----~ 
VEBO V 

-------~-----+-----------r_-------
lEBO mAde 

~YEB"-5VI ______________________ '--_______ ---' _____ -L-_______ --'-_____ _ 

SeCOND BREAKDOWN-

&cond-8~eakdown Collector Curr!"!nt with base forward b •• ~~d--T 'Sib E! I --II __ AdC -l. 
(VCE· 45 V. 1·1 sl 
(VCE = 30 V. I -" 1 sl ________ ~_'_____ _L-_____ -'--

ON CHARACTERISTics' 

DC Current Gain 
\lC· 12A.VCE=4VI 
IiC· 20 A. VCE = 4 VI 

_0 

Collector-EmItter Saturation Voltage 
IIC· 12A.IB-= L2AI 
IiC· 20 A. lB· 2.5.AI-

Base-Emitter Saturation Voltage 
(IC· 20 A. 18 = 2.S Al 

DYNAMIC CHARACTERISTICS 

Current Gain - Bandwidth Product 
(VCE· 15 V. IC· 1 A. f = 4 MHzI 

SWITCHING CHARACTERISTICS (Resistive Loadl 

Turn on Time 

Storage Time 
IC = 20 A. IBI = IB2 = 2_S A. 

Fall Time 
VCE • 30 v. RC = I.Snl 

• Pulse Test: Pulse Width· 3OO~. Duty Cvele • 2%. 

- T-

3.594 

t~ 
hFE 

15 45 
8 

VCE!sall Vdc 
1.2 
1.6 --

VBE(sa,1 Vde 
2.5 

ton 1.2 ~s 

Is 1.0 

tf 0.2S 
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FIGURE 2 -ACTIVE REGION SAFE OPERATING AREA 
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FIGURE 5 - RESISTIVE SWITCHING PERFORMANCE 
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'There afe two limitations on the povver handling ability of a 
transistor: average junction temperature and second break· 
down. Safe operating area curves indicate Ie-VeE limits of 
the transistor that must be observed for rei iable operation 
i.e" the transistor must not be subjected to greater dissipa
tion than the curves indicate. 

~ 
~ 

~ 
0 
> 
>-

The data of figure 2 is based on TC = 25 cC; TJ(pk) is 
vanabJp. depending on power level. Second breakdown 
limItations do not derate the same as thermal limitations. 
At high case temperatures, thermal limitations will reduce the 
power that can be handled to values less than the limitations 
imposed by second breakdown. (See AN415A) 
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- ;%-;;~~NDUCTOR 
TECHNICAL DATA ......... ~ ____ B_ux_~ ____ ~I· 

. SWITCHMODEA ~E~IES 
NPN SILICON POWER TRANSISTOR 

· .. designed for high speed, high current, high power applications. 

• High D.C. current gain: 
·HFE min.: 15 at Ic = 10 A 

• Very fast switching times: 
TF max. = 0.25/.1s at Ic = 15 A 

MAXIMUM RATINGS 

Am", Symbol V8Iuo 

Collector-Emitter Volblge VCEOlsus) 125 

CoIlector-B ... Volt. VCBO 160 

Emitter-B .. VoibIge VEBO 7 

Collector-Emitter Volblge IVBE = -2.5 V) VCEX 160 

Collector-Emitter Volt. IRBe = l00!1) VCER 150 

Collector-Current - continuous IC 20 
~pe.k Ipw.s;;10 msl leM 28 

B .. -Curre.,t continuous IB 4 

Tot8I Po_r .OiHipation @TC - 25 "c Po 120 

Operating and Sto .. Junction TJ, tstg 
Tomp8rlltUra Range ~5to200 

THERMAL CHARACTERISTICS 

Thermal Resistance, Junction to Case 

FIGURE 1 - POWER DERATING 
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Te. TEM'ERATURE ('t) 
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Unit 

Vdc 

Vdc 

Vdc 

Vd~ 

Vdc 

Adc 
Apk 

Adc 

Watts 

·C 

, 20 AMPERI:S 

NPN SI.LICON 
POWER 

METAL TRANSISTOR 

, 125 VOLTS 
120 WATTS 

L t:::::'::I==t r~K 
E S;ATIN!t ___ -.l. 

DIM 
. B 

C 
D 
E 
F 
G 
H 
J. 

---i;--
Q 

S 
T 

PLANE 

STYlE 1 
PIN 1. BASE 

2. EMITTER 
CASE·COLLECTOR 

MllllMETfRS -"NcHesc-
MIN MAX MIN MAX 

21.13 - 0.815 
6.35 11.43 0.150 0.450 
0.9T 1.09 0.038 0.043 
- ~.43 O.13~ 

19.90 30.40 1.177 1197 
10.67 11.18 0.420 0.440 
5.21 5.72 0.205· 0.225 

16.64 17.15 0655 0.675 
7.92 0.312 
3.84 4.09 0.151 0.161 

13.34 - 0.515 
- 4.78 - 0.188 

All JEDEC c!lll1enSlOnSilnd nl)tll~ Hpply 

CASE ,·03 
(TO·3) 



BUX40 

ELECTBICAL CHARACTERISTICS (TC = 25"C unless otherwise noted) 

OFF CHARACTERISTICS' 

Collector-Emitter Sustaining Voltage 
(lc =200mA, IB = 0, L = 25 mHI 

Collector Cutoff Current at Reverse Biais: 
(VCE =160 V, VBE = -1.5 V) 
(VCE =160 V, VBE =-1.5 V, TC = 125°C) 

Collector-Emitter Cutoff Current 
(VCE=100V) 

Emitter-Base Reverse Voltage 
(lE=50mA) 

Emitter-Cutoff Current 
(VI:B=5V) 

SECOND BREAKDOWN 

Second Breakdown Collector Current with base forward biased 
(VCE= 30V,t=I,) 
(VCE= 50V,t = 1,) 

ON CHARACTERISTICS' 

DC Current Gain 
IIc = 10A,VCE =4 V) 
IIc=15A, VCE=4V) 

Collector-Emitter Saturation Voltage 
,IIC=10A,IB=lA) 
IIC=15A,IB=I.88A) 

Base-Emitter Saturation Voltage 
(lC =15A,IB =1.88 A) 

DYNAMIC CHARACTERISTICS 

Current Gain - Bandwidth Product 
(VCE = 15 V, IC = 1 A, f =4 MHz) 

SWITCHING CHARACTERISTICS (Resistive Load) 

Turn on Time 

Storage Time 
IC = 15 A, IBI = IB2 = 1.88 A, 

(VCC= 30 V,RC = 20) 
Fall Time 

, Pulse Test: Pulse Width 0;;300 JJs, Dutv Cycle 0;;2 010. 

3-597 

Symbol 

vCEO(susl 

ICEX 

ICEO 

VEBO 

lEBO 

ISlb 

hFE 

VCE(sati 

VBE(sat) 

ton 

to 
tf 

Min. Max. Unit 

Vde 
125 

mAde 
1.0 
5.0 

mAde 
1.0 

V 
7 

mAde 
1.0 

15 45 
8 

Vde 
1.2 
1.6 

Vde 
2.0 

1.2 JJs 

1.0 

0.25 
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There are two limitations on the power handling ability of a 
transistor: average junction temperature and second break
down. Safe operating area curves indicate Ie-VeE limits of 
the transistor that must be observed for reliable operation 
Le., the transistor must not be subjected to greater dissipa
tion than the curves indicate. 
The data of figure 2 is based on Te = 25°C; TJ(pk! is 
variable depending on power level. Second breakdown 
limitations do not dera~e the same as thermal limitations. 
At high case temperatures, thermal limitations will reduce the 
power that can handled to values less than the limitations 
imposed by second breakdown. (See AN415A) 

FIGURE 5 - RESISTIVE SWITCHING PERFORMANCE 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

SERIES SWITCHMODE'" 
NPN SILICON POWER TRANSISTOR 

. • . designed for high speed, high curr. nt, high power applications . 

• Very fast switching times: 

TF max. = 0.4 j.lS at Ic = 8 A 

MAXIMUM RATINGS 

Rltlng Symbol v ..... 
Coliector·Emln.r Vol .. VCEOllul1 200 

CoIlector·B_ Volt. VCBO 250 

Eminar-B_ Volt. VEBO 1 

CoIlector-Emlnar Vol .. (VBE - -2.6 VI VCEX 250 

Collector-Eminar Vol .. (RBE '" 100 UI VCER 240 

Collector-Current - continuou. IC 15 
- peak (pw'" 10 mil ICM 20 

8 .. ..current continuoul IB 3 

'rotal Po_r Olulpo1lon @TC=25"c Po 120 

Operating Ind Star. Junction TJ. T1tg 
Temperoture RInge -66 to 200 

THERMAL CHARACTERISTICS 

Thlrmll Rnillenoo. Junction to C-

fiGURE 1 - POWER aERATING 

1. • 

"" I "" "" 
.. 

• I. "'-
'" .. • "-

'" u 

" "" .. II 12' 'II ZII 
TC. TUIP£RATURI ('t) 

3-599 

Unh 

Vd. 

Vdc 

Vd. 

Vdc 

Vd. 

Ad. 
Apk 

Adc 

Watts 

·c 

BUX41 

15 AMPERES 

NPN SILICON 
POWER 

METAL TRANSISTOR 
200 VOLTS 
120 WATTS 

~ t:::::'::J=t 
"~i 

PLANE 

STYlE I. 
PIN 1. BASE 

2. EMITTER 
CASE·COllECTOR 

STYLE 2: 
PIN 1. BASE 

2. COLLECTOR 
CASE-EMITTER 

Alt JE DEC 1111\1~IISI()I1S dllllllUlt~ ,qllily 

CASE 1·03 
ITO 3) 

• 



BUX41 

ELECTRICAL CHARACTERISTICS (TC = 2S'C unless otherwise notedl 

OFF CHARACTERISTICS' 

Colleetor·Emitter Sustaining Voltage 
Iic=2oomA.IB= O. L = 25mHI 

Collector Cutoff Current at Reve,.e BI,Is: 
tVCE = 250V. VBE =-1.5 VI 
tVCE =2S0V. VBE = -1.5 V. TC = 125'CI 

Coileetor·Emitter Cutoff Current 
tVCE= 'BOVI 

Emitter·B ... Reverse Voltage 
!IE =50 mAl 

Emitter·Cutoff Current 
tVEB =5 VI 

SECOND BREAKDOWN 

~ Second. Breakdow.n Collector Current with bIle forward biased 
tVCE = 30 V. t = lsI 
tVeE = 135 V. t = 1 .1 

ON CHARACTERISTICS' 

DC Current Goin 
lie = 5 A. VCE =4 VI 
(le= BA.VCE=4VI 

Collector·Emiuer Saturation Voltage 
!le= 5A,I8=0.6AI 
IIc" 8A.le=IAI 

Base·Emitter Saturation Voltage 
(lC = 8 A.18 = 1 AI 

DYNAMIC CHARACTERISTICS 

Current Gain - Bandwidth Product 
(VCE= 15 V.IC=1 A, f =4 MHz) 

SWITCHING CHARACTERISTICS (Resistive Load) 

TfJrn 0" Time 

SfOrllge TimB 
IC=8A.IB1=IB2=IA. 

tVec = 150 V, RC = 18.15 UI 
Fell Tlmo 

1 Pul .. Test: Pul .. Width <;30011', Duty Cycle <;2 % • 

Symbol 

VCEOtlul1 

ICEX 

ICEO 

VEBO 

lEBO 

ISIb, 

hFE 

VCEtsatl 

VBEt.otl 

Ion 

It 

'I 

3-600 

I 

Min. 

200 

7 

4.0 
0.15 

'5 
B 

M .... 

1.0 
5.0 

1.0 

1.0 

45 

1.2 
1.6 

2.0 

0.6 

1.5 

0.4 

Unit 

Vde 

mAde 

mAde 

V 

mAde 

Ade 

1 

Vde 

Vd. 

II' 
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FIGURE 2 - ACTIVE REGION SAFE OPERATING AREA 
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There .re two limitations on the power handling ability of • 
transistor: average junction temperature and second break· 
down. Safe operating area curves indicate le,VeE limits of 
thlt transi~tor that must be observed for reliable operation 
i. •.• the transistor must not be subjected to gre.ter dissipa· 
tlon than Ihe curves indicate. 
The d'itl of figure 2 is based on TC '" 25"C; TJ(pk) is 
variable depending on povver level. Second breakdown 
limitations do not derate the ~me as thermallimilalion$. 
AI high case temperatures, lhernl811imitationswill reduce the 
powt:r that can handled to values les5 than the limitations 
Imposed by second brejjkdown. lSee AN415AI 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA ......... ~ ___ B_U_X4_1_N __ ~11 
SWITCHMODE'" SERIES 

NPN SILICON POWER TRANSISTOR 

· .. designed for high speed, high current, high power applications. 

• High DC current gain: 
HFE min. = 15 at Ic = 8 A 

• Very fast switching times: 
TF max. = 0.25 j.lS at Ic = 12 A 

MAXIMUM RATINGS 

Rdl", Symbol Volu. 

Collector·Emltter Voltage VCEO(suII 160 

Collector·B_ Voltage VCBO 220 

Emitter·B_ Voltage VEBO 7 

Collector·Emltter Voltage (VBE = -2.5 VI VCEX 220 

CoIlector·Emitter Voltage (RBE -100 HI VCER 200 

CoIlactor-Current - continuous IC 18 
- peak (pw'" 10 msl ICM 25 

B.--Current continuous IB -3.6 

Total Power Disslpation@TC-25"c Po 120 

Operating and Storage Junction TJ, Tstg 
Temperature Range -65 to 200 

THERMAL CHARACTERISTICS 

Ch.--lltic 

Thermal Resistance. Junction to Case 

FIGURE 1 - POWER DERATING 
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Unit 

Vdc 

Vdc 

Vdc 

Vdc 

Vdc 

Adc 
Apk 

Adc 

Watts 

"c 

18 AMPERES 

NPN SILICON 
POWER 

METAL TRANSISTOR 

160 VOLTS 
120 WATTS 

L t::=':j=t 
r~K ESEATIN(~ ! 

DIM 

• C 
D 
E 

r+-G 
H 

r-4-- .. 
K 
n 
S 
T 

PLANE 

STYlE 1: 
PIN 1. BASE 

2. EMITTER 
CASE·COLLECTOR 

STYLE 2: 
PIN 1. BASE 

2. COllECTOR 
CAse·EMITTER 

MILLIMETERS INCHes-
MIN MAX MIN MAX 

22.23 0.875 
6.35 11.43 0.250 0.450 
097 1.09 0.038 0.043 

].43 --w 
~?- 30.40 1.171 ~ 10.61 'f1.18 (1.420' 0.440 

5.21 5.72 0.205 0.225 
16.64 .17.15 0.655 0.675 
7.92 0.312 .. 
3.84 409 0.151 0.161 

13.34 0.525 
4.78 0.188 

AIIJEDEC (/1Il1CIlSIOtlSdlid IIlJlllSd[lllly 

CASE '·03 
(TO·3) 



BUX41N 

ELECTRICAL CHARACTERISTICS (TC = 25°C unless otherwise noted) 

Characteristic 

OFF CHARACTERISTICS' 

Collector-Emitter Sustaining Voltage 
(lc=200mA,IB= 0, L = 25 mHI 

Collector Cutoff Current at Reverse Biais: 

(VCE =220 V, VBE = -1.5 V) 
(VCE =220 V, VBE =-1.5 V, TC = 125°C) 

Collector-Emitter Cutoff Current 
(VCE = 130 V) 

Emitter-Base Reverse Voltage 
(IE =50 mAl 

Emitter-Cutoff Current 
(VEe =5 V) 

SECOND BREAKDOWN 

Second Breakdown Collector Current with base forward biased 
(VCE= 30V,l = 1 sl 
(VCE = 100 V, t = 1 sl 

ON CHARACTERISTICS' 

DC Current Gain 

IIc = 8 A, VCE =4 VI 
(lc= 12A, VCE =4 VI 

Collector-Emitter Saturation Voltage 
(lC=8A,IB=0.8A) 
IIc =12 A, IB = 1.5 AI 

Base-Emitter Saturation Voltage 
(IC=12A,IB= 1.5 Al 

DYNAMIC CHARACTERISTICS 

Current Gain - Bandwidth Product 
(VCE = 15 V, IC = 1 A, f =4 MHz) 

SWITCHING CHARACTERISTICS (Resistive Load) 

Turn on Time 

Storage Time 
IC =12 A,ISI = IB2 = 1.5 A, 

(VCC = 30 V, RC = 2.50) 
Fall Time 

, Pul. Test: Pulse Width ~300 fJ.', Duty Cvele ~2°/0. 

Symbol 

VCEOlsus) 

ICEX 

ICED 

VEBO 

lEBO 

ISlb 

hFE 

VCE(s't) 

VSE(s'tl 

ton 

Is 
tf 

3-603 

Min. Max,. Unit 

Vde 
160 

mAde 
1.0 
5.0 

mAde 
1.0 

V 
7 

mAde 
1.0 

15 45 
8 

Vde 
1.2 
1.6 

Vde 
2.0 

1.2 fJ.s 

1.2 

0.25 



BUX41N 

FIGURE 2 - ACTIVE REGION SAFE OPERATING AREA 
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'There are 'two limitations on the power han~:Uing ability of a 
transistor: average junction temperature and second ~reak
down. safe operating area curves indicate Ie-VeE limits of 
the transistor that must be observed for reliable operation 
j.e .• the transistor must not be subjected to greater dissipa
tion than the curves indicate. 
The data of figure 2 is. based on TC = 25°C; TJ(pk) is 
variable depending on power level. Second breakdown 
limitations do not 'derate the same as thermal limitations. 
At high case temperatures, thermal limitations will reduce the 
power that can handled tO'values less than the limitations 
imposed by second breakdown. (See AN415A) 

FIGURE 5 - RESISTIVE SWITCHING PERFORMANCE 
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MOTOROLA 
SEMICONDUCTOR 
TECHNICAL DATA 

SWITCHMODE'" SERIES 
NPN SI LICON POWER TRANSISTOR 

· .. designed for high speed, high voltage, high power applications. 

• Low VCE(sat), VCE(sat) max. = 1.2 V at Ic = 4 A 

• Very fast switching times: 
TF max. = 0.4/.1s at Ic = 6 A 

MAXIMUM RATINGS 

Rating Symbol V ..... 

Coliector·Emitter Voltage VCEO(sus} 250 

Collector·B_ Voltage VCBO 300 

Emitter-B_ Voltage VEBO 7 

Collector-Emitter Voltage (VBE = -2.5 V) VCEX 300 

Collector-Emitter Voltage (RBE -100!l) VCER 290 

Coliector~Current - continuous IC 12 
-peak (pw";10ms) ICM 15 

Base-Current continuous IB 2.4 

Totel Power Dissipation@TC=25"c Po 120 

Operating and Storage Junction TJ.Tstg 
Temperatura Range -65 to 200 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case 

FIGURE 1 .- POWER DERATING 
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BUX42 

12 AMPERES 

NPN SILICON 
POWER 

METAL TRANSISTOR 

250 VOLTS 
120 WATTS 

c 

, t-S:=1--+ 
l~-t 
t . 0 K 

St:ATING , 
PLANE 
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STYLE 1 
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BUX42 

ELECTRICAL CHARACTE~ISTICS (TC = 25°C unless otherwise noted) 

Characteristic 

OFF CHARACTERISTICS' 

COllector-Emitter S.ustaining Voltage 
IIc =200mA.ljj = O. L = 25 mHI 

Collector Cutoff Currerit" at Reverse Biais: 
IVCE = 3OOV. VBE = -1.5 VI 
IVCE = 3OOV. VBE = -1.5 V. TC = 12SoCI 

Collector-Emitte:r Cutoff Current 
IVCE=200VI 

Emitter-Base Reverse Voltage 
(IE =50 mAl 

Emitter-Cutoff Current 

IVEB = 5 VI 

SECOND BREAKDOWN 

Second Breakdown Collector Current with base forward biased 

IVCE = 30 V. I = 1 s) 
IVCE=135V.I = Is) 

ON CHARACTERISTICS' 

DC Current Gain 
IIc = 4 A. VCE = 4 VI 
IIc = SA, VCE = 4 V) 

Collector-Emitter Saturation Voltage 
IIC~ 4 A.le = 0.4 AI 
lie = S A, Ie = 0.75 AI 

Base-Emitter Saturation Voltage 
IIC= SA.IB=0.75AI 

DYNAMIC CHARACTERISTICS 

Current Gain - Bandwidth Product 
IVCE = 15 V.IC = 1 A. f =4 MHzl 

SWITCHING CHARACTERISTICS (Resistive Load) 

Turn on Time 

Storage Time 
IC=6 A,lel=le2=0.75A. 

IVCC=150V.AC = 25U) 
Fall Time 

, Pulse Tesl: Pulse Width <:;;300 /ls. Duty Cycle <:;;2 0 /0. 

Symbol 

VCEOlsusl 

ICE X 

ICED 

VEBO 

'EBO 

'Slb 

hFE 

VCEls.ti 

VBEls.t) 

Ion 

ts 

If 

3-606 

Min. Unit 

Vdc 
250 

mAde 
1.0 
5.0 

mAde 
1.0 

V 
7 

mAde 
1.0 

15 45 
8 

Vdc 
1.2 
I.S 

Vdc 
2.0 

O.S Ils 

2.0 

0.4 



BUX42 
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There are two j,mltations on the power handling ability of a 
transistor: average junction temperature and second break
down. Sate operatmg area curves indicate Ie-VeE limits of 
the transistor that must be observed for reliable operation 
i.e., the tranSistor must not be subjected to greater dissipa 
tion than the curves indicate. 
The data of figure 2 is based on TC . 25 C; TJ(pk) is 
variable depending on power level. Second hreakdown 
limitations do not derate the same as thermal limitations. 
At high case temperatures, thermal limItations WI!! reduce the 
power that can handled to values less than the limitations 
imposed bV second breakdown (See AN415A) 

FIGURE 5 - RESISTIVE SWITCHING PERFORMANCE 
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MOTOROLA BUX43 I 

- SEMICONDUCTOR -----<--_____ ....... -TECHNICAL DATA _ . 

SWITCHMODEA SI;RIES 
NPN SILICON POWER TRANSISTOR 

· .. designed for high speed, high voltage, high power applications. 

• VCE(sat) max. = 1.6 V at Ic = 6 A 

• Very fast switching times: 
TF max. = O.90p.s at Ic = 5 A 

MAXIMUM RATINGS 

Roting Symbol V8Iue 

Coliector·Emitter Voltage VCEOlsusl 325 

Collector·aese Voltage VCBO 400 

Emitter-Base Voltage VEaO 7 

Coilector·Emitter Voltage (VBE = -2.5 VI VCEX 400 

Coilector·Emitter Voltage (RBe -100 ill VCER 360 

Collector-Current - continuous IC 10 
- peak (pw .;;; 10 msl ICM 12 

Base-Current continuo,",s la 2 

Total Power oissipation@Tc-25"1: Po 120 

Operating and Storage Junction TJ.Tstg 
Temperature Range -65 to 200 

THERMAL CHARACTERISTICS 

Characteristic' 

Thermal Resistance. Junction to Case 

FIGURE 1 - POWER DERATING 
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Unit 

Vdc 

Vdc 

Vdc 

Vdc 

Vdc 

Adc 
Apk 

Adc 

Watts 

"c 

10 AMPERES 

NPNSILICON 
POWER 

METAL TRANSISTOR 

Nons 

325 VOLTS 
120 WATTS 

_F--, 

I DIMENSIONS 0 AND 'J ARE DATUMS 
2 OJ ISSEATING PLANE AND DATUM 
3 POStTlDNA( TOLERANCE FOR. 

MOUNTING HOLE 0 

I • 11 131000" 8 I ' iv<;o! 
FOR lEADS 

[1].1'31000>'8' I v81 ot§J 
4 DIMENSIONS AND TOlERANCESP£A 

ANSI 't14!i. 1913 

CASE 1-05 TO-3 



BUX43 

ELECTRICAL CHARACTERISTICS (TC = 25°C unless otherwise noted) 

Characteristic 

OFF CHARACTERISTICSI 

Collector-Emitter Sustaining Voltage 
(lc =200 mA,le = 0, L = 25 mHI 

Collector Cutoff Current at Reverse Biais: 
(VCE =400V, VeE = -1.5 VI 
(VCE =400V, VeE = -1.5 V, TC = 125°CI 

Collector-Emitter Cutoff Current 

!VCE=260VI 

Emitter-Base Reverse Voltage 
(lE=50mAI 

Emitter-Cutoff Current 
(VEe =5 VI 

SECOND BREAKDOWN 

Second Breakdown Col/ector Current with base forward biased 

!VCE= 30V,I = 1,1 
(VCE = 135 V, I = 1,1 

ON CHARACTERISTICS· 

DC Current Gain 

OC= 3 A, VCE=4 VI 
OC= 5A,VCE=4VI 

Collector-Emitter Saturation Voltage 
OC= 3A, IB =0.375 Al 
(lC= 5 A,le = 1 Al 

Base-Emitter Saturation Voltage 
OC= 5 A, Ie = 1 Al 

DYNAMIC CHARACTERISTICS 

Current Gain - Bandwidth Product 

IVCE=15V,IC=1 A,f=4MHzl 

SWITCHING CHARACTERISTICS (Resistive Load) 

Turn on Time 

Storage Time 
IC= 5 A,IBI =le2= 1 A, 

IVCC=150V,RC = 30nl 
Fall Time 

• Pulse Test: Pulse Width <;;;300/1.', Duty Cycle <;;;2°/0. 

3-609 

Symbol 

VCEO(,u,' 

ICEX 

ICEO 

VEeO 

IEeO 

ISlb 

hFE 

VCE!,stl 

VeE!,stl 

ton 

Is 

If 

Min. Max. Unit 

Vde 
325 

mAde 
1.0 
5.0 

mAde 
1.0 

V 
7 

mAde 
1.0 

15 60 
8 

Vde 
1.0 
1.6 

Vde 
2.0 

1.0 /I.' 
2.2 

0.9 
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There are two limitations on the power handling ability of a 
transistor: averagedunction temperature and second break
down. Safe operating area curves indicate Ie-VeE limits of 
the transistor that must be observed for reliable operation 
i.e., the transistor must not be subjected to greater dissipa
tion than the curves indicate. 
The data of figure 2 is based on TC "" 25~C, TJ(pk) is 
variable depending on power level. Second breakdown 
limitations do not derate the same as thermal limitations. 
At high case temperatures, thermal limitations will reduce the 
power that can handled to values less than the limitations 
imposed bV second breakdown. (See AN415A) 

FIGURE 5 - RESISTIVE SWITCHING PERFORMANCE 
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MOTOROLA 
• SEMICONDUCTOR 

TeCHNICAL DATA 

SWITCHMODE 
NPN SILICON POWER TRANSISTORS 

The BUX 84/85 are designed for high voltage, high speed 
power switching applications like converters, inverters, switching 
regulators, motor control systems. 

SPECIFICATIONS FEATURES: 

• VCEO!sus) { 400 V BUX 84 

450 V BUX B5 

• VCES!sus) { BOO V BUX 84 

1000 V BUX 85 

• Fall time; 0.3 us !typ) at IC ; 1 A 

• VCE!sat) ; 1 V !max) at IC ; 1 A, 'B ; 0.2 A 

MAXIMUM RATINGS 

Rating Symbol BUXB4 BUX B5 Unit 

Collector· Emitter Voltage VCEOlsus) 400 450 Vdc 

Collector-Emitter Voltage VCES 800 1000 Vdc 

Emitter Base Voltage VEBO 5 Vdc 

Collector Current Adc 
- Continuous 'C 2 
- Peakll) 'CM 3.0 

Base Current Adc 
- Continuous 'B 0.75 
- Peakll) 'BM 1.0 

Reverse Base Current: Adc 
- Peak 'BM 1 

Total Power Dissipation@Tc = 2 SoC Po 50 Watts 
Derate above 2 SoC 400 mW/oC 

Operating and Storage Junction TJ, Tstg °c 
Temperature Range -65to+150 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Thermal Resistance, R9JC ·C/W 
Junction to Case 2.5 

Thermal Resistance, R9JA °C/W 
Junction to Ambien: 62.5 

Maximum Lead Temperature TL °c 
for Soldering Purpose: 

118" from Case for 5 Seconds 275 

(1) Pulse Test. Pulse Width '= 5 ms, Duty C.ycle::iii 10%. 

3-611 

BUX84 
BUXBS 

2 AMPERES 

TRIPLE DIFFUSED 
POWER TRANSISTORS 

NPN SILICON 

400·450 VOLTS 
50 WATTS 

u' ~"f~~ 
D!~ (I LL 12. --4 uJ 

fJ j L 
.~-: XJ" 

G- f--
1--1--0 

_ N_. 

HOltS: 
1. DIMENSIONING AND TOLERA~ING peR ANSI 

Y14.5M,l982. 
2. CON'TROLliNG DIMENSION: INCH. 
1 DIM Z DEFINES A ZONE 'MERE AlL BODV AND 

l£AO IRftfGULARlnES AIlE ALLOWED .. ... .... ... .... 
• , .... 15.75 .. 0.820 

• ... 10.211 O . 0.406 
C 4.07 ... 0.1 .,., 
D 0'" 0.88 0.'" 0.035 
F '" .73 0.142 0.147 smEl: 
G .. , , ... 0'" 0.105 PIN 1. BASE 
M 2.11l 0.110 0.155 2. COlLECTOR 

0.46 0.11 0.018 0 3. EMITTER 

• 12.70 14.21 O. O. 4. COlleCTOR 
1.15 13' 0 ... 0 

• .." ",OJ 0.210 ... 0.1 0.120 

" 2. V, O. 0.110 
1- ,.., O. 0.055 

T " O. 01" 
III " 11.000 

v 1.1 - 2.01 - o.oao 
CASE 221A-04 

TO-220AB 

• 



BUX84 BUX85 

ELECTRICAL CHARACTERISTICS (Te 25°e unless otherwise-noted) 

Characteristic Symbol Min Typ Max Unit 

OFF CHARACTERISTICS 11) 

Collector-Emitter Sustaining Voltage VCEOlsusl Vdc 
IIc = 100mAdc,IL = 25 mHI Seelig. 1 BUX84 400 - -

BUX 85 450 - -
Collector Cutoff Current ICES mAdc 

IVCES = Rated Valuel - - 0.2 
IVCES = Rated Value, TC = 126°CI - - 1.5 

Emitter Cutoll Current lEBO mAde 
IVEB = 5 Vdc, IC = 0) - - 1 

ON CHARACTERISTICS 11l 

DC Current Gain hFE 30 50 
-

IIc = 0.1 Adc, VCE = 5 VI -
Collector-Emitter Saturation Voltage VCElsati Vde 

IIC = 0.3 Adc, IB = 30 mAdcl - - 0.8 
IIc = 1 Adc, IB = 200 mAdel - - 1 

Base-Emitter Saturation Voltage VBElsatl Vdc 
IIc = 1 Adc, IB = 0.2 Adcl - - 1.1 

DYNAMIC CHARACTERISTICS 

Current-Gain - Bandwidth Product 
IIC = 500 mAdc, VCE = 10 Vdc, I = 1 MHz I 

SWITCHING CHARACTERISTICS 

Turn~on Time VCC = 250 Vdc, IC - 1 A ton - 0.3 0.5 I'S 

Storage Time IBI = 0.2 A, IB2 = 0.4 A ts .- 2 3.5 I'S 

Fall Time See lig. 2 II - 0.3 - I'S 

Fall Time Same above condo at TC - 95°C tl - - 1.4 I'S 

III Pulse Test: PW = 3001'5, Duly Cycle:ii 2%. 

3-612 



BUX84 BUX85 

WAVEFORM 

FIGURE 1 - TEST CIRCUIT FOR VCEOlult 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

COMPLEMENTARY SILICON POWER 
DARLINGTON TRANSISTORS 

.. for general purpose power amplification and switching such as 
output or driver stages in applications such as switching regulators, 
converters and power amplifiers. 

• Low Collector-Emitter Saturation Voltage -
VCE(sat) = 2.0 V (Max) @ 10 A 

• High DC Current Gain - 1000 (Min) @ 5.0 Adc 

• Complementary Pairs Simplifies Designs 

MAXIMUM RATINGS 

D44Eor D45E 
Rating Symbol 

1 I 2 I 3 

Collector-Emiller Voltage VCEO 40 I SO I 80 

Emiller Sase Voltage VES 7.0 

Collector Current - Continuous IC 10 
Peak (1) 20 

Total Power Dissipation Po 
@TC=25°C 50 
@TA=25°C 1.S7 

Operating and Storage Junction TJ, -55 to 150 
Temperature Range Tstg 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance, Junction to Case R9JC 2.5 

Thermal Resistance, Junction to Ambient R9JA 75 

Maximum Lead Temperature for Soldering TL 275 
Purposes: 1 IS" from Case for 5 Seconds 

(1) Pulse Width ~ 6.0 ms, Duty Cycle ~ 50%. 

FIGURE 1 - TYPICAL DC CURRENT GAIN 
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Unit 

Vdc 

Vdc 

Adc 

Watts 

°C 

Unit 

°C/W 

o.C/W 

°c 

NPH 
D44E Series 

PHP 
D45E Series 

DARLINGTON 
10 AMPERE 

COMPLEMENTARY SILICON 
POWER TRANSISTORS 

011 ... MAX 
A 1 16.7 

• to 
C "" • D o. 
F 3.61 11 

A2 t 
H , ... 3.93 
J O. 0.71 
k 1.10 111 
L 1.15 1. 
N ... 

2. .04 
R t04 2.19 

1.15 1'" 
T • ..., 
U 0.00 1.11 
y 1.15 , ... 

40·80 VOLTS 
50 WATTS 

NOlES: 
1. DIMENSIONING AND TOLERANCING PER ANSI 

Yl4.5M,l982. 
2. CONT1WLlING DIMENSION: IMCH. 
:t. DIM Z CEflNES A ZONE WHERE AlL BODY AND 

LEAD IRREGUlARITIES ARE AlLOWED. 

... -0.S1O 0.'" 
O. 0.405 
0.160 0.190 
0.025 0.035 
0.142 0.141 

"'" 0.105 
0.110 "155 

"" O. 
O. 0.562 
0'" 0.055 

I .. 0.210 
.100 0.120 ..... . 110 .... .... 
"'" "'" " ... . ... .... 

" ... 
CASE 221A-04 

TO-220AB 

STYLE 1: 
PIN 1. BASE 

2.CDu.ECTOR 
3. EMITTER 
4. COLLECTOR 

• 



044E Series NPN, 045 Series PNP 

ELECTRICAL CHARACTERISTICS (TC = 25°C unless otherwise noted) 

I Characteristic I Symbol 

OFF CHARACTERISTICS 

Collector Cutoff Current 
(VCE = Rated· VCEO. VSE = 0) 

Emitter Cutoff Current 
(VES = 7.0 Vde) 

ON CHARACTERISTICS (1) 

DC Current Gain 
(IC = 5.0 Adc. VCE = 5.0 Vde) 

Collector-Emitter Saturation Voltage 
(IC = 5.0 Ade. IS = 10 mAde) 
(IC = 10 Ade. IS = 20 mAde) 

Base-Emitter Saturation Voltage 
(lc = 5.0 Ade. Ie = 10 mAde) 

DYNAMIC CHARACTERISTICS 

Collector Capacitance 
(VCS = 10 Vde. ftest = 1.0 MHz) 

SWITCHING CHARACTERISTICS 

Delay and Rise Times 
(lC = 10 Ade. lSI = 20 mAde) 

Storage Time 
(lc = 10 Ade. lSI = IS2 = 20 mAde) 

Fall Time 
(IC = 10 Ade. 181 = IS2 = 20 mAde) 

D44E Series 
D45E Series 

ICES 

IESO 

hFE 

VCE(sat) 

VSE(sat) 

td + t, 

ts 

tf 

Min Typ Max Unit 

- - 10 I'A 

- - 1.0 I'A 

1000 - -' -

Vde 
- - 1.5 
- - 2.0 

- - 2.5 Vde 

- 0.6 - I'S 

- 2.0 - I's 

- 0.5 - I'S 

SAFE OPERATING AREA INFORMATION 

100 

~ 3.0 
! 2.0 

!z 10 

I ~:~ 
3.0 

~ 2.0 

1 

~ 1.0 
50.7 
'-' 05 
,:; 0:3 

0.2 

O. 
1.0 

FIGURE 2 - MAXIMUM RATED FORWARD SIAS 
SAFE OPERATING AREA (NPN) 

0.1 ms 
1.0 ms 
10 ms 

---- Bonding Wire limit .'- /r--

----- Thermal limit dc 

Second Breakdown limit 

044El 
TC - 25°C 

044E2 
Single Pulse 044E3 

2.0 3.0 5.0 7.0 10 20 3D 50 70 100 

VCE. COLLECTOR·EMITTER VOLTAGE (VOLTS) 

FIGURE 3 - MAXIMUM RATED FORWARD SIAS 
SAFE OPERATING AREA (PNP) 

100 
70 
50 

<n 3D 
!!l 20 .. 
;::: 10 
::i 7.0 
g§ 5.0 
B 3.0 

~ 2.0 -
~ 1.0 
c5 0.7 
'-' 0.5 

---
,:; 0.3 

0.2 

1 O. 
1.0 

TC = 25°C 
Single Pulse 

....... 0.1 ms 
-1.0 .;;~ 

10 ms 

~ V 
- Bonding Wire limit 

dc~ l¥ 
- Thermal Limit 

Second Breakdown limit 
D45El 
D45E2 
D45E3 

2.0 3.0 5.0 7.0 10 20 30 50 70 100 
VCE. COLLECTOR·EMITTER VOLTAGE (VOLTS) 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

COMPLEMENTARY SILICON POWER TRANSISTORS 

· .. for general purpose power amplification and switching such as 
output or driver stages in applications such as switching regulators. 
converters and power amplifiers. 

• Low Collector-EmItter Saturation Voltage -
VCE(satl = 1.0 V (MaxI @ 8.0 A 

• Fast Switching Speeds 

• Complementary Pairs Simplifies Designs 

MAXIMUM RATINGS 

D44HorD46H 
Rating Symbol 

1.2 I 4.6 I 7.B I 10.11 

Collector-Emitter Voltage VCEO 30 I 45 I 60 1 BO 

Emitter Base Voltage VEa 5.0 

Collector Current - Continuous IC 10 
Peak(l) 20 

Total Power Dissipation Po 
@TC=25°C 50 
@TA= 25°C 1.67 

Operating and Storage Junction TJ. -55 to 150 
Temperature Range Tstg 

THERMAL CHARACTERISTICS 

Unit 

Vdc 

Vdc 

Adc 

Watts 

°C 

Characteristic SymbOl Max Unit 

Thermal Resistance. Junction to Case R8JC 2.5 °C/W 

Thermal Resistance. Junction to Ambient R8JA 75 °C/W 

Maximum Lead Temperature for'Solde,'ing TL 275 °c 
Purposes: liB" .from Case for 5 Seconds 

(II Pulse Wodth .. 6.0 mI. Duty Cycl .... 50%. 

ELECTRICAL CHARACTERISTICS (TJ = 25°C unless olherwise noled) 

Characteristic SymbOl Min Max Unit 

DC Current Gain hFE -
(VCE = 1.0 Vdc. IC = 2.0 Adc) D44Hl.4.7.10 

35 -D45Hl.4.7.10 

i 044H2.5.B.ll 
60 

045H2.5.B.ll -. 
(VCE = 1.0 Vdc. IC = 4.0 Adc) D44Hl.4.7.10 

20 -D45Hl.4.7.10 

D44H2.5.a.l1 
40 -D4SH2.5.B.l1 
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NPH 
D44H Series 

PHP 
D45H Series 

10 AMPERE 

COMPLEMENTARY SILICON 
POWER TRANSISTORS 

... 
• ... 0" • • 0 
c 
F I 
G ,.., 
H ..., 3 
J 0.71 

·k . • L 1.1 I 

2.79 .. , I , 
I 

1.15 
z -

3O-BOYOLTS 

1M ,. 
0 

0 

.1 

0.110 
0,18 

I 
.1 

0_ 

..... 

NOTES, 
1. DlMENSlONWG AND TOLERANCING PER ANSI 

YI4..5M.l!82. 
2. CONTROLUNG DIMENSION: INCH. 
3. DIM Z DEANES A ZONE WHERE ALL BODY AND 

!.£AD IRREGUlARITIES ARE AllOWED. 

0.190 
o. 
O.IC1 STYLE 1: 
"06 PIN 1. BASE 

.1 2. COLlECTOR 
0 3. EMITTER • <COI.I.EtTOR 

D.210 
0.120 ." .... .... 
o. -

CASE 221A-04 
TO-22OAB 

• 



D44H Series NPN, D45H Series PNP 

ELECTRICAL CHARACTERISTICS (TC = 2S0C unless otherwise noted) 

I Characteristic I Symbol Min Typ Max Unit 

OFF CHARACTERISTICS 

Collector Cutoff Current 
(VCE = Rated VCEO. VBE = 0) 

Emitter Cutoff Current 
(VEB = S.O Vdc) 

ON CHARACTERISTICS 

Collector-Emitter Saturation Voltage 
(IC = 8.0 Adc. IB = 0.4 Adc) D44H/045H2.5.8.11 
(IC = 8.0 Adc. II! = O.S Adc) D44H/045Hl.4.7.10 

Base-Emitter Saturation Voltage 
(IC = S.O Adc. IB = O.S Adc) 

DYNAMIC CHARACTERISTICS 

Collector Capacitance 
(VCB = 10 Vdc. f test = 1.0 MHz) 044H Series 

045H Series 

Gain Bandwidth Product 
(lc = 0.5 Adc. VCE = 10 Vdc. f = 20 MHz) D44H Series 

D45H Series 

SWITCHING TIMES 

Delay and Rise Times 
(IC = 5.0 Adc.ISl = 0.5 Adc) D44H Series 

D45H Series 

Storage Time 
(IC = 5.0 Adc. lSI = IB2 = 0.5 Adc) D44H Series 

D4SH Series 

Fall Time 
(IC = S.O Adc. lSI = IB2 = 0.5 Adc) D44H Series 

D4SH Series 

FIGURE 1 - NORMALIZED DC CURRENT GAIN 

5 

3 

I. 

8" 1.4 

~ 1-.. 
~ I. 2 
o 
~ 1. I z 
~ l. 0 I 0.8 

u O. 
u 

7 

o 0.6 

~ O. 5 

0.01 

D45H Series 

IIIIIII ~ 
IIIIIII 1""'-\ 

D44H Series V ~ 
~ 

f..-" 

TJ = 25·C 
VCE = 1.0 Vde 

hFE @ 4.0 ~ 7': IU~~ IO~ n~rma~Zing. 
0.1 1.0 10 

IC. COLLECTOR CURRENT (AMPS) 

ICES - - 10 "A 

lEBO - - 100 "A 

VCE(s't) Vdc 
- - 1.0 
- - 1.0 

VSE(s't) - - I.S Vdc 

Ccb pF 
- 130 -
- 230 -

fT MHz 
- 50 -
- 40 -

td+tr ns 
- 300 -
- 135 -

ts ns 
- SOO -
- SOO -

tf ns 
- 140 -
- 100 -

FIGURE 2 - MAXIMUM RATED FORWARD BIAS 
SAFE OPERATiNG AREA 

in 

100 

50 
30 

~ 20 

;- 10 
~ 5.0 a 3.0 

~ 2.0 

~ 1.0 
8 0.5 
E O.3 

0.2 

O. 1 

_ TC" 70·C 
r- Duty Cycle" 50% 

de 
.-.0 m, 
foli ~s 

" ~ 
1'0',,; 
1'.0',,', 

D44H/45H I ,2 
D44H/45H4,5 
D44H/45H1.8 
D44H/45H I 0.11 

1.0 2.0 3.0 5.0 1.0 10 20 30 50 10 100 
VCE. CDLLECTOR·EMITTER VOLTAGE (VOLTS) 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

COMPLEMENTARY SILICON POWER TRANSISTORS 

These complementary silicon power transistors are designed for 
high-speed switching applications. such as switching regulators 
and high frequency inverters. The devices are also well-suited for 
drivers for high power switching circuits. 

• Fast Switching - tf = 90 ns (Max) 

• Key Parameters Specified @ l00·C 

• Low Collector-Emitter Saturation Voltage -
VCE(sat) = 1.0 V (Max) @ 8.0 A 

• Complementary Pairs Simplify Circuit Designs 

MAXIMUM RATINGS 

D44VH or D45VH 
Rating Symbol 

1 4 7 

Collector-Emitter Voltage VCEO 30 45 60 

Collector· Emitter Voltage VCEV 50 70 80 

Emitter 8ase Voltage VE8 7.0 

Collector Current - Continuous IC 15 
Peak(l) ICM 20 

Total Power Oissipation Po 
@TC=25°C 83 
Oerate above 25°C 1.67 

Operating and Storage Junction TJ. -55 to 150 
Temperature Range Tstg 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance. Junction to Case RSJC 1.5 

Thermal Resistance. Junction to Ambient RSJA 62.5 

Maximum Lead Temperature.for Soldering TL 275 
Purposes: 1/8" from Case for 5 Seconds 

111 Pulse Width'; 6.0 mI. Duty Cycle'; 50'!l.. 

10 
Unit 

80 Vdc 

100 Vdc 

Vdc 

Adc 

Watts 

W/oC 

°c 

Unit 

°C/W 

°C/W 

°c 

Not8 1: .AII polarities are shown for NPN transistors. For PNP transistors, reverse polarhies. 
Note 2:, See MJE5220/5230 S:eries data she •• for characteristic curves. 
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NPN 
D44VH Series 

PNP 
D45VH Series 

15 AMPERE 

COMPLEMENTARY SILICON 
POWER TRANSISTORS 

IlIII .. , .... 
8 ... 
C tol 
D ... 
F ." G 2.42 

• 2 
J 0.46 
k 1>,. 
L 1.1 
N ." Q 2.64 

2.04 
1.16 

T &.91 ... 
1.15 

Z 

30.45. 80 and 80 VOLTS 
83 WATTS 

.15.75 
10 

D. 
3.13 

3." 
0.71 , , .. 

04 

." ,.38 .... 
,.27 

NOTES, 
1. IWtENSlONING AND TOLERANCING PER ANSI 

Yl4.5M,l9B2. 
2. CONTROLLING DIMENSION: INCH, 
~, DIM Z DfANES A ZONE WHERE All BODY AND 

lEAD IRREGULARITIES ARE AlLOWED. 

INCItES .. MAX ..10 .'" • ... 
.. SO .,., 
0.DlS 
0.142 0.147 .... "05 

110 .. 55 
0.018. ..... .... .... 
0.190 10 .. .,,, 

0.110 
D. 0.055 
0 ... 0 

0.050 

CASE 221A-04 
TO-220AB 

STYLE 1: 
PIN 1. !IASC 

2.COUECTtJR 
3.EMrTTER 
4. COlLECTOR 

• 



D44VH Series NPN, D45VH Series PNP 

ELECTRICAL CHARACTERISTICS (T C = 25°C unless otherwise noted) 

I Characteristic I Symbol Min Typ Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage (1) VCEO(sus) Vdc 
(lc = 25 mAdc, la = 0) 044VH1, D45VHl 30 - -

D44VH4,D45VH4 45 - -
D44VH7, D45VH7 60 - -
044VH10, D45VH10 BO - -

Collector-Emitter Cutoff Current ICEV I'Adc 
(VCE = Rated VCEV, VaE(off) = 4.0 Vdc) - - 10 
(VCE = Rated VCEV, VBE(off) = 4.0 Vdc, TC = l000C) - - 100 

Emitter Base Cutoff Current IEaO - - 10 I'Adc 
(VEB = 7.0 Vdc, IC = 0) 

ON CHARACTERISTICS (1) 

DC Current Gain hFE -
(IC = 2.0 Adc, VCE = 1.0 Vdc) 35 - -
(lc = 4.0 Adc, VCE = 1.0 Vdc) 20 - -

Collector-Emitter Saturation Voltage VCE(sat) Vdc 
(IC = B.O Adc, la = 0.4 Adc) 044VH Series - - 0.4 
(IC = B.O Adc, IB = O.B Adc) D45VH Se;ies - - 1.0 
(lc = 15 Adc,la = 3.0 Adc, TC = l00°C) D44VH Series - - O.B 

D45VH Series - - 1.5 

Base-Emitter Saturation Voltage VaE(sat) Vdc 
(IC = B.O Adc, IB = 0.4 Adc) D44VH Series - - 1.2 
(IC = B.O Adc, la = O.B Adc) D45VH Series - - 1.0 
(IC = B.O Adc, la = 0.4 Adc, T C = l00°Cl D44VH Series - - 1.1 
(IC = B.O Adc, la = O.B Adc, T C = l000 C) D45VH Series - - 1.5 

DYNAMIC CHARACTERISTICS 

Current Gain Bandwidth Product tr - 50 - MHz 
(lC = 0.1 Adc, VCE = 10 Vdc, f = 20 MHz) 

Output Capacitance Ccb pF 
(VCB = 10 Vdc, IC = 0, ftest = 1.0 MHz) D44VH Series - 120 -

D45VH Series - 275 -
SWITCHING CHARACTERISTICS II Delay Time td - - 50 ns 

Rise Time (VCC = 20 Vdc, IC = B.O Adc, tr - - 250 

Storage Time lal = IB2 = O.B Adc) ts - - 700 

Fall Time tf - - 90 

(1) Pulse Test: P,uls. Width" 300 pS, Duty Cycle" 2% 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

HIGH VOLTAGE NPN SILICON TRANSISTORS 

. designed for medium to high voltage inverters, converters, 
regulators and switching circuits. 

• High Collector· Emitter Voltage -
VCEO = 200 Volts - MJ410 

300 Volts - MJ411 

• DC Current Gain Specified @ 1.0 and 2.5 Adc 

• Low Coliector·Emitter Saturation Voltage -
VCE(sat) = 0.8 Vdc @ IC = 1.0 Adc 

MAXIMUM RATINGS 

Rating Symbol MJ410 I 
Collector-Emitter Voltage VCEO 200 I 
Collector-Base Voltage VCB 200 I 
Emitter-Base Voltage VEB 5.0 

Collector Current - Continuous IC 5.0 
Peak 10 

Sase Current 'B 2.0 

Total Device Dissipation@Tc-7SoC Po 100 
Derate above 7SoC 1.33 

MJ411 

300 

300 

Operating Junction Temperature Range TJ ,-65to+150 

Storage Temperature Range Tstg -65 to +200 

THERMAL CHARACTERISTICS 

Characteristic Ma. 

Thermal Resistance. Junction to Case 0,76 

ELECTRICAl<CHARACTERISTICS (TC '" 2SoC unless otherwise noted) 

I Characteristtc I Symbol I Min Ma. 

OFF CHARACTERISTICS 

~ollector-Emitter Sustaining Voltage. VCEO(sus) 
lie"" 100 mAde, IS = 0) . MJ410 200 

MJ411 300 

Follector Cutoff Current ICEO 
(VeE = 200 Vde, IS == 0) MJ410 0.25 

(VCE = 300 Vdc, 'B = 01 MJ411 0.25 

Colle:ctor Cutoff Current ICEX 
(VCE =200 Vde, VES(off) "" 1.5 Vde, MJ410 0.5 

TC = 12S0C) 

(VCE =300 Vde, VEBloff) -1.5 Vde, MJ411 0.5 
TC""12SoC) . 

Emitter Cutoff Current IESO 5.0 
(VEB = 5.0 Vdc, Ie = 01 

ON CHARACTERISTICS 

DC Current Gain hFE 
(Ie;; 1.0 Adc, VeE"" 5.0 Vdel 30 90 

(lC '" 2.S Adc, VeE = 5.0 Vdcl 10 

Collector-Emitter Saturation Voltage VCE(satJ 0.8 
(Ie'" 1.0 Adc, Is '" 0.1 Ade) 

Base-Emitter Saturation Voltage VSE(satl 1.2 
(Ie'" 1.0Adc,IB =0.1 Ade) 

DYNAMIC CHARACTERISTICS 

Current-Gain-Bandwidth Product 
lie = 200 mAde, VCE .. 10 Vdc, 
f= 1.0 MHz) 

Unit 

Vdc 

Vdc 

Vdc 

Adc 

Adc 

Watts 
W/oe 

°c 
°c 

Unit 

Vdc 

mAde 

mAde 

mAdc 

Vdc 

Vdc 
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MJ410 
MJ411 

5 AMPERE 

POWER TRANSISTORS 
NPN SILICON 

200-300 VOLTS 
100 WATTS 

Lr~ r~. 
ES:?-t;: I 

PLANE 

STYLE 1: 
PIN 1. BASE 

NOTE: 2. EMITTER 
CASE: COLLECTOR 1. DIM "0" IS DIA. 

DIM 

A 
B 
c 
0 
E 
F 

j 

K 
D 
R 

MILLIMETERS INCHES 
MIN MAX MIN 

- 39.37 -21.08 
7.62 0.250 

0.99 1.119 0.039 
- 3.43 
.90 30.40 1.177 

1. 11.18 0.420 
5.59 O. 10 

1. 17.15 0.&56 
11.18 12.19 0.440 
3.84 4.09 0.151 
- 28.67 -

CASE 11·01 
TO·3 

MAX 

1.550 
0.B30 
0.300 
0.D4l 
0.136 
1.197 

.2 
0.675 
0.490 
0.161 
1.050 

• 



MJ410, MJ411 

FIGURE 1 - ACTIVE REGION SAFE OPERATING AREA 

0: 

10 

5.0 

'" 2.0 
~ 

~ 1.0 

c:: 0.5 
i:l 

I.Om~500"S r-t-

TJ-150oC ·J.O ms'" '\ 
de 

Secondary Breakdown limited ...... 1-____ 
~onding Wire Limited 

" " 
:5 0.2 

~ O. I 
- - - - - - Thermal limitation at Te = 75°C 

80.05 
~ 

z 
;;: 
'" .... 
i:i 
~ 
i:l 
'-' 
0 

0.02 

0.0 
5.0 
I 

10 0 

0 

0 

0 

0 

~ 0 

7. 0 

5.0 
0.05 

Curves Apply Below Rated VCEO 

MJ410 

ir-i----

10 20 50 100 200 500 

VCE. COLLECTOR·EMITTER VOL TAGE (VOLTS) 

FIGURE 2 - DC CURRENT GAIN 

TJ 150°C 

I" 

" V ..... ........ ~ VCE - 5.0 Vde 

V 
..... 25°C 

·1 1,\ 

-- I---' i"" 
V V. t-- -550C ~ 

TJ -1500 C"",fY' 

0.1 0.2 0.3 0.5 1.0 2.0 3.0 5.0 

IC. COLLECTOR CURRENT (AMP) 

FIGURE 4 -SUSTAINING VOLTAGE TEST LOAD LINE 

500 

"< 400 .s .... 
~ 
'" 300 
=> 
'-' 

'" o 
t; 200 
j 
8 
~ 100 

~ 

o 
o 

...... 
VCEO(sus)IS ACCEPTABLE WHEN 

\ VCE;> RATED VCEO. AT IC -100 mA 

\ 
MJ4\0- \ 
MJ411 

100 200 300 400 500 

VCE. COLLECTOR·EMITTER VOLTAGE (VOLTS) 

There are two limitations on the power handling ability of a 
transistor: junction temperature and secondary breakdown. Safe 
operating area curves indicate Ie-VeE limits of the transistor that 
must be observed for reliable operation; i.e., the transistor must not 
be subjected to greater dissipation than the curves indicate . 

The data of Figure 5 is based on T J(pk) = 1500 C; T C is variable 
depending on conditions. Pulse curves are valid for duty cvcles of 
10% provided TJ(pk)S 1500 C. At high case temperatures. thermal 
limitations will reduce the power that can be handled to values 
less than th~ltmitations imposed by secondary breakdown. 

~ 
0 

~ 
w 

'" « 
':; 
0 
> 
-> 

2.0 

1.6 

1.2 

O. 8 

0.4 

0 

FIGURE 3 - "ON" VOLTAGES 

II 

H+t+t----j-t-t-I-+ VeElsat@ICIIB-lO--/---l'-t-t-t-i 

~I J lL 

j,?-~ , f-H-+l+-+-+++-t..,.,.-rFFF-- VCE(sat) @ ICIIB - 5 
Ii Ii '1 

0.05 0.1 0.2 0.3 0.5 1.0 2.0 3.0 5.0 

IC. COLLECTOR CURRENT lAMP) 

FIGURE 5 -SUSTAINING VOLTAGE TEST CIRCUIT 

50 mH 

".~l -=- 6.0 V 

300 !l LOll 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

HIGH-VOLTAGE NPN SILICON TRANSISTORS 

... designed for medium-to-high voltage inverters, 
converters, regulators and switching circuits. 

• High Voltage - V eEX == 400 Vdc 

• Gain Specified to 3.5 Amp 

• High Frequency Response to 2.5 MHz 

MAXIMUM RATINGS 

Raring Symbol MJ413 MJ423 MJ431 
Collector-Emitter Voltage VCEX 400 400 400 

"o" .. tor-..... ,,,,tage 
CB 

.~ toO toO 

I!'mitler-Imlle oltage EB 
.. .. ... 

Collector Current Continuous [C .. .. .. 
Base Current [B 2.0 2.0 2.0 

Total Devl •• Dl8alpallon.. C = .5-" 
Derate above 2S·C 

I'D ;~~ 
Operation JuneUon,Temperature Range TJ -65 to +150 

Storage Temperature Range Ta", -6. to .100 

THERMAL CHARACTERISTICS 

Characteristic Max 
Thermal Resistance I Junction to CUe 1.0 

ELECTRICAL CHARACTERISTICS (T .. '" 25"C IInlelSIItherwi"noted) 

Unit 
Vde 

Vd. 

'QC 

AGO 

Ado 

;i~ 
·C 

-c 

Characteristic Symbol Min Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage'11 
Pc = 100 mAd., 1a = 0) 

Collector Cutoff Current 
(VCE' 400 Vdc, VEB(oll)-1.5 VdIj 

(V CEo 400 Vdc, V EB(oll) - 1. 5 Vdc, 

TC = 125'C) 

Emitter Cutoff Current 
(VBE - 5.0 Vdc, IC' 0) 

ON CHARACTERISTICS 
DC Current Gain (11 

Pc = O. 5 ,4.dc, VCE = 5.0 Vdo) 

(Ie = 1.0 Adc, VeE = 5,0 Vdc) 

(Ie = 1.0 Me. VeE = 5.0 Vdc) 

(Ie -2. 5 Adc, VeE" 5.0 Vdc) 

(lc = 2. 5 Ad., VCE = 5.0 Vdc) 

Pc = 3.5 Ado, VCE = 5.0 Vdc) 

ColllltCtor-~ltter Saturation Voltqe t 11 
(lC - O. 5 Ado, 1a = 0.05 Ado) 

(lC - 1.0 Ado, 1a - O. 10 Ado) 

(lC • I. 5 Ado, 1a - O. 5 Ado) 

Bue-Emitter SaturaUon Voltace'llI 
(lC - O. 5 Ado, 1a - O. 05 Ado) 

(lC • 1.0 Ado, 1a - O. 1 Ado) 

(lC - .; 5 Ado, 1a - O. 5 Ad.) 

DYNAMIC CHARACTERISTICS 
c..nont-Galn - _ Product 

(lC • 300 mAde, V CB • 10Vdc, 

1-1.0IlBa) 

III PW .. 300 p., Ilot7 Cycle" 1.0% 

MJ .. :l3. MJ423 
MJ4S1 
MJ413, MJ433 
MJ431 

MJ413, MJ423 
MJ431 

MJ413 

MJ423 

IIJ431 

MJ413 

MJ423 

MJ4S1 

MJ4U 

MJ423 

MJ4S1 

V (BR)CEO(sus) 
Vdc 

325 -
1CEl< mAcIC 

- 0.25 
- 2.5 - 0.5 mAde - 5.0 

'Eso - 5.0 
mAde 

- 2.0 

"FE 20 80 -
15 -
30 90 

10 -
15 35 

10 -
VCE(sa\) Vdc - 0.8 

- 0.8 

- 0.7 

VBE(sa\) Vdc - 1.25 

- 1.25 

- 1.5 
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MJ413 
MJ423 
MJ431 

10 AMPERE 
POWER TRANSISTORS 

NPN SILICON 

400 VOLTS 
125 WATTS 

lr~ r~. Es:?-I;: I 

DIM 

A 
I 

D 
E 
F 

J 
K 
0 
R 

PLANE 

STYLE 1: 
PIN 1. BASE 

2.EMITIER 
CASE: COLLECTOR 

MILLIMETERS INCHES 
Ml MAX MIN 

- 39.31 -
- 21.08 

6.5 1. 
0.99 1.09 0.039 
- 3.43 

29.90 30.40 1.111 
1. 11.1 

.3 0.1 
18.64 1.1 O. 5 
11.18 1 .19 0.440 
3.84 4.09 0.151 
- 2&.61 

CASE 11-01 
TO-3 

MAX 

1.550 
0.830 

0.043 
0.135 
1.191 
0. 
0. 
0. 5 
0.480 
0.161 
1.1150 

• 



MJ413, MJ423, MJ431 

FIGURE I-ACTIVE·REGION SAFE-DPWTING ARQ 
10 

lOO~ 

" TJ-l50-c " 1.0ms 
~::- SlCOIItMY .lMDOWIIlIMfTAJIOII 

- - TIOIW. LIMITAllOl AT Ie = 2S"C 
ftIAS(·fIIIlTII_1IOII1S 
_'R£_Ic:-S-' de 
T1Ie SIft Opmti .. AnI c.ws indio 

ate Ie-Va IMtsbdawwfticlltfledevice 

\. ... "" __ In_.CoI-

l~IIdCItIoldJiJllsIflr_Iic:C:irClits ... 
t.Uwlttlintt" Illplicible Sate Area to 
Mid _ ... Cltlstrapllic 1.1ure. To 
i-. opemiDn below the _1liliiii 'J. 
•••• f·t.m.er.tur. d.r.lhll must b. 
aIIItmd forbolft ... stlttlfld",. 
,..,conditions 

I 
0.0 1.0 2.0 4.0 6.0 10 20 40 60 100 200 400 1000 

500 

0 
100 
7 
50 

~ 30 

! ~ 0 
~ 7.0 
1 5. 0 

0 3. 

z.o 

I--

I.~.l 

VeE. COLLECTOR·EMITTER VOLTAGE MIlTS) 

FIGURE 3 - SUSTAINING YOLTAGE TEST LOAD UNE 

..... 
- VeEOh .. 1 IS N:J: PtABlE ~HEN 

VeE"" 325 V AT Ie = 100 mA \ 
~ \ 

I , 
l 

100 300 500 

Va. COllECTOR·EMITTER VOLTAGE MIlTS! 

FIGURE 5 - CURRENT GAIN 

VeE= 5.0 V 
..... 

"' I 
T =IOO"C"", ~50(; 

I' 

0.2 0.3 0.5 0.7 \.0 2.0 3.0 5.0 7.0 10 

Ie. COllECTOR CIIRR£NT lAMP) 

FIGURE 2 - POWER·TEIII'£RA1'iIRE BERAnNG cum 
125 

" '\. "-I, 
'\ 

'\. 

"\. 
~ 

~ m 40 60 ~ ~ m ~ ~ ~ 200 

10 
7.0 
5.0 

i 3.0 

!5 2.0 

5 I!i 1.0 
Iii 0.7 S 0.5 

;y 0.3 

0.2 

1 

Te. CASE TEMPERATURE 1°C) 

FIGURE 4 - SUSTAINING YDLTAGE TEST CIRCUIT 

50 mHy 

3OO1l 1.01l 

FIGURE 6 - TRANSCONDUCTANCE 

eE= 10 
5° 

TJ:= 1000(; Li 

Ii 
0.5 1.0 1.5 2.0 2.5 

V .. 1IASt:.fIIITTER I'OI.TAGE II'OI.TS! 
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MOTOROLA 

• SEMICONDUCTOR -----1 
TECHNICAL DATA 

HIGH·POWER NPN SI LICON TRANSISTOR 

· .. for use as an output device in complementary audio amplifiers to 
l00·Watts music power per channel. 

• High DC Current Gain - hFE " 25-100 @ IC = 7.5 A 

• Excellent Safe Operating Area 

• Complement to the PNP MJ4502 

MAXIMUM RATINGS 

FIGURE 1 - POWER·TEMPERATURE DERATING CURVE 

200 
............ 

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

~ 
"-
'~ 
~ 0 

'" 
NOTE: 

MJ802 

30 AMPERE 
POWER TRANSISTOR 

DIM 

A 
B 
C 
0 
E 
F 
G 
H 
J 
I( 
Q 
R 

NPN SILICON 

100 VOLTS 
200 WATTS 

MILLIMETERS 
MIN MAX 

39.37 
21.0B 

6.35 7.62 
0.99 1.09 

3.43 
29.90 30.40 
110.67 l1.1B 

5.33 5.59 
16.64 17.15 
11.18 12.19 
3.84 4.09 

26.67 

STYLE 1: 
PIN 1. BASE 

2. EMITTER 
CASE: COLLECTOR 

INCHES 
MIN MAX 

- 1.550 
- 0.830 

0.250 0.300 
0.039 0.043 

0.135 
1.177 1.197 
0.420 0.440 
0.210 0.220 
0.655 0.675 
0.440 0.480 
0.151 0.161 

1.050 

1. DIM "0" IS OIA. 
CASE 11·01 

TO·3 

~ 0 
20 180 

200 L-__________________________ ~ 
40 60 60 100 120 140 160 

TC. CASE TEMPERATURE (OC) 

3-624 
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MJ802 

ELECTRICAL CHARACTERISTICS (TC· 25°C unless oth_ise no1edl 

Characteristic Symbol Min Ma. Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage (11 eVCER 100 - Vde 
(lc = 200 mAde. RBE = 100 Ohms! 

Collector-Emitter Sustaining Voltage« 1) VCeO(susl 90 - Vde 
(lc = 200 mAde! 

Collector-Base Cutoff Current Iceo mAde 
(Vce = 100 Vde. Ie = O! - 1.0 
(VCS = 100 Vde. Ie = O. TC = 15O"C! - 5.0 

Emitter-Base Cutoff Current leeo - 1.0 mAde 
(Vse = 4.0 Vde. IC = O! 

ON CHARACTERISTICS (II 

DC Current Gain 41) hFE 25 100 -
(lC = 7.5 Ade. VCE = 2.0 Vde! 

Base-Emitter "On" Voltage VeE(onl - 1.3 Vde 
(lC = 7.5 Ade. VCE = 2.0 Vde! 

Collector-Emitter Saturation Voltage VCE(sa'! - O.S Vde 
(lC = 7.5 Ade.IR = 0.75 Ade! 

Base-Emitter Saturation Voltage veE (sa,! - 1.3 Vde 
(lC = 7.5 Ade. Ie = 0.75 Ade! 

DYNAMIC CHARACTERISTICS 

Current Gain - Bandwidth Product 
(lC = 1.0 Ade. VCE = 10 Vde. ,= 1.0 MHz! 

111 
Pulse Telt: Pulse Width~ 300 #AS, Out .... Cvcle :S;2.0%. 

FIGURE 2 - DC CURRENT GAIN FIGURE 3 - "ON" VOLTAGES 

3.0 

2.0 
ii!i « c.o 
I-
Z 1.0 w 
0: 
0: 
::> 0.7 
'" CI 
w 0.5 
N 
::; 
« 
'" 0.3 0: 
0 
Z 

~ 
0.2 

TJ·175oC ~~~ ~112.0 t ..-
250 C ...... 1"-

-550 C -f.-" r-
"-

Data shown is obtained from pulse tests ~ 
anj ajiUiid It IUIIi;~ iiect t' iCf~' 

0.1 

2.0 

I.B 

1.6 

g 1.4 

'" 2: 1.2 
w 
c.o 1.0 
~ 
'" O.B > 
i.. 0.6 
P 

0.4 

0.2 

I 
TJUoJ 

~ 
t/I 

VBE(sal!@ICIIB= 10 
I-'" II 

II11 I J 
VBE@VCE=2.0V 

1111 1 1 
VCE(sall@ICIIB= 10 _I-" 

o 
0.03 0.05 0.1 0.2 0.3 0.5 1.0 2.0 3.0 5.0 10 20 30 0.03 0.05 0.1 0.2 0.3 0.5 1.0 2.0 3.0 5.0 10 20 30 

IC. COLLECTOR CURRENT (AMP) IC. COLLECTOR CURRENT (AMP) 

FIGURE 4 - ACTIVE REGION SAFE OPERATING AREA 

100 

50 

0: 
~ 20 

l;;: 10 
w 
0: 

~ 5.0 

0: 
o 2.0 
!:; 
~ 1.0 
-' o 
c.J 0.5 
~ 

0.2 

O. 1 

~ 

-oj" ..... 
de - -

e---- T J = 2000C 

~ == ~~n~i~:~~~~~k~; limited == ---- Thermal LimitalionsTC =250 C == Pulse DUly Cycle ,.;10% 

1.0 2.0 3.0 5.0 10 20 30 
VCE. COLLECTOR·EMITTER VOLTAGE (VOLTS) 

3-625 

:---.,100", -
1.0ms 

5.0ms 
...... 

50 

I 

The'S.fe Operating Ar .. Curves indicate Ie - Vce limits below 
which the device will not enter secondary breakdown. Collactor 
oed lines for specific 'circuits must fell within the applicable Safe 
Area to avoilll causing B catastrophic failure. To insure operation 
below the maximum T J. power-temperature derating must be ob· 
S8fVed for both steady state and pulse power comtitions. 

100 



MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

MEDIUM-POWER COMPLEMENTARY 
SILICON TRANSISTORS 

· . . for use as output devices in complementary general purpose 
amplifier applications. 

• High DC Current Gain - hFE = 6000 (Typ) @ IC = 3.0 Adc 

• Monolithic Construction with Built-In Base·Emitter 
Shunt Resistors 

MAXIMUM RATINGS 

Rating Svmbol 
MJ900 MJ901 

MJ1000 MJ1001 
Collector-Emitter Voltage VCEO 60 80 
Collector· Base Voltage VCB 60 80 
Emitter-Base Voltage VEa 5.0 

Collector Current IC 8.0 

Base Current la 0.1 

Total Device Dissipation @ T C = 25°C Po 90 
Derate above 25°C 0.515 

Operating and Storage Junction T J,T stg -55 to +200 

Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Max 

Thermal Resistance, Junction to Case 1.94 

FIGURE 1 - DARLINGTON CIRCUIT SCHEMATIC 

PNP 
MJ900 
MJ901 

Collector 

--.., 
NPN 

MJ1000 
MJ100l 

Unit 

Vdc 

Vdc 

Vdc 

Adc 

Adc 

Watts 

wf'c 
DC 

Collector 

--.., 
.-----<4h I r----<l~ I 

Base 
I 
I 

I I 
I I 
I I 
I I 
I I L _________ --1 

Emitter 

Base 

3-626 

I 
I 
I 
I 
I 
I 
I __ --1 

Emitter 

PHP 
MJ900, MJ901 

NPH 
MJl000,MJ100l 

8.0 AMPERE 
DARLINGTON 

POWER TRANSISTORS 
COMPLEMENTARY SILICON 

60-80 VOLTS 
90 WATTS 

lr~ r~K ESEATIN!~ i 
PLANE 

STYLE 1: 
PIN 1. BASE 

NOTE: 2. EMITTER 
CASE: COLLECTOR 1. DIM "0" IS OIA. 

DIM 

A 
B 
C 
0 
E 
F 
G 
H 
J 
K 
0 
R 

MILLIMETERS INCHES 
MIN MAX MIN 

- 39.37 -
21.08 

6.35 7.62 0.250 
0.99 1.09 0.039 

3.43 
29.90 30.40 1.177 
10.67 11.18 0.420 
5.33 5.59 0.210 

16.84 17.15 0.655 
11.18 12.19 0.440 
3.84 4.09 0.151 
- 26.67 -

Collector connected to cass. 
CASE 11·01 

(TO·3) 

MAX 

1.550 
0.830 
0.300 
0.043 
0.135 
1.197 
0.440 
0.220 
0.675 
0.480 
0.161 
1.050 

• 



MJ900, MJ901 PNP/MJ1000, MJ1001 NPN 

ELECTRICAL CHARACTERISTICS (Te = 250 e unless otherwise noted) 
I Chal'llcteristic I Svmbol 

OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltage (1) 

(Ie'" 100 mAde, IS = 01 

Collector Emitter Leakage Current 
(Ves =60 Vdc, RBe '" 1.0k ohml 

(Ves '" 80 Vdc, Rae'" 1.0k ohml 

(Ves =60 Vdc, Rae =- 1.0k ohm. TC == 1500C) 

(Ves '" 80 Vdc. RBe '" loOk ohm, TC = 1S0CC) 

Emitter Cutoff Current 

(Vse '" 5.0 Vdc, Ie:: 0) 

Collector-Emitter Leakage Current 
(VeE == 30 Vdc. IS == OJ 

(VeE'" 40 Vdc, IS'" 0) 

ON CHARACTERISTICS 

DC Current Gain(1) 

(Ie == 3.0 Adc, VeE = 3.0 Vdc) 
(Ie'" 4.0 Adc, VeE:: 3.0 Vdc) 

Collector-Emitter Saturation Voltage! 11 
(Ie == 3.0 Adc,'S = 12 mAde) 

(Ie == a.DAde.ls =40mAdc) 

Base,Emitter Voltagel11 
(Ie = 3.0 Adc, VeE = 3.0 Vdcl 

MJ900. MJ1000 
MJ901.MJIOOI 

MJ900. MJ1000 

MJ901. MJ1001 

MJ900. MJIOOO 

MJ901, MJ1001 

MJ900, MJ1QOa 

MJ901, MJ1001 

(1)Pulse Test: Pulse Width ~300 ~s. Duty Cycle~ 2.0%. 

50.000 

0 

0 

20,000 

10,00 
z 
;;:'500 

'" I-

ffi 200 
'" '" ~ 100 
<..) 

o 50 

~ 

0 

a 
0 

FIGURE 2 - DC CURRENT GAIN 

TJ - 150°C 

25°C 

-55°C 
./ I I 

V(BR)CEO 

200 

100 

50 

./ 
VCE - 3.0 Volts 

0.01 

3.5 

3.0 

_ 2. 5 
~ 
o 
2 2. 0 
w 

~ 
~ 1. 5 
o 
> 
;> 1.0 

0.5 

o 
0.01 0.02 

0.05 0.1 0.2 0.5 1.0 2.0 5.0 10 

IC. COLLECTO R CU R RENT (AMP) 

FIGURE 4 - "ON" VOLTAGES 

I I 
I I 

TJ i250lC 

I I 
I I 

vai( .. I!@lclla = 250 ........ 
~ 

VBE @VCE = 3.0 V ./ 
I I I I IJJ.J.I...P 

VC~("dl@I'cniI2~ 
I I II IIII 

0.05 0.1 0.2 0.5 1.0 2.0 5.0 10 

IC, COLLECTOR CURRENT (AMP) 
There are two limitations on the power handling ability of a 

transistor: average junction temperature and secondary breakdown. 
safe operating area curves indicate IC-VCE limits of the transistor 
that must be observed for reliable operation; e.g., the transistor 

z 
;;: 

300 

200 

0 

0 

~ 100 

ffi 
0 

'" ~ 50 0 

« 300 
z 
'" 10 

~ 
0 

i 100 

50 

30 
103 

Min 

60 
80 

Max 

1.0 

1.0 

5.0 

5.0 

2.0 

500 
500 

2.0 

4.0 

2.5 

Unit 

Vdc 

mAde 

mAde 

IJ.Adc 

Vdc 

Vdc 

FIGURE 3 -SMALL·SIGNAL CURRENT GAIN 

TC = 25°C 

" VCE = 3.0 Vdc 1\ 
IC = 3.0 Adc 1\ 

104 105 

f. FREUUENCY (Hz) 

FIGURE 5-DCSAFEOPERATINGAREA 
"'II 

10 

7.0 
~ 5.0 = .= TJ - 200°C 

~ 
I- 3.0 
ffi ~ 2.0 1\\ 

" ~ 1.0 
o g O. 
_ 0.5 

\' 
7i= SECONOARY BREAKDOWN LIMITATION 

THERMAL LIMITATION @TC- 25°C r=. - BONDING WIRE LIMITATION 

8 
E 0.3 

0.2 

,190J. MllOho 
\ \ 

I I I I 
MJ901, MJ1001 

O. 1 I 
1.0 2.0 3.0 5.0 7.0 10 20 30 50 70 100 

VCE. COLLECTOR·EMITTER VOLTAGE (VOLTS) 
must not be subjected to greater dissipation than the curves indicate. 

At high case temperatures, thermal limitations will reduce the 
power that can be handled to values less than the limitations im
posed by secondary breakdown. 

3-627 



MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

PNP 
MJ2500 
MJ2501 

Base 

MEDIUM-POWER COMPLEMENTARY 
SILICON TRANSISTORS 

· .. for use as output devices in complementary general purpose 
amplifier applications. 

• High DC Current Gain - hFE = 4000 (Typ) @ IC = 5.0 Adc 

• Monolithic Construction with Built-In Base-Emitter 
Shunt Resistors 

FIGURE l-DARLINGTON CIRCUIT SCHEMATIC 

Collector Collector 

---, 
NPN 

MJ3000 
MJ3001 r-------

I 
I 
I 

---, 
,----+-, i 

I 
I 
I 
I 
I 
I 

':'_-1 

Emitter 

Base 

.-----+-; I 
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I 
I 
I 
I 
I 
I 
I __ -I 

Emitter 

PNP 
MJ2500, MJ2501 

NPN 
MJ3000, MJ3001 

10 AMPERE 
DARLINGTON 

POWER TRANSISTORS 
COMPLEMENTARY SILICON 

60-80 VOLTS 
150 WATTS 

JE\~~lr S~1 
-F-

t--- J-

Q;)<;/ ~ l 
I 'I ~ 1 
~. 'l1\ ~T i 
! "I... Y lG 

U \.5 

STYLE I MILLIMETERS INCHES 
PIN 1. 8ASE DIM MIN MAX MIN MAX 

2. EMITTER A :.550 
CASE COLLECTOR 8 21:08 0.830 

C 6.35 1.82 0.250 -0.300 
D 0.91 1.09 0.038 0.043 
E 1.40 1.18 0.055 0.010 
F 29.9U 30.40 1.111 1.191 
G 10.61 11.18 0.420 0.440 
H 5.33 5.59 0.210 0.220 
J 16.64 11.15 0.655 0.615 
K H.18 12.18 0.440 0.480 
Q- 3.81 -4.19 0.150 0.165 
R 26.61 1.050 
U 2.54 3.05 0.100 0.120 

CASE 1-04 

NOTES: 
1. ALL RULES AND NOTES ASSOCIATED WITH 

REFERENCED TO-3 OUTLINE SHALL APPLY. 

• 



MJ2500, MJ2501 PNP/MJ3000, MJ3001 NPN 

ELECTRICAL CHARACTERISTICS ITC = 25°C unless otherwise noted) 
I Characteristic I Symbol Min Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltagel1l 
(Ie = 100 mAde, '8 '" 0) 

VIBR)CEO Vd, 
MJ250Q, MJ3000 
MJ2501, MJ3001 

Collector~Emitter Leakage Current leER 
IVEB - 60 Vdc, RBE - 1.0 k ohm) MJ2500. MJ3000 
IVEB - 80 Vdc, RBE - 1.0 k ohm) MJ2501. MJ3001 
IVEB - 60 Vdc, RBE - 1.0 k ohm, TC - 15O"C) MJ2500. MJ3000 
(VEB - 80 Vdc. RBE - 1.0 k ohm, TC - 15O"C) MJ2501. MJ3001 

Emitter Cutoff Current 

(Vse = 5.0 Vd<. Ie = 01 

Collector-Emitter Leakage Current 
(VeE := 30 Vdc, 18 '" OJ 

(VeE = 40 Vdc, 's = 0) 

ON CHARACTERISTICS (1) 

DC Current Gain 
tic = 5.0 Adc, VeE = 3.0 Vdc) 

Collector-Emitter Saturation Voltage 
(Ie = 5.0 Adc, 18 = 20 mAde) 

(Ie = 10 Adc, la = 50 mAde) 

Base-Emitter Voltage 
tic'" 5.0 Adc, VeE'" 3.0 Vdcl 

MJ2500. MJ3000 

MJ2501, MJ3001 

(lIPulM Test: Pulse Width ~300 us. Dutv Cvcle ~2.0%. 

50.000 

0 20.00 

10,000 
z 
;;: 5000 
'" I-

~ 200 0 
'" a 1000 
<..> 
o 500 

~ 200 

100 

50 

FIGURE 2 - DC CURRENT GAIN 

TJ 1500 C 

./ 
250 C ...... 

........ -550 C 
VCE - 3.0 Volts 

'CEO 

VCElsat) 
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2. 5 

2 2.0 
w 

'" ~ 1. 5 

~ 
>- 1.0 

0.5 

o 
O.DI 0.02 

Ic, COLLECTOR CURRENT lAMP) 

FIGURE 4 - "ON" VOL TAGES 

TJ ~ 25~C 

I I 

·JBEI~t) @ICIIB = 250 1::::= 

VBj iWliL':'~ 
V,C~'iV )~lleIiB = 1250 I-

II 11111 
0.05 0.1 0.2 0.5 1.0 2.0 

Ie, COLLECTOR CURRENT lAMP) 

5.0 10 

There are two limitations on the power handling ability of a 
transistor: junction temperature and secondary breakdown. Safe 
operating area curves indicate Ie-VeE limits of the transistor that 
must be observed for reliable operation; e.g., the transistor must 

z 
;;: 

3000 

2000 

~ 1000 
::'i 
~ 
~ 500 

;;i 300 
z 

~ 200 .. ! 100 

j 
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I 
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0 
0 

G:" 5. 0 

~ 3. 0 
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60 
80 
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1.0 

1.0 
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5.0 

2.0 

1.0 
1.0 

2.0 
4.0 
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Vdc 
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FIGURE 3 - SMALL-SIGNAL CURRENT GAIN 

TC = 250 C 
VCE = 3.0 Vdc 

IC = 5.0 Adc 

!O5 

f, FREUUENCY 1Hz) 

"-

FIGURE 5 - DC SAFE OPERATING AREA 

--- -

Iz -- Secondary Breakdown limited 
0== Thermally Limited at TC = 250C 

\ 
~ 2. 

'" :::> _ .. _. Bonding Wire limited ~~ <..> 

'" I. o 
0 

~ ~: 
1 
5 

8 ~ o. 3 

o. 2 

O. 1 
1.0 

MJ2500, MJ3000 -i- 1\ 
TJj 200iC MJ2501'iJ3OOi-;-~ 

5.0 1.0 10 20 30 50 10 100 

VCE, COLLECTOR·EMITTER VOLTAGE IVOLTS) 

not be subjected to greater dissipation than the curves indicate. 
At high case temperatures, thermal limitations will reduce the 

power that can be handled to values less than the limitations 
imposed by secondary breakdown. 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

NPN SILICON HIGH-VOLTAGE TRANSISTOR 

. designed for TV horizontal and vertical deflection amplifier 
circuits. 

• High Collector-Emitter Sustaining Voltage -
VCEO(sus) = 250Vdc (Min) MJ3029 

• Fast Fall Time in Horizontal Oeflection 

• Excellent Gain Linearity for Vertical Oeflection -
hfe @ 0.4 Adc, hfe @ 0.3 Adc = 0.95 (Min) 

MAXIMUM RATINGS 

Rating Symbol 

Collector-Emitter Voltage VCEO 

Collector-Emitter Voltage VCER 

Collector-Emitter Voltage VCEX 

Emitter-Base Voltage VES 

Collector Current - Continuous IC 

Base Current IS 

Total Device Dissipation@Tc- 2SoC Po 
Derate above 2SoC 

MJ3029 

250 

500 

5.0 

5.0 

1.0 

125 
1.0 

Operating and Storage Junction TJ,Tsig -65 to +150 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic I Symbol I Max 

Thermal Resistance, Junction to Case 
I 8JC I 

1.0 

FIGURE 1 - POWER· TEMPERATURE OERATING CURVE 

125 "-
"-~ 100 .... 

" « 
~ 

"\ z 
0 

>= 75 

"-;t 
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Unit 

Vdc 

Vdc' 

Vdc 

Vdc 

Adc 

Adc 

Watts 
W/oC 

°c 

Unit 

°C/W 

STYlll 
PINI , 
CAS! 

MJ3029 

5 AMPERE 
POWER TRANSISTOR 

NPN SILICON 
250-325 VOL TS 

125 WATTS 

Li:>itl f to - t 
E 0 K 
-T·. I 

r- .. ~- F 

~-l---I 

. V ! 
Q~"" ,0 I 

I ! ! 

l' I" .(. .. R 
H , I 

! 
0 ---.~ 

'G, 

U 

NOTES 
1. DIMENSIONS Q AND V ARE DATUMS. 
2. OJ IS SEATING PLANE AND DATUM. 
3. POSITIONAL TOLERANCE fOR 

MOUNTING HOLE D: 

I t 1.·131O.0051@ I T Iv@1 

fOR LEADS: 

I t I ~131O.0051@T I v@ I D@I 

4. DIMENSIONS AND TOLERANCES PER 
ANSI YI4.5. 1973. 

- MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 

BASt A - 39.37 - 1.550 
[MllHR B 21.08 - 0.830 COLLfCTOR 

C 6.35 7.62 0.25U 0.300 
0 0.97 1.09 0.038 0.043 
E 1.40 1.78 0.055 ·0.070 
f 30.158SC 1.1878SC 
G 10.92 Bse 0.430 BSC 
H 5.468SC 0.215 BSC 
J 16.89 BSC 0.665 BSC 
K 11.1B 12.19 0.440 0.480 
Q 3.Bl 4.19 0.150 0.165 
R - 26.67 - 1.050 
U 4.B3 5.33 0.190 0.210 
V 3.81 4.19 0.150 0.1£5 

CASE 1·05 

• 



MJ3029 

ELECTRICAL CHARACTERISTICS (T C = 25°C unless otherwise noted) 

:z 
<1 
'" I-

i:i'i 
~ 
~ 
'" c 

~ 

100 
70 
50 

30 

20 

10 

7.0 
5.0 

3.0 

2.0 

1.0 
0.1 0.2 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage! 1) 
UC=O.1 Adc,la=OI 

Collector Cutoff Current 
(VeE'" 500 Vdc, ASE .. 1.5 k Ohms) 

ON CHARACTERISTICS 

DC Current Gain 
lie'" 0.3 Adc, VeE = 5.0 Vdc)t11 

lie'" 0.4 Adc, VeE = 5.0 Vdc) (1) 

Gain Linearity 

(1)Puls. Test; Pulse Width S3DO ps, Duty Cycle S2.0%. 

FIGURE 2 - DC CURRENT GAIN 

VCE = 2.0 V 

""'-
TJ=1000~ .... '\. 250C 

,,,-

MJ3029 

MJ3029 

0.3 0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 

IC, COLLECTOR CURRENT (AMP) 

Symbol 

VCEO(sus) 

leER 

50 

Min M .. Unit 

Vdc 

250 

mAde 
1.0 

25 

30 

0.95 

FIGURE 3 - TEST FOR FALL TIME 

OUTPUT WAVEFO RM 
ON SCOPE 

81£1[,0:t090% 

"'HP 212A: Set for 10fJS wide pulses at 2000 pulses per sec. 
(500"" intervals). Adjust for IBI = 0.8 A. 
Bias: Adiust to 1.5 V on a VTVM across the 200 n Pot. 
T: Pulse Transformer: Motorola Part No. 25068782A01. 

FIGURE 4 - ACTIVE REGION SA~E OPERATING AREA 
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---Secondary Breakdown limitei\. 

- - Bonding Wire limited 
~~hermallimitalion at TC:= 25DC 

Curves Apply Below Rated VCEO 

MJ3029 

IIII 
10 20 30 50 70 100 200 325 500 700 1000 

VCE, COLLECTOR·EMITTER VOLTAGE (VOLTS) 

3-631 

There are two limitations on the power handling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate I C - V CE limits of the tran
sistor that must be observed for reliable operation; i.e., the transistor 
must not be subjected to greater dissipation than the curves indicate. 

The data of Figure 4 is based on TJ(pk) = 1500 C; TC is variable 
depending on conditions. Second breakdown pulse limits are valid 
for duty cycles to 10% provided TJ(pk) '" 1500 C. At high case 
temperatures, thermal limitations will reduce the power that can 
be handled to values less than the limitations imposed by second 
breakdown. 



MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

HIGH VOLTAGE SILICON POWER 
DARLINGTONS 

. developed for line operated amplifier, series pass and switching 
regulator applications. 

• Collector·Emitter Sustaining Voltage-
VCEO(sus) = 300 Vdc (Min) - MJ3040, MJ3041 

= 350 Vdc (Min) - MJ3042 

• High DC Current Gain -
hFE = 100 (Min) @ IC = 2.5 Adc - MJ3040 

= 250 (Min) @ IC = 2.5 Adc - MJ3041, MJ3042 

• Low Collector·Emitter Saturation Voltage -
VCE(sat) = 2.2 Vdc (Max) @ IC = 2.5 Adc 

• Monolithic Construction with Built·ln 
Base·Emitter Shunt Resistors 

MAXIMUM RATINGS 

Rating Symbol MJ3040 MJ304t MJ3042 

Collector-Base Voltage 

Collector-Em Itter Voltage 

Emitter-Base Voltage 

Collector Current ~ Continuous 

- Peak 111 

Total Device DISSipation @TC == 25°C 

Derate above 25°C 

VCB 

VCEO 

VEB 

IC 

PD 

400 400 500 

300 300 350 

8.0 

10 
15 

175 
1.0 

Operating and Storage junction 

Temperature Range 
TJ, T stg ____ -65 to +200 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case 

(1) Pulse Width = 5.0 ms, Duty Cycle,;;; 10%. 

DARLINGTON SCHEMATIC 

BASE 

COllECTOR 

,------- --.., 
I 
I 
I 
I 
I 

I 
I 

I 
I 
I 

---' 

EMITTER 

3-632 

Unit 

Vdc 

Vdc 

Vdc 

Adc 

Watts 
W/OC 

°c 

STYLE 1 
PIN I. 

2. 
CASE 

MJ3040 
MJ3041 
MJ3042 

DARLINGTON 
10 AMPERE 

POWER TRANSISTORS 
NPN SILICON 

300,350 VOL TS 
175 WATTS 

J t:-A'=jtr S:Wi 
-F-

-- J ... -

1~~ -l 
1 + ~k'--{~' I l H , I T I 

• 0 V lGJ 
u \::"S 

MILLIMETERS INCHES 
BASE DIM MIN MAX MIN MAX 
EMITTER A 39.37 
COLLECTOR B - 21.08 - 0.830 

C 6.35 7.62 0.250 0.300 
0 0.97 1.09 0.038 0.043 
E 1.40 1.78 0.055 0.070 
F 29.90 30.40 1.177 1.197 
G 10.67 11.18 0.420 0.440 
H 5.33 5.59 0.210 0.220 
J 16.64 17.15 0.655 0.675 
K 11.18 12.19 0.440 0.480 
Q 3.81 4.19 0.150 0.165 
R 26.67 - 1.050 
U 2.54 3.05 0.100 0.120 

CASE 1-04 

NOTES, 
1. ALL RULES AND NOTES ASSOCIATED WITH 

REFERENCED TO·3 OUTLINE SHALL APPLY. 

• 



MJ3040, MJ3041, MJ3042 

ELECTRICAL CHARACTERISTICS (TC = 250C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Vo~tage 
(lC = 100 mAde, Ie = 0) MJ3040, MJ3041 

MJ3042 

Collector Cutoff Current 
(Vce = 400 Vde, IE = 0) MJ3040, MJ3041 
(Vce= 500Vde, IE =0) MJ3042 
(Vce= 400 Vde, IE = 0, TC = l000C) MJ3040, MJ3041 
(Vce= 500Vde,IE = 0, TC = l00oC) MJ3042 

Emitter Cutoff Current 
(VBE = 5.0 Vde, IC = 0) 

ON CHARACTERISTICS 

DC Current Gain 
(lC = 2.5 Ade, VCE = 5.0 Vde) MJ3040 

MJ3041, MJ3042 
(lC = 5.0 Ade, VCE = 5.0 Vde) MJ3040 

MJ3041, MJ3042 

Collector-Emitter Saturation Voltage 
(lC = 2.5 Adc, IB = 50 mAde) 

(lC = 5.0 Ade, I B = 400 mAde) 

Base-Emitter Saturation Voltage 
(IC = 5.0 Ade, IB = 400 mAde) 

Base-Emitter On Voltage 
(lC = 2.5 Adc, VCE = 5.0 Vdc/ 

FIGURE 1 - FORWARD BIAS·SAFE OPERATING AREA 

20 

0: 10 
..... 100,us-

'" :!: 5.0 ms .... 

~ I 
10ms--

13 
'" 

~ 
0.2 

O. I 

de 

TC • 2SQ C 

8 
!:i", - BONOING WIRE LIMIT 

- - THERMAL LIMIT (SINGLE PULSE) 

0.0 I SECONO BREAKOOWN LIMIT 

0.005 
S 10 20 30 SO 70 100 200 300 SOD 

VCE. COLLECTOR·EMITTER VOLTAGE (VOL TS) 

There are two limitations on the power handling ability of a 
transistor - average junction temperature and second breakdown. 
Safe operating area curves indicate Ie - VeE limits of the tran
sistor that must be observed for reliable operation; i.e., the 
transistor must not be subjected to greater dissipation than the 
curves indicate. 

The data of Figure 1 is based on TJ(pk) = 15oDc; TC is variable 
depending on conditions. At high case temperatures. thermal limi
tations will reduce the power that can be handled to values less 
than the limitations imposed bV second breakdown. 
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Symbol Min M.x 

VCEO(sus) 
300 -
350 -

Iceo 
- 1.0 
- 1.0 
- 5.0 
- 5.0 

lEBO 
- 40 

hFE 
100 -
250 -
25 -
50 

VCE(sat) 
- 2.2 

- 2.5 

VBE(sat) 
- 3.0 

VBE(on) 
- 2.5 

FIGURE 2 - DC CURRENT GAIN 
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MOTOROLA 
•. SEMICONDUCTOR 

TECHNICAL DATA 

MEDIUM-POWER COMPLEMENTARY 
SILICON TRANSISTORS 

. . . for use as output devices in complementary general purpose 
amplifier applications. 

• High DC Current Gain - hFE = 3500 (Typ) @ IC = 10 Adc 

• Monolithic Construction with Built·1 n Base·Emitter 
Shunt Resistor 

MAXIMUM RATINGS 

Rating Symbol MJ4030 MJ4031 
MJ4033 MJ4034 

Collector-Emitter Voltage VCEO 60 80 

Collector-Base Voltage VCB 60 80 

Emitter-Base Voltage VE8 5.0 

Collector Current IC 16 

Base Current 18 0.5 

Total Device Dissipation@TC=250C Po 150 
Derate above 25°C 0.857 

Operating and Storage Junction TJ,Tstg -55 to +200 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case 

MJ4032 
MJ4035 

100 

100 

FIGURE 1 -DARLINGTON CIRCUIT SCHEMATIC 

Unit 

Vdc 

Vdc 

Vdc 

Adc 

Adc 

Watts 
WloC 

°c 

U it 

Collector Collector 
PNP 

MJ4030 
MJ4031 
MJ4032 

--.., 
NPN 

MJ4033 
MJ4034 
MJ4035 

--.., 

Base 

r---+-., I 
I 
I 
I 
I 
I 
I 
I __ ...J 

Emitter 

Base 

r---+-., I 

3-634 

I 
I 
I 
I 
I 
I 
I __ ...J 

Emitter 

PNP 
MJ4030 
MJ4031 
MJ4032 

NPN 
MJ4033 
MJ4034 
MJ4035 

16 AMPERE 

DARLINGTON 
POWER TRANSISTORS 

COMPLEMENTARY SILICON 

DIIt 
A 
B 
C 
0 
E 
F 
G 
H 
J 
K 
Q 

R 
U 
V 

STYlE 1: 
AN I. BA5f 

2.EMlmR 
CASECOLLECTOiI 

60-100 VOLTS 
150 WATTS 

MlIJMETERS INCHES 
MIl .MAX MIN MAX 

39.37 1.550 
21.08 ~.aao 

~35 7.62 0.250 0.300 
0.97 1.09 0.038 0.043 
1.40 1.78 0.1I5Ii 0.070 

3II.15BSC I.I87BSC 
10.92BSC O.430BSC 
5.46 BSC 0.215BSC 
I~B9BSC 0.665BSC 

11.18 12.19 0.440 0.480 
3.81 4.19 0.151 0.165 

2U7 - 1.050 
2.54 3.05 0.100 0.120 
3.81 419 0.151 0.165 

NOTES: 
1. DIAMETER V AND SURFACE W ARE DATUMS. 
2. POSITIONAL TOLERANCE FOR HOLE Q: 
1 ... 1 <b0.25IMIOI ®I wlv ®I' 

3. POSITIONAL TOLERANCE FOR LEADS: 
It I <b0.30IO.Ol21 ®Iwlv ®I Q ®I 

CASE 1-04 
TO-204M 

• 



PNP MJ4030, MJ4031, MJ4032 
NPN MJ4033, MJ4034, MJ4035 

ELECTRICAL CHARACTERISTICS (T c = 2SoC unless otherwise notedl 

OFF CHARACTERISTICS 

Symbol Min Max Unit 

Coliector·Emitter Breakdown Voltage(1) 
(Ie = 100 mAde, 18 = 0) MJ4030. MJ4033 

MJ4031, MJ4034 
MJ4032. MJ4035 

V(BRICEO 
Vd, 

60 

Collector Emitter Leakage Current 
(Vea = 6OVdc, ABe = 1.0kohml MJ4030. MJ4033 

(Vea .. aoVdc, Rae = t.Ok ohm) MJ4031. MJ4034 

(Vee = 100Vdc, ABe;;; 1.0 kohml MJ4032, MJ4035 

(Vea = 6OVdc, RBe = 1.0kohm, TC = t500CI MJ4030. MJ4033 

(Vea "'BOVdc. ABe os 1.0kohm, TC '" tSOOC) MJ4031. MJ4034 

(Vea = 100Vdc, RBe = t.Ok ohm, TC" tSOOCI MJ4032. MJ4035 

Emitter Cutoff Current 

(Vee = 5.0 Vdc, Ie" 0) 

Collector-Emitter Leakage Current 
(VeE'" 30 Vdc, 18 = 0) 

(VeE = 40 Vde, Ie '" 01 

(VeE = 50 Vde, Ie = 01 

MJ4030. MJ4033 

MJ4031, MJ4034 

MJ4032, MJ4035 

ON CHARACTERISTICS(1) 

DC Current Gain 
IIC'" 10 Ade, VCE = 3.0 Vdcl 

Collector-Emitter Saturation Voltage 

(lC = 10 Adc, Ie = 40 mAde) 

(lC = 16 Ade, 'B = 80 mAdel 

Base-Emitter Voltage 

(lC = 10 Ade, VCE = 3.0 Vdcl 

(l)Pulse Test: Pulse Width ~300 /AS, Duty Cycle S;2.0%. 

FIGURE 2 - DC CURRENT GAIN 
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25°C 
./ 

-55OC 

VeE - 3.0 Volts 
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Ir., COLLECTOR CURRENT IAMPI 

FIGURE 4 - "ON" VOL TAGES 

I 
TJ = 25°C 

VBE! .. 'I@IC/IB=250 

VBE @VCE - 3.0 Volts 

11111 y 
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IIII I I 

I\,\ 
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IC, COLLECTOR CURRENT (AMPI 

There are two limitations on the power handling ability of a 
transistor: average junction temperature and secondary breakdown. 
Safe operating area curves indicate IC-VCE limits of the transistor 
that must be observed for reliable operation; e.g., the transistor 

leER 
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Vd, 
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FIGURE 3 -SMALL-SIGNAL CURRENT GAIN 

TC = 25°C 
VCE = 3.0 Vdc 

IC=10Adc 

104 105 

f, FREQUENCY (Hzl 

" r-. 

FIGURE 5 -DC SAFE OPERATING AREA 

- ........ 

MJ4030, MJ4033 -
K MJ4031, MJ403~ = 

TJ = 200°C I\, It" MJ4032, MJ4035 

SECONOARY BREAKOOWN LIMITATION 
-- - THERMAL L1MITATION@TC=250C 
--- BONDING WIRE LIMITATION 1\ 

2.0 5.0 10 20 50 100 200 

VCE, COLLECTOR·EMITTER VOLTAGE (VOLTSI 

must not be subjected to greater dissipation than the curves indicate. 
At high case temperatures, thermal limitations will reduce the 

power that can be handled to values less than the limitations im
posed by secondary breakdown. 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

HIGH-POWER PNP SILICON TRANSISTOR 

· .. for use as an output device in complementary audio amplifiers 
to lOO-Watts music power per channel. 

• High DC Current Gain - hFE = 25-1OO@ IC = 7.5 A 

• Excellent Safe Operating Area 

• Complement to the NPN MJ802 

MAXIMUM RATINGS 

Rating Symbol Value 

ColioctO!'-Emitter Voltega VCER 100 

ColiectO!'·Ba .. Voltega VCB 100 

Collector-Emitter Voltage VCEO 90 

Emitter·BaIIi Voltega VeB 4.0 

Collector Current IC 30 

Base Current IB 7.5 

Total Davlee Dlssipatlon@Tc= 25u C Po 200 
Derata above 250 C 1.14 

Operating and Storage Junction TJ. Tstg -65 to +200 
Temperatura Range 

THERMAL CHARACTERISTICS 

Characteristic 

Th.mal Resistance, JUnction to Case 

FIGURE 1 - POWER-TEMPERATURE DERATING CURVE 

200 

~ 150 
E. 
z 
o 
~ 
~ 100 
is 
a: 

~ .. 50 

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

~ 
........ 

.......... 

I'-........ r--.... 
"'I'-........ 

~ 

Unit 

Vdc 

Vdc 

Vdc 

Vdc 

Ade 

Adc 

Watts 
W/oC 

°c 

~ 
"-o 

o 20 40 60 80 100 120 140 160 180 200 
TC. CASE TEMPE.RATURE (OC) 
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MJ4502 

30 AMPERE 
POWER TRANSISTOR 

PNPSILICON 

100 VOLTS 
200 WATTS 

lr~ ~, ESEATlN!~ i 
PLANE 

STYLE 1: 
PIN 1. BASE 

2. EMITTER 
CASE: COLLECTOR 

MILLIMETERS 
DIM MIN MAX 

A - 39.37 
B - 21.08 
C 6.35 7.62 
D 0.99 1.09 
E 3.43 
F 29.90 30.40 
G 10.67 11.18 
H 5.33 5.59 
J 16.64 17.15 
K 11.18 12.19 
0 3.84 4.09 
R - 26.67 

NOTE: 
1. DIM "O"IS DlA. 

INCHES 
MIN MAX 

- 1.550 
- 0.830 

0.250 0.300 
0.039 0.043 
- 0.135 

1.177 1.197 
0.420 0.440 
0.210 0.220 
0.655 0.675 
0.440 0.480 
0.151 0.161 
- 1.050 

CASE 11-01 
TO-204AA 

• 



MJ4502 

ELECTRICAL CHARACTERISTICS ITC = 2SOC unl ... otherwise noted) 

Characteristic 

OFF CHARACTERISTICS 

COllector-Emitter Breakdown Voltage (11 
IIC = 200 mAde, RBE = 100 Ohms) 

Collector-Emitter Sustaining Voltage 111 

IIc - 200 mAde) 

Collector-Base Cutoff Current 
IVCB = 100 Vde, IE = 0) 

IVCB' 100 Vdc, IE = 0, TC = 1500 CI 

Emitter-Base Cutoff Current 
IVBE = 4.0 Vdc, Ie = 0) 

ON CHARACTERISTICS 111 

DC Current Gain 
IIc = 7.5 Adc, VeE = 2.0 Vdc) 

Base-Emitter "On" Voltage 
IIC' 7.5 Adc, VCE = 2.0 Vdcl 

CoI!ector-ErThtter Saturation Voltage 
IIC = 7.5 Adc, IR = 0.75 Adci 

Base-Emitter Saturation Voltage 
IIC = 7.5 Adc, 18 = 0.75 Adcl 

DYNAMIC CHARACTERISTICS 

Current Gain - Bandwidth Product 
lie = 1.0 Adc, VeE = 10 Vdc, f· 1.0 MHzl 

nt Pulse Test: Pulse Width:S' 300 /Js, Dutv Cvcle :S'2.0%. 

FIGURE 2 - DC CURRENT GAIN 
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Data shown is obtained from pulse tests 
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IC, COLLECTOR CURRENT (AMP) 

I" 

'" 
10 20 30 

Symbol 

V(BR)CER 

VCEOlsus) 

ICBO 

lEBO 

hFE 

VBElonl 

VCElsat) 

VBElsatl 

2.0 

1.8 

1.6 

~ L4 
0 
~ 1.2 
w 

'" 1.0 '" :; 
0 0.8 > 
k 0.6 
1" 

0.4 

0.2 

0 
0.03 0.05 0.1 

Min Max Unit 

100 - Vde 

90 - Vde 

mAde 
- 1.0 

- 5.0 

- 1.0 mAde 

25 100 -

- 1.3 Vdc 

- 0,8 Vdc 

- 1.3 Vdc 

FIGURE 3 - "ON" VOLTAGES 

0.2 0.3 0.5 1.0 2.0 3.0 5.0 10 20 30 
IC, COLLECTOR CURRENT (AMP) 

FIGURE 4 - ACTIVE REGION SAFE OPERATING AREA 
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~--- Secondarv Breakdown Limited 
E::::::: - - - Bonding Wire Limited 
c:= ---- Thermal LimitetionsTC'250C 
!--- Pulse Duty Cycle S 10% 
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VCE, COLLECTOR·EMITTER VOLTAGE (VOLTS) 
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~ 100,.,-
1.0ms 

5.0ms 

"-

50 100 

The Safe Operating Area Curves indicate 
Ie - VeE limits below which the device will not 
enter secondary breakdown. Collector load 
lines for specific circuits must fall within the 
applicable Safe Area to avoid causing a cata
strophic failure. To insure operation below the 
maximum T J, power-temperature derating 
must be observed for both steady state and 
pulse power conditions. 



MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

PNP SILICON POWER TRANSISTORS 

• .. designed for high-voltage amplifier and saturated switching appli
cations at collector currents to one Ampere. Ideally suited for appli
cations of dc·to-dc converters, relay and hammer drivers, motor con
trols, and servo and pulse amplifiers. High-voltage ratings permit 
direct-line operation. 

• Low Collector-Emitter Saturation Voltage -
VCE(sat) = < 1.5 Vdc (Max) @ IC = 500 mAde 

• High Collector-Emitter Breakdown Voltage -
V(BR)CEO = 300 and 400 Vdc (Min) 

• DC Current Gain Specified - 10 mAde to 500 mAde 

MAXIMUM RATINGS 

Rating Symbol MJ4646 MJ4647 

Coliector·Emitter Voltage VCEO 300 400 

Collector-Base Voltage VCB 300 400 

Emitter·Base Voltage VEB 5.0 

Collector Current - Continuous IC 0.5 
Peak 1.0 

Total Device Dissipation @ TC = 25°C Po 5.0 
Derate above 25°C 28.6 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg -65 to +200 

THERMAL CHARACTERISTICS 

FIGURE 1 - POWER OERATING 
5. 0 

" 0 

""" '" 0 "-
""-

0 '" '" 
"' 0 

" o " o 10 40 60 80 100 110 140 160 llW 100 

Tc, CASE TEMPERATURE (OCI 

3-638 

Unit 

Vdc 

Vdc 

Vdc 

Adc 

Watts 
mWI"C 

°c 

MJ4646 
MJ4647 

1.0 AMPERE 
POWER TRANSISTORS 

PNPSILICON 
20()'300·,400 VOLTS 

DIM 
A 
B 
C 
D 
E 
f 
G 
H 
J 
K 
L 
M 
P 
Q 

R 

5 WATTS 

MlWMETERS 
MIN MAX 
8.89 9.40 
8.00 8.51 
6.10 6.60 
0.406 0.533 
0.119 3.18 
0.406 0.483 
4.83 5.33 
0.71 0.864 
0.737 1.01 

12.70 
6.35 

45' NOM 
- 1.27 

9O"NOM 
1.54 

N 

STYlH 
~N1.EMlmR 

1.8ASE 
3. COLLECTOR 

INCHES 
MIN MAX 
0.350 0.370 
0.315 0.335 
0.140 0.160 
0.016 0.021 
0.009 0.125 
0,016 0.019 
0.190 0.110 
0.018 0.034 
0.029 0.040 
0.500 
0.150 

45'NOM 
0.050 

90' NOM 
0.100 

All JE~C Dimensions and Notes App~. 

CASE 79-02 
TO-205AI) 

• 



MJ4646, MJ4647 

ELECTRICAL CHARACTERISTICS (T A ~ 25°C unless otherwise noted) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage (1) V(BR)CEO Vde 

(lC = 10 mAde, IB = 0) - -

MJ4646 300 - -

MJ4647 400 - -

Collector-Base Breakdown Voltage V(BR)CBO Vde 

(lC = 100 IiAde, IE = 0) - -
MJ4646 300 - -
MJ4647 400 - -

Emitter-Base Breakdown Voltage V(BR)EBO 5.0 - - Vde 

(IE = 100 IiAde, IC = 01 

Collector Cutoff Current ICEX - - 10 /lAde 

(VCE = 200 Vde, VBEloffl = 0.5 Vde) 

ON CHARACTERISTICS 

DC Current Gain hFE -
(lC = 10 mAde, VCE = 10 Vdel 20 - -

IIC = 100 mAde, VCE = 10 Vdcllli 25 - --

IIC = 500 mAde, VCE = 10 Vdel III 20 - -

Collector-Emitter Saturation Voltage VCElsatl Vde 

IIC = 500 mAde, IB = 100 mAdcl -

MJ4646 - 0.6 1.2 
MJ4647 0.75 1.5 

OYNAMIC CHARACTERISTICS 

Current-Gain-Bandwidth Product IT MHz 
IIC = 70 mAde, VCE = 20 Vdc, I = 20 MHz I MJ4646 40 - -

MJ4647 30 - -

Output Capacitance Cob pF 
(VCB = 20 Vde, IE = 0, I = 100 kHzl 

- -
MJ4647 - - 60 

SWITCHING CHARACTERISTICS 

Delay Time IVCC = 100 Vde, IC = 500 mAde, td - - 100 ns 

Rise Time IBI = 50 mAde, VBEloffl = 5.0 Vdel tr - 100 ns 

Turn-Off IVCC = 100 Vde, IC = 500 mAde, 

Time IB 1 = IB2 = 50 mAde, Pulse Width = 1.0 lisl toff - - 720 ns 

(1) Pulse Test: Pulse Width ~ 300 ,us, Duty Cycle ~ 2.0%. 

FIGURE 2 - ACTIVE-REGION SAFE OPERATING AREA 

ii: 
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~ 0.02 

0.01 

lOOps 
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TJ" 200°C de h \ + ..!. SECONOARY "I BREAKDOWN LIMITED \ 
-- BONDING WIRE t-t--

LIMITED -- 'THE'R'MALLY LIMITED @ 

TC" 25°C (SINGLE PULSEI ... 
CURVES APPLY BELOW I ... I RATED BVCEO II MJ4646-

~~ 11111"[ ~'J~l-
1.0 2.0 3.0 5.07.0 10 20 30 50 70 100 200 300 500 1000 

VeE, COLLECTOR·EMITTER VOLTAGE (VOLTS) 

There are two limitations on the power handling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate Ie - VeE limits of the 
transistor that must be observed for reliable operation; i.e., the 
transistor must not be subjected to greater dissipation than the 
curves indicate. 

The data 01 Figure 2 is based on T J(pkl = 200°C; T C is 
variable depending on conditions. Second breakdown pulse limits 
are valid lor duty cycles to 10% provided T J(pkl .;;; 200oC. At 
high case temperatures, thermal limitations will reduce the power 
that can be handled to values less than the IimitC!tions imposed 
by second breakdown. 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

SWITCHMODE SERIES 
PNP SIUCON POWER TRANSISTOR 

The MJ6503 transistor is designed for high-voltage, high-speed, 
power switching in inductive circuits where fall time is critical. It is 
particularly suited for line operated switch mode applications such 
as: 

• Switching Regulators 

• Inverters 

• Solenoid and Relay Drivers 

• Motor Controls 

• Deflection Circuits 

Fast Turn-Off Times 
100 ns Inductive Fall Time @250C (Typ) 
125 ns Inductive Crossover Time @250C (Typ) 

Operating Temperature Range -65 to +2000C 

lOOoC Performance Specified for: 
Reversed Biased SOA with Inductive Loads 
Switching Times with Inductive Loads 
Saturation Voltages 
Leakage Currents 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Emitter Voltage 

Emitter Base Voltage 

Collector Current - Continuous 
Peak (11 

Base Current - Continuous 
Peak (11 

Symbol 

VeEO 
veEV 
VES 

. MJ6503 

400 

450 

6.0 

8.0 
16 

4.0 
8.0 

Unit 

Vdc 

Vdc 

Vdc 

Adc 

Adc 

Total Power Dissipation@ TC = 2SoC 
@Te= tOOOe 

125 Watts 
71.5 

Derate above 2SoC 0.714 

Operating and Stora.ge Junction 
Temperature Range 

-.95 to +200 

THERMAL CHARACTERISTICS 
Characteristic Svmbol Max 

Thermal Resistance, Junction to Case R8JC 1.4 
Maximum Lead Temperature for Soldering TL 275 

Purposes: lIS" from Case for 5 Seconds 

(1"1 Pulse Test: Pulse Width: 5 ms, D'uty eye Ie .. 10%. 

3-640 

wloe 

°e 

Unit 

MJ6503 

8 AMPERE 

PNPSILICON 
POWER TRANSISTOR 

400 VOLTS 
125 WATTS 

Designer's Data for 
"Worst Case" Conditions 

The Designers Data Sheet per
mits the design of most circuits 
entirely from the information pre
sented. Limit data - representing 
device characteristics boundaries -
are given to facilitate "worst case" 
design. 

NOTES: 
1. DIMENSIONS Q AND V ARE DATUMS. 
2. rn IS SEATING PLANE AND DATUM. 
3; POSITIONAL TOLERANCE FOR 

MOUNTING HOLE Q: 

I *11.1310,OO'le I T Ive I 
FOR LEADS: 

I * 11.13 (O.DO.leT I ve I Q~ I 
4. DIMENSIONS AND TOLERANCES PER 

ANSI YI4.S. 1973. 

CASE.1·05 
TO-204AA 

STYLE 1 
PtNI. 'AS' z. EMITIER 
CASE COLLECTOR 

• 



MJ6503 

ELECTRICAL CHARACTERISTICS ITC = 25°C unless otherwise noted) 

Characteristic I Symbol 

OFF CHARACTERISTICS 

COllector-Emitter Sustaining Voltage (Table 1) 

ilc=10mA,IB=0) MJ6503 

Collector Cutoff Current 

IVCEV = Rated Value, VBElolf) = 1.5 Vdc) 
IVCEV = Rated Value, VBEloff) = 1.5 Vdc, TC = 150°C) 

Collector Cutoff Current 
IVCE = Rated VCEV, RBE = 50 n, TC = 100°C) 

Emitter Cutoff Current 
IVEB = 6.0 Vdc, IC = 0) 

SECONO BREAKOOWN 

Second Breakdown Collector Current with base forward biased 

Clamped Inductive SOA with Base Reverse Biased 

ON CHARACTERISTICS 11) 

DC Current Gain 
(lC = 2.0 Adc, VCE = 5 Vdc) 

Collector-Emitter Saturation Voltage 
(lC = 4 Adc, IB = 1.0 Add 
(lC = B Adc, IS = 3.0 Adc) 
(lC = 4 Adc, IS = 1.0 Adc, TC = 100°C) 

Base-Emitter Saturation Voltage 
(lC = 4 Adc, IS = 1.0 Adc) 
(lC = 4 Adc, IS = 1.0 Adc, TC = 100°C) 

DYNAMIC CHARACTERISTICS 

Output Capacitance 
IVCS = 10 Vdc, IE = 0, I test = 1.0 kHzl 

SWITCHING CHARACTERISTICS 

Resistive Load (Table 1) 

Delay Time IVCC = 250 Vdc, IC'o 4.0 A, IBI = 1.0 A, 

Rise Time tp == 50 .us, Duty Cycle .;; 2%) 

Storage Time IVCC = 250 Vdc, IC = 4.0 A, IBI = 1.0 A, 
Fall Time VBE(oll) = 5 Vdc, tp = 50 ~s, Duty Cycle';; 2%) 

Inductive Load, Clamped (Table 1) 

Storage Time 

Crossover Time 
IIC =4 A(pk), VCElpk) = 250 Vdc, lSI = 1.0 A, 

Fall Time 
VBE(off) = 5 Vdc, TC = 100°C) 

Storage Time 

Crossover Time 
IIC = 4 Alpkl, VCE(pk) = 250 Vdc, lSI = 1.0 A, 

Fall Time 
VBEloff) = 5 Vdc, TC = 25°C) 

III Pulse Test: PW 300 ~s, Duty Cycle';; 2% 

3-641 

VCEO(sus) 

ICEV 

ICER 

lEBO 

hFE 

VCElsat) 

VSElsat) 

td 

tr 

ts 

tf 

tsv 

tc 

tfi 

tsv 

tc 

tf 

Min Typ Max Unit 

- - Vdc 

400 - -
mAde 

- - 0.5 

- - 2.5 

- - 3.0 mAde 

- - 1.0 mAde 

See Figure 12 

See Figure 13 

15 

Vdc 
1.5 

5.0 
2.5 

Vdc 
1.5 
1.5 

- 0.025 0.1 ps 

- 0.100 0.5 ps 

- 0.60 2.0 ps 

- 0.11 0.5 ps 

- O.B 3.0 ~s 

- 0.4 1.5 ~s 

- 0.1 ~s 

- 0.5 ~~ ~s 

- 0.125 - ~s 

0.1 - ~s 



MJ6503 

DC CHARACTERISTICS 

20 Or-
100 

70 
Z 50 ;;: 
to 
I- 30 
ill 
~ 20 

B 
~ 10 

~ 7.0 
..c 5.0 

r--

3.0 

2.0 
0.1 

~ 20 

o 
> 
;;:; 1.6 
to 

~ 
o 
ffi 1.2 

f: ,. 
U:J 0.8 
a: 
o 

8 
j 0.4 
8 
tl 
> 0 

0.1 

FIGURE 1 - DC CURRENTOAIN 
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FIGURE 5 - COLLECTOR CUTOFF REGION 
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en 
2 

.... 0 
:J
cd: 
20 
-2 

8 

VCEO(sus) 

+'OV>~Ol 

2 • 

• ...IL 

PW Varied to Attain 
Ie = l00mA 

Leoil ""80mH Vee'" 10V 
ReOil = 0.7.n 

TABLE 1 - TEST CONDITIONS FOR DYNAMIC PERFORMANCE 

RBSOA AND INDUCTIVE SWITCHING 

Input 

O.lI'F 

~----------~--~~O::F Jl 
-v adjusted to obtain desired 'S1 

+V adjusted to obtain desired VBE(off) 

Leoil "" 180lolH 
ReDil = 0.05 n: 
VCC=20\1 

-v 

V clamp =- 250 V 

AS adjusted to attain 'S1 

INDUCTIVE TEST CIRCUIT OUTPUT WAVEFORMS 

en .... 
:5 
tJ a: 
c:; 
lii 
UJ .... 

See above 
for Detailed 
Conditions 

-, 
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TeSt Equipment 
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RESISTIVE SWITCHING 

TURN ON TIME 

181 adjusted to 

obtain the forced 

hFE desired 

TURN-OFF TIME 

Use inductive swl~hin. 
driver as the input to 

the resiStive test circuit. 

Vee = 250 V 

AL' 62,n· 

Pulse Width == 10 j.AS 

RESISTIVE TEST CIRCUIT 

FIGURE 7 - INDUCTIVE SWITCHING MEASUREMENTS FIGURE 8 - INDUCTIVE SWITCHING TIMES 
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MJ6503 

SWITCHING TIMES NOTE 

In reSIStIve switching circuits, rise, fall, and storage 
times have been defined and apply to both current and 
voltage waveforms since they are in phase. However, 
for inductive loads which are common to SWITCH MODe 
power supplies and hammer drivers, current and voltage 
waveforms are not in phase. Therefore, separate measure· 
ments must be made on each waveform to determine 
the total switching time. For this reason, the following 
new terms have been defined. 

tsv = Voltage Storage Time, 90% IBl to 10% Vce(pk) 
trv = Voltage Rise Time, 10-90% Vce(pk) 
tfi = Current Fall Time, 90-10% IC 
tti = Current Tail, 10-2% IC 
tc = Crossover Time, 10% Vce(pk) to 10% IC 

An enlarged portion of the inductive switching waveforms 
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FIGURE 9 - TURN·ON SWITCHING TIMES 

VCC' 250 V 
Ic/lB - 4 

r-... TJ • 25°C 

f, 

td 

is shown in Figure 7 to aid in the visual identity of these 
terms. 

For the designer, there is minimal switching loss 
during storage time and the predominant switching 
power losses occur during the crossover interval and 
can be obtained using the standard equation from AN·222: 

PSWT = 1/2 VCCIC(tc)f 
In general, trv + tfi '" tc' However, at lower test currents 
this relationship may not be valid. 

As is common with most switching transistors, resistive 
switching is specified at 250 C and has become a bench· 
mark for designers. However, for designers of high 
frequency converter circuits, the user oriented specifica· 
tions which make this a "SWITCHMODE" transistor are 
the inductive switching speeds (tc and tsv) which are 
guaranteed at 1 DOoC. 
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MJ6503 

The Safe Operating Area figures shown in Figures 12 and 13 are 
specified for these devices under the tast conditions shown. 

FIGURE 12 - FORWARD BIAS SAFE OPERATING AREA 
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SAFE OPERATING AREA INFORMATION 

FORWARD BIAS 
There are two limitations on the power handling ability 

of a transistor: average junction temperature and second 
breakdown. Safe operating area curves indicate IC-VCE 
limits of the transistor that must be observed for reliable 
operation; I.e., the transistor must not be subjected to 
great~r dissipation than the curves Indicate. 

The data of Figure 12 is based on T C = 250 C; T J( pk) 
IS variable depending on power level. Second breakdown 
pulse (imits are valid for duty cycles to 10% but must be 
derated when TC ~ 250 C. Second breakdown limitations 
do not derate the same as thermal limitations. Allowable 
current at the voltages shown on Figure 12 may be found 
at any case temperature by using the appropriate curve on 
Figure 15. 

T J(pk) may be calculated from the data in Figure 11. 
At high case temperatures, thermal limitations will reduce 
the power that can be handled to values less than the 
limitations imposed by second breakdown. 

REVERSE BIAS 

For inductive loads, high voltage and high current must 
be sustained simultaneously during turn-off, in most cases, 
with the base to emitter junction reverse biased. Under 
these conditions the collector voltage must be held to 
a safe level at or below a specific value of collector cur
rent. This can be accomplished by several means such as 
active clamping, RC snubbing, load line shaping, etc. The 
safe level for these devices is specified as Reverse Bias 
Safe Operating Area and represents the voltage-current 
condition allowable during reverse biased turn-off. This 
rating is verified under clamped conditions so that the 
device is never subjected to an avalanche mode. Figure 13 
gives the RBSOA characteristics. 

FIGURE 15 POWER DERATING 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

SWITCHMODE SERIES 
NPN SILICON POWER TRANSISTOR 

The MJ8501 transistor is designed for high-voltage, high-speed, 
power switching in inductive circuits where fall time is critical. It is 
particularly suited for line operated switchmode applications such 
as: 

• Switching Regulators 

• Inverters 

• Solenoid and Relay Drivers 

• Motor Controls 

• Deflection Circuits 

Fast Turn-Off Times 
300 ns Inductive Fall Time - 250 C (Typ) 
500 ns Inductive Crossover Time - 250 C (Typ) 
900 ns Inductive Storage Time - 250 C (Typ) 

Operating Temperature Range -65 to +2000 C 

1000 C Performance Specified for: 
Reversed Biased SOA with Inductive Loads 
Switching Times,with Inductive Loads 
Saturation Voltages 
Leakage Currents 

MAXIMUM RATINGS 

Rating Symbol 

Coliector·Emitter Volt,age VCEO 
Collector·Emitter Voltage VCEV 
Emitter Base Voltage VES 
Collector Current - Continuous IC 

Peak (1) ICM 
Base Current - Continuous IS 

Peak (1) IFIM 
Total Power Dissipation@ TC = 25°C ~D 

@TC= 100°C 
Derate above 25°C 

MJ8501 

800 

1400 
8,0 

2,5 
5,0 

2.0 
4.0 

125 
71 

0.71 

Operating and Storage Junction TJ. Tstg -65 to +200 
Temperature Range 

THERMAL CHARACTERISTICS 
Characteristic Symbol Max 

Unit 

Vdc 

Vdc 

Vdc 

Adc 

Adc 

Watts 

W/oC 

°c 

Unit 

Thermal Resistance, Junction to Case R8JC 1.4 °CIW 

Maximum Lead Tempe"rature for Soldering TL 275 °c 
Purposes: 1/8" from Case for 5 Seconds 

(1) Pulse Test: Puis. Width - 5 ms, Duty Cycle .. 10%. 
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MJ8501 

2.5 AMPERE 

NPN SILICON 
POWER TRANSISTOR 

800 VOLTS 
1ZSWATTS 

Designer's Data for 
"Worst Case" Conditions 

The Designers' Data Sheet per
mits the design of most circuits 
entirelv from ,the information pre· 
sented. limit data - representing 
device characteristics boundaries -
are given to facilitate "worst case" 
design. 

LIB+-f' 
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Q~oF'J v 

+ I_-=p'- + R 
H , ' 

NOTES: U G 
1. DIMENSIONS Q AND V ARE DATUMS. 
2. [[] IS SEATING PLANE AND DATUM. 
3. POSITIONAL TOLERANCE FOR 

MOUNTING HOLE 0: 

I • I '.1310.0OS)@ I T Iv@1 
FOR LEADS: 

I. I ,.13IO,OO5l@Tlv@1 Q@I 
4. DIMENSIONS AND TOLERANCES PER 

ANSI Y14.S, 1911. 

PIN 1. BASE 
2. EMITTER 

CASE COLLECTOR 

CASE 1-OS 
TO-Z04AA 

• 



MJ8501 

ELECTRICAL CHARACTERISTICS (TC : 25°C unless otherwise noted) 

I Char_ristl. I Svmbol Min Typ Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage (Table 1) VCEO(sus) - - Vde 
(lC: 100 mA, IB ~ 0) MJ8501 BOO - -

Collector Cutoff Current ICEV mAde 
(VCEV : Aated Value, VBE(off) : 1.5 Vde) - - 0.25 
(VCEV: Aated Value, VBE(off): 1.5 Vde, TC: 150°C) - - 50 

Collector Cutoff Current ICEA - - 5.0 mAde 

(VCE: Aated VCEV, ABE: 50 n, TC: 100°C) 

Emitter Cutoff Current lEBO 1.0 mAde 
(VEB ~ 7.0 Vde, IC = 0) 

SECOND BREAKDOWN 

Second Breakdown Collector Current with base forward biased See Figure 12 

Clamped Inductive SOA with Base Reverse Biased See Figure 13 

ON CHARACTERISTICS (1) 

DC Current Gain hFE 7.5 - - -
(lC e 0.5 Ade, V CE = 5.0 Vdc) 

Collector-Emitter Saturation Voltage VCE(sat) Vde 
(lC = 1.0 Ade, IB = 0.33 Ade) - - 2.0 
(lC = 2.5 Ade, IB = 1.0Ade) - - 5.0 
(lC = 1.0 Ade, IB = 0.33 Ade, TC = 100°C) - - 3.0 

Base-Emitter Saturation Voltage VBE(sat) Vde 
(lC = 1.0 Ade, 18 = 0.33 Ade) - - 1.5 
(lC = 1.0 Ade, 18 = 0.33 Ade, TC = 100°C) - - 1.5 

DYNAMIC CHARACTERISTICS 

Output Capacitance 
(VCB = 10 Vde, IE = 0, ftest = 1.0 kHz) 

SWITCHING CHARACTERISTICS 

Aesistive Load (Table 1) 

Delay Time td - 0.045 0.20 IlS 

Aise Time (VCC = 500 Vde, IC = 1.0 A, t, - 0.2 2,0 IlS 

Storage Time 
181 = 0.33 A, VBE(off) = 5.0 Vde, tp = 5OIlS, 

ts - 1.0 4.0 IlS Duty Cycle" 2.0%) 
Fall Time tf 0.5 2.0 IlS 

Inductive Load. Clamped (Table 1) 

Storage Time (lC = 1,0 A(pk), Velamp = 500 Vde, IB1 = 0.33 A, tsv - 1.3 4.0 IlS 

Crossover Time VBE(off) = 5 Vde, TC = 100°C) t,e - 0.6 2.0 IlS 

Storage Time 
(lC = 1.0 A(pk), Velamp = 500 Vdc, IB1 = 0.33 A, 

tsv - 0.9 ~ IlS 

Crossover Time 
VBE(off) : 5 Vde, TC = 25°C) 

te - 0.5 - IlS 

Fall Time tfi - 0.3 - IlS 

(1) Pulse Test: PW . 300 IlS, Duty Cycle" 2%. 
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FIGURE 1 - DC CURRENT GAIN 

20 - -100·C VCE' 5 V 

z :c ..- 26·C ~ 
'" 10 ... z .. 
a: 7.0 a: 
::> .. "-.. 

5.0 C> 
"\. 

... 
~ " 

3.0 \ 
\ 

2.0 
0.03 0.06 0.07 0.1 0.3 0.6 0.7 1.0 2.0 3.0 

IC. COLLECTOR. CURRENT (AMPS) 

FIGURE 3 - COLLECTOR·EMITTER SATURATION VOLTAGE 

~ 2.0 

~ 
.. 1.6 

~ 
~ 1.2 

~ ! 0.& 

g 
.... 0.4 
8 ... 
~ 0 

0.25 0.30 

IC/IS"3 

/ 
100·C 

./ ./ 
--::::: ~ -

0.4 0.5 0.8 0.7 0.80.91.0 l.5 2.0 2.5 

ICE. COLLECTOR CURRENT (AMPS) 

FIGURE 5 - COLLECTOR CUTOFF REGION 

l 10 3 

5 
a: 
~ 102 .. 
a: 

~ 10 1 

8 
~100 

r--

I 10-
·0.4 

/ / I 
L I 

TJ -'lSOOC ,., V 
125°C 

/ / 

100·C 

7S·C 

-REVERSE fORWARD 
L VCE' 250 V== 

2SOC 

-0.2 0 +0.2 +0.4 +0.6 

VBE. BASE·EMITIER VOLTAGE (VOLTS) 

FIGURE 2 - COLLECTOR SATURATION REGION 

in 2.2 
~ 
C> 
~ .. 
'" c 
~ 
0 
> 
a: 

"' E ,. 
"' Ii: 

~ 
j 
0 .. 
w .. 

1.8 

1.4 

1.0 

0.8 

> 0.2 

\ I.OA 

\ 
\ 
\ 
\ 
\ 

0.16 0.2 

\. 

1.6A 2.0 2.6 

1\ 1\ 
\ \ \ 

\ \ 
\ \ \ 
\ 

\ \ 
\ r'... .... 

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

0.3 0.4 0.7 1.0 
lB. BASE CURRENT (AMPS) 

FIGURE 4 - BASE·EMITTER VOLTAGE 

1.5 

a 

0.5 
0.25 0.3 

10000 

5000 
3000 

u:: 1000 
.s 
~ 500 

~ 300 

~ 10 
<.i 

0 

0 

ICIIB -3 

25·C 

..L--I-"' -
l00·C 

0.4 0.5 0.6 0.7 0.80.91.0 1.5 
IC. COLLECTOR CURRENT (AMPS) 

FIGURE 6 - CAPACITANCE 

TJ - 25°C 

cib 

Cob 

--1.5 

---
2.0 2.5 

0 
10.1 0.20.3 0.71.0 2.03.0 7.010 2030 70100 200 500 1000 

VR. REVERSE VOLTAGE (VOLTS) 

3-648 



MJ8501 

FIGURE 7 - INDUCTIVE SWITCHING MEASUREMENTS 
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SWITCHING TIMES NOTE 

In resistive switching circuits, rise, fall, and storage 
times have been defined and apply to both current and 
voltage waveforms since they are in phase. However, 
for inductive loads which are common to SWITCHMODE 
power supplies and hammer drivers, current and voltage 
waveforms are not in phase. Therefore, separate measure
ments must be made on each waveform to determine 
the total switching time. For this reason, the following 
new terms have been defined. 

tsv = Voltage Storage Time, 90% IBl to 10% VCE (pk) 
trv = Voltage Rise Time, 10-90% VCE (pk) 
tfi = Current Fall Time, 90-10% IC 
tti = Current Tail, 10-2% IC 
tc = Crossover Time, 10% VCE (pk) to 10% IC 

An enlarged portion of the inductive switching waveforms 
is shown in Figure 7 to aid in the visual identity of these 
terms. 

For the designer, there is minimal switching loss 
during storage time and the predominant switching 
power losses occur during the crossover interval and 
can be obtained using the standard equation from AN-222: 

PSWT = 1/2 V CCIC(tc) f 
In general, trv + tfi "" tc. However, at lower test currents 
this relationship may not be valid . 

As is common with most switching transistors, resistive 
switching is specified at 250 C and has become a bench
mark for designers. However, for designers of high 
frequency converter circuits, the user oriented specifica
tions which make this a "SWITCHMODE" transistor are 
the inductive switching speeds Itc and tsv) which are 
guaranteed at lOOoC. 
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TABLE 1 - TEST CONDITIONS FOR DYNAMIC PERFORMANCE 

VCEOC.u.) 

PW Varied to Attain 

IC·'OOmA 

Lcoil '" 80mH Vee" 10 v 
Reoll" 0.7.n 

RBSOA AND INDUCTIVE SWITCHING 

r-~----------~---'------~~-O+IS 

son 

All Diodes - 1 N4934 
All NPN - MJE200 
All PNP - MJE210 

Adjust R1 to obtain IS1 

For switching and RBSOA. R2 "" 0 

For VCEO(sus)' R2,;" 

Leon = 180lolH 
Reail:; 0.05 n 
"CC"20V 

47n Rl 

:J;250 /AF 

R2l2 

Adjust to 
obtain 

VSE(offl = -5.0 V 

V clamp"" 500 V 

INDUCTIVE TEST CIRCUIT OUTPUT WAVEFORMS 

MRS16 

ReJcCt) - rCt) R8JC 
ReJc= 1.4DC/W MIX. 
TJ(pk) - TC = P(pk) ReJc(t) 
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Time 

FIGURE 11 - THERMAL RESPONSE 
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t.TIME(ms) 
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'1 Adjusted to 
Obtain Ie 

t1 ... LCOil(tC~k} 
Vee 

t2 =- L.eoil (ICpk) 

Vclamp 

Telt Equipment 
Scope - Tektronix 
476 or Equivelent 

RESISTIVE SWITCHING 

TURN·ON TIME 

le1 adjusted to 
obtain the forced 
hFE desired 

TURN·OFF TIME 

Use inductive switching 
driver .s the input to 
the resistive test circuit. 

Vec= 500 V 

RL-soon 
Pu 118 Width = 50 '" 

RESISTIVE TEST CIRCUIT 

~
.M",", 

I ! ..... :t.I 

., 

i ,,- 1'"" 
- ~-
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SAFE OPERATING AREA INFOAMATION 

FIGURE 12 - MAXIMUM FORWARD BIAS 
SAFE OPERATING AREA FORWARD BIAS 

'" ~ ~ 1.0 

I 
::0 
~ 0.10 

'" 
~ g 
'-'0.01 
12 

0.001 
8.0 10 

1 m. 
50 ~.1t1 

d.c. 

- Bonding Wire limit 
- - Thermal limit 

Second Breakdown limit 
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There are two limitations on the power handling ability 
of a transistor: average junction temperature and second 
breakdown. Safe operating area curves indicate IC-VCE 
limits of the transistor that must be observed for reliable 
operation; i.e .. the transistor must not be subjected to 
greater dissipation than the curves indicate. 

The data of Figure 12 is based on TC = 250 C; TJ(pk' 
is vanable depending on power level. Second breakdown 
pulse limits are valid for duty cycles to 10% but must be 
derated when TC ;;;. 250 C. Second breakdown limitations 
do not derate the same as thermal limitations. Allowable 
current at the voltages shown on Figure 12 may be found 
at any case temperature by using the appropriate curve on 
Figure 14. 

T J(pk' may be. calculated from the data in Figure ". 

FIGURE 13 - RBSOA, REVERSE BIAS SWITCHING 
SAFE OPERATING AREA 

At high case temperatures. thermal limitations will reduce 
the power that can be handled to values less than the 
limitations imposed by second breakdown. 
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For inductive loads, high voltage and high current must 
be sustained simultaneously during turn-off, in most cases, 

with the base to emitter junction reverse biased. Under 
these conditions the collector voltage must be held to 
a safe level at or below a specific value of collector cur· 

rent. This can be accomplished by several means such as 
active clamping, AC snubbing, load line shaping, etc. The 

safe level for these devices is specified as Aeverse Bias 
Safe Operating Area and represents. the voltage-current 
condition allowable during reverse biased turn-off. This 

rating is verified under clamped conditions so that the 

device is never subjected to an avalanche mode. Figure 13 
gives the complete A BSOA characteristics. 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

SWITCHMODE SERIES 

I NPN SILICON POWER TRANSISTORS 

The MJ8502 and MJ8503 transistors are designed for high·voltage, 
high-speed, power switching in inductive circuits where fall time is 
critical. They are particularly suitad for line operated switch mode 
applications such as: 

• Switching Regulators 

• Inverters 
• Solenoid and Relay Drivers 

• Motor Controls 

• Deflection Circuits 

Fast Turn·Off Times 

150 ns Inductive Fall Time-250 C (Typ) 

400 ns Inductive Crossover Time-250 C (Typ) 

1200 ns Inductive Storage Time-250 C (Typ) 

Operating Temperature Range -65 to + 2OO0 C 

1000 C Performance Specified for: 
Reverse·Biased SOA with Inductive Loads 
Switching TImes with Inductive Loads 
Saturation Voltages 
Leakage Currents 

MAXIMUM RATINGS 

• 
Rating Symbol MJ8&02 MJ8503 Unit 

Collector-Em.itter Voltage VCEO 700 SOO Vdc 

Collector~Emitter Voltage "CEV 1200 1400 Vdc 

Emitter Base Voltage VEe S.O 8.0 Vdc 

Collector Current - Continuous IC 5.0 5.0 Adc 
Peak (I) ICM 10 10 

Base Current - Continuous 18 4.0 4.0 Adc 
Peak (I) IBM S.O S.O 

Total Power Dissipation @ T C = 250 C Po 150 150 Watts 
@TC = 100"C 86 86 

W/oc Derate above 2SoC 0.85 0.85 

Operating and Storage Junction TJ. Tstg -65 to +200 DC 

Temperature Range 

THERMAL CHARACTERISTICS 
Charact_istic Symbol Max Unit 

Thermal Resistance, Junction to Case R9JC 1.16 DCIW 

Maximum Lead Temperature for Soldering TL 275 DC 

Purposes: liS" from Case for 5 Seconds 

(I) Pulse Test: Pulse Width = 5 ms. Duty Cycle" 10% .. 
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MJ8502 
MJ8503 

6.0 AMPERE 

NPN SILICON 
POWER TRANSISTORS 

700 end 800 VOLTS 
160 WATTS 

Designer', Data for 
"Worst Case" Conditions 

The Designers' Data Sheet per· 
mits the design. of most circuits 
entirely from the information pre· 
sented. Limit data - representing 
device characteristics boundaries -
are given to facilitate "worst case" 
design. 
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MJ8502, MJ8503 

ELECTRICAL CHARACTERISTICS ITc = 25°C unless otherwi,e noted) 

Characteristic I Symbol Min Typ Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage (Table 1) MJ8502 VCEO(~us) 700 - - Vdc 
(lC = 100mA, IB =0) MJ8503 800 - -

Collector Cutoff Current ICEV mAde 

(VCEV = Rated Value, VBE(olf) = 1.5 Vdc) - - 0.25 
(VCEV = Rated Value, VBE(oll) = 1.5 Vdc, TC = 150oC! - - 5.0 

Collector Cutoff Current ICER 5.0 mAde 

(VCE = Rated VCEV, R8E = 50 n, TC = lOOoC) 

Emitter Cutoff Current lEBO - - 1.0 mAde 
(VEB = 7.0 Vdc, IC = 0) 

SECOND BREAKDOWN 

Second Breakdown Collector Current with base forward biased See Figure 12 

Clamped Inductive SOA with Base Reverse Biased See Figure 13 

ON CHARACTERISTICS (I! 

DC Current Gain hFE 7.5 - - -
IIC = 1.0 Adc, VCE = 5.0 Vdcl 

Collector-Emitter Saturation Voltage VCE(,at! Vdc 
(lC = 2.5 Adc, IB = 1.0 Adcl - - 2.0 
(lC ~ 5.0 Adc, IB = 2.0 Add - - 5.0 
(lC = 2.5 Adc, IB = 1.0 Adc, TC = 100°C) - - 3.0 • 

Base-Emitter Saturation Voltage VBE(,at! Vdc 
IIC = 2.5 Adc, la = 1.0 Adc) - - 1.5 II 
IIC = 2.5 Adc, la = 1.0 Adc, TC = 1000 CI - - 1.5 

DYNAMIC CHARACTERISTICS 

Output Capacitance 
(Vca = 10 Vdc, IE = 0, I test = 1.0 kHz) 

SWITCHING CHARACTERISTICS 

Resistive Load (Table 11 

Delay Time td - 0.040 0.20 ,lS 
Rise Time 

(VCC = 500 Vdc, IC = 2.5A, 
tr - 0.125 2.0 ", IBI = 1.0 A, VBE(oll) - 5.0 Vdc, 1p = 50 "', 

Storage Time Duty Cycle';; 2.0%) t, - 1.2 4.0 ", 
Fall Time tf 0.65 2.0 ", 
Inductive Load, Clamped (Table 11 

Storage Time (lC = 2.5 A(pk), Vclamp = 500 Vdc, lal = 1.0 A, t,v - 1.6 5.0 ", 
Crossover Time VBE(oll) ~ 5 Vdc, TC = 100°C) te - 0.60 2.0 ", 
Storage Time 

IiC = 2.5 A(pk), V clamp = 500 Vdc, IBI = 1.0 A, t,v - 1.2 - ", 
Crossover Time 

VBE(off) = 5 Vdc, TC = 250 CI 
tc - 0.4 - "'. 

Fall Time tfi - 0.15 - '" 
(1) Pulse Test: PW· 300 "', DulY Cycle.;; 2%. 

3-653 



MJ8502, MJ8503 

FIGURE 1 - DC CURRENT GAIN 
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MJ8502, MJ8503 

FIGURE 7 - INDUCTIVE SWITCHING MEASUREMENTS 
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SWITCHING TIMES NOTE 

In resistive switching circuits, rise, fall, and storage 
times have been defined and apply to both current and 
voltage waveforms since they are in phase. However, 
for inductive loads which are common to SWITCHMODE 
power supplies and hammer drivers, current and voltage 
waveforms are not in phase. Therefore, separate measure· 
ments must be made on each waveform to determine 
the total switching time. For this reason, the following 
new terms have been defined. 

tsv = Voltage Storage Time, 90% leI to 10% VCE(pk) 
trv = Voltage Rise Time, 10-90% VCE(pk) 
tfi = Current Fall Time, 90-10% IC 
tti = Current Tail, 10-2% IC 
tc = Crossover Time, 10% VCE(pk) to 10% IC 

An enlarged portion of the inductive switching waveforms 
is shown in Figure 7 to aid in the visual identity of these 
terms. 

For the designer, there is minimal switching loss 
during storage time and the predominant switching 
power losses occur during the crossover interval and 
can be obtained using the standard equation from AN·222: 

PSWT = 1/2 VCCIC(tc1f 
In general, trv + tfi '" tc' However, at lower test currents 
this relationship may not be valid. 

As is common with most switching transistors, resistive 
switching is specified at 250 C and has become a bench· 
mark for designers. However, for designers of high 
frequency converter circuits, the user oriented specifica· 
·tions which make this a "SWITCHMODE" transistor are 
the inductive switching speeds Itc and tsvl which are 
guaranteed at 100°C. 

RESISTIVE SWITCHING PERFORMANCE 
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TABLE 1 - TEST CONDITIONS FOR DYNAMIC PERFORMANCE 
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SAFE OPERATING AREA INFORMATION 

FORWARD BIAS 
There are two limitations on the power handling ability 

of a transistor: average junction temperature and second 
breakdown. Safe operating area curves indicate IC-VCE 
limits of the transistor that must be obsented for reliable 
operation; i.e., the transistor must not be subjected to 
greater dissipation than the curves indicate. 

The data of Figure 12 is based on TC = 2So C; TJ(pkl 
is variable depending on power level. Second breakdown 
pulse limits are valid for duty cycles to 10% but must be 
derated when TC ;;. 2SoC. Second breakdown limitations 
do not derate the same as thermal limitations. Allowable 
current a1 the voltages shown on Figure 12 may be found 
at any case temperature by using the appropriate curve on 
Figure 14. 

T J(pkl may be calculated from the data in Figure 11. 
At high case temperatures, thermal limitations will reduce 
the power that can be handled to values less than the 
limitations imposed by second breakdown. 

REVERSE BIAS 

For inductive loads, high voltage and high current must 
be sustained simultaneously during turn-off, in most cases, 
with the base to emitter junction reverse biased. Under 
these conditions the collector voltage must be held to 
a safe level at or below a specific value of collector cur
rent. This can be accomplished by several means such as 
active clamping, RC snubbing, load line shaping, etc. The 
safe level for these devices is specified as Reverse Bias 
Safe Operating Area and represe~ts the voltage-current 
condition allowable during reverse biased turn-off. This 
rating is verified under clamped conditions so that the 
device is never subjected to an avalanche mode. Figure 13 
gives the complete R BSOA characteristics. 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

SWITCHMODE SERIES 
NPN SILICON POWER TRANSISTORS 

The MJ8504 and MJ8505 transistors are designed for high

voltage, high-speed, power switching in inductive circuits where fall 
time is critical_ They are particularly suited for line operated switch

mode applications such as: 

• Switching Regulators 

• Inverters 

• Solenoid and Relay Drivers 

• Motor Controls 

• Deflection Circuits 

Fast Turn-Off Times 
75 ns Inductive Fall Time -250 C (typ) 

150 ns Inductive'Crossover Time -250 C (typ) 

1_25/ls Inductive Storage Time -250 C (typ) 

Operating Temperature Range -65 to + 2000 C 

lOOoC Performance Specified for: 

Reverse-Biased SOA with I nductive Loads 
Switching Times with Inductive Loads 
Saturation Voltages 
Leakage Currents 

MAXIMUM RATINGS 

Rating Symbol MJB504 

Collector-Emitter Voltage VCEO 700 
Collector-Emitter Voltage VCEV 1200 
Emitter Base Voltage VES' S,O 

Collector Current - Continuous "IC 10 
Peak (1 I ICM 15 

Base Current - Continuous IS S 
Peak (1 I ISM 12 

Total Power Dissipation @ TC = 25°C Po 175 
@TC = 100°C 100 

Derate above 25°C 1.0 

MJB505 

SOO 

1400 
S.O 

10 
15 

S 
12 

175 
100 
1.0 

Operating and Storage Junction TJ, T stg -65 to +200 
Temperature Range 

THERMAL CHARACTERISTICS 
Characteristic Symbol Max 

Unit 

Vdc 

Vdc 

Vdc 

Adc 

Adc 

Watts 

W/oC 

°c 

Unit 

Thermal Resistance, Junction to Case ReJC 1.0 °CIW 
Maximum Lead Temperature for Soldering TL 275 °c 

Purposes: 1/8" from Case for 5 Seconds 

(1 I Pulse Test: Pulse Width - 5 ms, Duty Cycle" 10%. 
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MJ8S04 
MJ8S0S 

10 AMPERE 

NPN SILICON 
POWER TRANSISTORS 

700 and 800 VOLTS 
175 WATTS 

Designer's Data for 
"Worst Case" Conditions 

The Designers Data Sheet per
mits the des.ign of most circuits 
entirely from the information pre
sented. Limit data - representing 
device characteristics boundaries -
are given to facilitate "worst case" 
des,ign. 

NOTES: 

STYLE!: 
PIN 1. BASE 

1. DIMENSIONS 0 AND V ARE DATUMS. 
2. m IS SEATING PlANE AND DATUM. 
3. POSITIONAl. TOLERANCE FOO MOUNTING HOlE Q: 

1+ID,13ID"'I®ITlv®1 
FOftLEAOS: 
It I D.13ID"'I® TI v®IQ®1 

4. DIMENSIONS AND TOLERANCES PER ANSI Yl4.5, 
1973. 

IIllIIETIRS ""''' IlIM ... MAX ... MAX 

2. EMmER 
CASE COlLECTOR 

• • C .,. 
,." 1.550 

" ... D.'" 
T., 0.250 D.3OO 

D , 
F 
G 
H 
J 

• Q 

R 
U 
V 

D.97 1.09 
'.40 1.78 

3O.1S8SC 
IO.928SC 
... osc 

16.89BSC 
11.18 12,19 ,., ." 

26.67 ..., 5.33 ,., 4.19 

CASE 1-05 
TO-204AA 

D.038 D.043 
D.066 0.010 

1.181BSC 

'''''BSC Ol15BSC 
O.665BSC ..., ..., 

0.151 ., .. 
1.'" ., .. .,10 

0.151 ., .. 

• 



MJ8504, MJ8505 

ELECTRICAL CHARACTERISTICS (TC = 25°C unless otherwise noted I 

I Characteristic I Symbol Min Typ Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage (Table 1) MJ8504 VCEO(susl 700 - - Vde 
(lc = 100 mA, IB = 01 MJB505 800 - -

Collector Cutoff Current ICEV mAde 
(VCEV = Rated Value, VBE(offl = 1.5 Vdel - - 0.25 
(VCEV = Rated Value, VBE(off) = 1.5 Vde, TC = 1500 CI - - 5.0 

Collector Cutoff Current ICER - - 5.0 mAde 
(VCE = Rated VCEV, RBE = 50 n, TC = 100°C I 

Emitter Cutoff Current lEBO - - 1.0 mAde 
(VEB = 7.0 Vde, IC = 01 

SECOND BREAKDOWN 

Second Breakdown Collector Current with base forward biased See Figure 12 

Clamped Inductive SOA with Base Reverse Biased See Figure 13 

ON CHARACTERISTICS (11 

DC Current Gain hFE 7.5 - - -
(lC = 1.5 Ade, VCE = 5.0 Vdel 

COllector-Emitter Saturation Voltage VCE(s.tl Vde 
(lC = 5.0 Ade, 18 = 2.0 Adel - - 2.0 
(lC = 10 Ade, IB = 4.0 Adel - - 5.0 
(lC = 5.0 Ade, 18 = 2.0 Ade, T C = 1000 CI - - 3.0 

Base-Emitter Saturation Voltage V8E(satl Vde 
(lC = 5.0 Ade,IB = 2.0 Adel - - 1.5 
(lC = 5.0 Ade, 18 = 2.0 Ade, TC = 1000 CI - - 1.5 

DYNAMIC CHARACTERISTICS 

Output Capacitance 
(VC8 = 10 Vde, IE = 0, f test = 1.0 kHzl 

SWITCHING CHARACTERISTICS 

Resistive Load (Table 1) 

Delay Time td - 0.050 0.20 I'S 

Rise Time 
(VCC = 500 Vde, IC = 5.0 A, 

tr - 0.175 2.0 I'S 

Storage Time 
181 = 2.0 A, VBE(off) = 5.0 Vdc, tp = SOl'S, 

ts - 1.25 4.0 I'S Duty Cycle <; 2.0%1 
Fall Time tf 0.60 2.0 I'S 

Inductive Load, Clamped fTabfe 1) 

Storage Time (lC = 5.0 A(pkl, Vel amp = 500 Vde, IBl = 2.0 A, tsv - 1.75 5.5 I'S 

Crossover Time VSE(offl = 5 Vde. TC = 100°C te - 0.400 2.0 I'S 

Storage Time, 
(lC = 5.0 A(pkl, Vclamp = 500 Vde, 181 = 2.0 A, tsv - 1.25 - I'S 

Crossover Time 
VBE(offl = 5 Vdc, TC = 250 CI 

te - 0.150 - I'S 

Fall Time tfi - 0.075 - I'S 

(11 Pulse Test: PW . 300 I'S, Duty Cycle <; 2%. 
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FIGURE 2 - COLLECTOR SATURATION REGION 
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FIGURE 7 - INDUCTIVE SWITCHING MEASUREMENTS 
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SWITCHING TIMES NOTE 

In resistive switching circuits, rise, fall, and storage 
times have been defined and apply to both current and 
voltage waveforms since they are in phase. However, 
for inductive loads which are common to SWITCHMODE 
power supplies and hammer drivers, current and voltage 
waveforms are not in phase. Therefore, separate measure· 
ments must be made on each waveform to determine 
the total switching time. For this reason, the following 
new terms have been defined. 

tsv = Voltage Storage Time, 90% 181 to 10% VCE(pk) 
trv = Voltage Rise Time, 10-90% VCE(pk) 
tfi = Current Fall Time, 90-10% IC 
tti = Current Tail, 10-2% IC 
tc = Crossover Time, 10% VCE(pk) to 10% IC 

An enlarged portion of the inductive switching waveforms 
is shown in Figure 7 to aid in the visual identity of these 
terms. 

For the designer, there is minimal switching loss 
during storage time and the predominant switching 
power losses occur during the crossover interval and 
can be obtained using the standard equation from AN·222A: 

PSWT = 1/2 VCCIC(tc)f 
In general, trv + tfi = tc' However, at lower test currents 
this relationship may not be valid. 

As is common with most switching tran~istors, resistive 
switching is specified at 250 C and has become a bench· 
mark for designers. However, for designers of high 
frequency converter circuits, the user oriented specifica· 
tions which make this a "SWITCH MODE" transistor are 
the inductive switching speeds (tc and tsv) which are 
guaranteed at 100°C. 

RESISTIVE SWITCHING PERFORMANCE 
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FIGURE 12 - FORWARO BIAS SAFE OPERATING AREA 
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SAFE OPERATING AREA INFORMATION 

FORWARD BIAS 

There are two limitations on the power handling ability 
of a transistor: average junction temperature and second 
breakdown. Safe operating area curves indicate IC-VCE 
limits of the transistor that must be observed for reliable 
operation; i.e., the transistor must not be subjected to 
greater dissipation than the curves indicate . 

The data of Figure 12 is based on TC; 250 C; TJ(pk) 
is variable depending on power level. Second breakdown 
pulse limits are valid for duty cycles to 10% but must be 
derated when TC ;;. 2SoC. Second breakdown limitations 
do not derate the same as thermal limitations. Allowable 
current at the voltages shown on Figure 12 may be found 
at any case temperature by using the appropriate curve on 
Figure 14. 

T J(pk) may be calculated from the data in Figure 11. 
At high case temperatures, thermal limitations will reduce 
the power that can be handled to values less than the 
limitations imposed by second breakdown. 

REVERSE BIAS 

For inductive loads, high voltage and high current must 
be sustained simultaneously during turn-off, in most cases, 
with the base to emitter junction reverse biased. Under 
these conditions the collector voltage must be held to 
a safe level at or below a specific value of collector cur
rent. This can be accomplished by several means such as 
active clamping, RC snubbing, load line shaping, etc, The 
safe level for these devices is specified as Reverse Bias 
Safe Operating Area and represents the voltage-current 
condition allowable during reverse biased turn-off. This 
rating is verified under clamped conditions so that the 
device is never subjected to an avalanche mode. Figure 13 
gives the complete R BSOA characteristics. 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

J)esignel"s Data Sheet 

SWITCHMODE SERIES 
NPN SILICON POWER DARLINGTON TRANSISTORS 

The MJ10000 and MJ1000l Darlington transistors are designed 
for high-voltage, high-speed, power switching in inductive circuits 
where fall time is.critical. They are particularly suited for line oper
ated switch mode applications such as: 

• Switching Regulators 

• Inverters 
• Solenoid and. Relay Drivers 
• Motor Controls 
• Deflection Circuits 

1000 C Performance Specified for: 
Reversed Biased SOA with Inductive Loads 
Switching Times With Inductive Loads-

210 ns Inductive Fall Time (Typ) 
Saturation Voltages 
Leakage Currents 

MAXIMUM RATINGS 
Rating Symbol MJ10000 

Coliector·Emitter Voltage VCEO 350 
Coliector·Emitter Voltage VCEX 400 

MJ10001 
400 
450 

Unit 
Vdc 
Vdc 

• 
Coliector'Emitter Voltage VCEV 450 500 Vdc 
Emitter Ba .. Voltage VEB 8 Vdc 
Collector Current - Continuous IC 20 Adc 

- Peak (1) ICM 30 
Sase Current Continuous IB 2.5 Adc 

- Peak (1) IBM 5 

Total Power Dissipation @ T C = 25u C Po 176 Watts 
@TC=1000 C 100 

Derate above 250 C 1 wf'c 
Operating and Storage Junction TJ,Tstg -65 to +200 °c 

Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Thermal Resistance. Junction to Case R9JC 1 °C/W 

Maximum Lead Temperature for Soldering TL 275 °c 
Purposes: 1/8" from Case for 5 Seconds 

(1) Pulse Test: Pulse Width = 5 ms, Duty Cycle .. 10%. 
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MJI0000 
MJI0001 

20 AMPERE 

NPN SILICON 

POWER DARLINGTON 
TRANSISTORS 

35Oancl400 VOLTS 
176 WATTS 

Designer's Data for 
"Worst Case" Conditions 

The Designer's Data Sheet permits the design 
, of most circuits entirely from the information 
presented. Umit curves - representing bound
aries on device characteristics - are given to 
facilitate "worst case" design. 

F -

STYLE 1 
PIN 1. BASE 

2. EMmER 
CASE COLLECTOR 

CASE '·05 
TO·204AA 

• 



MJ10000. MJ10001 

ELECTRICAL CHARACTERISTICS ITc = 25°C unless otherwise noted). 

I Characteristic I Symbol Min Typ 

OFF CHARACTERISTICS 12) 

Collector-Emitter Sustaining Voltage (Table 1) VCEOlsus) 
(lC = 250 mA, 16 = 0, Vclamp = Rated VCEO) MJ10000 350 -

MJ1000l 400 -
Collector· Emitter Sustaining Voltage !Table I, Figure 12) VCEXlsus) 

IC = 2 A, Velamp = Rated VCEX, TC = 100°C MJ10000 400 -
MJ1000l 450 -

IC = 10 A, Velamp = Rated VCEX, TC = 100°C MJ10oo0 275 -
MJ10oo1 325 -

Collector Cutoff Current ICEV 
(VCEV = Rated Value, VBEloff) = 1.5 Vdc) - -
(Vr.FV = Rated Value, VRFlnffl = 1.5 Vdc, Tr. = 150°C) - -

Collector Cutoff Current ICER - -
(Vr.F = Rated Vr.FV, RRF = 50 n, Tr. = 100°C) 

Emitter Cutoff Current lEBO - -
IVEe = B Vde,lc = 0) 

SECOND BREAKDOWN 

Second Breakdown Collector Current with base forward biased See Figure 11 

ON CHARACTERISTICS (2) 

DC Current Gain hFE 
(lC = 5 Ade, VCE = 5 Vde) 50 -
(lC = 10 Ade VCE = 5 Vde) 40 -

Collector-Emitter Saturation Voltage VCElsatl 
(lC = 10 Ade, Ie = 400 mAde) - -
IIc = 20 Ade, Ie = 1 Adc) - -
1Ir. = 10 Ade, IR = 400 mAde, Tr. = 100°C) - -

Base-Emitter Saturation Voltage VeElsat) 
(lc = 10 Ade, Ie = 400 mAde) - -
(lc = 10 Ade, Ie = 400 mAde, TC = 100°C) - -

Diode Forward Voltage 11) Vf - 3 
IIF = 10 Ade) 

DYNAMIC CHARACTERISTICS 

Small-Signal Current Gain Ihfe l 10 
(I" = 1.0 Ade, V"F = 10 Vdc, f = 1 MHz) 

Output Capacitance Cob 100 

IVCB = 10 Vde, IE = 0, f test = 100 kHz) 

SWITCHING CHARACTERISTICS 

Resistive Load ITable 1) 

Delay Time 
IVcc = 250 Vde, IC = 10 A, 

td - 0.12 

Rise Time leI = 400 mA, VeEloff) = 5 Vde, tp = 50 loiS, tr - 0.20 

Storage Time Duty Cycle'; 2%1- Is - 1.5 

Fall Time 1£ - 1.1 

Inductive Load Clamoed (Table 1) 

Storage Time IIC = 10 Alpk), Vclamp = Rated VCEX, IBI = 400 mA, tsv - 3.5 

Crossover Time VBEloff) = 5 Vdc, TC = 100°C) tc - 1.5 

Storage Time IIC = 10 Alpk), Velamp = Rated VCEX, IBI = 400 mA, tsv - 1.0 
Crossover Time VBEloff) = 5 Vdc, TC = 25°C) . tc - 0.7 

(1) The internal Collector-ta-Emitter diode can eliminate the need for an external diode to clamp inductive loads. 
Tests have shown that the Forward Recovery Voltage (Vf) of this diode is comparable to that of tvpical fast 
recovery rectifiers. 

12) Pulse Test: Pulse Width = 300 loiS, Duty Cycle .. 2%. 
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Max Unit 

Vdc 

-
-

Vde 

-
-
-
-

mAde 
0.25 

5 

5 mAde 

150 mAde 

-
600 
400 

Vdc 
1.9 
3 
2 

Vde 
2.5 
2.5 

5 Vde 

- -

325 pF 

0.2 loiS 

0.6 loiS 

3.5 loiS 

2.4 us 

5.5 loiS 

3.7 loiS 

- loiS 

loiS 



MJ10000. MJ10001 

DC CHARACTERISTICS 
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TABLE 1 - TEST CONDITIONS FOR DYNAMIC PERFORMANCE 

VCEOhusl 

~1 
20 

o....fL 

PW Varied to Attain 
IC"250mA 

l.coU-10mH Vee· 10V 
Reoil"" 0.7.0 
Vclemp " VCEOCIUIJ 

Pulse Width 

adjusted to 
obtain specified 
Ie (Resistive 
SWitching. 
Pulse Width 
.. 50 psI 

INDUCTIVE TEST CIRCUIT 

S_ Above For 
Detailed Conditions 

0.1 n 

l 
I Rcoil 

I 

VCEX(sus) AND INDUCTIVE SWITCHING 
RESISTIVE 
SWITCHING 

r---------~------~--~~~=-~~~~+5V 

Lcoil '" 180 ~H 
Rcoil = 0.05.n 
VCC"20V 

Vclamp = Rated VCEX Value 

OUTPUT WAVEFORMS 

Ie 
tf Clamped 

t 1 Adjusted to 
Obtain Ie 

'tf Uncl.mped ;:,; t2 
..(" LcoH (Iepk' 

~~ ____ ~~__ t1~ Vee 

Test Equipment 
Scope·Tektronix 
475 or Equivalent 

10pF 

a1 2N2907 

a2 2N2222 

a3 2N3762 

Q4 MJE210 

as MJE200 

01 1N914 

02 1N914 

03 1N914 

Vcc"2EiOV 
RL = 25 n 
Pulse Width = 501&1 

RESISTIVE TEST CIRCUIT 

SWITCHING TIMES NOTE 

FIGURE 7 - INDUCTIVE SWITCHING MEASUREMENTS 
In resistive switching circuits, rise, fall, and storage times 
have been defined and apply to both current and voltage 
waveforms since they are in phase. However, for inductive 
loads which are common to SWITCHMODE power 
supplies and hammer drivers, current and voltage wave
forms are not in phase. Therefore, separate measurements 
must be made on each waveform to determine the total 
switching time. For this reason, the following new terms 
have been defined. 

Ie 

I--Isv 

Vclamp 

'8-I- 90% 181 

-- --\- --
\ - 1----

"-'" 

r--I-. W Vclamp -
90% Vcl.mp 90% Ie I 

l"hLl~lfi-: !-tti-
f-t~.:s; i-i -I 

1/ 1'-
10% 10% ....... 

~ Vclamp- le-
Ie 

--- --- - -
.-~ 

TIME 

tsv = Voltage Storage Time, 90% IS1 to 10% Vclamp 
trY = Voltage Rise Time, 10-90% Vclamp 
tfi = Current Fall Time, 90-10% IC 
tti = Current Tail, 10-2% IC 
tc = Crossover Time, 10% Vclamp to 10% IC 

An enlarged portion of the turn·off waveforms is shown in 
Figure 7 to aid in the visual identity of these terms. 
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MJ10000, MJ10001 

SWITCHING TIMES NOTE (continued) 

For the designer, there is minimal· switching loss during 
storage time and the predominant switching power losses 
occur during the crossover interval and can be obtained 
using the standard equation from AN·222: 

PSWT = 1/2 Vcclc(td f 

In general, trv + tfi '" tc' However, at lower 
test currents this relationship may not be valid. 

As· is common with most switching transistors, resistive 
switching is specified at 2!PC and has become a benchmark 
for designers. However, for designers of high frequency 
converter circuits, the user oriented specifications which 
make this a "SWITCHMODE" transistor are the inductive 
switching speeds (tc and tsv ) which are guaranteed at 
1000 C. 

RESISTIVE SWITCHING PERFORMANCE 

FIGURE 8 - TURN'()N TIME FIGURE 9 - TURN'()FF TIME 
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MJ10000, MJ10001 

Tho Safe Operating Area figures "'awn in Figures 11 and 12 are 
specified ratings for these devices under the test conditions shown. 

FIGURE 11 - FORWARO BIAS SAFE OPERATING AREA 
50 D.' 
20 100#l~ 

ii: 10 " ~ 5 1m. 
I-

~ 2 5m. 

1 ['!."l 
i3 
'" 0.5 TC - 250C 0 r-. - - BONDING WIRE LIMITED f::,dc 

~ 0.2 f::: THERMALLY LIMITED . 
0.1~· SECOND BREAKDOWN LIMITED 

0 CURVES APPL Y BELOW RATED VCEO .., 0.05 
!3 

0.02 MJ10000 1:::= 
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FIGURE 12 - REVERSE BIAS SWITCHING 
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SAFE OPERATING AREA INFORMATION 

FORWARD BIAS 
There are two limitations on the power handling ability 

of a transistor: average junction temperature and second 
breakdown. Safe operating area curves indicate IC-V CE 
limits of the transistor that must be observed for reliable 
operation; i.e., the transistor must not be subjected to 
greater dissipation than the curves indicate. 

The data of Figure 11 is based on TC = 250 C; TJ(pk) 
is variable depending on power level. Second breakdown 
pulse limits are valid for duty cycles to 10% but must be 
derated when TC;;' 250 C. Second breakdown limitations 
do not derate the same as thermal limitations. Allowable 
current at the voltages shown on Figure 11 may be found 
at any case temperature by using the appropriate curve on 
Figure 13. 

T J(pk) may be calculated from the data in Figure 10. 
At high case temperatures, thermal limitations will reduce 
the power that can be handled to values less than the 
limitations imposed by second breakdown. 

REVERSE BIAS 
For inductive loads, high voltage and high current must 

be sustained simultaneously during turn-off, in most cases, 
vvith the base to emitter junction reverse biased. Under 
these conditions the collector voltage must be held to a 
safe level at or below a specific value of collector current_ 
This can be accomplished by several means such as active 
clamping, RC snubbing, load line shaping, etc. The safe 
level for these devices is specified as V CEX(sus) at a given 
collector current and represents a voltage-current condi
tion that can be sustained during reverse biased turn-off. 
This rating is verified under clamped conditions so that 
the device is never subjected to an avalanche mode. Fig
ure 12 gives the complete reverse bias safe operating area 
characteristics. 

FIGURE 13 - POWER OERATING 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

De~ign'"-'''!-i Data Sheet 

SWITCHMODE SERIES 
NPN SILICON POWER DARLINGTON TRANSISTORS 

The MJ10002 Darlington transistor is designed for high-voltage, 
high-speed, power switching in il)ductive circuits where fall time is 
critical. It is particularly suited for line operated switch mode appli
qations such' as: 

• Switching Regulators 

• Inverters 
e' Solenoid and Relay Drivers 

• Motor Controls 
• Deflection Circuits 

'1000 C Perf~rmance Specified for: 

Reversed Biased SOA with Inductive Loads 

Switching Times with Inductive Loads -
140 ns Inductive Fall Time (Typ) 

Saturation Voltages 

Leakage Currents 

MAXIMUM RATINGS 
Rating Symbol 

Collector·Emitter Voltage VCEO 
Collector-Emitter Voltage VCEX 
Collector-Emitter Voltage V V 
Emitter Ba", VoltSge VEB 
Collector Current - Continuous IC 

- Peak (1) ICM 
Base Current - Continuous IB 

- Peak (1) IBM 
Total Power Dissipation @TC = 25°C Po 

@TC= lOOoC 
Derate above 25°C 

Operating and Storage Junction TJ,Tst9 
Temperature Range 

THERMAL CHARACTERISTICS 

MJ10002 
350 

400 
450 

B.O 
10 
20 
2.5 
5.0 

150 
100 
0.B6 

-65 to +200 

Unit 

Vdc 
Vdc 
Vdc 
Vdc 
Adc 

Adc 

Watts 

w/oe 
°c 

Characteristic Symbol Max Unit 

Thermal Resistance. Junction to Case _ R8JC 1.17 °C/W 

Maximum Lead Temperature for Soldering TL 275 °c 
Purposes: 1/8" from Case for 5 Seconds 

(1) Pulse Test: Pulse Width = 5.0 ms, Duty Cycle .. 10%. 
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MJ10002 

10 AMPERE 

NPN SILICON 

POWER DARLINGTON 
TRANSISTORS 

350 VOLTS 

150 WATTS 

Designer's Data for 
"Worst Case" Conditions' 

The Designers Data Sheet per· 
mits the design of most circuits 
entirely from the information pre· 
sehted. bimit data - representing 
device characteristics boundaries -
are given to facilitate "worst case" 
design. 

NOTES: 
I. DIMENSIONS a AND v ARE DATUMS. 
2. OJ ISSEAmm PLANE AND DATUM. 
3. POSITIONAL TOLERANCE fOR 

MOUNTING HOLED: 

!.!I,"(o,005l@!T!V@! 
FOR LEADS: 

! t !1."\O,0051@T!V@!.@! 
4. DIMENSIONS AND TOLERANces PER 

ANStYI4.5,IS13. 

CASE 1-06 
TO-2D4AA 

BASE 
EMITTER 
COLLECTOR 

• 



MJ10002 

ELECTRICAL CHARACTERISTICS (TC' 25°C unless ott,erwise noted). 

Min Typ 

OFF CHARACTERISTICS (2) 

Collector-Emitter Sustaining Voltage (Table 1) VCEO(sus) 
(lC = 250 mA,lB = 0, Vel amp = Rated VCEOI MJl0002 350 -

Collector-Emitter Sustaining Voltage (Table 1, Figure 121 VCEX(sus) 
(lC = 1.0 A, Velamp = Rated VCEX, TC = l000C) MJ10002 400 -

(lC = 5,0 A, Velamp = Rated VCEX, TC = l000C) MJ10002 275 -

Collector Cutoff Current ICEV 
(VCEV = Rated Value, VBE(offl = 1.5 Vde) - -
(VCEV = Rated Value, VBE(off) = 1.5 Vde, TC = 1500C) - -

Collector Cutoff Current ICER - -
(VCE = Rated VCEV, RBE = 50 n, TC = 1000C) 

Emitter Cutoff Current lEBO - -
(VEB = 8,0 Vde, IC = 0) 

SECOND BREAKDOWN 

Second Breakdown Collector Current with base forward biased See Figure 11 

ON CHARACTERISTICS (2) 

DC Current Gain hFE 
(lC = 2.5 Ade, VCE = 5.0 Vde) 40 -
(lC = 5.0 Ade, VCE = 5.0 Vde) 30 -

Collector-Emitter Saturation Voltage VCE(sati 
(lC = 5.0 Ade, IB = 250 mAde) - -
(lC = 10 Ade, IB = 1.0 Ade) - -
(lC = 5,O-Ade, IS = 250 mAde, TC = 1000C) - -

Base-Emitter Saturation Voltage VaE(.atl 
(lC = 5.0 Ade, IS = 250 mAde) - -
(lC = 5.0 Ade, la = 250 mAde, TC = 10COC) - -

Diode Forward Voltage (11 Vf - 3.0 
(IF = 5.0 Ade) 

DYNAMIC CHARACTERISTICS 

Small-Signal Current Gain I h'e 1 10 -
(lC = 1.0 Ade, VCE = 10 Vde, f test =1.0 MHz) 

Output Capacitance Cob 60 -
(Vca =50 Vde, IE = 0, ftest = 100 kHz) 

SWITCHING CHARACTERISTICS 

Resistive Load (Table 1) 

Delay Time 
(VCC'; 250 Vde, IC = 5.0 A, Id - 0.05 

Rise Time IBI = 250 mA, VSE(off) = 5.0 Vde, tp = 50/lS, tr - 0.25 

Storage Time Duty Cycle .. 2.0%). t. - 1.2 

Fall Time 'f - 0.6 

Inductive Load, Clamped (Table 1) 

Storage Time IIC = 5.0 A(pk), Velamp = Rated VCEX, IBI = 250 mA, t,. - 2.1 

Crossover Time VBE(off) - 5.0 Vde, TC = 10COC) te - 1.3 

Storage Time IIC - 5.0 A(pk), Vel amp = Rated VCEX, IBI = 250 mA, tsv - 0.92 

Crossover Time VBE(off) = 5.0 Vde, TC = 250C) te - 0.5 

(1) The internal O::>lIector~to~Emitter diode can eliminate the need for an external diode to clamp inductive loads. 
Te'ts have .hown that 'he Forward Recovery Voltage (Vf) of this diode i. comparable to that of typical 
fast recovery rectifiers. 

(2) Pulse Test: Pul •• Width = 300 Il', Duty Cycle';; 2%. 
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Max Unit 

Vde 

-

Vde 

-

-

mAde 
0.25 
5.0 

5.0 mAde 

175 mAde 

-
500 
300 

Vde 
1.9 
2.9 
2.0 

Vde 
2.5 
2.5 

5.0 Vde 

- -

275 pF 

0.2 Il' 

O.B Il' 
3.0 Il' 

1.5 Il' 

6.0 Il' 
3.3 1" 

- Il' 
- Il' 



MJ10002 

DC CH.ARACTERISTICS 
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TABLE 1 - TEST CONDITIONS FOR DYNAMIC PERFORMANCE 

VCEOlsus) VCEXlwsl AND INDUCTIVE SWITCHING 
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'" 50 "'s) 
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Vee =20V 
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FIGURE 7 - INDUCTIVE SWITCHING MEASUREMENTS 
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SWITCHING TIMES NOTE 

In resistive switching circuits, rise, fall, and storage times 
have been defined and apply to both current and voltage 
waveforms since they are in phase. However, for inductive 
loads which are common to SWITCHMODE power 
supplies and hammer drivers, current and voltage wave· 
forms are not in phase. Therefore, separate measurements 
must be made on each waveform to determine the total 
switching time. For this reason, the following new terms 
have been defined. 

tsv = Voltage Storage Time, 90% 181 to 10% Vclamp 
try = Voltage Rise Time, 10-90% Vel amp 
tfi = Current Fall Time, 90-10% IC 
tti = Current Tail, 10-2% IC 
te = Crossover Time, 10% Vclamp to 10% IC 

An enlarged portion of the turn·off waveforms is shown in 
Figure 7 to aid in the visual identity of these terms. 
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SWITCHING TIME NOTES (continued) 

For the designer, there is minimal switching loss during 
storage time and the predominant switching power losses 
occur during the crossover interval and can be obtained 
using the standard equation from AN·222: 

PSWT = 112 VCCICltc! f 
In general, trv + tfi ", tc' However, at lower 

test currents this relationship may not be valid. 
As is common with most switching transistors, resistive 

switching is specified at 2!PC and has become a benchmark 
for designers. However, for designers of high frequency 
converter circuits, the user oriented specifications which 
make this a "SWITCHMODE" transistor are the inductive 
switching speeds (tc and tsv ) which are guaranteed at 
lOOoC. 

RESISTIVE SWITCHING PERFORMANCE 

FIGURE 8 - TURN·ON TIME FIGURE 9 - TURN·OFF TIME 

7 
1 

O. 
0.5 = O. 

O. 

3-

! 
:E O. 

~. 0.0 
0.0 

2 

1 

7 

5 

0.03 

0.0 2 

0.0 1 
0.1 

VCC = 250 V 
IS1= 250mA 
TJ = 25°C 

---F"-

0.2 0.3 0.5 0.7 1 

I, ./ 

- Id 

10 

j 
w 

'" ;:: 

10 

7 

0.7 
0.5 

0.3 

0.2 

O. 1 
0.1 

IC, COLLECTOR CURRENT (AMP) 

;;i O. 
~_ o. 
wO 
%w 
I- ~ O. ... ~ 
~ ~ o. 
",0 «Z :=;: o. 
~ ~o,o 

§~ 0.0 
~~ 

I 

7f=0 = 0.5 
5 

3r== 0.2 

2 
t-- 0.1 

11==.0.05 

7~0.02 
5 

~ ~ 0.03 - A< om 
0.0 21-- SINGLE PULSE 

1 III 

FIGURE 10 - THERMAL RESPONSE 

--
I-

'""" ~ 1000-

VSE(off) - 5 V ;t 
VCC -250V 
lSI = 250 mA 

r-.I' 
TJ = 25°C 

...... 
~ 

-... If ~ 

0.2 0.3 0.5 0.7 

IC, COLLECTOR CURRENT (AMP) 

ROJC(I) - ,(I) ROJC 
ROJC(t) - 1.17 'crw Max 

o CURVES APPLY FOR POWER 
PULSE TRAIN SHOWN 
REAO TIME AlII 

TJlpk) TC P(pk) RoJC(I) 

pEfUl 
t~-J 
OUTY CYCLE, 0 = 11/12 

10 

0.0 
0.01 0.02 0.03 0.05 0.1 0.2 0.3 0.5 10 20 30 50 100 200 300 500 1000 

I, TIME 1m,) 

3-674 



MJ10002 

The Safe Operating Area figures shown in Figures 11 and 12 are 
specified ratings for these devices under the test conditions shown. 

FIGURE 11 - ACTIVE·REGION SAFE OPERATING AREA 
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SAFE OPERATlN-G AREA INFORMATION 

FORWARD BIAS 
There are two limitations on the power handling ability 

of a transistor: junction temperature and second break· 
down. Safe operating area curves indicate IC-VCE 
I imits of the transistor that must be observed for rei iable 
operation; i.e .. the transistor must not be 5ubjected to 
greater dissipation than the curves indicate. 

The data of Figure 11 is based on TC = 250 C; TJ(pkl 
is variable depending on power level. Second breakdown 
pulse limits are valid for duty cycles to 10% but must be 
derated when TC;;' 250 C. Second breakdown limitations 
do not derate the same as thermal I imitations. Allowable 
current at the voltages shown on Figure 11 may be found 
at any case temperature by using the appropriate curve on 
Figure 13. 

TJ(pk) may be calculated from the data in Figure 10. 
At high case temperatures. thermal limitations will reduce 
the power that can be handled to valups less than the 
limitations imposed by second breakdown. 

REVERSE BIAS 
For inductive loads, high voltage and high current must 

be sustained simultaneously during turn·off, in most cases, 
with the base to emitter junction reverse biased. Under 
these conditions the collector voltage must be held to a 
safe level at or below a specific value of collector current. 
This can be accomplished by several means such as active 
clamping, RC snubbing, load line shaping, etc. The safe 
level for these devices is specified as VCEX(sus) at a given 
collector current and represents a voltage-current condi· 
tion that can be sustained during reverse biased turn-off. 
This rating is verified under clamped conditions so that 
the device is never subjected to an avalanche mode. Fig· 
ure 12 gives the complete reverse bias safe operating area 
characteristics. 

FIGURE 13 - POWER DERATING 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

II 

SWITCHMODE SERIES 
NPN SILICON POWER DARLINGTON TRANSISTORS 

WITH BASE-EMITTER SPEEDUP DIODE 

The MJ10004 and MJ10005 Darlington transistors are designed 
for high-voltage, high-speed, power switching in inductive circuits 
where fall time is critical. They are particularly suited for line oper
ated switch mode applications such as: 

• Switching Regulators 
• Inverters 
• Solenoid and Relay Drivers 
• Motor Controls 
• Deflection Circuits 
Fast Turn·Off Times 

40 ns Inductive Fall Time - 25°C (Typ) 
650 ns Inductive Storage Time - 25°C (Typ) 

Operating Temperature Range -65 to +200oC 

1000C Performance Specified for: 
Reversed Biased SOA with Inductive Loads 
Switching Times with Inductive Loads 
Saturation Voltages 
Leakage Currents 

MAXIMUM RATINGS 
Rating Symbol MJ10004 

Collector·Emitter Voltage VCEO 350 
Collector-Emitter Voltage VCEX 400 
Collector-Emitter Voltage VCEV 450 
Emitter Base Voltage VEB 
Collector Current - Continuous IC 

- Peak 11) ICM 
Base Current - Continuous IB 

- Peak 11) IBM 
Total Power Dissipation@ TC = 25°C Po 

@TC= 100°C 
Derate above 25°C 

MJ10005 
400 
450 
500 

B.O 
20 
30 
2.5 
5.0 
175 
100 
1.0 

Operating and Storage Junction T J.Tstg -65 to +200 
Temperature Range 

THERMAL CHARACTERISTICS 

Unit 

Vdc 
Vdc 
Vdc 
Vdc 
Adc 

Adc 

Watts 

W/oC 

°c 

Characteristic Symbol MIx Unit 

Thermal Resistance. Junction to Case R8JC 1.0 °C/W 

Maximum Lead Temperature for Soldering TL 275 °c 
Purposes: 1/8" from Case for 5 Seconds 

(1) Pulse Test: Pulse Width = 5.0 ms, Duty Cvcle "'" 1 0%. 
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MJl0004 
MJ1000S 

20 AMPERE 

NPN SILICON 

POWER DARLINGTON 
TRANSISTORS 

350 and 400 VOL TS 
175 WATTS 

Designer's Data for 
"Worst Case" Conditions 

The Designers Data Sheet per
mits the design of most circuits 
entirely from the information pre
sented. Limit data - representing 
device_ characteristics boundaries -
are given to facilitate "worst case" 
design. 

~ LI&? I~r ~ 1; D K 
-- j 

NOTES: 

Q 

STYLE 1 
PIN 1. BASE 

2. EMlnER 
CASE COLLECTOR 

F -

1. DIMENSIONS Q AND V ARE DATUMS. 
2. m IS SEATING PLANE AND DATUM. 
3. POSITIONAL TOLERANCE FOR 

MOUNTING HOLE Q: 

I tll."I._,",,@ITlv@1 
FOR LEADS: 

I t I ~"I._O.5)@T I v@1 Q@I 
4. DIMENSIONS AND TOLERANCES PER 

ANSIY14.5,1973. 

CASE 1-115 
TO-204AA 

• 



MJ10004. MJ10005 

ELECTRICAL CHARACTERISTICS 1TC" 25°C unless otherwise notedl. 
I Ch __ istie I Symbol Min Typ 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage (Table 1. VCEO(susl 
(lC = 250 mA.IS = O. Vclamp = Rated VCEOI MJ10004 350 -

MJ10005 400 -
Collector-Emitter Sustaining Voltage (Table 1. Figure 12) VCEX(susl 

(lC = 2.0 A. Vclamp = Rated VCEX. TC = l000 CI MJ10004 400 -
MJ10005 450 -

(lC = 10 A. Velamp = Rated VCEX. TC = l000 CI MJ 1 0004 275 -
MJ10005 325 -

Collector Cutoff Current ICEV 
(VCEV = Rated Value. VSE(offl = 1.5 Vdel - -
(VCEV = Rated Value. VSE(off) = 1.5 Vde. TC = 150°C) - -

Collector Cutoff Current ICER -
(VCE = Rated VCEV. RSE = 50 n. TC = 100°C) 

Emitter Cutoft Current IESO - -
(VES = 2.0 Vde. IC = 01 

SECOND SREAKDOWN 

Second Breakdown Collector Current with base forward biased See Figure 11 

ON CHARACTERISTICS (2) 

DC Current Gain hFE 
(lC = 5.0 Ade. VCE = 5.0 IIdcl 50 -
(lc = 10 Ade. VCE = 5.0 Vdel 40 -

Collector-Emitter Saturation Voltage VCE(satl 
(lC = 10 Adc. IS = 400 mAde) - -
(lC = 20 Ade. IS = 2.0 Ade) - -
IIc = 10 Adc. IS = 400 mAde. TC = 100°C) - -

Base-Emitter Saturation Voltage VSE( .. t) 
(lC = 10 Adc. IS = 400 mAde) - -
(lC = 10 Adc.IS = 4oomAdc. TC = 100°C) - -

Diode Forward Voltage (11 Vf - 3.0 
(IF = 10 Adc) 

DYNAMIC CHARACTERISTICS 

Small-Signal Current Gain Ihfe l 10 -
(lC = 1.0 Ade. VCE = 10 Vde. ftest = 1.0 MHzl 

Output Capacitance Cob 100 -
(VCS = 10 Vdc. IE = O. ftest = 100 kHzl 

SWITCHING CHARACTERISTICS 

Resistive load (Table 1) 

Delay Time 
(VCC = 250 Vde. IC = 10 A. 

td - 0.12 

Rise Time 
ISl ='400 mAo VSE(offl = 5.0 Vde. tp = 50,.... tr 0.2 

Storage Time Duty Cycle" 2%). ts 0.6 
Fall Time tf - 0.15 

Inductive load. Clamped (Table') 

Storage Time (lC = 10 A(pkl. Velamp = Rated VCEX. ISl = 400 rnA. tsv - 1.0 

Crossover Time VSE(offl = 5.0 Vdc. TC = 100°C) te - 0.4 

Storage Time (lC = 10 A(pk). Vclamp = Rated VCEX. IS, = 400 mAo tsv - 0.65 
Crossover Time VSE(off! = 5.0 Vdc. TC = 250 CI te 0.2 

(11 The internal Collector-to-Emitter diode can eliminate the need for an external diode to clamp inductive loads. 
Tests have shown that the Forward Recovery Voltage tVfl of this diode is comparable to that of typical fast 
recovery rectifiers. 

(2) Pulse Test: PW = 300 "S. Duty Cycle" 2%. 
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Max Unit 
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TYPICAL CHARACTERISTICS 

z 
;; 

500 

300 

100 

'" 100 ..... 
~ 10 
~ 50 
i3 
u 30 
Q 

~ 20 

10 

7 
5 

24 

6 

1 

O. 8 

0.4 

FIGURE 1 - DC CURRENT GAIN 

TJ·150oC 

...... r- I 
15°C 

~ I--"" 

-550C 

/' I 

./ 
V~E • 51' 

0.2 0.3 

r-

r-

0.5 0.7 

IC, COLLECTOR CURRENT lAMP) 

FIGURE 3 - COLLECTOR·EMITTER 
SATURATION VOLTAGE 

I II 
I II 
Ic/lB :10 

TJ' ·550C 

-----t:: -...-
f--e- 15°C ....... v 

I-- --Isooc 

0.1 0.3 0.5 0.1 

104 

~ 103 
.... 
.~ 
a 102 

'" Q 

~ 101 

8 
~ 100 

I 

IC, COLLECTOR CURRENT IAMPI 

FIGURE 5 - COLLECTOR CUTOFF REGION 

~VCE:150{ . 

'" 
r-- TJ • 125°C / , 
r-- -100°C 

r-- -75°C I .-

!+REVERSE FORWARO, 

~250C 

'\. 

r-

10 10 

/, 
'} 

/1 
/fi 
'/ 

10 10 

10· 
·0.1 "'0.2 +04 +0.6 +0.8 

VBE, BASHMITTER VOL TAGE IVOLTSI 

3-678 

FIGURE 2 - COLLECTOR SATURATION REGION 
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TABLE 1 - TEST CONDITIONS FOR DYNAMIC PERFORMANCe.. 
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In resistive switching circuits, rise, fall, and storage times 
have been defined and apply to both current and voltage 
waveforms since they are in phase. However, for inductive 
loads which are common to SWITCHMODE power 
supplies and hammer drivers, current and voltage wave· 
forms are not in phase. Therefore, separate measurements 
must be made on each waveform to determine the total 
switching time. For this reason, the following new terms 
have been defined. 

tsv = Voltage Storage Time, 90% ISl to 10% Vclamp 
trY = Voltage Rise Time, 10-90% Vclamp 
tfi = Current Fall Time, 90-10% IC 
tti = Current Tail, 10-2% IC 
tc = Crossover Time, 10% Vclamp to 10% IC 

An enlarged portion of the turn·off waveforms is shown in 
Figure 7 to aid in the visual identity of these terms. 

3-679 



MJ10004. MJ10005 

3 

2 

I/---

7 O. 

j 0 .5 
w 
IE 
;:: 
-' o. 

o. 

3 

2 

.1 

~ 

1 

0.7 

TYPICAL CHARACTERISTICS 

SWITCHING TIME NOTES (continued) 

For the designer. there is minimal switching loss during 
storage time and the predominant switching power losses 
occur during the crossover interval and can be obtained 
using the standard equation from AN·222: 

PSWT = 1/2 VCCIClte! f 

In general, trv + tfi "" tc' However, at lower 
test currents this relationship may not be valid. 

As is common with most switching transistors, resistive 
switching is specified at 2!PC and has become a benchmark 
for designers. However. for designers of high frequency 
converter circuits, the user oriented specifications which 
make this a "SWITCHMODE" transistor are the inductive 
switching speeds Itc and tsv ) which are guaranteed at 
1000 C. 

RESISTIVE SWITCHING PERFORMANCE 

FIGURE 8 - TURN·ON TIME FIGURE 9 - TURN·OFF TIME 

VCC = 250 v 
Iclla = 25 
TJ~250C 

~'d 

~ 
--..;:: 
~ 

1"':: 

"I"-

IC. COLLECTOR CURRENT (AMP) 

/' 
y 

10 20 

1 

7 O. 

o. 5 

] o. 3 

w 
! o. 2 

o. 

0.0 

0.0 

1 

7 

5 

VaE(off) = 5 V 
Vcc=250V 

Iclla = 25 'i;' TJ • 250C ....... i"'" 

V 
L V 

L 
V I-"f" 

1 
IC. COLLECTOR CURRENT (AMP) 

FIGURE 10 - THERMAL RESPONSE 

J 
lL 

.L 
L 
If 

10 20 

w 
'-' z 0.5 

D ·0.5 

0.3 ~ 
5 
~ Ci 0.2 
Cw 
lEN 

1 ~ ~ o. 
:: ~ 0.07 
~ ~ 0.05 
in 
~ 0.03 

" ~ 0.02 

'" 

r--

f--

i""'" 

,"" 0.0 
0.01 

0.2 
I-'"': 

0.1 -0.05 

0.02 ..... 
w:::: -
""1 SliG~E r~ln 

0.02 0.05 0.1 0.2 0.5 

-,"",2 
Plp~) 

tJLrl ZOJC(!) = rlt) RfJJC 
R8JC = 10CiW MIX 

D CURVES APPLY FOR POWER 

12~~ 
PULSE TRAIN SHOWN 
READ TIME AT 11 

TJlpk) - Tc' Plpk) Z'JCII) 
DUTY CYCLE. D' ""2 

j IIII I L I I I I I ill .1.1 L 1 ULL 
10 20 50 100 200 500 , k 

t. TIME ImsJ 

3-680 



MJ10004. MJ10005 

Th. Sef. Operoting Are. figural ""own in Figur .. 11 and 12 .re 
specified ,.tin .. for thl. devices under the teat conditions shown. 
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SAFE OPERATING AREA INFORMATION 

FORWARD BIAS 
There are two limitations on the power handling abilitv 

of a transistor: average junction temperature and second 
breakdown. Safe operating area curves indicate IC-VCE 
limits of the transistor that must be observed for reliable 
operation; i.e., the transistor must not be subjected to 
greater dissipation than the curves indicate. 

The data of Figure 11 is based on TC = 250 C; TJ(pk) 
is variable depending on power level. Second breakdown 
pulse limits are valid for duty cycles to 10% but must be 
derated when TC ~ 250 C. Second breakdown limitations 
do not derate the same as thermal limitations. Allowable 
current at the voltages shown on Figure 11 may be found 
at any case temperature by using the appropriate curve on 
Figure 13. 

T J(pk) may be calculated from the data in Figure 10. 
At high case temperatures, thermal limitations will reduce 
the DOwer that can be handled to values less than the 
limitations imposed by second breakdown. 

REVERSE BIAS 
For inductive loads, high voltage and high current must 

be sustained simultaneously during turn-off, in most cases, 
with the base to emitter junction reverse biased. Under 
these conditions the collector voltage must be held to a 
safe level at or below a specific value of collector current. 
This can be accomplished by several means such as active 
clamping, RC snubbing, load line shaping, etc. The safe 
level for these devices is specified as VCEX(sus) at a given 
collector current and represents a voltage-current condi
tion that can be sustained during reverse biased turn-off. 
This rating is verified under clamped conditions so that 
the device is never subjected to an avalanche mode. Fig· 
ure 12 gives the complete reverse bias safe operating area 
characteristics. 

FIGURE 13 - POWER DERATING 
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MOTOROLA . 
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TECHNICAL DATA 

SWITCHMODE SERIES 
NPN SILICON POWER DARLINGTON TRANSISTORS 

WITH BASE-EMITTER SPEEDUP DIODE 

The MJ10006 and MJ10007 Darlington transistors are designed 
for high-voltage, high-speed, power switching in inductive circuits 
where fall time is critical_ They are particularly suited for line oper
ated switch mode applications such as: 
• Switching Regulators 
• Inverters 
• Solenoid and Relay Drivers 
• Motor Controls 
• Deflection Circuits 
Fast Turn-Off Times 

30 ns Inductive Fa" Time - 250 C (Typ) 
500 ns Inductive Storage Time - 250 C (Typ) ) 

Operating Temperature Range -65 to +2000 C 
1000 C Performance Specified for: 

Reversed Biased SOA with Inductive Loads 
Switching Times with Inductive Loads 
Saturation Voltages 
Leakage Currents 

MAXIMUM RATINGS 
Rating Symbol MJlOO06 MJl0007 

Collector·Emitter Voltage 

Collector· Emitter Voltage 

Coliector·Emitter Voltage 

Emitter Base Voltage 

Collector Current - Continuous 
- Peak (1) 

Base Current - Continuous 
-Peak(l) 

Total Power Dissipation @ T C = 25°C 
@ TC = 100°C 

Derate above 25°C 

Operating and Storage Junction 
Temperature Range 

THERMAL CHARACTERISTICS 

VCEO 

VCEX 

VCEV 

Po 

350 400 
400 450 

450 500 

8.0 
10 
20 
2.5 
5.0 

150 
100 
0.86 

-65 to +200 

Characteristic Symbol Max 

Thermal ReSistance,. Junction to Case 

Maximum Lead Temperature for Soldering 
Purpose.: liS" from Case for 5 Seconds 

R8JC 

TL 

(I) Pulse Test: Pulse Width = 5.0 mo, Duty Cycle .. 10%. 

1.17 

275 

3-682 

Unit 

Vdc 

Vdc 

Vdc 

Vdc 

Adc 

Adc 

Watts 

W/oC 

°c 

Unit 

°C/W 

°c 

MJ10006 
MJl0007 

10 AMPERE 

NPN SILI,CON 

POWER DARLINGTON 
TRANSISTORS 

350 AND 400 VOLTS 
150 WATTS 

Designer's Data for 
"Worst Case" Conditions 

The Designers Data Sheet per· 
mits the design' of most circuits 
entirely from the information pre· 
sented. Limit data - representing 
device characteristics boundaries -
are given to facilitate "worst case" 
design. 

NOTES: 

STYLE 1 
PIN 1. BASE 

2. EMITTER 
CASE COLLECTOR 

1. DIMENSIONS 0 AND V ARE DATUMS. 
2. ill IS SEATING PLANE AND DATUM. 
3. POSITIONAL TOLERANCE FOR 

MOUNTING HOLE Q: 

1*lt.1310·005J@lrlv@1 
FOR LEADS: 

I * I t.1310.005J@r I v@I.@1 
4. DIMENSIONS AND TOLERANCES PER 

ANSI V14.5, 1973. 

DIM 

• B 
C 
D 
E 
F 

• H 

• K 

• • u 
v 

CASE 1-05 
TO-204AA 

• 



MJ10006, MJ10007 

ELECTRICAL CHARACTERISTICS ITC ~ 25°C unless otherwIse noted!' 

I Chat.ct.,.,i. I Symbol Min Typ 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage (Table 1) VCEOIsusl 
(lc • 250 mA, IB = 0, Velamp = Rated VCEO) MJ10006 350 -

MJ10oo7 400 -
Collector-Emitter Sustaining Voltage (Table 1, Figure 12) VCEX(sus) 

IIC = 1 A, Velamp = Rated VCEX' TC = 100°C) MJ10oo6 400 -
MJ10oo7 450 -

IIC = 5 A, Velamp = Rated VCEX, TC = 100°C) MJ10006 275 -
MJ10007 325 -

Collector Cutoff Current ICEV 
IVCEV = Rated Value, VBElofl) = 1.5 Vde) - -
IVCEV = Rated Value, VBElofl) = 1.5 Vde, TC =. 150°C) - -

Collector Cutoff Current ICER - -
IVCE = Rated VCEV, RBE = 50 n, TC = 100°C) 

Emitter Cutoft Current lEBO - -
(VEB = 2 Vde, IC - 0) 

SECOND BREAKDOWN 

Second Breakdown Collector Current with base forward biased See Figure 11 

ON CHARACTERISTICS (2) 

DC Current Gain hFE 
IIC = 2.5 Ade, VCE = 5.0 Vde) 40 -
(lc = 5.0 Ade, VCE = 5.0 Vde) 30 -

Collector-Emitter Saturation Voltage VeE(sat) 
(lC = 5.0 Ade, IB = 250 mAde) - -
(lC = 10 Ade, IB = 1.0 Adc) - -
IIC = 5.0 Ade, IB = 250 mAde, TC = 100°C) - -

Base-Emitter Saturation Voltage VBElsatl 
(lC = 5.0 Ade, IB = 250 mAde) - -
(lc = 5.0 Ade,IB = 250 mAde, TC = 100°C) - -

Diode Forward Voltage 111 V, - 3.0 
IIF = 5.0 Adc) 

DVNAMIC CHARACTERISTICS 

Small·Signal Current Gain I hfe I 10 -
IIC = 1.0 Adc, VCE = 10 Vdc, ftest = 1.0 MHz) 

Output Capacitance Cob 60 -
IVCB = 10 Vdc, IE = 0, 'test = 100 kHz) 

SWITCHING CHARACTERISTICS 

Resistive Load (Table 11 

Delay Time 
(VCC = 250 Vde, IC = 5.0 A, td - 0.05 

Rise Time IBI = 250 mA, VBE(off) = 5.0 Vdc, tp = 50,,,,, tr - 0.25 

Storage Time Duty Cycle" 2 ,O%!. t, - 0.5 

Fall Time t, - 0.06 

Inductive Load, Clamped ITable 1) 

Storage Time IIC = 5.0 Alpk), Velamp = Rated VCEX, IBI = 250 mA, tsv - O.S 

Crossover Time VBE(off) = 5.0 Vdc, TC = l000 C) Ie - 0.6 

Storage Time (IC = 5,0 A(pk), Velamp = Rated VCEX, IBI = 250 mA, tsv - 0.5 
Crossover Time VBE(off) = 5,0 Vde, T C = 250 C) te - 0.3 

(1 ) The internal Collector·to-Emitter diode can eliminate the need for an extern.1 diode to clamp inductive loads. 
Tilts have shown that the forward Recovery Voltage (Vt) of this diode is comparable to that of typical 
fast recovery rectifiers. 

(2) Pulse Test: PW = 300 IlS, Duty Cycle .. 2%. 
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M.x Unit 

Vd. 
-
-

Vde 
-
-
-
-

mAde 

0.25 
5.0 

5.0 mAde 

175 mAde 

-
500 
300 

Vde 
1.9 
2.9 
2.0 

Vde 
2,5 
2,5 

5 Vde 

- -

275 pF 

0.2 us 

0.6 us 

1.5 us 

0.5 us 

2,0 IlS 

1,5 us 

- '" - US 



MJ10006, MJ10007 

TYPICAL CHARACTERISTICS 
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MJ10006, MJ10007 

TABLE 1 - TEST CONDITIONS FOR DVNAMIC PERFORMANCE 

PW Varied to Altalln 
Ie" 250 mA 

Leol! - 10 mH Vee" 10 V 
Reoil- 0.1 n 
Vc1emp " VCEOllua) 

Pul •• Width 

adjusted 10 
obtain specified 
Ie (Resiltive 
SWitching. 
Pul •• Width 
.. 50,.1) 

INDUCTIVE fEST CIRCUIT. 

Se. Above For 
Detailed Conditlonl 

0.1 n 

1 
I Reoll 

I 
I Leol! 

VeEXf."" AND INDUCTIVE SWITCH.lNG 

r---------~------~--~~~~~~~~ .• v 

Leoil ::; 180,uH 
Reoil = 0.05 U Vclamp = Rated VCEX Value 
Vee = 20 V 

to = 500 kHz 

OUTPUT WAVEFORMS 

If Clamped 

veE 

t 1 Adjusted 10 
Obtain Ie 

Test Equipment 
Scope·Tektronix 
475 or Equipment 

10pF 

al 2NHO? 

a2 2N2222 

a3 2N3762 

a4 MJE210 

as MJE20D 

01 IN.'. 
D' 1N91 • 

03 lN91. 

Vee" 250 v 
RL" 50 n 
Pul .. Width .. &0,... 

RESISfIVE TEST CIRCUIT 

FIGURE 1 - INDUCTIVE SWITCHING MEASUREMENTS SWITCHING TIMES NOTE 

Ie 

I-_I .. 

Vdomp 

18-- 9II'lI IBI 

-- --\- --
\ 

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

-1lr1! Vcl1mp -911'l1 Vclll1111 .911'l1 Ie I 
1,·ItlJoJr1ti .... !-lli-

1-1 r-I'~ -
/ "-Ill'll Ill'll ...... 

~!:::: V'lamp- le-
Ie 

--- -- -- ----
TIME 

In resistive switching circuits, rise, fall, and storage times 
have been defined and applv to both current and voltage 
waveforms since they are in phase. However, for inductive 
loads which are common to SWITCHMODE power 
supplies and hammer drivers, current and voltage wave· 
forms are not in phase. Therefore, separate measurements 
must be made on each waveform to determine the total 
switching time. For this reason, the following new terms 
have been defined. 

tsv = Voltage Storage Time, 90% 181 to 10% Vclamp 
trv = Voltage Rise Time, 10-90% Vclamp 
tfi = Current Fall Time, 90-10% IC 
tti = Current Tail, 10-2% IC 
tc = Crossover Time, 10% Vclamp to 10% IC 

An enlarged portion of the turn·off waveforms is shown in 
Figure 7 to aid in the visual identity of these terms. 
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MJ10006, MJ10007 

SWITCHING TIME NOTES Icontinued) 

For the designer, there is minimal switching loss during 
storage time and the predominant switching power losses 
occur during the crossover interval and can be obtained 
using the standard equation from AN-222: 

PSWT = 1/2 VCCIC(tc! f 

In general, try + tfi "" tc. However, at lower 
test currents this relationship may not be valid. 

As is common with most switching transistors, resistive 
switching is specified at 2!PC and has become a benchmark 
for designers. However, for designers of high frequency 
converter circuits, the user oriented specifications which 
make this a "SWITCHMODE" transistor are the inductive 
switching speeds (tc and tsvl which are guaranteed at 
lOOoC. 

RESISTIVE SWITCHING PERFORMANCE 

FIGURE B - TURN-ON TIME FIGURE 9 - TURN-OFF TIME 
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MJ10006, MJ10007 

The Safe Operating Area figures shown in Figures 11 and 12 are 
specified ratings for these devices under the test conditions shown. 

FIGURE 11 - FORWARD BIAS SAFE OPERATING AREA 
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SAFE OPERATING AREA INFORMATION 

FORWARD BIAS 
There are two limitations on the power handling ability 

of a transistor: average junction temperature and second 
breakdown. Safe operating area curves indicate IC-VCE 
limits of the transistor that must be observed for reliable 
operation; i.e .. the transistor must not be subjected to 
greater dissipation than the curves indicate. 

The data of Figure 11 is based on TC ~ 250 C; TJ(pk) 
is variable depending on power level. Second breakdown 
pulse limits are valid for duty cycles to 10% but must be 
derated when T C ;;. 250 C. Second breakdown limitations 
do not derate the same as thermal limitations. Allowable 
current at the voltages shown on Figure 11 may be found 
at any case temperature by using the appropriate curve on 
Figure 13. 

T J(pk) may be calculated from the data in Figure 10. 
At high case temperatures. thermal limitations will reduce 
the power that can be handled to values less than the 
limitations imposed by second breakdown. 

REVERSE BIAS 
For inductive loads. high voltage and high current must 

be sustained simultaneously during turn-off, in most cases, 
with the base to emitter junction reverse biased. Under 
these conditions the collector voltage must be held to a 
safe level at or below a specific value of collector current. 
This can be accomplished by several means such as active 
clamping, RC snubbing, load line shaping, etc. The safe 
level for these devices is specified as VCEX(sus) at a given 
collector current and represents a voltage-current condi
tion that can be sustained during reverse biased turn-off. 
This rating is verified under clamped conditions so that 
the device is never subjected to an avalanche mode. Fig
ure 12 gives the complete reverse bias safe operating area 
characteristics. 

FIGURE 13 - POWER OERATING 
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TECHNICAL DATA 

, I ksign('I"s I )<lta Slw('/ 

SWITCHMODE SERIES 
NPN SILICON POWER DARLINGTON TRANSISTORS 

WITH BASE-EMITTER SPEEDUP DIODE 

The MJ10008 and MJ1000S'Darlington transistors are designed 
for high-voltage; high-speed. power switching in inductive circuits 
where fall time is critical. They are particularly suited for line oper. 
ated switchmode applications such as: 

• Switching Regulators 

• Inverters 
• Solenoid and Relay Drivers 
• Motor Controls 
• Deflection Circuits 
Fast Turn-Off Times ""00 

1,6 IlS (max) Inductive Crossover Time -10 A. 1000C 
3,5 II' (max I Inductive Storage Time - lOA. l000 C 

Operating Temperature Range -65 to +2000C 

1000C Performance Specified for: 
Reversed Biased SOA with Inductive Loads 
Switching Times with Inductive Loads 
Saturation Voltages 
Leakage Currents 

MAXIMUM RATINGS 
Rllting Symbol MJ10008 

Collector-Emlner Voltage VCEO 450 
Collector-Emitter Voltage VCEX 450 
Collector-Emitter Voltage VCEV 650 
Eminer Bese Voltage VEB 
Collector Current - Continuous IC 

-Peek (1) ICM 
Base Current - Continuous 18 

- Peak (1) IBM 
Total Po_r Dissipation@Tc - 25°C Po 

@TC e 100°C 
Derate abova 25°C 

MJ10009 

500 
500 
700 

8 
20 
30 
2,6 
5 

176 
100 

1 
Operating and Storage Junction TJ.Tstg -65 to +200 

Tamperatura Range 

THERMAL CHARACTERISTICS 

C ...... teristi. Symbol Max 

Thermal Rasista"ca, Junction to Case R8JC 1 

Maximum L.ead Temperatura for Soldering TL 275 
Purposes: I/B" from Case for 5 Sicond. 

(1.) Pulse Test: Pulse Width e 5 mI. DutY Cycle .. Hl%, 
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Unit 
Vdc 
Vdc 
Vdc 
Vdc 
Adc 

Adc 

Watts' 

wfOc 
°c 

Unit 

°C!W 
°c 

MJl0008 
MJ10009 

20 AMPERE 

NPN SILICON 

POWER DARLINGTON 
TRANSISTORS 

460 and 500 VOLTS 
175 WATTS 

Oe.lgner'. Data for 
"Wo .. t Ca .... Conditions 

The Designer'S Data Sheet permits the design 
of most circuits entirely from the information 
presented. Limit curves - representing bound~ 
aries on device characteristics - are given to 
facilitate "worst case" design·. 

F -

STYLE 1 
PIN 1. BASE 

2. EMITTER 
CASE COLLECTOR 

, 
4.83 6.330.190 
3.81 4.190.150 

CASE 1-06 
TO-204AA 

• 



MJ10008. MJ10009 

ELECTRICAL CHARACTERISTICS (TC = 25°C unle .. otherwise noted). 

I Char •• t ... isti. I Symbol Min Typ 

OFF CHARACTERISTICS 

Collector·Emitter Sustaining Voltage (Table l' VCEO(sus) 
(lC = 100 mA, la ~ 0, Velamp • Rated VCEO) MJ1000B 460 -

MJ10009 600 -
Collector-Emitter Sustaining Voltage (Table 1, Figure 121 VCEXlsus) 

(lC = 2 A, Velamp = Rated VCEX, TC = 100°C, MJ10008 460 -
VaE(oll) = 5 V) MJ10009 600 -

(lC = 10 A, Velamp = Rated VCEX, TC * l00tle. MJ1000B 325 -
VBE(oll) = 5 V) MJ10009 375 -

Collector Cutoff Current ICEV 
(VCEV = Rated Value, VBE(ott) = 1.5 Vde) - -
(VCEV = Rated Value, VBElott) = 1.5 Vde, TC = 150oC) - -

Collector Cutoff Current ICER 
(VCE = Rated VCEV, RSE = 50 n, TC = 100oC) 

Emitter Cutoft Current lEBO -
(VEB = 2 Vdc, IC = 0) 

SECOND SREAKDOWN 

Second Breakdown Collector Current with base forward biased See Figure 11 

ON CHARACTERISTICS (2) 

DC Current Gain hFE 
(lC = 5 Ade, VCE = 5 Vde) 40 -
(lC = TO Ade, VCE = 5 Vde) 30 -

Collector-Emitter Saturation Voltage VCE(sat) 
(lC = 10 Ade, IS = 500 mAde) - -
(lC = 20 Ade, IS .2 Ade) - -
(lC = 10 Ade, IS m 500 mAde, TC = 1000C) - -

Base-Emitter Saturation Voltage VBE(satl 
(lC = 10 Ade, IS = 600 mAde) - -
(lC = TO Ade, IS = 500 mAde. TC = 100°C) - -

Diode Forward Voltage (1) V, - 3 
IIF = 10 Ade) 

DYNAMIC CHARACTERISTICS 

Small·Signal Current Gain )hle l 8 -
(IC = 1 Ade, VCE = 10 Vde, I test = 1 MHz) 

Output Capacitance Cob 100 
(VCS = 10 Vde, IE = 0, 'test = TOO kHz) 

SWITCHING CHARACTERISTICS 

Resistive Load (Table 1) 

Delay Time 
IVCC = 250 Vde, IC = 10 A, 

td - 0.12 

Rise Time IBI ·600 mA, VBE(off) ·5 Vdc, tp. 25/l1 tr 0.5 
Storage Time Duty Cycle"; 2%). ts - 0.8 
Fall Time tf - 0.2 

Inductive Load, Clamped (Table 1) 

Storage Time (lC = TO A(pk), Velamp = 260 V, lal = 500 mA, t,. - 1.5 

Crossover Time VSE(ott) = 5 Vde, TC = TOOoC) Ie - 0.36 

Storage Time IIC = 10 A(pk), Velamp = 250 V, IBI = 500 mA, tsv - 0.8 
Crossover Time VSEloff) ~ 5 Vde) te 0.18 

(1) The internal Collector-ta-Emitter diode can eliminate the need for an external diode to clamp inductive loads. 
Tests have shown that the Forward Recovery Voltage (Vt) of this diode is comparable to that of typical fast 
recovery rectifiers. 

12) Pulse Test: PW = 300 /lS, Duty Cycle"; 2%. 
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Max Unit 
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-
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-
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-
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2.5 
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5 Vde 
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TYPICAL CHARACTERISTICS 

FIGURE 1 - DC CURRENT GAIN 
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FIGURE 2 - COLLECTOR SATURATION REGION 
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en z 
t-!2 
:>t-
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zQ -z 
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VCEOlsus) 

TABLE 1 - TEST CONOITIONS FOR DYNAMIC PERFORMANCE 

VCEX(susl AND INDUCTIVE SWITCHING 

DRIVER SCHEMATIC 

For inductive loads pulse width 
is adjusted to obtain specified Ie 

+ 
PG 

-38-;;LJ 

RESISTIVE 
SWITCHING 

TURN-ON TIME 

I B 1 adj Listed to 
obtain the forced 

hFe desired 
HP214 INnl0l'F 

PW Varied to Aualn 50 p-005PF 
o 2.0 pF 

r-__ ~ ___ '_C_._,_o_m_A ______ ~r-________________ =, + 1_ 
Lcoil = 180 pH 1000 

TURN-OFF TIME 

Use inductive switching 
driver as the input to 
the resistive teat circuit. 

Leoll- 10 mH Vee" 10 V Rcoil = 0.05 n 
RCOil-O.7Sl Vee =20V 
Vclamp - VCEO(sus) 

Vclamp '" Rated VeE X Value 

INDUCTIVE TEST CIRCUIT 

See Above For 
Detailed Conditions 

O. 1 ~! 

Ie 

OUTPUT WAVEFORMS 

If Clamped 

MTM14N05 

-Voff 
Drive 

t 1 Adjusted to 
Obtain Ie 

t2 ... lead (ICpk! 

Vcl amp 

Test Equipment 
Scope - Tektronix 
415 or Equivalent 

Vee = 250 V 
AL" 25.n 
Pulse Width = 26/J1 

RESISTIV E TEST CI RCUIT 

*Adjust -V such that VSE(offl = 5 V except as required for RS SOA (Figure 12). 

FIGURE 7 - INDUCTIVE SWITCHING MEASUREMENTS 

IC",_ 
VCEM 

Vblamp ..... r' I ." ...... 
/ 90% VCEM A 1\90%1CM 

IC/ -I--Isv '"ifl~III-I-II'-
~ I-'c~ ~ 
./ '\. 

VCE 10%VCEM 10"0 ...... ~~ ICM 
lS-I- 90% lSI 

-- --\- -- -- -- -- -
'\ ---......... 

TIME 

SWITCHING TIMES NOTE 

In resistive switching circuits, rise, fall, and storage times 
have been defined and apply to both current and voltage 
waveforms since they are in phase. However, for inductive 
loads which are common to SWITCHMODE power 
supplies and hammer drivers, current and voltage wave· 
forms are not in phase. Therefore, separate measurements 
must be made on each waveform to determine the total 
switching time. For this reason, the following new terms 
have been defined. 

3-691 

tsv = Voltage Storage Time, 90% IB1 to 10% Vclamp 
trY = Voltage Rise Time, 10-90% Vclamp 
tfi = Current Fall Time, 90-10% IC 
tti = Current Tail, 10-2% IC 
tc = Crossover Time, 10% Vclamp to 10% IC 

- continued -
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"-
" 

TYPICAL CHARACTERISTICS 

SWITCHING TIMES NOTE (continued) 

For the designer, there is minimal switching loss during 
storage time and the predominant switching power losses 
occur during the crossover interval and can be obtained 
using the standard equation from AN-222: 

PSWT = 1/2 VCCIC(tc) f 
Typical inductive switching waveforms are shown in 
Figure 7. In general, trv + tfi "" tc' However, at lower 
test currents this relationship may not be valid. 

As is common with most switching transistors, resistive 
switching is specified at TC = 250 C and -has become a 
benchmark for designers. However, for designers of 
high frequency converter circuits, the user oriented 
specifications which make this a "SWITCHMODE" 
transistor are the inductive switching speeds (tc and tsv) 
which are guaranteed at TC = lOOoC. 

RESISTIVE SWITCHING PERFORMANCE 

FIGURE 8 - TURN-QN TIME FIGURE 9 - T.URN-QFF TIME 
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FIGURE 10 - THERMAL RESPONSE 
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The Safe Operating Area figures shown in Figures 11 and 12 are 
specified ratings for these devices under the test conditions shown. 

FIGURE 11 - FORWARD BIAS SAFE OPERATING AREA 
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FIGURE 12 - REVERSE BIAS SWITCHING 
SAFE OPERATING AREA (MJ10009) 

20 
I 18 

~ 16 

:$ 14:--
TC=100oC l. 
IC/ISI;;' 20 , ... 

i 
i:l 
'" 0 

~ 
8 
E 

12 

~ 10 
For MJ10008, the tum-off ~\\ 

8 -load line limits are 50 V less. \\ l'\. 6 

4 

2 

0 
0 

10 0 

0 

0 

0 

o 
a 

VSEloff): 5 V 
: 2 V 
:OV-M \ "-

100 200 300 400 500 
VCE, COLLECTOA·EMITTER VOLTAGE (VOLTS) 

FIGURE 13 - POWER DERATING 
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SAFE OPERATING AREA INFORMATION 

FORWARO BIAS 
There are two limitations on the power handling ability 

of a transistor: average junction temperature and second 
breakdown. Safe operating area curves indicate IC-VCE 
limits of the transistor that must be observed for reliable 
operation; i.e., the transistor must not be subjected to 
greater dissipation than the curves indicate. 

The data of Figure 11 is based on TC = 250 C; TJ(pk) 
is Variable depending on power level. Second breakdown 
pulse limits are valid for duty cycles to 10% but must be 
derated when TC ;;;. 250 C. Second breakdown I imitations 
do not derate the same as thermal limitations. Allowable 
current at the voltages shown on Figure 11 may be found 
at any case temperature by using the appropriate curve on 
Figure 13, 

T J(pk) may be calculated from the data in Figure 10. 
At high case temperatures, thermal limitations will reduce 
the power that can be handled to values less than the 
limitations imposed by second breakdown. 

REVERSE BIAS 
For inductive loads, high voltage and high current must 

be sustained simultaneously during turn-off, in most cases, 
with the base to emitter junction reverse biased. Under 
these conditions the collector voltage must be held to a 
safe level at or below a specific value of collector current. 
This can be accomplished by several means such as active 
clamping, RC snubbing, load line shaping, etc. The safe 
level for these devices is specified as VCEX(sus) at a given 
collector current and represents a voltage-current condi
tion that can be sustained during reverse biased turn-off. 
This rating is verified under clamped conditions so that 
the device is never subjected to an avalanche mode, Fig
ure 12 gives the complete reverse bias safe operating area 
characteristics. See Table 1 for circuit conditions. 

a 

7 

5 

FIGUR·E 14 - REVERSE BASE CURRENT versus 

VBE(off) WITH NO EXTERNAL BASE RESISTANCE 

/'" 
V 

V 
V 

V 
V IC: IDA 

.V .. 
2 __ See Table 1 for conditions, 

Figure 7 forwaveshape. 
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VSE(off), REVERSE SASE CURRENT (VOLTS) 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

DARLINGTON 
HORIZONTAL DEFLECTION TRANSISTOR 

· .. specifically designed for use in deflection circuits. 

• VCE(sat) = 3.0 Volts (Max)@IC=4.0Amps.IB=200m';..A,--_+--, 

• Built-In Damper Diode 

• VCEX = 1400 Volts 

• Glassivated Base·Coliector Junction 

• Safe Operating Area @ 50 fJ,S = 25 A •. 200 V 

MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage VCEX 1400 

Emitter Base Vol,tage VES 5.0 

Collector Current - Continuous IC S.O 
Peak 11) ICM 16 

Sase Current Continuous IS 2.0 
Peak (1) ISM 4.0 

Emitter Current Continuous IE 10 
Peak (1) IEM 20 

Total Power Dissipation @ TC = 25°C Po SO 
Derate above 2SDC 0.6 

Operating and Storage Junction TJ. Tstg -65 to +150 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance, Junction to Case R9JC 1.56 

Maximum Lead Temperature for TL 275 
Soldering Purposes: 
1 .S" from Case for 5 Seconds 

(1) Pull. Te,t: Pull. Width = 1.0 mi. Duty Cycle < 10%. 

FIGURE 1- FORWARD SIAS SAFE OPERATI.NG AREA 
50 

20 

ii:' 10 
~ 5.0 
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CI: 1.0 
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o 

~ ~',2 1 

80.0 

Eo.a 
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1 0.0 
0.005 

- "siNru Pli.:sE"""- to- 50.,.--
- -2.0 ms - -
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de 

- BONOING WIRE LIMIT ---- THERMAL LIMIT (SINGLE PULSE) 
---SECOND BREAKOOWN LIMIT 

7.0 10 20 30 50 70 100 200 300 500 700 
VCE. COLLECTOR EMITTER VOLTAGE (VOLTS) 
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Unit 

Vdc 

Vdc 

Adc 

Adc 

Adc 

Watts 
wf'c 

°c 

Unit 

°C/W 

°c 

MJl00ll 

8.0 AMPERE 

NPN SILICON 
DARLINGTON 

POWER TRANSISTOR 

NOTES: 

1400 VOLTS 
80 WATTS 

~ 

STYLE 1 
PIN 1. BASE 

2. EMlnER 
CASE COLLECTOR 

1. DIMENSIONS OAND VARE DATUMS. 
2. W ISSEATINO PLANE~ND DAT~M. 
3. POSITIONAL TOLERAN.CE FOR 

MOUNTING HOLE Q: 

1*II.13(O·oosl@lr!v@! 
FOR LEADS: 

1*!I.1310.005l@r!v@!o@! 
4. DIMENSIONS AND TOLERANCES PER 

ANSIYI4.5,1973. 

DIM 
A 
B 
C 
D 
E 
F 
G 
H 
J 
K 
o 
R 
U 
V 

CASE 1-05 
TO-204AA 

• 



MJ10011 

ELECTRICAL CHARACTERISTICS (TC = 250 unl ... otherwise noted) 

Characteristic Symbol Min 

OFF CHARACTERISTICS (1) 

Collector-Emitter Sustaining Voltage VCEO(sus) 700 
(lC;' 100 mAde, IB = 0) 

Collector Cutoff Current ICES -
(VCE = 1400 Vde, VBE = 0) 

Emitter Cutoff Current lEBO 
(VBE = 4.0 Vde, Ie = 0) 

ON CHARACTERISTICS (1) 

Collector-Emitter Saturation Voltage VCE(satl 
(lC = 3.5 Ade, IB = 0.15 Adc) -
(Ie = 4.0 Ade, IB = 0.2 Ade) -

Base Emitter Saturation Voltage VBE(satl 
(Ie = 3.5 Ade, IB = 0.15 Ade) -
(lC = 4.0 Adc, IB = 0.2 Ade) -

Forward Diode Voltage Vi -
(IF =4.0 Adc) 

Second Breakdown Collector Current with Sase Forward Biased IS/b 

SWITCHING CHARACTERISTICS 

Fall Time (See Figure 2) 
(lC = 4.0 Adc, IBI = 0.2 Ade) 

(1) Pulse Test: Pulse Width .. 300 I'S, Duty Cycle = 2%. 

FIGURE 2 - FALL TIME TEST CIRCUIT 

1.8 k 

,W 
680 

Dri\l8r Supplv 
+24 V 

Capacitor values in #AF, re,'sto~ 114 watt unless 
otherwise noted. 

100 
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10 
0.1 0.2 

FIGURE 3 - DC CURRENT GAIN 
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'0 
5W 

+125 V 

V~E 15.~ ~ 
TC = 15°C 

\ 

5.0 10 

TVp Max Unit 

- - Vdc 

- 0.25 mAde 

50 mAde 

Vdc 

- 3.0 
- 3.0 

Vde 
- 2.0 
- 2.0 

1.2 2.0 Vde 

See Figure 1 

c 
O.014,uF 

O.016101F 



MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

NPN SILICON POWER DARUNGTON TRANSISTOR 

The MJ10012 and MJH10012 are high-voltage, high-current 
Darlington transistors designed for automotive ignition, switching 
regulator and motor control applications. 

• Collector-Emitter Sustaining Voltage -
VCEO(sus) = 400 Vdc (Min) 

• 175 Watts Capability at 50 Volts 

• Automotive Functional Tests Collector 

Base 

Emitter 

MAXIMUM RAnNGS 
Rating Symbol MJ10012 MJH10012 

Collector-Emitter Voltage VCEO 400 

Collector-Emitter Voltage 
(RBE = 270) VCER 550 

Collector-Base Voltage VCBO 600 

Emitter·Base Voltage VEBO B.O 

Collector Current - Continuous IC 10 
- Peak (11 15 

Base Current IB 2.0 

Total Power Dissipation Po 
@TC = 250(; 175 lIB 
@TC = 1000c 100 47.5 
Dsrate above 25·C 1.0 1.05 

Operating and Storage Junction TJ, Tstg -65 to +200 -55 to +150 
Temperature Range 

THERMAL CHARACTERISTICS 
CharIlCterl8tlc Symbol Mu 

Thermal Resistance, R/lJC 1.0 0.95 
Junction to Case 

Maximum Lead Temperature for TL 275 
Soldering Purposes: 118" from 
Case for 5 Seconds 

(1) Pulse Tesi: Pulse Width = 5.0 ml, Duty Cycle" 10%. 
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Unit 
Vdc 

Vdc 

Vdc 

Vdc 

Adc 

Adc 

Watts 
Watts 
wrc 
·C 

Unit 
"CIW 

·C 

MJ1OO12 
MJH1OO12 

10 AMPERE 

POWER TRANSISTORS 
DARLINGTON NPN SILICON 

400 VOLTS 
175 AND 118 WATTS 

MJ10012 Lr.5ill f' t. .-t 
• ---'---. J ~ 
.~~;, L _. ,. . R 

H , 0 I 

G I 
:J 

u 

NOTES' 
I. DIMEHSIDNSDAND VARE DATUMS. 
2. []J IS SEATING PLANE ANO·DATUM . 
. 3. POSITIONAL TDLERAt(CEFDFI 

MOUNTING HOlE 0.. 

1.11.13" ... ,81,1,81 
FOR LEADS; 

1.11.13 " .... '8'1,81'$1 
4. DIMENSIONS AND TOLERANCES PER 

ANSIYI4.5,1913. 

CASE 1-415 
TO-204AA 

STY\.£1; 
PWl.BAS£ 

2.CDLL£CTOR 
3. EMmEll 
4. COllECTOR 

CASE 340-01 
TO..z18AC 

.,. 
A 

• • • E • • J 

• 

STYLE 1 
PIN 1 BASE 

2. EMITTER 
CASE COLLECTOR 

MJH10012 

, 



MJ10012, MJH10012 

ELECTRICAL CHARACTERISTICS (TC = 250 C unless otherwise noted) 

Characteristic 

OFF CHARACTERISTICS (1) 

Colleetor·Emitter Sustaining Voltaga (Figure 1) 

(lc = 200 mAde. IS = 0, Vela';'p = Rated VCEO) 

Collector· Emitter Sustaining Voltage (Figure 1) 
(lC = 200 mAde, R8E = 27 Ohms, 
Velamp = Rated VCER) 

Collector Cutoff Current 
(Ratad VCER; RSE = 27 Ohms) 

Collector Cutoff Current 

(Rated VCSO, 'E = 0) 

Emitter Cutoff Current 

(VE8 = 6,0 Vde, IC = 0) 

ON CHARACTERISTICS (1) 

DC Current Gain 
(lC = 3.0 Ade, VCE = 6.0 Vde) 
(lc = 6,0 Ade, V CE = 6.0 Vde) 
(lC = 10 Ade, VCE ~ 6.0 Vde) 

Collector-Emitter Saturation Voltage 
(lC = 3.0 Ade, IS = 0.6 Ade) 
(lC = 6.0 Ade, 18 ~ 0.6 Ade) 
(lC = 10 Ade,I8 = 2.0 Ade) 

Base-Emitter Saturation Voltage 
(lC = 6.0 Ade, 18 = 0.6 Ade) 
(lC = 10 Ade, 18 = 2.0 Ade) 

Base-Emitter On Voltage 
(lC = 10 Ade, VCE = 6.0 Vde) 

Diode Forward Voltage 

(IF = 10 Ade) 

DYNAMIC CHARACTERISTICS 

Output Capacitance 
(Vce = 10 Vde, 'E = 0, ftest = 100 kHz) 

(VCC = 12 Vde,. 

IC = 6.0 Ade, 

Ie 1 = 182 = 0.3 Ade) Figure 2 

FUNCTIONAL TESTS 

Second Breakdown Collector Current with 
Base--F orward 8 iased 

Pulsed Energy Tast (Sae Figure 12) 

Symbol 

VCEO(sus) 

VCER(sus) 

ICER 

'CSO 

'EBO 

hFE 

VCE(satl 

VSE(sat) 

VeE(on) 

Vf 

'Sle 

IC2L 
-2-

(1) Pulse Test; Pul.e Width = 300 "s, Duty Cvele = 2%. 

FIGURE 1 - SUSTAINING VOLTAGE 
TEST CIRCUIT 

Vee = 20 Vdc 

10VJLJL L = 10 mH 

o V " .. 

: -j"r-- 100 
I- 5 m • .j 

220 

• Adjust t1 such that 

Ie reaches 200 mA -= 
at VeE = Vclamp 

27 Vclamp 

VCEO(sus) :: 400 Vdc 

• VCEA(sus) = 425 Vdc 
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Min I 

400 

425 

-

-

-

300 
100 
20 

-
-
-

-
-
-

-

- I 

Typ Max Unit 

- - Vde 

- - Vde 

- I,D mAde 

- I,D mAde' 

- 40 mAde 

550 - -
350 2000 
150 -

Vde 
- 1.5 
- 2.0 
- 2.5 

Vde 
- 2.5 
- 3.0 

- 2.8 Vde 

2.0 3.5 Vde 

See Figure 10 -

- I 180 mJ 

FIGURE 2 - SWITCHING TIMES 
TEST CIRCUIT 

Vee"'" 14 V 
Adjust Until Ie = 6 A 
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FIGURE 4 - COLLECTOR-8ATURATION REGION 
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There are two limitations on the power handling ability 
of a transistor: average junction temperature and second 
breakdown. Safe operating area curves indicate IC-VCE 
limits of the transistor that must be observed for reliable 
operation; i.e., the transistor must not be subjected to 
greater dissipation than the curves indicate. 

The data of Figure 10 is based on TC = 250 C; TJ(pk) is 
variable depending on power level. Second breakdown 
pulse limits are valid for duty cycles to 10% but must be 
derated when TC ;;;. 250 C. Second breakdown limitations 
do not derate the same as thermal limitations. Allowable 
current at the voltages shown on Figure 10 may be found 
at any case temperature by using the appropriate curve on 
Figure 11. 

T J(pk) may be calculated from the data in Figure 11. 
At high case temperatures, thermal limitations will reduce 
the power that can be handled to values less than the 
limitations imposed by second breakdown. 

FIGURE 12 - U~AGE TEST CIRCUIT 

1.5 

10 mH 
Stancore 
C2688 

VCC=12Vdco---e---~y----r~~~---, 

10 Vdc Vz = 400 V 

o~ 
~ 
I I 

220 0,3 
I'F 

t1 to be selactad such that Ie ruch81 6 Adc before Iwltch·off. 

NOTE: 
"Ullge Test," Figure 12 IPeclfl .. energy handling capabllltle. 
In an automotive Ignition circuit. 



MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

SWITCHMODE SERIES 
NPN SIUCON POWER DARUNGTON TRANSISTOR 

The MJ10014 Darlington transistor is designed for high-voltage, 
high-speed, power switching in inductive circuits where fall time is 
critical. It is particularly suited for line-operated switchmode appli-
cations such as: 

• Switching Regulators 
y 

• I'nverters 

W • Solenoid and Relay Drivers 

• Motor Controls 

• Deflection Circuits 

• Fast Turn.Qff Times 

250 ns Inductive FAil Time-250C (Typ) 

l1li100 "15 6 
500 ns Inductive Crossover Time-250C (Typ) 
1.4/.1s Inductive Storage Time-250 C (Typ) 

• Operating Temperature Range: -65 to +2000C 

• 1000C Performance Specified for: 
Reversed Biased SOA With Inductive Loads 
Switching Times With Inductive Loads 
Saturation Voltages 
Leakage Currents 

MAXIMUM RATINGS 

Ratl"" Symbol MJ100l,! 
Coliector·Emitter Voltage !VCEO 600 

Coliector·Emitter Voltage VCEV 700 
Emitter Bill Voltage VEB B 
Collector Current - Continuoul IC 10 

- Peek (1) ICM 15 
Base Current - Continuous IB 7 

- Peak (1) IBM 10 
Total Power Dissipation @ T C = 250 C Po 175 

@TC=100oC 100 
Derate above 250 C 1 

Oparating and Storage Junction TJ.Tltg -65 to +200 
Temparature Ranga 

THERMAL CHARACTERISTICS 

Unit 
Vdc 
Vdc 
Vdc 
Adc 

Adc 

Watt. 

wf'c 
DC 

Chlrlctoriltic Symbol MI. Unit 

Thermol Resista"ce. Junction to CI .. RSJC 1 oC/W 

Maximum Lead Temperature for Soldering TL 275 DC 
Purposes: I/B" from C ... for 5 Second. 

(11 Pulse Te't: Pulse Width" 5 mi. Duty Cycle .. 10% 

3-.100 

MJl0014 

10 AMPERE 

NPN SILICON 
POWER DARUNGTON 

TRANSISTOR 

100 VOLTS 
115 WATTS 

Designen Data for 
"Wont·Ca.e" Condition. 

The Designers Data Sheet permits 
the desigl) of most circuits entirely from 
the information presented. Limit data
representing device characteristic 
boundaries-are given to facilitate 
"worst·case" design. 

STVLE 1 
PIN 1. lASE 

~ 
~• c 

LI t 
1; __ .D k 

NOTES: U _ 
1. DIMENSIONS Q AND V ARE DATUMS. 
2. m IS SEATING PLANE AND DATU!!!. 
3. POSlTIONAL TOLERANCE FOR 

MOUNTING HOLE Q: 

I *11.13lao06l@ I T Iv@1 
FOR LEADS: 

I *11.1310.00&l@Tlv@IDel 
4. DIMENSIONS AND TOLERANCESPER 

ANSIY14.5,1913. 

Z. UlITTER 
CASE COLLECTor 

CASE '·05 
TO-204AA 

I 



MJ10014 

ELECTRICAL CHARACTERISTICS ITC = 2SoC unless olherwise nOled!. 

Min Typ 

OFF CHARACTERISTICS 

Collector-Eminer Su,'ainin~ Volla~ ITabie II VCECiI.u.1 
IIC - 100 mA, IB - 01 -

MJlOOl4 600 -
Collector Cutoff Current ICEV 

NCEV = Raled Value, VBEloffl = 1.5 Vdcl - -
IVCEV = Rated Value, VBEloffl = 1.5 Vdc, TC • 1500 CI - -

Collector Cutoff Current ICER -
IVCE' Raled VCEV, RBE = 50 n, TC = 1000CI 

Emitter Cutoff Current lEBO - -
IVEB = 2 Vdc, IC - 01 

SECOND BREAKDOWN 

Second Breakdown Collector Current with base forward biased See Figure 12 

Clamped Induct i.e SOA with Base Reverse Biased See Figure 13 

ON CHARACTERISTICS 121 

DC Current Gain hFE lie = 5 Ade, VCE = 5 Vdel 20 -
IIc • '0 Ade, VCE = 5 Vdel '0 -

Collector·Emitter Saturation Voltage VCElsad 
(lc = '0 Ade, IB - 2 Adel - -
(lC = '0 Ade, IB - 2 Ade, TC = 'OOoCI - -

SM.-Emitter Saturation Voltage VBEI.ad 
(lC - '0 Ade, IB = 2 Adel - -
(lC ='0 Ade, IS - 2 Ade, TC = 'OOoCI - -

Diode Forward Volt. 111 Vf - 3 
IIF = 10 Ade) 

DYNAMIC CHARACTERISTICS 

Small-Signal Current Gain Ihf.1 '0 -
IIc - , Adc, VCE ~ '0 Vdc, f te•t = , MHzl 

Output Capacitance Cob 100 
IVcs • '0 Vde, Ie • 0, f,eS!' 100 kHzl 

SWITCHING CHARACTERISTICS 

Resisti.e Load ITable II 

Delay Time Id - 0.02 
Rise Time 

IVCC = 250 Vde, IC = 10 A, 
'r 0.9 IB' = 400 mA, VBEloffl = 5 Vde, tp' 50 "', 

Storage Time Duty Cycle .. 2%1. Is 0.95 
Fall Time If - 0.22 

IAducli •• Load, Clamped ITabl. 1) 

Stor~Tim. IIc ='0 Alpkl, Velamp = 250 Vde, IB' - , A, Is - 2.3 
Crossover Time VBEloff) = 5 Vde, TC· 'OOoC) Ie - , 
Slo~Tim. "C·'O Alpkl, Vclamp' 250 Vde, IB' =, A, I. - '.4 
Crossover Time VBEloffl = 5 Vdc, TC = 25°C I te 0.5 

Fall Time tfi - 0.25 

(1 J The internal Collector-ta-Emitter diode can eliminate the need for In external diode to clamp inductive loads. 
To.,s have shown lhal the Forward Recovery Voll. IVfl of this diode i. eomperablelo thaI of Iypieal fast 
recovery rectifiers. 

(2) Pulse Te." . PW • 300 "', Duty Cycle .. 2%. 
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Max Unit 

Vdc 
-
-

mAde 
0.3 

5 

5 mAde 

175 mAde 

-
500 
250 

Vde 
2.5 
2.6 

Vde 
3 
3 

5 Vdc 

- -

350 pF 

0.2 "s 
2 ". 
4 "s 
1 "s 

6 ". 
3 ". 
- ". 
- ". - ". 



MJ10014 

TYPICAL CHARACTERISTICS 
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FIGURE 2 - COLLECTOR SATURATION REGION 
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MJ10014 

TABLE 1 - TEST CONDITIONS FOR DYNAMIC PERFORMANCE 

RBSOA AND INDUCTIVE SWITCHING 
IIEIlaTIVE 

r-----------~----~--~~----~~~~ .• v 
~1 

20 

~J .JL. 

!A --1' 
PW Varied to Anain 
Ie -250mA 

Pu"'Width 
edjusted to 
otn.ln lPHified 
Ie IR .. iniva 
Switchin,. 
PulMWichh 

.. so ".1 

Leo,. " 180 "H 
RCOII '" 0.05 u 
Vee'" lOV 

lOpF 

01 2N2101 

O. 2N2222 

O. 2N3782 ... MJE210 

OS MJE200 

01 IN''4 

O • lNlt4 

O. 1N". 

Vee = 250 v 
AL - 260 
Pulse Width = 50 "'. 

INDUCTIVE TEST CIRCUIT OUTPUT WAVEFORMS RESISTIVE TEST CIRCUIT 

t, Adjusted to 
Obtain Ie 

'1 .... LeaH (lCpk I 

Vee 

'2" LeaH (lCpk) 

Vclamp 

Talt Equipment 

Scope - Tektronix 
476 or Equivalent 

SWITCHING TIME NOTE 

In resistive switching circuits, rise, fall, and storage times 
have been defined and apply to both current and voltage 
waveforms since they are in phase. However, for inductive 
loads which are common to SWITCHMODE power 
suppl ies and hammer drivers, current and vol~age wave· 
forms are not in phase. Therefore, separate measurements 
must be made on each waveform to determine the total 
switching time. For this reason, the following new terms 
have been defined. 

tsv = Voltage Storage Time, 90% lSI to 10% Vclamp 
trY ~ Voltage Rise Time, 10-90% Vclamp 
tfi = Current Fall Time, 90-10% IC 
tti = Current Tail, 10-2% IC 
tc = Crossover Time, 10% Vclamp to 10% IC 

An enlarged portion of the turn·off waveforms is shown in 
Figure 7 to aid in the visual identity of these terms. 

- continued -

FIGURE 7 - INDUCTIVE SWITCHING MEASUREMENTS FIGURE 8 - PEAK REVERSE CURRENT 
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MJ10014 

TYPICAL CHARACTERISTI.CS 

SWITCHIN.G TIMES NOTE. (continued) 

For the designer, there is minimal switching loss during 
storage time and the predominant s~itching power losses 
occur during' the crOssover interval and ~an be obtained 
using the standard equation from AN-222: 

PSWT = 1/2VC(;.IC(td f 
cln general, trv + tfi '" te- However, at loWerte5t cur-

rents this relationship may not be valid. . 

As is common with 1I)0st switching transistors,resistive 
switching !S specified at 2SOC and has become a benchmark 
for designers. However, for designers of high frequency 
converter circuits, the user oriented specifications which 
make this a "SWITCHMODE" transistor are the inductive 
switching speeds (tc and t5vl which are guaranteed at 
1000 C. 

RESISTIVE ,SWITCHING PERFORMANCE 

FIGURE 9 - TURN-ON TIME FIGURE 10'- TURN-OFF TIME 
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Th. Sefe 0_1", Ar .. f ...... 1hown in F ...... 12 ..... 13 .. 
-"led far "-... _ under .... _ conditions Ihown. 

FIGURE 12 - FORWARO BIAS SAFE OPERATING AREA 
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SAFE OPERATING AREA INFORMATION 

FORWARD BIAS 
There are two limitations on the power handling ability 

of a transistor: average junction temperature and second 
breakdown. Safe operating area curves indicate IC- VCE 
limits of the transistor that must be observed for reliable 
operation; i.e .• the transistor must not be subjected to 
greater dissipation than the curves indicate. 

The data of Figure 12 is based on TC = 250 C; T J(pk) 
is variable depending on power level. Second breakdown 
pulse limits are valid for duty cycles to 10% but must be 
derated when TC ;;;. 250 C. Second breakdown limitations 
do not derate the same as thermal limitations. Allowable 
current at the voltages shown on Figure 12 may be found 
at any case temperature by using the appropriate curve 
on Figure 14. 

T J(pk) may be cal.culated from the data in Figure 11. 
At high case temperatures. thermal limitations will reduce 
the power that can be handled to values less than the 
limitations imposed by second breakdown. 

REVERSE BIAS 
For inductive loads, high voltage and high current 

must be sustained simultaneously during turn-off, in 
most cases, with the base to emitter junction reverse 
biased. Under these conditions the collector voltage 
must be held to a safe level at or below a specific value of 
collector current. This can be accomplished by several 
means such as active clamping, RC snubbing, load line 
shaping, etc. The safe level for these devices is specified 
as Reverse Bias Safe Operating Area and represents the 
voltage-current conditions allowable during reverse biased 
turn-off. This rating is verified under clamped conditions 
so that the device is never subjected to an avalanche mode. 
Figure 13 gives the complete RBSOA characteristics. 

FIGURE 14 - POWER DERATING 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

SWITCHMODE SERIES 
NPN SILICON POWER DARLINGTON TRANSISTORS 

WITH BASE-EMITTER SPEEDUP DI.ODE 

The MJ10015 and MJ10016 Darlington transistors are desigr)ed 
for high-voltage, high:speed, power switching in inductive circuits 
where fall time is critical. They are particularly suited for line
operated switch mode applications such as: 

• Switching Regulators 
• Motor Controls 
• Inverters 
• Solenoid and Relay Drivers 
• Fast Turn.()ff Times 

1.0 IlS (max) Inductive Crossover Time - 20 Amps 
2.51ls (max) Inductive Storage Time - 20 Amps 

• Operating Temperature Range -65 to +200oC 
• Performance Specified for 

Reversed Biased SOAwith Inductive Loads 
Switching Times with Inductive Loads 
Saturation Voltages 
Leakage Currents 

MAXIMUM RATINGS 

Rating Symbol MJ10015 I MJ10016 

Collector-Emitter Voltage I ;VCEO 
.. 

400 I 500· 

Collector-Emitter Voltage VCEV 600 I 700 

Emitter Base Voltage VEB 8.0 

Collector Current - Continuous IC 50 
- Peak (1) ICM 75 

Base Current - Continous IB 10 
-Peak (1) IBM 15 

Unit 

Vdc 

Vdc 

Vdc 

Adc 

Adc 

Total Power Dissipation@Tc = 25°C Po 250 Watts 
@TC=100oC 143 

Derate above 2SoC 1.43 W/oC 

Operating and Storage Junction TJ, Tstg -65. to +200 °c 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Case R9JC 0.7 °C/W 

Maximum Lead Temperature for Soldering Purposes: TL 275 °c 
1/8" from Case for 5 Seconds 

(1) Pulse Test: Pulse Width = 5 ms, Duty Cycle':; 10% 

----_. ._.--
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MJl0015 
MJl0016 

50 AMPERE 

NPN SILICON 
POWER DARLINGTON 

TRANSISTORS 

400 and 500 VOLTS 
250 WATTS 

-F 

STYlE 1: 

MI 

PIN 1. BASE 
2. EMITTER 

CASE. COLLECTOR 

IMETERS INCHES 
DIM MIN ..... MIN MA • 

A 38.35 38.37 1.510 1.5511 
19.30 21.08 0.780 0.830 

C 6.35 .8 0.250 .3OIJ 
0 1.45 1.80 0.057 0.083 
E - 43 0.1 
F 2UO 30.40 1.177 1. 
G 10.67 11.18 0. 0.440 

5.21 7 0. 0. 
164 1 

K 11.18 12.19 0.440 0. 
D 164 4.09 0.151 0.161 
R 24.89 2&.&7 o.aao 1.050 

CASE 197-01 

• 



MJ10015, MJ10016 

ELECTRICAL CHARACTERISTICS (TC = 2SoC unl_ othorwis. noted) 

Symbol Min Typ MIX Unit 

OFF CHARACTERISTICS C1I 

Coliector·Emitter Sustaining Voltage (Table I) VCEO(sus) Vdc 
(lC = 100 mA,la = 0, Vclamp = Rated VCEO) MJlOOl5 400 - -

MJIOOl6 500 - -
Collector Cutoff Current ICEV - - 0.25 mAde 

(VCEV = Rated Value, VaE(off) = 1.5 Vde) 

Emitter Cutoff Current lEaD - - 350 mAde 
(VEa - 2.0 Vde, IC - 0) 

SECOND BREAKDOWN 

Second Breakdown Collector Current with Sase Forward Biased See Figure 7 

Clamped Inductive SOA with Base Reverse Biased See FigureS 

ON CHARACTERISTICS (1) 

DC Current Gain hFE -
(lC - 20 Adc, VCE = 5.0 Vdc) 25 - -
(lc - 40 Ade, VCE = 5.0 Vdc) 10 - -

Collector-Emitter Saturation Voltage VCE(sat) Vde 
(lC = 20 Ade, la = 1.0 Adc) - - 2.2 
(lC = 50 Adc, la = 10 Ade) - - 5.0 

Base-Emitter Saturation Voltage VaE(sat) - - 2.75 Vde 
(lC = 20 Adc, la = 1.0 Adc) 

Diode Forward Voltage (2) Vf - 2.5 5.0 Vde 
(IF - 2OAdc) 

DYNAMIC CHARACTERISTIC 

Output Capacitance 
(Vca = 10 Vdc, IE = 0, ftest - 100 kHz) 

SWITCHING CHARACTERISTICS 

Resistive Load (Table 1 ) 

Delay Time td - 0.14 0.3 ... 
Rise Time 

(VCC = 250 Vdc, IC = 20 A, 
tr - 0.3 1.0 ... lal = 1.0 Adc, VaE(off) = 5 Vdc, tp = 25 I.IS 

Storage Time Duty Cycle <; 2%1. ts 0.8 2.5 ... 
Fall Time tf - 0.3 1.0 ... 
Inductive Loed, Clamped (Table 1 ) 

Storage Time I (lC = 20 A(pk), Vclamp :250 V,ISI = 1.0 A, tsv - 1.0 2.5 II' 

Crossover Time I VSE(off) = 5.0 Vdc) I tc I - I 0.36 I 1.0 I ... 
(1) Pul .. Test: Pulse Width = 300 I.IS, Duty Cycle <; 2%. 
(2) The internal Collector-ta-Emitter diode can eliminate the need for an external diode to clamp inductive loads. Tests have shown that 

the Forward Recovery Voltage (Vf) of this diode is comparable to that of typical fast recovery rectifiers. 
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MJ10015, MJ10016 

TABLE 1 - TEST CONOITIONS FOR DYNAMIC PERFORMANCE 

veEOI",,) VCEX AND INDUCTIVE SWITCHING 
IIII1m'IVE 
MI 

TU"N·ON TIME 

r---------~------~--._~~~~~~-Q+.v 

PW Varlltd to Attain 

IC"'OOmA 

Leon" 10 mH Vee· 10 V 
"eon- 0.7 n 
Vcl~p" VCEOtlul' 

flUI.~V 
Width] [ 

Pul .. Width 
Kjust .. to 
obt8in SlMCifi.a 
Ie (Aniltive 
Switching, 
Pul •• Width 
.211"1 

Lco"" 180"H 
Reoll "" 0.05 n 
VCC"'20V 

a, 
a2 
a3 
Q4 

10pF 

-v' 

2N2907 a5 MJE200 
2N2222 0' lN9"4 

2N3762 02 1N914 
MJE210 03 lN914 

l.,lIdju,ted to 
obtilin the forc~ 

hFE detlred 

TURN·OFF TIME 

U .. lnductl ... e IWltchlng 
circuit .. the Input to 

the ...... tlv. _t circuit. 

Vee'" 250 V 
AL" 12.5 n 
Pulte Width = 25,"" 

INDUCTIVE TEST CIRCUIT OUTPUT WAVEFORMS RESISTIVE TEST CIRCUIT 

~ 
'5 
u 
a: 
(j ... 
~ .. 

t1 Adjusted to 

Obt8in 'e 

t, _ Leon IICpk' 

vcc 

t2'" Lcon11cpk) 

Vclemp 

T.'t Equipment 
Scope - Tektronix 
475 or Equivalent 

·AdjUlt -v luch that VSE(off)" 5 V except .',requlred for AB SOA (Figure 8). 

FIGURE 6 - INDUCTIVE SWITCHINO MEASUREMENTS 

IC~ Vclamp _ -..,., "" 1 I" 
/ 90% V clamp 1: 1\ 90% IC 

IC/ f-- t--tsv trvffl~tfi- _tti_ 

M r1c-' 
V 

VCE 10%Vclamp 

18-- 90%181 

-- --\- -- -- --
" -.--'-" 

TIME 

SWITCHING TIMES NOTE 

--

r-
I' 

10% ..... ";.ic ICpK-

-

In resistive switching circuits, rise, fall, and storage 
times have been defined and apply to both current and 
voltage waveforms since they are in phase. However, 
for inductive loads which are common to SWITCHMODE 
power suppl ies and hammer drivers, current and voltage 
waveforms are not in phase. Therefore, separate measure· 
ments must be made on each waveform to determine the 
total switching time. For this reason, the following new 
terms have been defined. 
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tsv = Voltage Storage Time, 90% IBl to 10% Vclamp 
trY = Voltage Rise Time, 10-90% Vclamp 
tfi = Current Fa" Time, 90-10% IC 
tti = Current Tail, 10-2% IC 
tc = Crossover Time, 10% Vclamp to 10% IC 

For the designer, there is minimal switching loss during 
storage time and the predominant switching power losses 
occur during the crossover interval and can be obtained 
using the standard equation from AN·222: 

PSWT = 1/2 VCCICh:c)f 

In general, trY + tfi SO! te. However, at lower test currents 
this relationship may not be valid. 

As is common with most switching transistors, resistive 
switching is specified and has become a benchmark for 
designers. However, for designers of high frequency con· 
verter circuits, the user oriented specifications which 
make this a "SWITCHMODE" transistor are the inductive 
switching speeds (tc and tsvl which are guaranteed. 

II 



MJ10015, MJ10016 

The Safe Operating Area figur. shown in Figures 7 and 8 are 
specified ratings for. the. devices under the test conditions shown. 

FIGURE 7 ~ FORWARD BIAS SAFE OPERATING AREA 
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There'are two limitations on the power handling ability 
of a transistor: average junction temperature and second 
breakdown_ Safe operating . area curves. indicate Ic-VeE 
I im its of the transistor that must be observed for reliable 
operation; i.e., the transistor must not be subjected to 
greater dissipation than the curves indicate_ 

The data of Figure 7 is based on TC = 250 C; T J(pk) is 
variable depending on power level. Second breakdown 
pulse limits are valid for duty cycles to 10% but must be 
derated when TC ~ 250 C, Second breakdown limitations 
do not derate the same as thermal limitations, Allowable 
.current at the voltages shown on Figure 7 may be found 
at any case temperature by using the appropriate curve 
on Figure 9. 

REVERSE BIAS 

For inductive loads, high voltage and high current must 
be sustained simultaneously during turn-off, in most 
cases, with the base ·to emitter junction reverse biased, 
Under these conditions the coll'ector voltage must be held. 
to a safe level at or below a specific value of collector 
current, This can be accomplished by several means such 
as active clamping, RC snubbing, load line shaping, etc, 
The safe level for these devices is specified as Reverse Bias 
Safe Operating Area and represents the voltage-current 
condition allowable during reverse biased turn-off. This 
rating is verified under clamped conditions so that the 
device is never subjected to an avalanche mode, Figure 8 
gives the complete R BSOA characteristics, 

FIGURE 10 - TYPICAL REVERSE BASE CURRENT 
ve,sus VBE(off) WITH NO EXTERNAL BASE RESISTANCE 

10 
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V IC" 20 A 

.",., 
3 
2 ~ See Table 1 for conditions, 

Figure 6 for wavl$hape. 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

SWITCHMODE SERIES 
NPN SILICON POWER DARLINGTON TRANSISTORS 

WITH BASE-EMITTER SPEEDUP DIODE 

The MJ10020 and MJ10021 Darlington transistors are designed 
for high-voltage, high-speed, power switching in inductive circuits 
where fall time is critical. They are particularly suited for line
operated switchmode applications such as: 

• AC and DC Motor Controls 

• Switching Regulators 

• Inverters 

• Solenoid and Relay Drivers 

• Fast Turn-Off Times 
150 ns Inductive Fall Time at 250 C (Typ) 
750 ns Inductive Storage Time at 250 C (Typ) 

• Operating Temperature Range -65 to +200oC 

• 1000 C Performance Specified for: 
Reversed Biased SOA with Inductive Loads 
Switching Times with Inductive Loads 
Saturation Voltages 
Leakage Currents 

MAXIMUM RATINGS 
Rating Symbol MJ10020 IMJ10021 

Collector-Emitter Voltage VCEO 200 .1 250 

Collector-Emitter Voltage VCEV 300 .1 350 

Emitter Base Voltage VES S.O 
Collector Current - Continuous IC 60 

-Peak (1) ~M 100 

Base Current - Continuous IS 20 
-Peak (11 IBM 30 

Total Power Dissipation @ T C = 250 C Po 250 
@TC=1000 C 143 

Derate above 250 C 1.43 

Operating and Storage Junction TJ, Tstg -65 to +200 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance, Junction to Case R9JC 0.7 

Maximum Lead Temperature for Soldering Purposes: TL 275 
1/8" from Cose for 5 Seconds 

(11 Pulse Test: Pulse Width = 5 ms, Duty Cycle" 10% 
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Unit 

Vdc 

Vdc 

Vdc 

Adc 

Adc 

Watu 

W/oC 

°c 

Unit 

°c/w 
oc 

a 

MJ10020 
MJ10021 

60 AMPERE 

NPN SILICON 
POWER DARLINGTON 

TRANSISTORS 

200 and 250 VOLTS 
250 WATTS 

Dosigner's Data for 
"Worst case" Conditions 

The Designers Data Sheet permiu 
the design of most circuits entirely 
from the information presented. Limit 
data - representing device characteristics 
boundaries - are given to facilitate 
"worst case" design. 

c 

~~~-+ 
K 

U _____ ....ll STYLE 1: 

PIN 1. BASE 
2. EMITTER 

.---f---.-=-_+-__ ..,.CASE. COLLECTOR 

MIL I M TERS 
DIM MIN MAX 
A 38.35 39.37 
B 18.30 21.8 
C 6.36 7.62 
D 1.45 1.60 
E 3.43 
F 29.90 30.40 
G 10.61 11.18 
H 5. 1 5.72 
J 1 4 1 .5 
K 11.18 12.19 0.440 0.480 
Q 4.09 0.151 0.161 
R 24- 26.61 0.960 1.050 

CASE 197-01 

• 



MJ10020, MJ10021 

ELECTRICAL CHARACTERISTICS (TC· 250 C unl ... otherwile noted) 

Min Typ Unit 
OFF CHARACTERISTICS 

Coilector·Emltter Sustaining Voltage (Table 1) MJ10020 VCEO(suI) 200 - - Vde 
(lC = 100 mA, la - 0) MJ10021 260 - -

Collector Cutoff Currant ICEV mAde 
(VCEV • Rated Value, VaE(off) - 1.5 Vde) - - 0.25 
(VCEV· Rated Value, VaE(off)· 1.5 Vde, TC· 1500C) - - 5.0 

Collector Cutoff Currant ICER - - 5.0 mAde 
(VCE· Rated VCEV, RaE· 60 n, TC - l000 C) 

Emitter Cutoff Currant IEaO - - 175 mAde 
IVEa = 2.0 V, IC = 0) 

SECOND BREAKDOWN 

Second araakdown Collector Current with b ... forward billed See Figure 13 
Clamped Inductive SOA with ae .. Reverse ailled See Figure 14\ 
ON CHARACTERISTICS (1) 

DC Current Gein hFE 75 - 1000 -
(lC = 15 Adc, VCE = 5.0 V) 

Coliector·Emitter Saturation Voltege VCEI •• t) Vde 
(lC = 30 Ade, I a • 1.2 Adc) - - 2.2 
(lC - 6OAdc, la = 4.0 Ade) - - 4.0 
(lC - 30 Adc, la = 1.2 Adc, TC = l000 C) - - 2.4 

a_Emitter Saturation Voltage Va E (sat) Vdc 
(lc· 30 Adc, la =1.2 Adc) - - 3.0 
(lc -30 Ade,la = 1.2 Adc, TC -100oCI - - 3.5 

Diode Forward Voltage V, 2.5 5.0 Vde 
(IF = 30 Adc) 

DYNAMIC CHARACTERISTICS 
Output Capacitance 

(Vca = 10 Vdc, Ie· 0, 'telt· 1.0 kHz) 

SWITCHING CHARACTERISTICS 

Resistive Load (Table II 
Delay Time 

IVCC = 175 Vdc. IC = 30 A, ~ - 0.02 0,2 ". 
Ri .. Tlme t - 0.30 1.0 ". 
Storage Time 

lal = 1 .• 2 Adc, VaE(off) = 5.0 V, tp = 25 "" 
Is - 1.0 3.5 ". 

Fell Time 
Duty Cycle ... 2.0%1. 

0.07 0.5 tf - ". 
Inductive Loed, Clamped (Table 1) 

Storage Time ICM· 30 Alpkl. VCEM = 200 V. IBI =1.2 A. tsv - 1.2 3.5 '"~ 
Crossover Time VBElo'f) • 5 V, TC = looDCl to - 0.45 2.0 '"~ 
Storage Time 

(lCM = 30 A(pkl. VCEM· 200 V,IBI = 1.2 A, 
tsv - 0.75 - ". 

CrOlsover Time Ie - 0.25 - ". 
FIll Time 

VaEloffl = 5 V. TC = 250 Cl 
tfi - 0.15 - ". 

(1) Pulse Test: PW = 300 "s, Duty Cycle ... 2% 
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TYPICAL ELECTRICAL CHARACTERISTICS 
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FIGURE 2 - COLLECTOR SATURATION REGION 
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MJ10020, MJ10021 

TABLE 1 - TEST CONDITIONS FOR DYNAMIC PERFORMANCE 

PW Varied tel Attain 
le·,00mA 

a ~ LCOI!- 10ml-l Vee· 10 V 

! ; ::~:~:~. ~~eo(.u.' 
u> 
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MJ10020, MJ10021 

SWITCHING TIMES NOTE 

In resistive switching circuits, rise, fall, and storage 
times have been defined and apply to both current and 
voltage waveforms since they are in phase. However, 
for inductive loads which are common to SWITCHMODE 
power supplies and hammer drivers, current and voltage 
waveforms are not in phase. Therefore, separate measure· 
ments must be made on each waveform to determine 
the total switching time. For this reason, the following 
new terms have been defined. 

tsv = Voltage Storage Time, 90% IB1to 10% VCEM 
trv = Voltage Rise Time, 10 - 90% VCEM 
tfi = Current Fall Time, 90 - 10% ICM 
tti = Current Tail, 10 - 2% ICM 
tc = Crossover Time, 10% VCEM to 10% ICM 

An enlarged portion of the inductive switching waveforms 
is shown in Figure 7 to aid in the visual identity of these 

For the designer, there is minimal switching loss 
during storage time and the predominant switching 
power losses occur during the crossover interval and can 
be obtained using the standard equation from AN·222A: 

PSWT = 1/2 Vcclc(tclf 
In general, trY + tfi ~ tc. However, at lower test currents 
this relationship may not be valid. 

As is common with most switching transistors, resistive 
switching is specified at 250 C and has become a bench
mark for designers. However, for designers of high fre· 
quency converter circuits, the user oriented specifications 
which make this a "SWITCHMODE" transistor are the 
inductive switching speeds (tc and tsvl which are guaran· 
teed at 1 OooC. 

terms. 
RESISTIVE SWITCHING 

FIGURE 10 - TYPICAL TURN·ON SWITCHING TIMES FIGURE 11 - TYPICAL TURN·OFF SWITCHING TIMES 
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Tho Safe Operating Am figures lIIown in Figures 13 and 1141·aro 
_ifiad for th_ devi_ undar the _ conditions lIIown. 
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SAFE OPERATING AREA INFORMATION 

FORWARD BIAS 
There are two limitations on the power handling ability 

of a transistor: average junction temperature and second 
breakdown. Safe operating area curves indicate IC-VCE 
limits of the transistor that must be observed for reliable 
operation; i.e., the transistor must not be subjected to 
greater dissipation than the curves indicate. 

The data of Figure 13 is based on TC = 250 C; TJ(pk) 
is variable depending on power level. SeCond breakdown 
pulse limits are valid for duty cycles to 10% but must be 
derated when TC ~250 C. Second breakdown limitations 
do not derate the same as thermal limitations. Allowable 
current at the voltages shown on Figure 13 may be found 
at any case temperature by using the appropriate curve on 
Figure 15. 

TJ(pk) may be calculated from the data in Figure 12. 
At high case temperatures, thermal limitations will reduce 
the power that can be handled to values less than the 
limitatio:ms imposed by second breakdown. 

REVERSE BIAS 
For inductive loeds, high voltage and high current 

must be sustained simultaneously during turn-off, in most 
cases, with the base to emitter junction reverse biased. 
Under these conditions the collector voltage must be held 
to a safe level at or below a specific value of collector 
current. This can be accomplished by several means such 
as active clamping, RC snubbing, load line Shaping, etc. 
The safe level for these devices is specified as Reverse Bias 
Safe Operating Area and represents the voltage-current 
condition allowable during reverse biased turn-off. This 
rating is verified under clamped conditions so that the 
device is never subjected to an avalanche mode. Figure 14 
gives the R BSOA characteristics. 

FIGURE 15 - POWER DERATING 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

SWITCHMODE SERIES 
NPN SILICON POWER DARLINGTON TRANSISTORS 

WITH BASE-EMITTER SPEEDUP DIODE 

The MJl 0022 and MJl 0023 Darlington transistors are designed 
for high-voltage, high-speed, power switching in inductive circuits 
where fall time is critical. They are particularly suited for 
line-operated switch mode applications such as: 

• AC and OC Motor Controls 

• Switching Regulators 

• Inverters 

• Solenoid and Relay Drivers 

• Fast Turn-Off Times 
150 ns Inductive Fall Time @ 25°C (Typ) 
300 ns Inductive Storage Time @ 25°C (Typ) 

• Operating Temperature Range -65 to +200°C 

• 100°C Performance Specified for: 
Reversed Biased SOA with Inductive Loads 
Switching Times with Inductive Loads 
Saturation Voltages 
Leakage Currents 

MAXIMUM RATINGS 

Rating Symbol MJ10022 MJ10023 

Collector-Eminer Voltage VCEO 350 400 

Collector-Emitter Voltage VCEV 450 600 

Emitter Base Voltage VEB S.O 

Collector Current - Continuous IC 40 
- Peak (11 ICM SO 

Base Current - Continuous IB 20 
-Peak(l) IBM 40 

Total Power Dissipation @ TC = 25°C Po 250 
@ TC = 1000C 143 

Derate above 25°C 1.43 

Operating and Storage Junction TJ, Tstg -65 to +200 
Temperature Range 

THERMAL CHARACTERISTICS 

Char.ctaristic Symbol Max 

Thermal Resistance, Junction to Case R6JC 0.7 

Maximum Lead Temperature for Soldering TL 275 
Purposes: 1 IS- from Case for 5 Seconds 

(1) Pulse Test: Pulse Width = 5 ms, Duty Cycle .. 10%. 

3-717 

Unit 

Vdc 

Vdc 

Vdc 

Adc 

Adc 

Watts 

W/oC 

°c 

Unit 

°C/W 

°c 

MJl0022 
MJl0023 

40 AMPERE 

NPN SILICON 
POWER DARLINGTON 

TRANSISTORS 

3&0 and 400 VOLTS 
2&0 WATTS 

Oa";gn.'" O.t. for 
"Worst C ..... Condition. 

The Oesigners Data Sheet permits 
the deSign of most circuits entirely from 
the information presented. Limit data 
- representing device characteristics 
boundaries - are given to facilitate 
"worst case" design. 

I IMUER INC E 
OIM MIN AX MIN MAX 

A 38.36 38.37 1.510 1.550 

• 11.30 1.Q8~ 0.780 0. 
C 6.35 

D 1.45 1.111 O. 7 UlB3 
E - 3.43 - 0.1 
F 28.90 40 1.177 1.1 
a 10.67 lUI 0.420 0.440 

I 7 
K lUI 12.18 0.440 O. 
0. 4. 0.1 I 0.181 

--"- 24.~ I. 

CASE 197-01 

• 



J\ilJ10022, MJ10023 

ELECTRICAL CHARACTERISTICS (TC = 25·C unl •• s otherwi .. noted) 

Min Typ Unit 

OFF CHARACTERISTICS 

Collector-Emitter Sustainin\l Voltage (Table 1) MJ10022 VCEO(sus) 350 - - Vdc 
(IC = 100 mAo IB = 0) MJ10023 400 - -

Collector Cutoff Current ICEV mAdc 
(VCEV = Rated Value. VBE(off) = 1.5 Vdc) - - 0.25 
(VCEV = Rated Value. VBEloff) = 1.5 Vdc. T C = 150·C) - - 5.0 

Collector. Cutoff Current ICER - - 5.0 mAdc 
(VCE ~ Rat.ed VCEV. RBE = 50 O. TC = lOOOC) 

Emitter Cutoff Current lEBO - - 175 mAde 
(VEB = 2.0 V. IC = 0) 

SECOND BREAKDOWN 

Second Breakdown Collector Current with Base Forward Biased See Figure 13 

Clamped Inductive SOA with Ba .. Reverse Biased See Figure 14 

ON CHARACTERISTICS (1) 

DC Current Gain hFE 50 - 600 -
(IC = 10 Ade. VCE = 5.0 V) 

Collector-Emitter Saturation Voltage VCE(sat) Vdc 
(IC = 20 Adc. 'B = 1.0 Adc) - - 2.2 
IC = 40 Adc. 'B = 5.0 Adc) - - 5.0 
(IC= 20Adc.IB = 1.0 Adc, TC= lOOOC) - - 2.5 

Base-Emitter Saturation Voltage VBE(sat) Vdc 
IIc = 20 Ado, Ie = 1.2 Adc) - - 2.5 
IIc = 20 Adc, IB = 1.2 Adc, TC = looOC) - - 2.5 

Diode Forward Voltage Vf - 2.5 5.0 Vdc 
(IF = 20 Adc) 

DY·NAMIC CHARACTERISTICS 

Output Capacitance 
(VCB = 10 Vdc. 'E = 0, ftest = 1.0 kHz) 

SWITCHING CHARACTERISTICS 

Resistive Load (Table 1) 

Delay Time Id - 0.03 0.2 I'S 

Rise Time (VCC = 250 Vdc, IC = 20 A. 'Bl = 1.0 Adc, 
t 0.4 1.2 .. 5 

Slorage Time VBE(off) = 5.0 V, tp = 501'5. 
t. - 0.9 2.5 1'8 

Fall Time 
Duty Cycle .. 2.0%) 

tf 0.3 0.9 1'8 

InduC1ive Load, Clamped (Table 1) 

Storaae Time. 
(ICM = 2.0 A, VCEM = 250 V, IBI = 1.0 A. 

tsv - 1.9 4.4 1'5 
Crossover Time ... - 0.6 2.0 I's 
Fall Tima 

VBE(off).= 5 V. TC = l00·C) 
tfi - 0.3 - 1'8 

StoraaaTime 
HCM = 20 A, VCEM= 250V.IBI = 1.0A, 

t - 1.0 - I's 
Crossover Time t. - 0.3 - .. S 

Fall Time VBE(off) = 5 V. TC = 25·C) 
tfi - 0.15 - 1'5 

(1) Pulse Test: PW = 300 I'S, Duty Cycle"; 2% 

3-718 



MJ10022, MJ10023 

TYPICAL ELECTRICAL CHARACTERISTICS 

FIGURE 1 - DC CURRENT GAIN 

300 

./ 
,r-

TJJook 

// 1\ 
200 

TJ=25OC/ 
, 

r"d\ 

,\ 

50 

30. 
0.4 

V 
VCE=5V 

1.0 2.0 5.0 10 
IC. COUECTOR CURRENT (AMPS) 

\.\ 

1\ 
20 40 

FIGURE 3 - COLLECTOR·EMITTER SATURATION VOLTAGE 

3.0 

~ 2.7 
C> 

~ 2.4 
II! 

I :! 2. 
§! 1.8 
15 

Iclla= 10 

I: 1.5 
:IE i 1.2 

.,. 
Iii 0.9 

~ 0.6 

... 0.3 
{;! 

0.4 

VCE @25·C ~ 

...--
VeE@ lOO·C 

1.0 2.0 5.0 10 
IC. COLLECTOR CURRENT (AMPS) 

FIGURE & - COLLECTOR CUTOFF REGION 

104 

il03 .. 
z 
w .. 
~ 102 .., .. 
c .. 
~ 101 

B 
~loO 

~vee= 250V 

r--T -l25oe 

r== =100oe 
r-- -750e 

r--1--250e 

1 10' 
·0..2 

1/ 

1/ 

I 

+0..2 +0.4 +0..6 
VBE. BASE-EMIITER VOLTAGE (VOLTS) 

20 

/ 
/ 

40 

+D.B 

5.0 

~4.5 
lu 
!u 
§! 3.0 

~ 2.5 

~ 2.0 

~ 1.5 

jl.O 
~ 0.5 

FIGURE 2 - COLLECTOR SATURATION REGION 

TJ = loobC 

\ , \ 
, 'c,\= 40 A 

'e =20A 

lfill~ 
r-

II III '1 

0.01 0.02 0.05 0.1 0.2 0.5 1.0 2.0 5.0 10 

.. 
3.0 

2.7 

2.4 

~ 2.1 

! 1.8 

~ 1.5 .. 
~ 1.2 

~O.9 

~ 0.8 

0.3 

Ie. BAS£ CURRENT (AMP) 

FIGURE 4 - BASE·EMITTER SATURATION VOLTAGE 

Iclla= 10 ~ 
# 

VIE ~ 2J.C ~ ~ 
.J..-.+-~ 

v;t;tc 

0.4 1.0 2.0 5.0 10 20 40 

3-719 

400 

50 

40 

'c. COLLECTOR CURRENT (AMPS) 

FIGURE 6 - Cob. OUTPUT CAPACITANCE 

i'r-. 

"'-
"'-

i'-
I--

4.5 10 20 50 100 200 400 
VR. REVERSE VOLTAGE (VOLTS) 



MJ10022, MJ10023 
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TABLE 1 - TEST CONDITIONS FOR DYNAMIC PERFORMANCE 

RBSOA AND INDUCTIVE SWITCHING 

r---------------~r_~~~~~~+4~ •• V 

PU'-:/1V 
Widttl ...... ....I.-'...J-~--= 

pu' .. Wkh'" 
oIdjuned to 
obgin ..,.elfied 

Ie ' .... 'ftive 
Switchi",. 
""I .. Wld,h· 
·28,..) 

LeoN - 180" ... 
Reoll- 0.0& n 
VCC" 20 V 

a, 
a. 
a. 
a4 

10p' 

2N2107 as MJE15028 
2N2222 0' lNI, .. 
2N3782 D. 1N9'. 
MJEtlO28 D. 'N"4 

'NOUCTIVE TEST CIRCUIT OUTPUT WAVE FORMS 

'e·L0= 'eM __ '_I ~lam«Md 

1--.. "I-
-. 
Vclamp __ ---L-, 

T,me I-'l-l 

"Adjust - V such that VSE(aff}· ~ V except as required far RBSOA (Figure 14}. 

., Adjulted to 
c)bt.in Ie 

LeoIIOeM) ., .. ----vee' 
LcolIlICMI 

t2'" Vcl..-np 

Te,. Equipment 
Scope - Tektronix 
475 or Equl".'e"t 

1I11IIf1V1 

TUftN·ON TIME 

'., IIdI ... ned to 
obttIln .... fore_ 
h'E~Nd 

TURN·OFF TIME 

U .. inductlw swltchl", 
circuit .. the input to 

ttte Nllsttve .n clrcuh. 

Vee· 260.V 
RL· 12.6 n 
Pul .. Wtdth .. 215,.. 

"lltlT'VI TEIT CIIICUIT 

FIGURE 7 - INDUCTIVE SWITCHING MEASUREMENTS FIGURE S - TYPICAL PEAK REVERSE BASE CURRENT 

IC ......... 

VCE 

'8-

--

IC~ 
VCEM 

./ i-""'" I I~ "'I. Vcl1mp 

10 

9.0 

~ 80 
.......... 

./ 
I-r--'sv· 

~ 90% lSI 

--\- --
........... 

9D%VCEM 1: i\9D% ICM 

'rvlfl~'fi-
~ I-'c~ r-
/ 1,\ 

-',-
$ 7.0 

16.0 
u 5.0 

~ 

.....- .....-
.....-

V IC = 20 A 
IBI = 1 A -

100VCEM 10% ...... -..... ICM 2%IC 

~ 4.0 

i: 3.0 

j" 2.0 

../ V 
Vclamp = 250 V -

-- -----
TIME 

2.00 

1.75 

1.50 

-;;1.25 
.3 
:/E1.00 
1= 
.... 75 

.50 

.25 

o 

TJ = 25°C 

-- - 1.0 

1.0 2.0 3.0 4.0 5.0 6.0 
VBEloffl. REVERSE BASE VOLTAGE (VOLTSI 

FIGURE 9 - TYPICf-L .INDUCTIVE SWITCHING TIMES 

~10!OC ICM=20A 
IBI = 1 A \ .Vj VCEM = 250 V 

~lc@l~ --~" ~@25°C 

:'" '" ..... 
!'-... tc@2~'-

o 1.0 2.0 3.0 4.0 5.0 6.0 7.0 S.O 
VBE(olf). BASE-EMITTER VOLTAGE (VOLTSI 

3-720 

7.0 8.0 



MJ10022, MJ10023 

SWITCHING TIMES NOTE 

In resistive switching circuits, rise, fall, and storage 
times have been defined and applv to both current and 
voltage waveforms since they are in phase. However, 
for inductive loads which are common to SWITCH MODE 
power supplies and hammer drivers, current and voltage 
waveforms are not in phase. Therefore, separate measure
ments must be made on each waveform to determine 
the total switching time. For this reason, the following 
new terms have been lIefined. 

tsv = Voltage Storage Time, 90% IS 1 to 10% VCEM 
ttv = Voltage Rise Time, 10-90% VCEM 
tfi = Current Fall Time, 90-10% ICM 
tti = Current Tail, 10-2% ICM 
tc = Crossover Time, 10% VCEM to 10% ICM 

An enlarged portion of the inductive switching waveform 
is shown in Figure 7 to aid on the visual identity of 
these terms. 

FIGURE 10 - TYPICAL TURN·ON SWITCHING TIMES 

2.0 
t- Vee = 250 V 

~ 
lellBI = 20 
TJ = 25°e 

1.0 

0.5 

I'.. 

V 
" " ./ 

o. 1 .......... :---. 

Id~ I--
f-

0.05 

0.0~.4 1.0 2.0 5.0 10 20 40 
IC. COLLECTOR CURRENT IAMPSI 

For the designer, there is minimal switching loss 
during storage time and the predominant switching 
power losses occur during the crossover interval and can 
be obtained using the standard equation from AN-222A: 

PSWT = 112 Vcclc(telf 
In general, trv + tfi EO te. However, at lower test currents 
this relationship may not be valid. 

As is common with most switching transistors, resistive 
switching is specified at 25°C and has become a bench
mark for designers. However, for designers of high 
frequency converter circuits, the user orinented specifica
tions which make this a "SWITCH MODE" transistor are 
the inductive switching speeds (tc and tsv) which are 
guaranteed at 100°C. 

FIGURE 11 - TYPICAL TURN'()FF SWITCHING TIMES 
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MJ10022, MJ10023 

The s.te Openrtinl A_ figures ""own in Figures 13 .nd 14 ... 
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SAFE OPERATING AREA INFORMATION 

FORWARD BIAS 
There are two limitations on the power handling ability 

of a transistor: average junction temperature and second 
breakd,own. Safe operating area curves indicate ICc-VCE 
limits of the transistor that must be observed for reliable 
operation; i.e .. the transistor must not be subjected to 
greater dissipation than the curves indicate. 

The data of Figure 13 is based on TC = 25°C; TJ(pk) 
is variable depending on power level. Second breakdown 
pulse 'limits are valid for duty cycles to 1,0% but mustbe 
derated when TC;;' 25°C. Second breakdown limitations 
do not derate the same as thermal limitations. Allowable 
current at the voltages shown on Figure 13 may be found 
at any case temperature by using the appropriate curve on 
Figure 15. 

TJ(pk) may be calculated from the data in Figure 12. 
At high case temperatures. thermal limitations will reduce 
the power that can be handled to values less than the 
limitations imposed by second breakdown. 

REVERSE BIAS 
For inductive loads. high voltage and high current 

must be sustained simultaneously during turn-off, in niost 
cases, with the base to emitter junction reverse biased. 
Under these conditions the collector voltage must be held 
to a safe level at or below a specific value of collector 
current. This can be accomplished by several means such 
as active clamping. RC snubbing, load line shaping, etc, 
The safe level for these devices is specified as Reverse Bias 
Safe Operating Area and represents the voltage-current 
condition allowable during reverse biased turn'-off. This 
rating is verified under clamped conditions so that the 
device is never subjected to an avalanche mode. Figure 14 
gives the RBSOA characteristics. 

FIGURE 15 - POWER DERATING 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

Designer's Data Sheet 

SWITCH MODE SERIES 
NPN SILICON POWER DARLINGTON TRANSISTORS 

WITH BASE-EMITTER SPEEDUP DIODE 

The MJl 0024 and MJl 0025 Darlington transistors are designed 
for high-voltage, high-speed, power switching in inductive circuits 
where fall time is critical. They are particularly suited for 
line-operated switchmode applications such as: 

• AC and DC Motor Controls 

• Switching Regulators 

• Inverters 

• Solenoid and Relay Drivers 

• Operating Temperature Range -65 to +200"C 

• 1 OODC Performance Specified for: 
Reversed Biased SOA with Inductive Loads 
Switching Times with Inductive Loads 
Saturation Voltages 
Leakage Currents 

MAXIMUM RATINGS 

Rating Symbol MJ10024 MJ10025 

Collector-Emitter Voltage VCEO. 750 S50 

Coliector~Emitter Voltage VCEV 1000 1200 

Emitter Sase Voltage VES S.O 

Collector Current - Continuous IC 20 
- Peak (1) ICM 40 

Base Current - Continuous IB 10 
-Peak(l) IBM 20 

Total Power Dissipation @ T C = 25DC PD 250 
@TC=100DC 143 

Derate above 25°C 1.43 

Operating and Storage Junction TJ, Tstg -65 to +200 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance, Junction to Case R8JC 0.7 

Maximum Lead Temperature for Soldering TL 275 
Purposes: 1 IS" from Case for 5 Seconds 

(1) Pulse Test: Pulse Width = 5 ms, Duty Cycle .. 10%. 

3-723 

Unit 

Vdc 

Vdc 

Vdc 

Adc 

Adc 

Watts 

WIDC 

DC 

Unit 

°C/W 

DC 

MJl0024 
MJl0025 

20 AMPERE 

NPN SILICON 
POWER DARLINGTON 

TRANSISTORS 

760 end 860 VOLTS 
260 WATTS 

O .. igner'. Oeta for 
"Wont C ..... Condition. 

The Designer's Data Sheet permits 
the design of most circuit. entirely from 
the information presented. Limit data 
- representing device characteristics 
boundaries - are given to faciUt8te 
"worst case" design. 

~• c 

LI t= 
r. .. 0 i 

NOTES: 
1. DIMENSIONS Q AND V ARE DATUMS. 
2. OJ IS SEATING PLANE AND DATUM. 
3. POSITIONAL TOLERANCE FOR 

MOUNTING HOLE Q: 

I * 11.'3Io.OO6I@ IT Iv@! 
FOR lEADS: 

I *!I.'3IO.OO5)(!'YT-!-V@!O@! 
4. DIMENSIONS AND TOLERANCES PER 

ANSIYI4.5,1973. 

CASE 1-06 

• 



MJ10024. MJ10025 

ELECTRICAL CHARACTERISTICS (T C = 25'C unless otherwise noted) 

I Characteristic I Symbol Min Typ Ma" Unit 

OFF CHARACTERISnCS 

Collector-Emitter Sustaining Vollage (Table 1) MJloo24 VCEO(sus) 750 - - Vdc 
(iC=loomA,la=O) MJloo25 850 - -

Collector Cutoff Currenl ICEV mAde 
(VCEV = Raled Value, VaE(off) = 1.5 Vde) - - 0.25 
(VCEV = Rated Value, VaE(off) = 1.5 Vde, T C = 150'C) - - 5.0 

Collector CUloff Currenl ICER - - 5.0 mAde 
(VCE = Rated VCEV, RaE = 50 n, T C = l000C) 

Emitter Cutoff Current IEaO - - 175 mAde 
(VEa = 2.0 V, IC = 0) 

SECOND BREAKDOWN 

Saeond areakdown Collector Current with base forward biased 

Clamped Inductive SOA with base reverse biased 

ON CHARACTERISTICS (1) 

DC Current Gain hFE 50 - 600 -
(lC = 5.0 Ade, VCE = 5.0 V) 

Collector-Emitter Saturalion Voltage VCE(sat) Vde 
(lC= 10Ade, la= 1.0Ade) - - 2.2 
IC = 20 Ade, la = 5.0 Ade) - - 5.0 
(lC= 10 Ade, la= 1.0Ade, TC= l000C) - - 2.5 

Base-Emitter Saturation Voltage VaE(sat) Vde 
(lC = 10 Ade, la = 1.0Ade) - - :L5 
(lC= 10Ade, la= 1.0Ade, TC= l000C) - - 2.5 

Diode Forward Voltage Vf - 1.25 4.0 Vdc 
(IF = 10Ade) 

DYNAMIC CHARACTERISTICS 

Output Capacitance 
(Vca = 10 Vde, IE = 0, flesl = 1.0 kHz) 

SWITCHING CHARACTERISTICS 

Resislive Load (Table 1 ) 

Delay Time 
(VCC = 250 Vde, IC = lOA, lal = 1.0 Ade, Id - 0.03 0.3 I'S 

Rise Time Ir - 0.6 1.8 

Storage Time 
VaE(off) = 5.0 V, Ip = 50 I's, 

ts - 2.0 5.0 

Fall Time 
Duty Cycle EO; 2.0%) 

tf - 0.6 1.8 

Inductive Load, Clamped (Table 1) 

Storage Time (ICM = lOA, VCEM = 250 V,lal = 1.0A, tsv - 2.9 7.0 I's 
Crossover Time VaE(off) = 5 V, TC = lOO'C) Ie - 1.0 3.3 

Slorage Time (lCM = '10 A, VCEM = 250 V, lal = 1.0 A, tsv - 21 50 1'$ 
Crossover Time RaE = 24 n, TC = l000C Ie - 9.0 25 

Slorage Time (ICM = lOA. VCEM = 250 V, VaE(off) = 5.0 V, Isv - 2.2 - I'S 
Crossover Time lal aaker Clamped [1 Ampere Source], te - 0.5 -

TC= l000C) 

(1) Pulse Test: PW = 300 I'S, Duty Cycle EO; 2% 
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MJ10024, MJ10025 

FIGURE 1 - DC CURRENT GAIN 
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j 10 3 
I-

ill 
<r a 102 
<r 
o 
I-

; 10 
o 
'-' 

1 

~ 100 

I=vC[ - 250 V 

f--- T J ~ 125·C 

I--- I--l00·C 

I---r-7S·e 

:::::= i==2S·C 

1 10-
·0.2 

L 
1/ 

./ , 
I -

I 

+0.2 +0.4 +0.6 

VBE, BASHMITTER VOLTAGE (VOLTS) 

r~ 
20 

A 

20 

+O.B 

I 
0,01 0,05 0.1 0.5 1.0 5.0 

IB, BASE CURRENT (AMPS) 

FIGURE 4 - BASE-EMITTER SATURATION VOLTAGE 

3,0 

g 2.7 
o = 2.4 
~ 2.1 

§! 1.8 

"" ~ 1.5 

~12 
"" t; 0.9 

~ 0.6 

tJ 0.3 

I----

I----

t--

0,2 

II 

)~/I) =)5.b 
ljl L. 

I v-
TJ ~ 2~o~ -~I--" 

r-- ~ -~ 
TJ = 100°C 

0.5 1.0 2.0 5.0 10 
IC, COLLECTOR CURRENT (AMPS) 

FIGURE 6 - Cob. OUTPUT CAPACITANCE 
400 

S:200 
u g 
"" 
~ 100 
u 

50 

40 

~ 

4.5 

f'-

" i'r-

10 20 50 100 200 
VR, REVERSE VOLTAGE (VOLTS) 

3-725 

10 

t;:2 

20 

400 

II 



MJ10024, MJ10025 

.. 
;~ 
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8 ---r 
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TABLE 1 - TEST CONDITIONS FOR DYNAMIC PERFORMANCE 

Pull. Width 

.dlutted to 
obta,n ,pec,f.ec 
Ie (R .. iuiv. 

Switching, 

Pul"Width 
= 25 /01.1 

RBSOA AND INDUCTIVE SWITCHING 
AE .. ITIYE 
SWT HI 

TURN ON TIME 

IS1 adjunec:l to 
obtain the forc.-d 

"FE dNirad 

TURN·OFF TIME 

U .. inductive switching 

circuit .. the input to 
-V· the r.'istive tell circuit. 

INDUCTIVE TEST CIRCUIT 

Leon = 100 JoIH 
Reoll "" 0.05 n 
VCC"'20V 

Q1 2N2907 
Q2 2N2222 

05 MJE15028 
01 lN914 

03 2N3762 02 lN914 
q4 MJE15029 03 lN914 

OUTPUT WAVEFORMS 

11 Adjunad to 

Obtain Ie 

ICL£2k= leM __ It ~Iamped 

1--" "I-
----.-
Vclamp 

__ -.L.., 
I-',...j 

Leol ' (leM) 
'2'"'---

Vclamp 

Tast Equipment 
Scope - Tektronix 
475 or EqUIvalent 

*Adjust - V such that VSE(off) = 5 V except as required for RBSOA (Figure 14). 

Vee = 25QV 
RL. = 25 n 
Pulse Width = 25 ~s 

RESISTIVE TEST CIRCUIT 

FIGURE 7 -.INDUCTIVE SWITCHING MEASUREMENTS FIGURE 8 - TYPICAL PEAK REVERSE BASE CURRENT 
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MJ10024, MJ10025 

SWITCHING TIMES NOTE 

In resistive switching circuits, rise, fall, and storage 
times have been defined and apply to both current and 
voltage waveforms since they are in phase. However, 
for inductive loads which are common to SWITCHMODE 
power supplies and hammer drivers, current and voltage 
waveforms are not in phase. Therefore, separate measure
ments must be made on each waveform to determine 
the total switching time. For this reason, the following 
new terms have been defined. 

tsv = Voltage Storage Time, 90% IS1 to 10% VCEM 
trv = Voltage Rise Time, 10-90% VCEM 
tfi = Current Fall Time, 90-10% ICM 
tti = Current Tail, 10-2% ICM 
tc = Crossover Time, 10% VCEM to 10% ICM 

An enlarged portion of the inductive switching waveform 
is shown in Figure 7 to aid on the visual identity of 
these terms. 

FIGURE 11 - TYPICAL TURN-ON SWITCHING TIMES 
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For the designer, there is minima) switching loss 
during storage time and the predominant switching 
power losses occur during the crossover interval and can 
be obtained using the standard equation from AN-222A: 

PSWT = 1/2 Vcclc(tclf 
)n general, trv + tfi == tc. However, at lower test currents 
this relationship may not be valid. 

As is common with most switching transistors, resistive 
switching is specified at 25°C and has become a bench
mark for designers. However, for designers of high 
frequency converter Circuits, the user orinented specifica
tions which make this a "SWITCH MODE" transistor are 
the inductive switching speeds (tc and tsv) which are 
guaranteed at lOOoC. 

FIGURE 12 - TYPICAL TURN-OFF SWITCHING TIMES 
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MJ10024, MJ10025 

The S.fa Operating Are. figures shown in Figures 14 and 16 are 
specifled for th ••• devices und.r the test conditions sho wn. 

FIGURE 14 - MAXIMUM FORWARD BIAS 
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SAFE OPERATING AREA INFORMATION 

FORWARD BIAS 
There are two limitation's on the power handling ability 

of a transistor: average junction temperature and second 
breakdown. Safe operating area curves indicate IC-VCE 
limits of the tranSistor that must be observed for reliable 
operation; i.e., the transistor must not be subjected to 
greater dissipation than the curves indicate. 

The data of Figure 14 is based on TC = 25°C; TJ(pk) 
is variable depending on power level, Second breakdown 
pulse limits are valid for duty cycles to 10% but must be 
derated when TC;' 25°C. Second breakdown limitations 
do not derate the same as thermal limitations. Allowable 
current at the voltllges shown on Figure 14 may be found 
at any case temperature by using the appropriate curve on 
Figure 16. 

TJ(pk) may be calculated from the data in Figure 13. 
At,high case temperatures, thermal limitations will reduce 
the power that can be handled to values less than the 
limitations imposed by second breakdown. 

REVERSE BIAS 
For inductive loads, high voltage and high current 

must be sustained simultaneously during turn-off, in most 
cases, with the base to .emitter junction reverse biased. 
Under these conditions the collector voltage must be held 
to a s~fe level at or below a specific value of collector 
current. This can be accomplished by several means such 
as active clamping, RC snubbing, load line shaping, etc. 
The safe level for these devices is specified as Reverse 
Bias Safe Operating Area and represents the voltage
current condition allowable during reverse biased turn-off. 
This rating is verified under clamped conditions so that 
the device is never subjected to an avalanche mode . 
Figure 15 gives the RBSOA characteristics. 

FIGURE 16 - POWER DERATING 

100 

~ 80 

'" o 
t; 
~ 60 
to 
Z 
;: 

~ 40 
o 

'" ~ 
~ 20 

o 
o 

~ :-..:.. 

"" ~ SECIONOB~EAKOtiWN 

1""'- ....... r--... DERATING -

THERMA~ j'-... 
DERATING I'.. ....... 

r-....... 
I"... "-.... 

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

-~ 
""'-40 80 120 160 200 

TC, CASE TEMPERATURE IOC) 

3-728 



MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

Designer's Data Sheet 

25 kVA ENERGY MANAGEMENT SERIES 
SWITCHMODE DARLINGTON TRANSISTORS 

25. 50 and 100 Ampere Operating Current 

These Darlington transistors are designed for industrial service 
under practical operating environments requiring fast switching 
speed for highly efficient systems operating at high frequency 
such as inverters. PWM controllers and other high frequency sys
tems operating from 120.230 and 460 V lines. 

EMITIER 

BASE 
COLLECTOR 

"Emitter-Collector Diode is a fast recovery high power diode. 
Note: The 8 ohm resistor is not included in the MJ 1 0044 and MJ10047. 

MAXIMUM RATINGS 

Mechanical Ratings 

Rating Value 

Mounting Torque (To heat sink with 6-32 Screw) 8.0 
(Note 1) 

Lead Torque (Lead to bus with 5 mm Screw) 20 
(Note 2) 

Per Unit Weight 41 

THERMAL CHARACTERISTICS 

Thermal Resistance, Junction to Case, RruC 0.5 

Mica Insulators available as separate items. 
0.003" thick. Motorola Part Number 14CSBI2387B003. 

Notes: 
1. A Belleville washer of 0.281" 0.0 .. 0.13S" 1.0 .. 0.013" thick and 43 pounds flat 

is recommended. 
2. The maximum penetration of the screw should be limited to 0.50", 
3. To adapt the collector and emitter terminals to quick connect terminals, AMP 

250 Series Fastan tab PIN 61499M 1 is suggested. 
4. The mounting holes of this package are compatible with TO~204 (formerly 

TO-3) mounting holes. 
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Unit 

in.-Ib 

in.-Ib 

grams 

°CiW 

MJI0041 
MJI0044 
MJI0047 

25.50, and 100 AMPERE 

NPN SILICON 
POWER DARLINGTON 

TRANSISTOR 
250, 450 and 850 VOLTS 

250 WATTS 

Designer's Data for 
·'Worst·CaH" Conditions 

The Designer's Data Sheet permits the design 
of most circuits entirely from the information 
presented. !.-imit data - representing device 
characteristics boundaries - are given to facil
itate "worst-case" design. 

~N 
STYLE 1: v W 

PIN I. BASE 
2. EMITTER • 
3. COLLECTOR 1rD 
4. COLLECTOr '- ~J I ~ 

CBi~ 
NOTES, 

I. DIMENSIONS A AND B ARE DATUMS AND 
T IS BOTH A OATUM SURFACE AND 
SEATING PLANE. 

2. POSITIONAL TOLERANCE FOR MOUNTING 
HOLES, 

1 ... 1.e'0.25Io.010181 T IAGIBG I 
3. DIMENSIONING ANO TOLERANCING PER 

ANSI YI4.5. 1982. 
4. CONTROLLING OIMENSION, INCH 

EXCEPT FOR METRICALLY THREADED 
INSERTS. 

MIlliMETERS INCHES 
OIM MIN MAX MIN MAX 

A 39.11 1.540 1.580 
B 33.93 1.336 1.376 
C 0.800 
0 0.68 0.027 0.033 
E 8.30 0.327 0.347 
F 0.175 
G 1.168 BSC 
H 0.200 BSC 
J 0.037 0.043 
K 1.000 
L 0.130 
N 0.6B5 
0 0.153 
R 0.425 
S 0.250 
U 
V 
W 
X 

• 

II 



MJ10041, MJ10044, MJ10047 

MAXIMUM RATINGS (Continued) (TC = 25·C unless otherwise noted) 

Rating Symbol MJ10041 MJ10044 MJ10047 Unit 

Collector-Emitter Voltage (lB = 0) VCEO 850 450 250 Vdc 

Collector-Emitter Voltage (RBE = 10 Ohms) VCfR 900 500 300 Vdc 

Collector-Base Voltage VCB 900 500 300 Vdc 

Emitter-Base Voltage VEB 8.0 Vdc 

Collector Current - Operating (TC = lWC) IC(op) 25 - - A 
(TC = 85·C) - 50 -
(TC = 85·C) - - 100' 

Collector Current - Continuous IC 37.5 75 100 A 
- Peak Repetitive 75 150 300 
- Peak Nonrepetitive 125 250 500 

Base Current - Continuous IB 25 A 
- Peak Nonrepetitive 50 

Total Device Dissipation Po 250 Watts 
Derate above T C = 25·C 2.0 WI"C 
For I-minute overload 333 Watts 

Operating Junction and Storage Temperature Range TJ, Tstg -55 to + 150 ·C 
For 1-minute overload -55 to 200 

ELECTRICAL CHARACTERISTICS (TC = 25·C unless otherwise noted.) 

Characteristic Symbol Min Max ,Unit 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage (1) VCEO(sus) ··Vdc 
(lC = 125 mAde) MJ10041 850 -

MJ10044 450 -
MJ10047 250 ~ 

Collector Cutoff Current ICEV mA 
(VCE = Rated VCB, VBE(off) = 1.5 Vdc) - 2.0 
(VCE = Rated VCB, VBE(off) = 1.5 Vdc, TC = 15O-C) - 10 

Collector Cutoff Current ICER - 10 mA 
(VCE = Rated VCER, RBE = 10 n, TC = 100·C) 

Emitter Cutoff Current lEBO mA 
(VEB = 4.0 Vdc, IC = 0) MJ10041 - 500 

MJ10044 - 2.5 
MJ 1 0047 

SAFE OPERATING AREA 

Second Breakdown Collector Current with Base Forward-Biased FBSOA See Figures 32, 34 & 36 

Clamped Inductive SOA with Base Reverse-Biased RBSOA See Figures 33, 35 & 37 

Overload Safe Operating Area OLSOA See Figures 38, 39, 40, 41, 42 & 43 

DYNAMIC CHARACTERISTICS 

Output Capacitance 
(VCB = 10 Vdc, IE = 0, ftest = 1.0 kHz) 

(1) Pulse Test. Pulse wi~th of 300 #lS, duty cycle os;;; 2.0%. 
"This rating is with a 50% duty cycle, and is limited by power dissipation. Higher operating currents are allowable at lower duty cycles. 
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MJ10041. MJ10044. MJ10047 

ELECTRICAL CHARACTERISTICS (Continued) (TC = 25'C unless otherwise noted.) 

Characteristic I Symbol Min Max Unit 

ON CHARACTERISTICS (1) 

MJ10041 

DC Current Gain hFE 
(lC = 25 Adc, VCE = 5.0 Vdc) 25 -
(lc = 25 Adc, VCE = 10 Vdc) 40 -

Collector-Emitter Saturation Voltage VCE(sat) Vdc 
(lC = 25 Adc, IB = 2.0 Adc) - 2.0 
(lc = 37.5 Adc, IB = 7.5 Adc) - 5.0 
(lC = 25 Adc, IB = 2.0 Adc, TC = 100'C) - 2.5 

Base-Emitter Saturation Voltage VBE(sat) Vdc 
(lC = 25 Adc, IB = 2.0 Adc) - 3.0 
(lC = 25 Adc, IB = 2.0 Adc, TC = 100'C) - 3.0 

MJ10044 

DC Current Gain hFE 
(lC = 50 Adc, VCE = 5.0 Vdc) 50 -
(lc = 50 Adc, VCE = 10 Vdc) 60 -

Collector-Emitter Saturation Voltage VCE(sat) Vdc 
(lC = 50 Adc, IB = 1.67 Adc) - 2.0 
(lC = 75 Adc, IB = 6.0 Adc) - 3.3 
(lC = 50 Adc, IB = 1.67 Adc, TC = 100'C) - 2.5 

Base-Emitter Saturation Voltage VBE(sat) Vdc 
(lC = 50 Adc, IB = 1.67 Adc) - 3.0 
(lC = 50 Adc, IB = 1.67 Adc, TC = 100'C) - 3.0 

MJ10047 

DC Current Gain hFE 
(lC = 100 Adc, VCE = 5.0 Vdc) 75 -
(lc = 100 Adc, VCE = 10 Vdc) 90 -

Collector-Emitter Saturation Voltage VCE(sat) Vdc 
(lC = 100 Adc, IB = 2.75 Adc) - 2.0 
(lC = 100 Adc, IB = 2 .. 75 Adc, TC = 100'C) - 2.5 

Base-Emitter Saturation Voltage VBE(sat) Vdc 
(lC = 100 Adc, IB = 2.75 Adc) - 3.5 
(lC = 100 Adc, IB = 2.75 Adc, TC = 100'C) - 3.5 

(1) Pulse Test: Pulse width of 300 ,."s, duty cycle..;;;: 2.0%. 

ELECTRICAL CHARACTERISTICS (Continued) (TC = 25'C unless otherwise noted.) 

Characteristic I Symbol I Min Typ Max Unit 

SWITCHING CHARACTERISTICS 

MJ10041 

Resistive Load 

Delay Time td - 0.03 0.25 /LS 

Rise Time (VCC = 300 Vdc, IC = 25 A, IBI = 2.5 A, tr - 1.2 5.0 

Storage Time 
VBE(OFF) = 5.0 V, tp = 50 /LS, 

ts - 3.3 10 Duty Cycle'" 2.0%) 
Fall Time tf - 1.5 5.0 

Inductive Loed, Clamped 

Storage Time TJ = 100'C tsv - 5.0 15 /LS 
(lCM = 25 A, 

Crossover Time VCEM = 300 V, tc - 3.0 10 

Storage Time VBE(OFF) = 5.0 V, 
TJ = 25'C tsv - 3.5 10 

Crossover Time 
IBI = 2.5 A) 

tc - 1.5 5.0 
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MJ10041.MJ10044.MJ10047 

ELECTRICAL CHARACTERISTICS (Continued) (TC = 25'C unless otherwise noted.) 

Characteristic I Symbol I Min typ Max Unit 

SWITCHING CHARACTERISnCS 

MJ10044 

Resistive Load 

Delay Time td - 0.03 0.25 !lJl 

Rise Time (VCC = 250 Vdc, IC = 50 A, lSI = 1.67 A, tr - 0.9 3.0 

Storage Time 
VSE(OFF) = 5.0 V, tp = 5O!lJl, 

ts - 1.5 3.8 Duty Cycle"" 2.0%) 
Fall Time tf - 0.4 1.3 

Inductive Load, Clamped 

Storage Time 
(lCM = 50 A, TJ = 100'C tsv - 2.5 7.5 !lJl 

Crossover Time VCEM = 250 V, tc - 0.8 3.0 

Storage TIme VSE(OFF) = 5.0 V, 
TJ = 25'C tsv - 1.5 3.8 

Crossover Time 
lSI = 1.67 A) 

tc - 0.5 1.5 

MJ10047 

Resistive Load 

Delay Time td - 0.035 0.25 I'S 

Rise Time (VCC = 150 Vdc, IC = 100 A, IBI = 2.75 A, tr - 1.2 4.0 

Storage Time 
VBE(OFF) = 5.0 V, tp = 50!lJl, 

ts - 1.4 4.0 Duty Cycle'" 2.0%) 
Fall Time tf - 0.25 1.0 

Inductive Load, Clamped 

Storage Ti me 
(lCM = 100 A, TJ = 100'C tsv - 2.8 8.0 I'S 

Crossover Time VCEM = 150 V, tc - 1.4 4.0 

Storage Time VSE(OFF) = 5.0 V, 
TJ = 25'C tsv - 2.2 6.5 

Crossover Time 
IBI = 2.75 A) 

tc - 1.0 3.0 

C-E DIODE CHARACTERISTICS 

Power Dissipation (lB = 0) Po - - 125 W 

Single Cycle Surge Current (60 Hz) IFSM - - 250 Apk 

Forward Voltage (1) VF Vdc 
(IF = 25 Adc) MJ10041 - ,2.7 5.0 
(IF = 50 Adc) MJ10044 - 1.7 5.0 
(IF = 100 Adc) MJ 1 0047 - 2.5 5.0 

Reverse Recovery TIme trr I'S 
(IF = 25 Adc, dildt = 25 Ail's) MJ10041 - 0.2 1.0 
(IF = 50 Adc, di/dt = 50 Ai!lJl) MJ10044 - 0.4 1.0 
(IF = 100 Adc, di/dt = 100 Ai!lJl) MJ 1 0047 - 0.4 1.0 

Reverse Recovery Current IRM(rec) A 
(IF = 25 A, di/dt = 25 Ai!lJl) MJ10041 - 3.5 12.5 
(IF = 50 A, di/dt = 50 Ai!lJl) MJ10044 - 10 25 
(IF = 100 A, di/dt = 100 Ai!lJl) MJ 1 0047 - 25 50 

Forward Turn-On Time (Compliance Voltage = 250 V) ton !lJl 
(IF = 25 Adc) MJ 1 0041 - 0.1 1.0 
(IF = 50 Adc) MJ10044 - 0.1 0.5 
(IF = 100 Adc) MJ10047 - 0.4 1.0 

11) Pul.e Test: Pulse WIdth of 300 p.S, duty cvcle '" 2.D"!.. 
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TYPICAL ELECTRICAL CHARACTERISTICS 
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TYPICAL ELECTRICAL CHARACTERISTICS (continued) 
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TYPICAL ELECTRICAL CHARACTERISTICS (continued) 
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FIGURE 1. - TYPICAL INDUCT1VE SWITCHING TIMES 
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TYPICAL ELECTRICAL CHARACTERISTICS (continued) 

FIGURE 25 - TYPICAL TURN·OFF SWITCHING TIMES 
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TABLE 1 - TEST CONDITIONS FOR DYNAMIC PERFORMANCE 

R880A AND INDUCTIVE SWITCHING 
RE8IS1lVE 

SWITCHING 

TURN ON TIME 
201l 
~, 

OlIVER SCHEMAnc + 30 V 

IB@r: 5."~ 
For induCtive loads pulse width 200 0 R1 ~!!:.~n' 

IOOIl I I 1 ~0.006 
i, adjusted to obtain specified Ie 1 .1~ ~.O"~25 v delired 'a1 

~ r ~'0~F ~50~" Y 2N37:2 .,." I..... ~ ~ 
IB1 adjusted to 

obtain the forced 
hFE deeired 

TURN-OFF TIME 

P'W varied to Attain 
Ie"" 126mA 

U _ r. MTMI2N08 

-so V soo 1000 ~ U .. inductive SWitching 
circuit .. the input to 

the resilltlve test circuit. 

0.003 1 

.... 11 = 'OmHVee = 'OV 
fIcoil = 0.7 Il 

Vclamp "" Vceoe.us' 

.... 11 - 5.0,.li 
Vee=20V 

10n l2 
Vee = 150 to 300 V 
Pulae Width = 50 p,a 

Adjust Rl for ieM 

INDUcnvE nST CIRCUIT OUTPUT WAVEFORMS RESlS11II£ nST CIRCUIT 

TUT r l 
I I Reoil 
I I 1N4937 

Input or I I leon 
See Above for Equivalent L J 

Detailed Con~tion. 1 iC~~ t t Vee 

2 "Rs 
0.1 n 

t, Adjulted to 
Obtain Ie 

• ....III1CMI '---vee-
'2- ..... III1CMI 

Vdamp 

Test Equipment 
Scope - Tektronix 
475 or Equivalent 

2 . Rl '~UT 
l ~ ~Vec 

-AdJust - V such that VBE(off) = 5.0 V except as requIred for RBSOA. 

SWITCHING TIMES NOTE 
In resistive switching circuits. rise. fall. and storage 

times have been defined and apply to both current and 
voltage waveforms since they are in phase. However. 
for inductive loads which are common to SWITCH
MODE power supplies and motor controls. current and 
voltage waveforms are not in phase. Therefore. sepa
rate measurements must be made on each waveform 
to determine the total switching time. For this reason. 
the following new terms have been defined. 

tsv = Voltage Storage Time; 90% ISl to 10% 
VCEM 

trv = Voltage Rise Time. 10-90% VCEM 
tfi Current Fall Time. 90-10% ICM 
tti = Current Tail. 10-2% ICM 
tc = Crossover Time. 10% VCEM to 10% ICM 

An enlarged portion of the inductive switching wave-

FIGURE 30 - INDUCTIVE SwrrCHING MEASUREMENTS 
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ICM 2% IC 
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-- --1- -- -- -- -- -, -~ """" 
TIME 

form is shown in Figure 30 to aid on the visual identity 
of these terms. 

For the designer. there is minimal switching loss dur
ing storage time and the predominant switching power 
losses occur during the crossover interval and can be 
obtained using the standard equation from AN-222A: 

PSWT = Y2 VCCIC(tclf 
In general, trv + tfi=tc' However. at·lower tesf currents 
this relationship may not be valid. 

As is common with most switching transistors. resis
tive switching is specified at 25·C and has become a 
benchmark for designers. However. for designers of 
high frequency converter circuits. the user-oriented 
specifications which make this a "SWITCHMODE" tran
sistor are the inductive switching speeds (tc and tsvl 
which are guaranteed at 100·C. 

FIGURE 31 - THERMAL RESPONSE 
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SAFE OPERATING AREA INFORMATION 
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OVERLOAD CHARACTERISTICS 
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SAFE OPERATING AREA INFORMATION 

FORWARD BIAS 
There are two limitations on the power handling abil

ity of a transitor: average junction temperature and sec
ond breakdown. Safe operating area curves indicate 
IC - VCE limits of the transistor that must be observed 
for reliable operation; i.e., the transistor must not be 
subjected to greater dissipation than the curves indicate. 

The data of Figures 32, 34, and 36 are based on TC 
= 25°C; TJ(pk) is variable depending on power level. 
Second breakdown pulse limits are valid for duty cycles 
to 10% but must be derated when TC :;;, 25°C. Second 
breakdown limitations do not derate the same as ther
mal limitations. Allowable current at the voltages shown 
on these figures may be found at any case temperature 
by using the appropriate curve on Figure 28. 

T J(pk) may be calculated from the data in Figure 31. 
At high case temperatures, thermal limitations will re
duce the power that can be handled to values less than 
the limitations imposed by second breakdown. 

REVERSE BIAS 
For inductive loads, high voltage and high current 

must be sustained simultaneously during turn-off, in 
most cases, with the base to emitter junction reverse
biased. Under these conditions the collector voltage 
must be held to a safe level at or below a specific value 
of collector current. This can be accomplished by sev
eral means such as active clamping, RC snubbing, load 
line shaping, etc. The safe level for these devices is 
specified as Reverse-Bias Safe Operating Area and rep
resents the voltage-current condition illiowable during 
reverse-biased turn-off. This rating is verified under 
clamped conditions so that the device is never subjected 
to an avalanche mode. Figures 33, 35 and 37 give the 
RBSOA characteristics. 

OVERLOAD SAFE OPERATING AREA 
The forward-bias safe operating area (FBSOA) spec

ification given in these figures adequately describes 
transistor capability for normal repetitive operation. 
When short circuit or fault conditions occur, these tran
sistor specifications are not always adequate. A speci
fication called overload safe operating area (OlSOA) 
has been developed to describe the transistor'S ability 
to survive under fault conditions. OlSOA is specified 
under two types of conditions. 

TYPE I OlSOA 
Type I OlSOA applies when maximum collector cur

rent is limited and known. A good example is a circuit 
where an inductor is inserted between the transistor 
and the bus, which limits the rate of rise of collector 
current to a known value. If the transistor is then turned 
off within a specified amount of time, the magnitude of 
collector current is also known. Figures 38, 40 and 42 
depict the Type I OlSOA rating for these devices. Max
imum allowable collector-emitter voltage versus collec-

tor current is plotted for several pulse widths. (Pulse 
width is defined as the time lag between the fault con
dition and the removal of base drive.) Storage time of 
the transistor has been factored into the curve. There
fore, with bus voltage and maximum collector current 
known, these figures define the maximum time which 
can be allowed for fault detection and shutdown of base 
drive. 

Type I OlSOA is measured in a common-base circuit 
(Figure 44) which allows precise definition of collector
emitter voltage and collector current. This is the same 
circuit that is used to measure forward-bias safe oper
ating area. 

TYPE II OLSOA 
Type II OlSOA applies when maximum collector cur

rent is not limited by circuit design, but is limited only 
by the gain of the transistor. Therefore, collector current 
does not appear on the Type II OlSOA curve. This curve 
defines a safe region of operation from the information 
that is usually available to the designer. 

This information is normally base drive, bus voltage 
and time. In terms of the OlSOA curve, bus voltage is 
assumed to be worst-case collector-emitter voltage, and 
time is defined to be the same pulse width that was 
described for Type I OlSOA. Using these variables, 
maximum collector-emitter voltage versus base drive 
is plotted for several values of pulse width. A safe region 
of operation is thus determined by the circuit parame
ters. Type II OlSOA, as shown in Figures 39, 41 and 43 
are measured in the circuit shown in Figure 45, and 
measurement is made as follows: Base current is ap
plied while the collector is open, allowing a highly over
driven saturated condition. Next, a stiff voltage source 
is applied to the collector. The rising voltage at the col
lector of the transistor triggers a delay function. At the 
end of this delay, base drive is removed. The delay time 
is the variable on the Type II OlSOA curve. The storage 
time of the transistor is thereby factored into the rating. 

There are several additional aspects to be considered 
regarding OlSOA. The first consideration is that OlSOA 
is strictly a NON-REPETITIVE rating. It is intended to 
describe the survivability of the transistor during an 
accidental overload and is not intended to describe a 
stress level which can be sustained indefinitely. The 
number of nonrepetitive faults for which OlSOA is de
fined for these devices is 100 occurrences. Another 
factor is the form of turn-off bias. For these devices, 
turn-off bias has relatively little effect on its OlSOA 
capability. This observation is valid from IB2 = 0 (soft) 
to VBE(off) =' 5.0 V (stiff). 

OlSOA is subject to the same derating with temper
ature as normal FBSOA. The second breakdown de
rating curve is applied to the allowable current at any 
given voltage, using the same procedure that is fol
lowed with pulsed FBSOA. 
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MJ10041.MJ10044.MJ10047 

OVERLOAD SAFE OPERATING TEST CIRCUITS 

Notes: 
• Rep Rate"" 10 Hz 
• Adjust R1 for desired 16 
• Pulse delay time at the 

generator determines pulse 
width at the device under test 

FIGURE 44 - OVERLOAD SOA TEST CIRCUIT 
TYPE I (OLSOA) 

Notes: 

• VeE = Vee + vSE 

• Adjust pulsed current source 
for desired Ie, tp 

FIGURE 45 - OVERLOAD SOA TEST CIRCUIT 
TYPE II (OLSOA) 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

Designer's Data Sheet 

25 KVA ENERGY MANAGEMENT SERIES 
SWITCH MODE DARLINGTON TRANSISTORS 

25, 50 and 100 Ampere Operating Current 

These Darlington transistors are designed for industrial service 
under practical operating environments found in switching high 
power inductive loads off 120, 230 and 460 Volt lines. 

EMITIER 

BASE 
COLLECTOR 

* Emitter-Collector Diode is a high power diode. 

MAXIMUM RATINGS 

Mechanical Ratings 

Rating Value Unit 

Mounting Torque (To heat sink with 6-32 Screwl B.O in.-Ib 
(Note 11 

Lead Torque (Lead to bus with 5 mm Screw) 20 in.-Ib 
(Note 2) 

Per Unit Weight 41 grams 

THERMAL CHARACTERISTICS 

Thermal Resistance. Junction to Case, ROJC I 0.5 I °C/W 

Mica Insulators available as separate items. 
0.003- thick. Motorola Part Number 14CSB12387B003. 

Notes: 
1. A Belleville washer of 0.2S1- 0.0., 0.13S-1.0., 0,013- thick and 43 pounds flat is 

recommended. 
2. The maximum penetration of the screw should be limited to 0.50", 
3. To adapt the collector and emitter terminals to quick connect terminals, AMP 250 

Series Faston tab PIN 61499-1 is suggested. 
4. The mounting holes of this package are compatible with TO-204 (formerly TO-3) 

mounting holes. 
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MJ10042 
MJl0045 
MJ10048 

25.50. and 100 AMPERE 

NPN SILICON 
POWER DARLINGTON 

TRANSISTOR 
250.450 and 850 VOLTS 

250 WATTS 

Designer's Data for 
"Worst-Case" Conditions 

The Designer's Data Sheet permits 
the design of mostcircuitsentirelyfrom 
the information presented. Limit data
representing device characteristics 
boundaries-are given to facilitate 
"worst-case" design. 

~. 

STYlEFv"i 
PIN 1. BASE 

2. EMITTER 
3. COLLECTOR • 
4 COLLECTOR 1rD 

Ilttctr. p=] j "i,.. +1 
NOTES: 

1. DIMENSIONS A AND B ARE DATUMS AND 
T IS BOTH A DATUM SURFACE AND 
SEATING PLANE. 

2. POSITIONAL TOLERANCE FOR MOUNTING 
HOLES: 

I·He-02510.010IeI T IAelBel 
3. DIMENSIONING AND TOLERANCING PER 

ANSI Y14.5, 1982. 
4, CONTROLLING DIMENSION: INCH 

EXCEPT FOR METRICALLY THREADED 
INSERTS. 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 

A 39.11 40.13 1.540 
B 33,93 34.95 1.336 
C 20.32 
0 0.68 0.83 .0 7 
E 8.30 8.BI 0.327 
F 4.44 
G 29.67 BSC 
H 5.0B BSC 
J 0.93 1.09 
K 25.40 
L 2.92 3.30 
N 17.14 17.39 
Q 3.73 3.88 
R 10.41 10.79 
S 5.B4 6.35 
U M5 .8IMET 
V 1.27 1.52 
W 4,69 4,B5 
X 

• 



MJ10042, MJ10045, MJ10048 

MAXIMUM RATINGS (Continued) (TC: 25°C unless otherwise noted.) 

Rating Symbol MJ10042 MJ 1 0045 MJ10048 Unit 

Collector-Emitter Voltage (lB : 0) VCEO 850 450 250 Vdc 

Collector-Emitter Voltage (RBE: 10 Ohms) VCER 900 500 300 Vdc 

Collector-Base Voltage VCB 900 500 300 Vdc 

Emitter-Base Voltage VEB 8.0 Vdc 

Collector Current - Operating (TC: 115°C) IC(op) 25 - - A 
fTC: 85°C) - 50 -
fTC: 85°C) - - 100' 

Collector Current - Continuous IC 37.5 75 100 A 
- Peak Repetitive 75 150 300 
- Peak Nonrepetitive 125 250 500 

Base Current - Continuous IB 25 A 
- Peak Nonrepetitive 50 

Total Device Dissipation Po 250 Watts 
Derate above T C: 25°C 2.0 W/oC 
For 1-minute overload 333 Watts 

Operating Junction and Storage Temperature Range TJ, Tstg -55 to +150 °c 
For 1-minute overload -55 to 200 

ELECTRICAL CHARACTERISTICS fTC: 25°C unless otherwise noted) 

Characteristic Symbol Min Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage (1) VCEO(sus) Vdc 
(IC: 125 mAde) MJ1'0042 850 -

MJ10045 450 -
MJloo48 250 .-

Collector Cutoff. Current ICEV mA 
(VCE: Rated VCB' VBE(off): 1.5 Vdc) - 2.0 
(VCE: Rated VCB' VBE(off): 1.5 Vdc, TC: 150°C) - 10 

Collector Cutoff Current ICER - 10 mA 
(VCE: Rated VCER, RBE: 10 n, TC: 100°C) 

Emitter Cutoff Current lEBO - 350 rnA 
(VEB = 4.0 Vdc, IC = 0) 

SAFE OPERATING AREA 

Second Breakdown Collector Current with Base Forward-Biased FBSOA See Figures 32, 34 & 36 

Clamped Inductive SOA with Base Reverse-Biased RBSOA See Figures 33, 35 & 37 

Overload Safe Operating Area OlSOA See Figures 38, 39, 40, 41,42, & 43 

DYNAMIC CHARACTERISTICS 

Output Capecitance 
(Vce: 10 Vdc, IE = 0, f test = 1.0 kHz) 

(1) Pulse Test. Pulse 'width of 300 Pos, duty cycle ~2.0%. 
.. This rating is with a 50% duty cycle, and is limited by power diSSipation. Higher operating currents are allowable at lower duty cycles. 
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MJ10042,MJ10045,MJ10048 

ELECTRICAL CHARACTERISTICS IContinued)lTc = 25°C unless otherwise noted) 

I Characteristic I Symbol Min Max Unit 

ON CHARACTERISTICS (1) 

MJ10042 

DC Current Gain hFE 
(lc = 25 Adc, VCE = 5.0 Vdc) 35 -
Ilc = 25 Adc, VCE = 10 Vdc) 40 -

Collector-Emitter Saturation Voltage VCEls't) Vdc 
(lc = 25 Adc, 18 = 2.0 Adc) - 2.0 
(lc = 37.5 Adc, 18 = 7.5 Adc) - 5.0 
(lc = 25 Adc, 18 = 2.0 Adc, T C = 100°C) - 2.5 

Base-Emitter Saturation Voltage V8Els't) Vdc 
Ilc = 25 Adc, 18 = 2.0 Adc) - 3.0 
Ilc = 25 Adc, 18 = 2.0 Adc, TC = 100°C) - 3.0 

MJ10045 

DC Current Gain hFE 
Ilc = 50 Adc, VCE = 5.0 Vdc) 50 -
(lc = 50 Adc, VCE = 10 Vdc) 60 -

Collector-Emitter Saturation Voltage VCEls't) Vdc 
Ilc = 50 Adc, 18 = 1.67 Adc) - 2.0 
Ilc = 75 Adc, 18 = 6.0 Adc) - 3.3 
Ilc = 50 Adc, 18 = 1.67 Adc, TC = 100°C) - 2.5 

Base-Emitter Saturation Voltage VBEls't) Vdc 
Ilc = 50 Adc, 18 = 1.67 Adc) - 3.0 
IIC = 50 Adc, 18 = 1.67 Adc, TC = 100°C) - 3.0 

MJ10048 

DC Current Gain hFE 
(lC = 100 Adc, VCE = 5.0 Vdc) 75 -
Ilc = 100 Adc, VCE = 10 Vdc) 90 -

Collector-Emitter Saturation Voltage VCElsat) Vdc 
(lc = 100 Adc, 18 = 2.75 Adc) - 2.0 
(lc = 100 Adc, 18 = 2.75 Adc, TC = 100°C) - 2.5 

Base-Emitter Saturation Voltage V8Els't) Vdc 
(lC = 100 Adc, 18 = 2.75 Adc) - 3.0 
IIC = 100 Adc, 18 = 2.75 Adc, T C = 100°C) - 3.0 

(1) Pulse Test: Pulse width of 300 Il.s, duty cycle ~ 2.0%. 

3-745 



MJ10042, MJ10045, MJ10048 

ELECTRICAL CHARACTERiStiCS (Conlinued) (TC = 25~C unless olherwise nOled) 

I Characteristic I Symbol I Min Typ Max Unit 

SWITCHING CHARACTERISTICS 

MJ10042 

Resistiw Load 

Delay Time 
IVcc = 300 Vde, IC = 25 A, IBI = 2,0 A, Id - 0.03 0.25 I's 

Aise Time 'r 1.2 5.0 
Slorage Time RBE = lOn, Ip = 50 I'S, 

ts 30 100 
Fall Time 

DUly Cycle" 2,0%) 
If H.o 35 

Inductiw Load. Clamped 

Slorage Ti me 
(lCM= 25 A. TJ = 100°C Isv - 50 150 I's 

Crossove r Ti me 
VCEM = 350 V. RBE = 10 n, 

Ie 2U ~. 
Storage Time 

IBI = 2.0 A) TJ = 25°C Isv 30 IOU 
Crossove r Ti me Ie 10 35 

MJ10045 

Resistive Load 

Delay Time 
(VCC = 250 Vde. IC = 50 A. IBI = 1,67 A. Id - 0.03 0.25 I'S 

Rise Time 'r 0.9 3.0 
Slorage Time 

RBE = Ion. Ip = 50 I'S, 
Is lU 25 

Fall Time 
Duly Cycle" 2,0%) 

If 3.0 10 

Inductiw Load. Clamped 

Storage Time 
(lCM =50A. TJ = 100°C Isv - 15 50 I'S 

Crossover Time Ie 4.0 15 
Storage Time 

VCEM = 250 V, RBE = 10 n, 
'sv 10 25 

Crossover Time 
lSI = 1.67 A) TJ = 25°C 

Ie LI 10 

MJ10048 

Resistive Load 

Delay Time 
IVcc= 150Vde.lc= l00A.IBl =2.75A. 

Id - 0.035 0.25 I's 
Rise Time 'r 1.~ 4,0 
Storage Time' RSE = lOn, tp = 50 I'S. 

ts 6.3 20 
Fall Time 

Duly Cycle" 2,0%) 
If 2.5 8.0 

Inductiw Load. Clamped 

Storage Time 
IICM= 100 A, TJ= 100°C Isv - 9.0 30 I'S 

Crossover Time te ;j.;j I~ 

Storage Time VCEM= 150 V, RBE = 10 n, 
tsv 6.5 20 

Crossover Time 
IBI = 2,75 A) TJ = 25°C 

te 2.3 8.0 

C-E DIODE CHARACTERISTICS 

Power Dissipation (lB = 0) Po - - 125 W 

Single Cycle Surge Currenl(60 Hz) IFSM - - 250 Apk 

Forward Voltage II) VF Vde 
(IF = 25 Ade) MJ10042 - - 1,5 
(IF = 50 Ade) MJ10045 - - 1.5 
(IF = 100 Ade) MJ10048 - - 2.0 

Reverse Recovery Time Idi/dl = 25 AIl's) trr I'S 
(IF = 25 Ade) MJ10042 - 4.0 12 
(IF = 50 Ade) MJ 1 0045 - 3.3 10 
IIF = 100 Ade) MJ10048 - 2.5 8.0 

Forward Turn-On Time (Complia nee Voltage = 250 V) Ion I'S 
(IF = 25 Ade) MJ10042 - 0.3 1.2 
(IF =50 Ade) MJ10045 - 0.3 1.0 
(IF = 100 Ade) MJ 1 0048 - 1.0 3.5 

(1) Pulse Test: Pulse width of 300 ~s, duty cycle ~2.0%. 



MJ10042.MJ10045.MJ10048 

TYPICAL ELECTRICAL CHARACTERISTICS 
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MJ10042,MJ10045,MJ10048 

TYPICAL ELECTRICAL CHARACTERISTICS (continued) 

--------------------------------MJ10042--------~-----------------------
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MJ10042, MJ10045, MJ10048 

TYPICAL ELECTRICAL CHARACTERISTICS (continued) 

----------------------------------MJ10042----------------------------------
FIGURE 13 - BASE·EMITTER SATURATION VOLTAGE 

2.4 

~ 
c 2.0 
~ ... 
'" ... 
~ 1.6 
> 
ffi 
!: 
~ 1. 

:2i 
u:. o. 
'" > 

O. 

2 

8 

4 

f--

~ 

fo-

0.5 

.1 I. 
'CI'B = 10 

TJ = 25°C ..... ~I--' - I---;j'= 1000C-

1.0 2.0 3.0 5.0 10 25 

IC. COLLECTOR CURRENT (AMPS) 

50 

FIGURE 14 - TYPICAL PEAK REVERSE BASE CURRENT 

5.0 

;;; 4.0 
"-:; 
~ .... 

IC ~ 25 A I -I--
'B' = 2.0 A 

I--VCEM = 300 V -
ffi 3.0 
go 
B ... 
'" 2.0 ... 
'" 
~ 
or 

1.0 !P 

i\ 
TJ = 25°C -I--

1 
\ , 

1"-. 
o 

o 1.0 2.0 3.0 4.0 5.0 S.O 7.0 8.0 9.0 10 

VBE. BASE·EMITIER RESISTANCE (OHMS) 

----~-------------------·-------MJ10045---------------------------------

;;; 
~ 
~ 

ll: 
'" !::; 
c 
:> 

'" ~ 
:; 
:z 
~ 
'" w 
{!' 

FIGURE 15 - BASE·EMITTER SATURA1r10N VOLTAGE FIGURE 16 - TYPICAL PEAK REVERSE BASE CURRENT 

3.0 
II I 5.0 

Sf--r- I~fl~ ~ ~ul 
II.: 

2 
/V 

V 
8 TJ = 25°C 

......... Vi-" 
l--I-

4,00°'; 4,.- !--
t- -I 

0 1. 

~ 4.0 
:; 
~ .... z 3. 
il1 
B ... 
'" 2. 
'" '" ~ 
~ 

~ 1.0 

IC~50A I -t--
'B=l.SJA 

t--VCEM = 250 V -

°ll 
TJ = 25 DC -t--

0-\ 

.l , 
1"-. 

o 
1.0 2.0 3.0 5.0 10 25 50 75 100 o 1.0 2.0 3.0 4.0 5.0 S.O 7.0 8.0 9.0 10 

Ie. COLLECTOR CURRENT lAMPS) VBE. BASE· EMITTER RESISTANCE (OHMS) 

MJ10048 ----------------------------------
FIGURE 17 - BASE·EMITTER SATURATlO'N VOLTAGE FIGURE 1 B - TYPICAL PEAK REVERSE BASE CURRENT 

3.0 
II I 

5.0 

2.S - '- l~fI~ 1 J51 - ff 4.0 
I I 

IC=100A -

2.2 

1.8 

1.4 

A 
- /x 

r-~P: 
V 

TJ = 25°C 
f-

I-- I--f-r--' -...- r--' TJ= 1000 e ... 

:; 
~ .... 
~ 3.0 

B ... 
'" 2.0 ;a 

j 1.0 

'Bl = 2.75 A -
i\ VCEM = 150 V 

\ 
TJ = 25°C -

\ 
\ 

"t--. - o 1.0 
1.0 2.0 3.0 5.0 10 25 50 100 o 2.0 4.0 S.O 8.0 10 

Ie. COLLECTOR CURRENT (AMPS) RBE. BASE· EMITTER RESISTANCE (OHMS) 

3-749 

II 



MJ10042,MJ10045,MJ10048 

TYPICAL ELECTRICAL CHARACTERISTICS (continued) 

-----------------MJ 1 0042.------,-------------
FIGURE 19 - TYPICAL INDUCTIVE SWITCHING TIMES 

50 

40 

-;,- 30 
..:; 
:g 
;::: 

20 

10 

o 

-
-

II II 

IC ~ 25 A 
VCEM ~ 250 V, 
ISl = 2.0 A 

V-
/" V 
V 

0.1 0.2 0.5 1.0 2.0 

II IIII 

II 1111 V 
Isv @ 100°C L 

llir 
~@25OC 

I I 
Ie @ 100°C 

le@ 25°C 

I II 
II 

5.0 10 20 50 100 

RSE,SASE·EMITTER RESISTANCE (OHMS) 

.3 
~ 

i!! ., 

FIGURE 20 - TYPICAL TURN-ON SWITCHING TIMES 

3,0 

2.0 

1.0 

0.5 

0.2 

0.1 "'" 
0.05 

0.03 
0.5 1.0 

I 
~ I 

VCC = 300 V 
"e/'s ~ 10 
f1SE -10 n 
TJ - 25°C 

'r 
/ ..... , 

..... / 

td 

2.0 3.0 5.0 10 25 

. IC' COLLECTOR CURRENT (AMPS) 

50 

-----~---------------------MJ10045--------~---~-------------------
FIGURE 21 - TYPICAL INDUCTIVE SWITCHING riMES 

20 

18 

16 

II II I 1111 I 
- IC ~ 50 A I 1111 I 

14 

2, 12 

:g 10 
;::: 

8.0 

6,0 

VCEM ~ 250 V tsv @ 100°C 
- 'Sl=1.67A M 

Isv '@ 25°C 

V I--r 
V vf-" t: ~ lO~oC V 

4.0 

2.0 lJ le@·25°C 

I I III o 
0.1 0.2 0.5 1.0 2.0 5.0 10 20 50 100 

RSE, BASE·EMITI(R RESISTANCE (OHMS) 

..:; 
:g 
;::: ., 

FIGURE 22 _. TYPICAL TURN·ON SWITCHING TIMES 
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FIGURE 24 L TYPICAL TURN-ON SWITCHING TIMES 
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TYPICAL ELECTRICAL CHARACTERISTICS (continued) 
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FIGURE 26 - EMITTER-COLLECTOR DIODE 
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TABLE 1 - TEST CONDITIONS FOR DYNAMIC PERFORMANCE 

VCEOlsu.1 RBSOA AND INDUCTIVE SWITCHING 
RIIISTIY. 
IWIlC:H!NCI 

,on 
~, 

DRIVER SCHEMATIC 

For mductlveloadspul~ew'dlh 
200n 

TURN ON TIME 

+30V 

Rl AdJustRl 

IS adJuSled loobtam spee",ed Ie :f ,FI 
01.11~ 

toon ~ 
lO",F 

~
+ 50ft ~2N3762 

.,.~ 
looblSIn 

!:SO.llF 25V deSired lB.' 

J ~OOO5 
- ~ I'I 

I j. MTM' 2NoS 

f-

,.~: 
lal ~dIU.1IId to 

obt.in the fDr~1Mf 

hFE de.ired 

PW varied to Allain 

le= 125 rnA 

Usov 5011' ~~ 
0003 loon 

~_---r---o 

TURN·OFF TIME 

U,. induct ...... SWitchinG 

eireuit .. the input to 
m.r .... tiv.teltclrcuit. 

leoi ... 5.0 ",:H 
Vee: 20 V 

IOU r Vec= t50to300V 
Pulse Width = 50 liS 
Adjust RL for ICM 

INDUCTIVE TEST CIRCUIT OUTPUT WAVEFORMS RESISTIVE TEST CIRCUIT 

rUT r 1 
I I Reo,! 

lN4937 J 

Input I I LeoH 

S •• Above tor EqUivalent l J 
O",;"d eon:,;o", 1 i';:P! t T Vee 

2 -= Rs~ 
0.1 n 

*Adjust - V.such that VBE(off).= 5.0 V except as required for RBSOA. 

tl Adjusted to 

Obt •• n Ie 

Lco.,IICM) 

',"--
Vclernp 

Te,' EqUipment 
Scope - Tektronix 

475 or Equlv.'ent 

'~UT ., l ' ~ -vee 

SWITCHING TIMES NOTE 
In resistive switching circuits, rise, fall, and storage 

limes have been defined and apply to both current and 
voltage waveforms since they are in phase, However, 
for inductive loads which are common to SWITCH MODE 
power supplies and motor controls, current and voltage 
waveforms are not in phase. Therefore, separate measure-' 
ments must be made on each waveform to determine 
the total switching time, For this reason, the following 
new terms have been defined, 

Isv = Voltage Storage Time, 90% IB1 to 10 % VCEM 
trv = Voltage Rise Time, 1O~90% VCEM 
tfi = Current Fall Time, 90~1O% ICM 
tti = Current Tail, 10~2% ICM 
tc = Crossover Time, 10% VCEM to 10% ICM 

An enlarged portion of the inductive switching waveform 

is shown in Figure 30 to aid on the visual identity of 
these terms. 

For the designer, there is minimal switching, loss 
during storage time and the predominant switching 
power losses occur during the crossover interval and can 
be obtained using the standard equation from AN-222A: 

PSWT = 112 VCClcltc)f 
In general, trv + tfi = tc. However, at lower test currents 
this relationship may not be valid. 

As is common with most switching transistQrs, resistive 
switching is specified at 25°C and has become a bench
mark for designers, However, for designers of high 
frequency converter circuits. the user-oriented specifica
tions which make this a "SWITCH MODE" transistor are 
the inductive switching speeds Itc and tsv) which are 
guaranteed at 100°C, 

FIGURE 30 - INDUCTIVE SWITCHING MEASUREMENTS FIGURE 31 - THERMAL RESPONSE 
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SAFE OPERATING AREA INFORMATION 

----------------------------------MJ10042-----------------------------------
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OVERLOAD CHARACTERISTICS 

----------------- MJ10042 ----------------
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FIGURE 38 - OVERLOAD SAFE OPERAn!\lG AREA 
TYPE I (OlSOA) 

125 

~\\ 
100 - T~ = 251c \\\ 

\\, 
75 

50 

\\ 
\~\ 
~\\ 

/ tp = 5.0!,s 

\W tp = 10!,s 

25 ~ / tp ~ 20 !,s_ r-
&.. /1 1 

o 
o 

~ ~ 
200 500 850 

VCE. COLLECTOR-EMITTER VOLTAGE (VOLTS) 

1000 

FIGURE 39 - OVERLOAD SAFE OPERATING AREA 
. TYPE II (OlSOA) 

5.0 

4.0 
~ 

T~ = 25JC_ r-
:; 
~ 

3.0 >-

! 
2.0 w 

'" .. 
00 

!!> 
1.0 tp = 5.0!,s 

-tp=20!,s VII , ,-~ ~ o 
o 200 500 850 1000 . 

Vcr. C{)llECTOfl·EMlTTEli VOLTAGE (VOLTS) 

---------------------MJ10045-----------------------
FIGURE 40 - OVERLOAD SAFE OPERAnNG AREA 
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FIGURE 41 - OVERLOAD SAFE OPERATING AREA 
TYPE II (OlSOA) 
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FIGURE 42 - OVERLOAD SAFE OPERATING AREA 
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FIGURE 43 - OVERLOAD SAFE OPERATING. AREA 
TYPE II (OlSOA) 
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SAFE OPERATING AREA INFORMATION 

FORWARD BIAS 
There are two limitations on the power handling ability 

of a transistor: average junction temperature and second 
breakdown. Safe operating area curves indicate Ie-VeE 
limits of the transistor that must be observed for reliable 
operation; i.e., the transistor must not be subjected to 
greater dissipation than the curves indicate. 

The data of Figures 32,34 and 36 are based on Te = 

25°C; T J(pk) is variable depending on power level. Second 
breakdown pulse limits are valid for duty cycles to 10% but 
must be derated when Te;;' 25°C. Second breakdown 
limitations do not derate the same as thermal limitations. 
Allowable current atthe voltages shown on these figures 
may be found at any case temperature by using the appro
priate curve on Figure 28. 

TJ(pk) may be calculated from the data in Figure 31. 
At high case temperatures, thermal limitations will reduce 
the power that can be handled to values less than the 
limitations imposed by second breakdown. 

REVERSE BIAS 
For inductive loads, high voltage and high current 

mustbe sustained simultaneouslyduring turn-off, in most 
cases, with the base to emitter junction reverse-biased. 
Under these conditions the collector voltage must be held 
to a safe level at or below a specific value of collector 
current. Thiscan be accomplished by several means such 
as active clamping, RC snubbing, load line shaping, etc. 
The safe level for these devices is specified as Reverse- Bias 
Safe Operating Area and represents the voltage-current 
condition allowable during reverse-biased turn-off. This 
rating is verified under clamped conditions so that the 
device is never subjected to an avalanche mode. Figures 
33,35 and 37 give the RBSOA characteristics. 

OVERLOAD SAFE OPERATING AREA 
The forward-bias safe operating area (FBSOA) specifica

tion given in these figures adequately describes transistor 
capability for normal repetitive operation. When short cir
cuit or fa ult conditions occur, these tra nsistor specifications 
are not always adequate. A specification called overload 
safe operating area (OlSOA) has been developed to describe 
the transistor's ability to survive under fault conditions, 
OlSOA is specified under two types of conditions. 

TYPE IOlSOA 
Type I OlSOA applies when maximum collector current 

is limited and known. Agood example isa circuit where an 
inductor is inserted between the transistor and the bus, 
which limits the rate of rise of collector current toa known 
val ue. Ifthe tra nsistor is then turned off within a specified 
amount of time, the magnitude of collector current is also 
known. Figures 38, 40 and 42 depict the Type I OlSOA 
rating for these devices. Maximum allowable collector-

emitter voltage versus collector current is plotted for 
several pulse widths. (Pulse width is defined as the time 
lag between the fault condition and the removal of base 
drive.) Storage time of the transistor has been factored 
into the curve. Therefore, with bus voltage and maximum 
collector current known, these figures define the maxi
mum time which can be allowed for fault detection and 
shutdown of base drive. 

Type I OlSOA is measured in a common-base circuit 
(Figure 44) which allows precise definition of collector
emitter voltage and collector current. This is the same 
circuitthat is used to measure forward-bias safe operating 
area. 

TYPE II OlSOA 
Type II OlSOA applies when maximum collector current 

is not limited by circuit design, but is limited only by the 
gain of the transistor. Therefore, collector current does not 
appear on the Type II OlSOA curve. This curve defines a 
safe region of operation from the information that is usually 
available to the deSigner. 

This information is normally base drive, bus voltage and 
time. In terms of the OlSOAcurve, bus voltage is assumed 
to be worst-case collector-emitter voltage, and time is 
defined to bethe same pulse width that was described for 
Type I OlSOA. Using these variables, maximum collector
emitter voltage versus base drive is plotted for several 
values of pulse width. A safe region of operation is thus 
determined by the circuit parameters. Type II OlSOA, as 
shown in Figures 39, 41 and 43 are measured in the cir
cuit shown in Figure 45, and measurement is made as 
follows: Base current is applied while the collector is 
open, allowing a highly overdriven saturated condition. 
Next, a stiff voltage source is applied to the collector. The 
rising voltage at the collector of the transistor triggers a 
delay function. At the end of this delay, base drive is 
removed. The delay time is the variable on the Type II 
OlSOAcurve. The storage time ofthetiansistor is thereby 
factored into the rating. 

There are several additional aspects to be considered 
regarding OlSOA. The first consideration is that OlSOA is 
strictly a NON-REPETITIVE rating. It is intended to describe 
the survivability of the transistor during an accidental over
load and is not intended to describe a stress level which 
can be sustained indefinitely. The number of nonrepetitive 
faults for which OlSOA is defined for these devices is 100 
occurrences. Another factor is the form of turn-off bias. 
For these devices, turn-off bias has relatively little effect 
on its OlSOA capability. This observation is valid from 
IB2 = 0 (soft) to VBE(off) = 5 V (stiff). 

OlSOA is subject tothe same derating with temperature 
as normal FBSOA. The second breakdown derating curve is 
applied to the allowable cur;ent at anygiven voltage, using 
the same procedure that is followed with pulsed FBSOA. 
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OVERLOAD SAFE OPERATING TEST CIRCUITS 

Notes: 

• Rep Rate"; 10 Hz 

• Adjust Rl for desired 18 

• Pulse delay time at the 
generator determines pulse 
width at the device under test 

FIGURE 44 - OVERLOAD SOA TEST CIRCUIT 
TYPE I (OLSOA) 

Notes: 

• VeE = Vee + VBE 

• Adjust pulsed current source 
for desired Ie. tp 

FIGURE 45 - OVERLOAD SOA TEST CIRCUIT 
TYPE II (OLSOA) 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

HIGH-CURRENT COMPLEMENTARY 
SILICON TRANSISTORS 

for use as output devices in complementary general purpose 
amplifier applications. 

• High DC Current Gain - hFE ~ 1000 (Min) @ IC ~ 20 Adc 

• Monolithic Construction with Built·ln Base·Emitter 
Shunt Resistor 

• Junction Temperature to +2000 C 

MAXIMUM RATINGS 

Rating Symbol 
MJ11011 MJ11013 
MJ11012 MJ11014 

Collector-Emitter Voltage VCEO 60 90 

Collector-Base Voltage VCS 60 90 

Emitter-Base Voltage VEB 5 

Collector Current 'C 30 

Base Current IS 1 

MJ11015 
MJ11016 

120 

120 

Unit 

Vdc 

Vdc 

Vdc 

Adc 

Adc 

Total Device Dissipation @TC = 25°C Po 200 Watts 
Derate above 25°C @ TC ~ 100°C 1.15 W/oC 

Operating and Storage Junction TJ,Tstg -55 to +200 °c 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Svmbol Ma. Unit 
Thermal Resistance, Junction to Case ROJC 0.87 °CIW 

Maximum Lead Temperature for TL 275 DC 

Soldering Purposes for ~ 10 Seconds. 

FIGURE 1 - DARLINGTON CIRCUIT SCHEMATIC 
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PNP 
MJll0ll 
MJll013 
MJll015 

NPN 
MJll012 
MJll014 
MJll016 

30 AMPERE 

OARLINGTON 
POWER TRANSISTORS 

COMPLEMENTARY SILICON 

60-120 VOLTS 
200 WATTS 
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SEATINGIUNE 0 t 
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~'xV 2 I ~ f3..LV I 
H ': 'W\ '/'-T! r r ~ V G 

U \.5 

NOm: 
1. OIAMETERV AND SURfACE W ARE DATUMS. 
1. POSITIONAL TOLERANCE fOR HOLE a: 

1+1 !l!0.1'510.0101®lwlv ®I 
3. POSITIONAL TOLERANCE fOR LEADS: 

1+1 !I! 0.30 (0.0111 ®lwlv®1 o®1 

STYLE 1: MlUlMETEAS INCHES 
PIN 1. BASE 111M MIN MAX MIN MAX 

1.EMlffiR A 39.37 1.550 
CASE COllECTOR B 11.08 0.830 

C a35 7.62 0.150 0.300 
D 0.97 1.09 0.038 0.043 
E 1.40 t.78 0.055 0.070 
F 3O.15BSC 1.1878SC 
G 10.928SC O.430BSC 
H 5.46 SSC 0.115BSC 
J 16.898SC O.665BSC 
K 11.18 t1.19 0.440 0.4110 
Q 3.81 4.19 0.151 0.165 
R 16.87 1.050 
U 1.54 3.05 0.100 ~110 
V 381 4.19 0.151 0.t65 

CASE 1-04 
TO-204AA 

• 



PNP MJ11011, MJ11013, MJ11015 
NPN MJ11012, MJ11014, MJ11016 

ELECTRICAL CHARACTERISTICS ITC'" 2SoC unless otherwise noted.! 
( Cha,act.,lstic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage! l' 
tiC = 100 mAde, IS = 01 

Collector Emitter Leakage Current 
(VeE'" 60 Vdc, ABe'" 1 k ohm) 
(VeE = 90 Vdc, ABE' = 1 k ohm) 

(VeE'" 120 Vdc. ABe = 1 k ohml 
(VeE'" 60 Vdc" ABE'" 1 k ohm, 

TC" 1S0oC) 

(VeE'" 90 Vdc. RBe" 1 k ohm, 
TC = 150°C) 

(VeE = 120 Vdc, ABe'" 1 k ohm, 
TC = ISOoC) 

Emitter Cutoff Current 
IVSE""" 5 Vdc, 'e'" 0) 

Collector· Emitter Leakage Current 
(VeE = 50 Vdc, Ie" 0) 

ON CHARACTERISTICS(1) 

DC Current Gain 
IIC = 20 Ade, VCE = 5 Vde) 
(lc "- 30 Ade, VCE = 5 Vde) 

Collector-Emitter Saturation Voltage 
(Ie = 20 Ade, '8 = 200 mAde) 
(IC = 30 Ade, 'S " 300 mAde) 

Base-Emitter Saturation Voltage 
Ie = 20 Ade, IS = 200 mAde) 
'e = 30 Ade, 'S = 300 mAde) 

DYNAMIC CHARACTERISTICS 

MJ110.' 1 ,MJ11Q12 
MJ11013,MJ11014 
MJ11015.MJ11016 

MJ11011,MJ11012 
MJ11013,MJ11014 
MJ110l6.MJ'1016 
MJ11011,MJ11012 

MJ110t3,MJ11014 

MJ11015,MJ11016 

Magnitude of Common Emitter Small-Signal Short,Clrcuit 
Forward Current Transfer RatiO 
IIC = 10 Adc, VCE '" 3 Vdc, f "- 1 MHzl 

(0 Pulse Test: Pulse Width ~ 300 ,us, Duty Cycle"; 2_0%. 

Symbol Min M .. Unit 

V(BR)CEO Vd, 

60 
90 
120 

leER mAde 

FIGURE 2 - DC CURRENT GAIN (1) FIGURE 3 - SMALL·SIGNAL CURRENT GAIN 
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There are two limitations on the power handlmg ability of a 
transistor: average junction temperature and secondary breakdown. 
Safe operating area curves indicate Ie-VeE limits of the transistor 
that must be observed for reliable operation; e.g., the transistor 
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must not be subjected to greater dissipation than the curves indicate. 

At high case temperatures, thermal limitations will reduce the 
power that can be handled to values less than the limitations im· 
posed by secondary breakdown. 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

COMPLEMENTARY DARLINGTON 
SILICON POWER TRANSISTORS 

· .. designed for use as general purpose amplifiers. low frequency 
switching and motor control applications. 

• High dc Current Gain @ 10 Adc - hFE = 400 Min (All Types) 

• Collector-Emitter Sustaining Voltage 
VCEO(sus) = 150 Vdc (Min) - MJ11 018. 17 

= 200 Vdc (Min) - MJ11 020. 19 
= 250 Vdc (Min) - MJ11 022. 21 

• Low Collector-Emitter Saturation 
VCE(sat) = 1.0 V (Typ) @ IC = 5.0 A 

= 1.8 V (Typ) @ IC = 10 A 

.• Monolithic Construction 

• 100% SOA Tested @ VCE = 44 V. IC = 4.0 A. t = 250 ms. 

MAXIMUM RATINGS 

MJll018 MJ11020 MJ11022 
Rating Symbol MJ11017 MJll019 MJ11021 

Collector-Emitter Voltage VCEO 150 200 250 

Collector-Base Voltage VCS 150 200 250 

Emitter-Base Voltage VES 5.0 

Collector Current - IC 15 
Continuous Peak 30 

Base Current IS 0.5 

Total Device Dissipation@TC=25°C Po 175 
Derate Above 25°C 1.16 

Operating and Storage Junction TJ -65 to +175 
Temperature Range Tst• -65 to +200 

THERMAL CHARACTERISTICS 

Characterietic 

Thermal Resistance, Junction to Case 

(1) Pulse Test: Pulse Width 5.0 ms, Duty Cycle ~ 10% 

FIGURE 1 - POWER DERATING 
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Unit 

Vdc 

Vdc 

Vdc 

Adc 

Adc 

Watts 
w/oe 

°c 
°C 

PNP 
MJll017 
MJll019 
MJll021 

NPN 
MJll018 • 
MJll020 
MJll022 

15 AMPERE 

DARLINGTON 
POWER TRANSISTORS 

COMPLEMENTARY SILICON 

STYLE 1: 

150.200.250 VOLTS 
175 WATTS 

~ t; 0 K W 
SEAT1NGPlANE 

___ .F-
~J ___ 

r'!<v"". I ~ y.,/V 1 
H ,. '00\ y.. T! r 
f "'-...f VG 

"-s 

NOm, 
1. DIAMETER V AND SURFACE W ARE DATUMS. 
2. POSITIONAl TOLERANCE FOR HOLE q, 
I +1 ~0.2510.0101 ®I wi v ®I 

1 POSITIONAl TOLERANCE FOR LEADS, 
It I ~0.JOI0.0121 ®Iwlv ®I Q ®I 

MIL1IIlrnRS INCHES 
DIM Mill MAX MIN MAX AN 1. BASE 
A 39.37 1.550 -2.EMlmR 
B 21.08 - 0.830 CASE COLLECTOII 
C 6.35 7.62 0.250 0.300 
0 0.97 1.09 0.038 0.043 
E 1.40 1.78 0.055 0.070 
F 30.15BSC 1.187 BSC 
G 10.92BSC 0.430BSC 
H 5.46BSC 0.215BSC 
J 16.89BSC 0.666BSC 
K 11.18 12.19 0.440 0.460 
Q 3Bl ~19 0.151 0.165 
R 26.67 - 1.050 
U 2.54 105 0.100 0.120 
V 3Bl 4.19 0.151 0.166 

CASE 1-04 
TO-204AA 



PNP MJ11017, MJ11019, MJ11021 
NPN MJ11018, MJ11020, MJ11022 

ELECTRICAL CHARACTERISTICS (TC = 25·C Unless Otherwise Noted) 

Cherecteristici I Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage (1) VCEO(sus) 
(lC=O.1 Adc,IB=O) MJll017, MJll01B 

MJll019, MJll020 
MJll021, MJll022 

Collector Cutoff Current ICEO 
(VCE = 75, IB = 0) MJll017, MJ1101B 
(VCE = 100, IB = 0) MJ11019, MJ11020 
(VCE = 125, IB = 0) MJll021, MJ11022 

Collector Cutoff Currenl ICEV 
(VCE = Rated VCB, VBE(oll) = 1.5 Vdc) 
(VCE = Rated VCB, VBE(oll) = 1.5 Vdc, T J = 150·C) 

Emitter Cutoff Current lEBO 
(VBE = 5.0 Vdc, IC = 0) 

ON CHARACTERISTICS (1) 

DC Currenl Gain hFE 
(IC = 10 Adc, VCE = 5.0 Vdc) 
(lc = 15 Adc, VCE = 5.0 Vdc) 

Collector-Emitter Saturation Voltage VCE(sat) 
(lC = 10Adc, IB = 100 mAl 
(IC = 15 Adc, IB = 150 mAl 

Base-Emitter On Voltage VBE(on) 
IC = 10 A, VCE = 5.0 Vdc) 

Base-Eminer Saturation Voltage VBE(sat) 
(IC = 15 Adc, IB = 160 mAl 

DYNAMIC CHARACTERISTICS 

Magnitude 01 Common Emitter Small Signal Short Circuit [hIe] 
Forward Current Transfer Ratio 

(IC = 10 Adc, VCE = 3.0 Vdc, I = 1.0 MHz) 

Output Capacitance Cob 
(VCB = 10 Vdc, IE = 0, 1=0.1 MHz) 

MJ11018, MJ11020, MJ11022 
MJll017, MJ11019, MJll021 

Small-Signal Current Gain hIe 
(lc = 10 Adc, VCE = 3.0 Vdc. 1= 1.0 kHz 

SWITCHING CHARACTERISTICS 

Characteristics Symbol 

Delav Time Id 
Rise Time (VCC = 100 V, 'IC = 10 A, IB = 100 mA Ir 
Storage Tim'e VBE(off) = 5.0 V) (See Figure 2.) Is 
Fall Time II 

(1)Pulsed Test: Pulse Width -::: 300 fJ.s, Duty Cycle ~ 2%. 
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FIGURE 2 - SWITCHING TIMES TEST CIRCUIT 
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MS06100 USED BelOW 18" 100 mA SCOPE 

V, 

+4.0V 
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For NPN test circuit reverse diode and voltage polarities. 
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2.7 /,S 
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PNP MJ11017, MJ11019, MJ11021 
NPN MJ11018, MJ11020, MJ11022 

FIGURE 3 - THERMAL RESPONSE 
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The data of Figure 4 is based on T J(pk) = 175°C; TC is vari· 
able depending on conditions. Second breakdown pulse limits 
are valid for duty cycles to 1 O%provided T Jlpk):S;;; 175°C. TJlpk) 
may be calculated from thedeta in Figure 3. At high case tem· 
peratures. thermal limitations will reduce the powerthatcan 
be handled to values less than the limitations imposed by 
second breakdown. 

REVERSE BIAS 
For inductive loads, high voltage and high current mult be 

IUstlinad simultaneouslv during turn·off. in most ClSII, with 
the ba .. to emitter junction reverse blued. Under these con· 
dltions the collector voltage must be hefd to •• ate level at or 
below a specific value of collector current. This can be accom· 
plished by several means such as active clamping, RC snub· 
bing. load line shaping, etc. The safe leval for these devices Is 
specified as Reve .... Bias Safe Operating Area and represents 
the voltage-current conditions during rave .... biaBed tum·off. 
This rating is verified under clamped conditions SO that the 
device is never subjected to an lValanche mode. Figura 5 gives 
RBSOA characteristics. 



PNP MJ11017, MJ11019, MJ11021 
NPN MJ11018, MJ11020, MJ11022 

I 
FIGURE 8 - DC CURRENT GAIN 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

HIGH-CURRENT COMPLEMENTARY 
SILICON TRANSISTORS 

· .. for use as output devices in complementary general purpose 
amplifier applications. 

• High DC Current Gain - hFE = 1000 (Min) @ IC = 25 Adc 
hFE = 400 (Min) @ IC = 50 Adc 

• Curves to 100 A (Pulsed) 

• Diode Protection to Rated IC 

• Monolithic Construction with Built-In Base-Emitter Shunt Resistor 

• Junction Temperature to +200oC 

MAXIMUM RATINGS 

MJll028 MJll030 MJll032 
Rating Symbol MJll029 MJll031 MJll033 Unit 

Collector-Emitter Voltage VCEO 60 90 120 Vdc 

Collector-Base Voltage VCB 60 90 120 Vdc 

Emitter-Base Voltage VEB 5 Vdc 

Collector Current-Continuous IC 50 Adc 
Peak ICM 100 

Base Current-Continuous IB 2 Adc 

Total Power Dissipation@Tc - 25°C Po 300 Watts 
Derate above 25°C @ T C = lOOoC 1.71 W/oC 

Operating and Storage Junction TJ. Tstg -55 to +200 °c 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Maximum Lead Temperature for TL 275 °c 
Soldering Purposes for" 1 0 seconds 

Thermal Resistance Junction to Case ReJC 0.584 °c 

FIGURE 1 - DARLINGTON CIRCUIT SCHEMATIC 
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I 
I 
I 
I 
I 
I __ .J 

Emitter 

NPN 
MJll028 
MJll030 
MJll032 

PNP 
MJll029 
MJll031 
MJll033 

50 AMPERE 

COMPLEMENTARY SILICON 
DARLINGTON 

POWER TRANSISTOR 

60-120 VOLTS 
300 WATTS 

~ 
I r-- B C 

L -t 
1'; K 

SEATING 0 , 
'LANE 

DIM 

A 
B 
c 
0 
E , 
Q 
H 

K 

STYLE I: 
PIN 1. 8ASE 

Z. EM'TIER 
CASE. CO LLECTOR 

MILLIMETERS IN£HES 
MIN MAX MIN MAX 

38.35 39.37 1.510 1.S511 
19.30 21.1!J 0.760 0.830 
6.35 7.62 0.250 0.300 
1.45 1.60 0.057 0.063 
- 3.43 0.135 

29.90 30.40 1.177 1.197 
10.67 11.18 0.420 0.440 

.7 5 0.22 
1 

11.18 12.19 0.440 0.480 
3 4.0 0.151 0.161 
4 28.87 0.880 1.050 

CASE 197-01 

• 



NPN MJ11028, MJ11030, MJ11032 
PNP MJ11029, MJ11031, MJ11033 

ELECTRICAL CHARACTERISTICS (TC = 25°C unle .. otherwise noted.) 

I Characteristic I Symbol Min Max Unit 

OFF CHARACTERISTICS 

Coliector·Emitter Breakdown Voltage (1) 
(lC = 100 mAdc,lB = 0) MJll028 MJll029 

MJll030 MJll031 
MJll032 MJll033 

Collector-Emitter Leakage Current 
(Vce = 60 Vdc, RBe = 1 k ohm) MJll028 MJll029 
(Vce = 90 Vdc; Rse = 1 k ohm) MJ11030 MJll031 
(Vce = 120 Vdc, Rse = 1 k ohm) MJ11032 MJll033 
(Vce = 6OVdc, Rse = 1 k ohm, TC= 150oC) MJll02S MJll029 
IVce=90Vdc,RSE=1 kohm,TC=1500 C) MJ11030 MJll031 
(VCE = 120 Vdc, RSE = 1 k ohm, TC = 150°C) MJll032 MJll033 

Emitter Cutoff Current 
(Vse = 5 Vdc, IC = 0) 

Collector-Emitter Leakage Current 
(VCE = 50 Vdc, IB= 0) 

ON CHARACTERISTICS (1) 

DC Current Gain 
lie = 25 Adc, VCE = 5 Vdc) 
IIC = 50 Adc, VCE = 5 Vdc) 

Collector-Emitter Saturation Voltage 
IIc = 25 Adc, IS ;, 250 mAde) 
IIC = 50 Ade. 18 =500 mAde) 

Base-Emitter Saturation Voltage 
IIc = 25 Ade. IS = 200 mAde) 
IIc = 50 Ade, 18 = 300 mAde) 

11) Pulse Test: Pulse WIdth .. 300 ~s, Duty Cycle .. 2.0%. 

FIGURE 2 - DC SAFE OPERATING AREA 
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- 3.0 
- 4.5 

There are two limitations on the power-handling ability 
of a transistor: average junction temperature and second break
down. Safe operating area curves indicate IC-VCE limits of the 
transistor that must be observed for reliable. operation, i.e., 
the transistor must not be subjected to greater ·dissipation 
than the curves indicate. 

The data of Figure 2 is based on TJ(pk) = 200°C; TC is 
variable depending on conditions. At high case temperatures, 
thermal limitations will reduce the power that can be handled 
to values less than the limitations imposed by second break
down. 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

HORIZONTAL DEFLECTION TRANSISTOR 

specifically designed for use in large screen color deflection 
circuits. 

• Coliector·Emitter Voltage -
VeEX = 1500 Volts 

• Glassivated Base-Collector Junction 

• Forward Bias Safe Operating Area @ 50 ps = 15 A. 300 V 

• Switching Times with Inductive Loads -
tf = 0.65 JLS (Typ) @ Ie = 2.0 A 

MAXIMUM RATINGS 
Rating Symbol 

Coliector·Emitter Voltage VeEO 
CoIlector·Emitter Voltage VeEX 
Emitter·Base Voltage VEBO 
Collector Current - Continuous Ie 

Sase Current - Continuous IB 

Emitter Current - Continuous IE 

Total Power Dissipation @ T e = 250 e Po 
@TC= l000 e 

Derate above 25°C 

Operating and Storage Junction TJ, Tstg 
Temperature Range 

THERMAL CHARACTERISTICS 
Characteristic Symbol 

Thermal Resistance, Junction to Case R6Je 
Maximum Lead Temperature for Soldering TL 

Purposes: liS" from ease for 5 Seconds 

Value 

750 

1500 

5.0 

2.5 

2.0 

4.5 

75 
30 
0.6 

-65 to +150 

Max 

1.67 
275 

3-765 

Unit 

Vdc 

Vdc 

Vdc 

Adc 

Adc 

Adc 

Watts 
Watts 
wf>c 

°e 

Unit 

°CIW 

°c 

STYLE 1 

MJ12002 

2.5 AMPERE 
NPNSILICON 

POWER TRANSISTOR 

1500 VOLTS 
75 WATTS 

DIIsign.'s Data for 
"Worst ea." Conditions 

The Designers Data Sheet per· 
mits the design of most circuits 
entirely from the information pre· 
sented. Limit data - representing 
device characteristics boundaries -
are given to facilitate "worst case" 
design. 

NOTES: 
1. DIMENSIONS Q AND V ARE DATUMS. 
2. m IS SEATING PLANE AND DATUM. 
3. POSITIONAL TOLERANCE FOR 

MOUNTING HOLE Q: 

I .11.131 .... 'I@ITlv@1 
FOR LEADS: 

I .11.131 ..... 1@T I v@1 Q@I 
4. DIMENSIONS AND TOLERANCES PER 

ANSI Y14.5, 1913. 

P1N 1. BASE 
2. EMITTER 

CASE COLLECTOR 

CASE '·05 
TO·204AA 

• 



MJ12002 

ELECTRICAL CHARACTERISTICS (Tc ~ 25°1:: unl.ss otherwise noted) 

I Chor_itti. I Symbol I Min 

OFF CHARACTERISTICS (11 

Collector-Emitter Sustaining Voltage 
(lC ~ 50 mAde, IB = 01 

Collector Cutoff Current-
(VCE = 1500 Vdc, VBE K 01 

Emitter Cutoff Current 
(VBE = 5.0 Vde, IC ~ 01 

ON CHARACTERISTICS (1) 

Collector-Emitter Saturation Voltage 
(lC = 2.0 Adc,'IB = 1.B Adc) 

B .... Emitter Satur.tlon Voltage 
(lC = 2.0 Adc,lB = 1.B Adc) 

Second Breakdown Collector Current with 
Base-Forward Biased 

DYNAMIC CHARACTERISTICS 

Output Cep8citance 
(VCB = 10 Vde, IE = 0, f = 0.1 MHzl 

Current Gain - Bandwidth Product (1) 
(lC ~ 0.1 Ade, VCE ~ 5.0 Vde, ftest = 1.0 MHzl 

SWITCHING CHARACTERISTICS 

Fall Time 
(lC = 2.0 Adc, IBl = 1.0 Ade, 
I.B = 12 "H, See Figure 11 

(11 Pulse Test: Pulsa Width .. 300 !'S, Duty Cycle = 2%. 

VCEO(suI) 75il 

ICES -

lEBO -

VCE(sat) -

VBE(sati -

IS/B 

Cob -

IT -

Typ 

-
-

-

-

-

See Figure 14 

60 

4.0 

Figure 1. Switching TImes Test Circuit 

PULSE WIDTH ADJ 
50% DUTY CYCLE 

IC L 

0.75 A 4.25mH 

1.6 2.1BmH 

2.0 1.SmH 

130 
O.SW 

C 

;OOO"F 

.OOS"F 

.OOB"F 

Com 
+60 V 

IkiSW 

IO"FlOOV • 
IS,750 Hz 

IN5348 FREQ ADJ 100 

2000 
O.SW 

-= DRIVER TRANSFORMER ITt) 
• Ferrox cube pot core #4229P·L00-3C8 
• Adjust gap for primary inductance Lp = 70 mH (approximately 5 mil spacerl 
• Primary 230T #28 AWG (5 layers) 
• Secondary 1ST #22 AWG (I layer) 
• Secondary leakage inductance should be less than 3 "H 
• Use 3 mil mylar tape between each winding layer 
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BASE DRIVE: The Key to Performance 

By now, the concept of controlling the shape of the 
turn-off base current is widely accepted and applied in 
horizontal deflection design_ The problem stems from the 
fact that good saturation of the output device, prior to 
turn-off, must be assured. This is accomplished by pro
viding more than enough IBI to satisfy the lowest gain 
output device hFE at the end of scan ICM. Worst case 
component variations and maximum high voltage loading 
must also be taken into account. 

If the base of the output transistor is driven by a very 
low impedance source, the turn-off base current will re
verse very quickly as shown in Figure 2. This results in 
rapid, but only' partial, collector turn-off, because excess 
carriers become trapped in the high resistivity collector 
and the transistor is still conductive. This is a high dissipa
tion mode, since the collector voltage is rising very rapidly. 
The problem is overcome by adding inductance to the 
base circuit to slow the base current reversal as shown in 
Figure 3, thus allowing excess carrier recombination in the 
collector to occur while the base current is still flowing. 

Choosing the right LB is usually done empirically, since 
the equivalent circuit is complex, and since there are 
several important variables (lCM, IB1, and hFE at ICM). 
One method is to plot fall time as a function of LB, at the 
desired conditions, for several devices within the hFE 
specification. A more informative method is to plot power 
dissipation versus I B 1 for a range of values of LB as shown 

in Figures 4 and 5. This shows the parameter that really 
matters, dissipation, whether caused by switching or by 
saturation. The negative slope of these curves at the left 
(low IBll is caused by saturation losses. The positive 
slope portion at higher IB1, and low values of LB is due to 
switching losses as described above. Note that for very low 
LB a very narrow optimum is obtained. This occurs when 
IBI hFE = ICM, and therefore would be acceptable only 
for the "typical" device with constant ICM. As LB is in
creased, the curves become broader and flatter above the 
IBI hFE = ICM point as the turn-off "tails" are brought 
under control. Eventually, if LB is raised too far, the 
dissipation all across the curve will rise, due to poor 
initiation of switching rather than tailing. Plotting this 
type of curve family for devices of different hFE, essen
tially moves the curves to the left or right according to the 
relation IBI hFE = constant. It then becomes obvious 
that, for a specified ICM, an LB can be chosen which will 
give low dissipation over a range of hFE and/or IBI. The 
only remaining decision is to pick IBI high enough to 
accommodate the lowest hFE part specified. Figure 8 
gives values recommended for LB and I B 1 for this device 
over a wide range of ICM. These values were chosen from 
a large number of curves like Figure 4 and Figure 5. 
Neither LB nor IBI are absolutely critical, as can be seen 
from the examples shown, and values of Figure 8 are pro
vided for guidance only. 

TEST CIRCUIT WAVEFORMS 

FIGURE 2 FIGURE 3 

(time) (time) 

TEST CIRCUIT OPTIMIZATION 

The test circuit may be used to evaluate d8\1lc8. In the con
yentlonal manner, I .•. , to measure fall time, storage tlma, and 
saturation voltage. However. this circuit was designed to avaluate 
devices by a simp,e criterion, power supply Input. Exce.slve 
power input can be caused by a variety of problems, but It il the 
dissipation In the transistor that il of fundamental Importance. 

3-767 

Once the required tran".tor operating current II determined, 
fixed circuit values may be .. Iected from the table. Factory telt· 
Ing Is performed by re.dlng the current meter only. since the 
input power Is proportional to current. No adjustment of the 
test apparatus is required. 
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FIGURE 4 - OPTIMIZING DRIVE I' IC· 0.75 A FIGURE 5 - OPTIMIZING DRIVE. IC· 1.5 A 
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FIGURE 13 - "ON" VOLTAGES 
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FIGURE 12 - DC CURRENT GAIN 
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FIGURE 14·MAXIMUM FORWARD BIAS 
SAFE OPERATING AREA 

tOms -1ft
SINGLE 

de _-"ool"ULSE 

~TC -25°C 
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0.005 
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S.O 10 

- BONOING WIRE LIMIT 
THERMAL LIMIT (SINGLE PULSE) 
SECOND BREAKDOWN LIMIT 

20 30 SO 100 200 300 500 SOD 
VCE. COLLECTOR·EMITTERVOLTAGE (VOLTS) 

There are two limitations on the power handling ability of a transistor: average junction temperature and second breakdown. Safe operating 
area curves indicate Ie.....,.. VeE limits of the transistor that must be observed for reliabre operation; i.e., the transistor must not be subjected to 
greater dissipation than the curves indicate. 

The 50 IJ.s sa curve is beyond the thermal limits of this part. However, the parts will survive a transient that remains within these sa limits 
without failing. 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

.. 

HORIZONTAL DEFLECTION TRANSISTOR 

... specifically designed for use in CRT deflection circuits. 

• Collector-Emitter Voltage - VCEX = 1500 Volts 

• Glassivated Base·Coliector Junction 

• Forward Bias Safe Operating Area @ 50 J.l.s = 20 A. 300 V 

• Switching Times with Inductive Loads -
tf = 0.5 J.l.s (Typ) @ IC = 3.0 A 

MAXIMUM RATINGS 
Rating Symbol 

Collector-Emitter Voltage Vceo 
Collector-Emitter Voltage Vcex 
Emitter-Base Voltage VeBO 
Collector-Current - Continuous IC 
Base Current - Continuous 18 

Emitter Current - Continuous Ie 
Total Power Dissipation@ TC - 2SoC Po 

TC = 100°C 
Derate above 2SoC 

Operating and Storage Junction Temperature Range TJ. T stg 

THERMAL CHARACTERISTICS 
Characteristic Symbol 

Thermal Resistance, Junction to Case RIJJC 

Maximum Lead Temperature for Soldering Purposes TL 

lIS" from Case for 5 Seconds 

FIGURE 1 - TEST CIRCUIT 

PUlSE WIDTH ADJ 
IiO%DlITYCYCLE 

130 ,.W 

Com 
+aI' 

DRIVER TRANSFORMER (1"1) 

• Farroxcubepotcof'l#422IP-lOD-3C8 

Value 

750 

1500 

5.0 

4.0 

3.0 

7.0 

100 
40 
0.8 

-6510+150 

Max 

1.25 

275 

• Mjustgapforprinllly inductancelp"'70mH\lpproxinItllv5m~ IIPIC8rl 
• Prlmlry23OT#28AWG(5 layanj 
• Seconderyl5T'22AWGI1I1yerj 
• Seconderyl8lbgeinductlnceshouldbeilathan3.uH 
• Ule3m11mv!«lIpebelwellnaacllwindinglayer 

3-710 

Unit 

Vdc 

Vdc 

Vdc 

Adc 

Adc 

Adc 

Watts 
Watts 
W/oC 

°c 

MJ12003 

4 AMPERE 

NPNSILICON 
POWER TRANSISTOR 

1500 VOLTS 
100 WATTS 

J~~ ~~K 
rnI+~ t 

STYlE 1: 
Unit 

°CIW 

°c 

10", 
l!OY 

+ 
100 ,W 

COM +125V 

PIN 1. BASE 
2. EMITTER 

CASE·COLLECTOR 

Q 

NOTES: 
1. DIMENSIONS 0 AND V ARE DATUMS. 
1. [JJ IS SEATING PLANE AND DATUM. 
3. POSITIONAL TOLERANCE FOR 

MOUNTING HOLE 0: 

I .11I310.0051@ I T Iv@1 
FOR LEADS: 

I • 1'·IJIO.OO5)@T I v@1 o@1 
4. DIMENSIONS AND TOLERANCES PER 

ANSI Y14.S.197J. 

DIM 
A 
B 
C 
D 
E 
r 
G 
H 
J 
K 
o 
R 
U 
V 

CASE 1-05 
TO-204AA 

• 
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ELECTRICAL CHARACTERISTICS ITC· 250 C unless otherwise noted) 

I Charactoristic I Symbol Min Typ Max Unit 

OFF CHARACTERISTICS 11) 

Collector-Emitter Sustaining Voltage 
IIC· 50 mAde, IS • 0) 

Collector Cutoff Current 
IVCE· 1500 Vdc, VSE· 0) 

Emitter Cutoff Current 

IVSE • 5,0 Vdc, IC • 0) 

ON CHARACTERISTICS 11) 

Collector-Emitter Saturation Voltage 
IIC • 3.0 Adc, IS • 1,2 Adc) 

Base-Emitter Saturation Voltage 
IIC • 3,0 Adc, IS • 1.2 Add 

Second Breakdown Collector Current with Base Forward Biased 

DYNAMIC CHARACTERISTICS 

Current-Gain - Bandwidth Product 

(IC· 0.1 Adc, VCE· 5.0 Vdc, Itest • 1.0 MHz) 

Output Capacitance 
(VCB· 10 Vdc, IE: 0, 1·0.1 MHz) 

SWITCHING CHARACTERISTICS 

Fall Time 
(IC· 3.0 Adc, IS1 ·'.2 Adc, LS· 8.0 ~H, See Figure 1) 

(1) Pulse Test: Pulse Width.,;;; 300 j.l.S, Duty Cycle - 2%. 
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FIGURE 2 - DC CURRENT GAIN 
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ICES - - 1.0 mAde 

IESO - - 1.0 mAde 

VCE!s.t) - - 5.0 Vdc 

VSEls.t) 1.5 Vdc 

ISlb See Figure 5 -

IT - 4 - MHz 

Cob 90 - pF 

FIGURE 3 - COLLECTOR SATURATION REGION 
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FIGURE 5 - MAXIMUM FORWARD BIAS 
SAFE OPERATING AREA 
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001 
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VCE, CO LLECTO R-EMITTER VO L T AG E (VOLTS) 

NOTE, 
There are two limitations on the power handling ability of a transistor: average junction tempera' 

ture and second breakdown. Safe operating area curves indicate IC - VCE limits of the transistor 
Ihat must be observed for reliable operation; i.e., the transistor must not be subjected to greater 
dissipation than Ihe curves indicate. 

The 50 i.IS and 1 m$ curves are beyond the thermal limits of this part. However, the parts will 
survive a transient that remains within these SB limits without faihng, 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

Dp!'o;ignPl'!'o; Data Sheet 

HORIZONTAL DEFLECTION TRANSISTOR 

· .. specifically designed for use in large screen color deflection 
circuits. 

• Collector-Emitter Voltage - V CEX ~ 1500 Vdc 

• Glassivated Base·Coliector Junction 

• Safe Operating Area @ 50 JJ.s ~ 20 A. 400 V 

• Switching Times with Inductive LOIlds -

tf ~ 0.4 JJ.S (Typ) @ IC ~ 4.5 A 

MAXIMUM RATINGS 

Rating Svmbol 
Collector-Emitter Voltage VCEO 
Collector-Emitter Voltage VCEX 
Emitter Base Valtag!! VEB 

Collector Current - Continuous IC 

Base Current - Continuous IB 

Emitter Current - ContinUous IE 

Total Power Dissipation @TC:C 2SoC PD 
@TC= 100°C 

Derate above 25°C 

Operating and Storag" Jun.ction T J. T stg 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Svmbol 
Thermal Resistance; .Junction to Case R9JC 

Maximum Lead Temperature for Soldering, TL 
Purposes: 1/8/' frori, Case for 5 Seconds 

Value 

750 

1500 

5.0 

5.0 

4.0 

9.0 

100 
40 
O.B 

-65 to +150 

MI. 

1.25 

275 

Designer's Data for "Worst Case" Conditions 

Unit 

Vdc 

Vdc 

Vdc 

Adc 

Adc 

Adc 

Watts 

wf>c 

°c 

Unit 

DCIW 

DC 

The Designer's Data Sheet permits the design of most circuits entirely from the 
information presented. Limit data ~ representing device characteristics boundaries ~are 
given to facilitate "worst case" design. 
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MJ12004 
MJH12004 

5.0 AMPERE 

NPN SILICON 
POWER TRANSISTORS 

1500 VOLTS 
100 WATTS 

MJ12004 

!];4 *.. D • ~\.-_ 
~

o 

J 

v 
Q. . 

2 -l- +' R STYLE,: 
H 1 PlN1.BASE 

o 2.EMlmR 
G CASE COllECTOR 

U ., 

MIU.OI£IBIS 
DIM ... .." 
A 3!l37 
B 21.08 
C 6.35 7.62 
o 0.97 1.09 
E lAO 1.78 
F 3O.158SC 
G IO.928SC 
H 5.46BSC 
J 16.B9BSC 
II: 11.18 12.19 
Q lSI 4.19 , ,.., 
U 4.83 5.33 
V a81 4.19 

NOTES: 

'"""' •• MAX 
1.550 .. " 0.250 0.300 

0.038 0.(143 
0.056 0.010 

1.187BSC 
a.msse 
0.215BSC 
O.66!iSSC ...., .. '" 

0,151 0.1651 
- 1.050 

0.190 0.210 
0.151 0.165 

1. DIMENSIONS D AND V ARE DATUMS. 
2.[IjISSEATINGPlANEANDDATUM. 
3. POSmONAL TOLERANCE FOR MOUNTING HOLE Q: 

1.lo.1310'OO5!®ITlvool 
FOR LEADS: 
1 ... lo.13Io.00S1® Tlv®lo®1 

4. DlMfNSIONSAND TOlERANCES PER ANSI VI4.5, 
1973. 

CASE 1-05 
TO·204AA 

MJH12004 

, 
STYLE 1: 

PIN 1. 8ASE 
2. COLLECTOR 
3.EMlmR 
4. COLLECTOR 

MllJMEIEIIS '''''''' DIM ... , ~.~ , 15.49 
<19 

D 1.02 
E I., 
• '5.21 
H 2A1 
J '.3B , 12.10 
l 15.111 
N 12.19 

• <04 

MAlI •• 21.08 .... 
"" 0.610 

"" 0.165 
1.65 , ... 
I." "'~ 
'.n .," 
3.20 0.09. 
'.64 0.015 

IS .• '.500 
16.51 "" 12.10 'A811 
<n 0.\59 

.." 

.m 
0.626 
",00 

'''' ''''' 0.225 
0.126 
0.025 
0.610 
"00 ... 
0,166 

CASE 340-01 
TO-21BAC 

• 
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ELECTRICAL CHARACTERISTICS ITC· 250 unless otherwise noted.) 

I Characteristic Symbol Min 

OFF CHARACTERISTICS (1) 

Collector-Emitter Sustaining Voltage 

(lC· 50 mAde, IS - 0) 

Collector Cutoff Current 

(VCE· 1500 Vde, VSE • oj 
Emitter Cutoff Current 

(VSE = 5,0 Vde, IC • D) 

ON CHARACTERISTICS (1) 

Coll.ctor-Emitter Saturation Voltage 

(lC· 4.5 Adc,lS = 1.8 Ade) 
(lC = 3.5 Ade, IS • 1.5 Ade) 

Base Emitter Saturation Voltage 
(lC = 4.5 Ade, IS • 1.8 Ade) 
(lC = 3.5 Ade, IS • 1.5 Ade) 

Second Breakdown Collector Current with Base 
Forward Biased 

DYNAMIC CHARACTERISTICS 

Current-Gain - Bandwidth Product 

(lC = 0.1 Ade, VCE • 5.0 Vde, f test • 1 MHz) 

OutPut Gapacitance 
(VCS • 10 Vde, 'E = 0, f· 0.1 MHz) 

SWITCHING CHARACTERISTICS 

Fall Time 
(lC = 4.5 Ade, lSI = 1 BAde, 

LS = 8.0 I'H, See Figure 1) 

TC - 250 C 
TC·l00oC 

(1) Pulse Test: Pulse Width .. 300 1", Duty Cycle = 2%. 

VCEO(sus) 

'CES 

'ESO 

VCE(satl 

VSE(set) 

'Slb 

fT 

Cob 

Figure 1, Switching Times Test Circuit 

Com 

PULSE WIDTH ADJ 
50% DUTY CYCLE 

130 
0.5W 

10 p.F 100 V + 

15,750 Hz 
FREO ADJ 

1 kl5W 

lN5348 0.1 

+60V 

l0015W 

r---.----, 
2000 
0.5W 

DRIVER TRANSFORMER (T1) 

• Ferrox cube pot core #4229p·LOO·3C8 

750 

-

-

-
-

-
-

-

-

Ie L C 
A mH I'F 

• Adjust gap for primary inductance Lp = 70 mH lapproximately 5 mil spacerl 
• Primary 230T #28 AWG 15 layersl 

3.5 0.87 0.013 • Secondary 15T #22 AWG 11 layerl 

4.5 0.67 0.017 • Secondary leakage inductance should be less than 3 p.H 
• Use 3 mil mylar tape between each winding layer 
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Typ Max Unit 

- - Vde 

- 1.0 mAde 

- 1.0 mAde 

Vde 

- 5.0 

- 5,0 

Vde 

- 1.5 

- 1.5 

See Figure 14 

4 - MHz 

125 - pF 

COM +125V 
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BASE DRIVE: The Key to Performance 

ay now, the concept of controlling the shape of the 
turn-off base current is widely accepted and applied in 
horizontal deflection design_ The problem stems from 
the fact that good saturation of the output device, prior 
to turn-off, must be assured_ This is accomplished by 
providing more than enough lal to satisfy the lowest gain 
output device hFE at the end of scan ICM- Worst-case 
component variations and maximum high voltage loading 
must also be taken into account_ 

If the base of the output transistor is driven by a very 
low impedance source, the turn-off base current will re
verse very quickly as shown in Figure 2. This results in 
rapid, but only partial, collector turn-off, because excess 
carriers .become trapped in the high resistivity collector 
and the transistor is still conductive. This is a high dissipa
tion mode, since the collector voltage is rising very rapidly. 
The problem is overcome by adding inductance to the 
base circuit to slow the base current reversal as shown in 
Figure 3, thus allowing excess carrier recombination in the 
collector to occur while the base current is still flowing. 

Choosing the right La is usually done empirically, since 
the equivalent circuit is complex, and since there are 
several important variables (lCM' lal' and hFE at ICM)' 
One. method is to plot fall time as a function of La, at the 
desired conditions, for several devices within the hFE 
specification. A more informative method is to plot power 
dissipation versus lal for a range of values of La as shown 

in Figures 4 and 5. This shows the parameter that really 
matters, dissipation, whether caused by switching or by 
saturation. The negative slope of these curves at the left 
(low lal) is caused by saturation losses_ The positive slope 
portion at higher lal' and low values of La is due to 
switching losses as described above. Note that for very low 
La a very narrow optimum is obtained. This occurs when 
lal hFE = ICM' and therefore would be IICceptable only 
for the "typical" device with constant ICM' As Lais in
creased, the curves become broader and flatter above the 
lal hFE = ICM point as the turn-off "tails" are brought 
under control. Eventually, if La is raised too far, the 
dissipation all across the curve will rise, due to poor 
initiation of switching rather than tailing_ Plotting this 
type of curve family for devices of different hFE' essen
tially moves the curves to the left or right according to the 
relation la 1 hFE = constant. It then becomes obvious 
that, for a specified ICM' an La can be chosen 'which will 
give low dissipation over a range of hF E and/or la l' The 
only remaining decision is to pick lal high enough to 
accommodate the lowest hFE part specified. Figure 8 
gives values recommended for La and I a 1 for this device 
over a wide range of ICM' These values were chosen from 
a large number of curves like Figure 4 and Figure 5. 
Neither La nor lal are absolutely critical, as can be seen 
from the examples shown, and values of Figure Bare 
provided for guidance only. 

TEST CIRCUIT WAVEFORMS 

FIGURE 2 FIGURE 3 

(time) (time) 

TEST CIRCUIT OPTIMIZATION 

The test circuit may be used to evaluate de'Ylcas in the con
ventional manner, I.e., to measure fall time, storage tiMe, and 
saturation voltage. However. this circuit was designed to evaluate 
devices bV a simple criterion, power supply input, Excessive 
pOwer input can be caused bV • variety of problems, but it is th~ 
dl.llpatlon In the transistor that is of fundamental Importance. 

3-774 

Once the required transistor operating current II determined, 
fixed circuit values may be selected from the table. Factory t.st
ing is performed by reading the current meter .only, since the 
input power Is proportional to' current. No adjustment of the 
test apparatus is required. 
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TYPICAL ELECTRICAL CHARACTERISTICS 

FIGURE 10 - DC CURRENT GAIN 
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NOTE: 
There are two limitations on the power handling ability 

of a transistor: average junction temperature and second 
breakdown. Safe operating area. curves indicate IC-VCE 
limits of the transistor must be observed for reliable 
operation; i.e .• the transistor must not be subjected to 
greater dissipation than the curves indicate. 

The 50 /,S S6 curve is beyond the thermal limits of this 
part. However. the parts will survive a transient that 
remains within these S6 limits without failing. 

FIGURE·13 - "ON" VOLTAGES 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

HORIZONTAL DEFLECTION TRANSISTOR 

· .. specifically designed for use in deflection circuits. 

• VCEX = 1500 V 

• Glassivated Base-Collector Junction 

• Safe Operating Area @ 50 I1S = 20 A, 400 V 

MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage VCEX 1500 

Emitter-Base Voltage VES 5.0 

Collector Current - Continuous IC 8.0 

Base Current - Continuous IS 4.0 

Emitter Current - Continuous IE 12 

Total Power Dissipation@Tc- 25°C PD 100 
Derate above 25°C 0.8 

Op"erating and Storage Junction TJ, Tstg -65 to + 150 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance, Junction to Case ROJC 1.25 

Maximum Lead Temperature for TL 275 
Soldering Pu rposes: 1/8" from 
Case for 5 Seconds 

Unit 

Vdc 

Vdc 

Adc 

Adc 

Adc 

Watts 
W/oC 

°c 

Unit 

°C/W 
uc 

FIGURE 1 - MAXIMUM FORWARD BIAS SAFE OPERATING AREA 
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STYlE1: 

MJ1200S 

8 AMPERE 

NPN SILICON 
POWER TRANSISTOR 

NOTES: 

1500 VOLTS 

100 WATTS 

~ .. -' 

~ 

1. DIMENSIONS a AND V ARE DATUMS. 
2. W IS SEATING PlANE AND DATUM. 
3. POSITIONAL TOLERANCE FOR MOUNTING HOLE a: 

1 ... 10.1310.0051 ®I TI v ®I 
FOR LEADS: 
1 ... 101310.0051® Tlv®lo®1 

4. DIMENSIONS AND TOLERANCES PER ANSI Y14.5, 
1973. 

MII.LIMET1;RS INCHES 
PIN 1. BASE DIM MIN MAX MIN MAX 

2. EMITTER 
CASE COLLECTOR 

A 39.37 
B - 21.08 
C 6.35 7.62 
D 0.97 1.09 
E 1.40 1.78 
F 30.158SC 
G 10.92BSC 
H 5.46BSC 
J 16.89BSC 
K 11.18 12.19 
Q 3.81 4.19 
R - 26.67 
U 4.83 5.33 
V 3.81 4.19 

CASE 1-05 
TO-204AA 

1.550 
- 0.830 

0.250 0.300 
0.038 0.043 
0.056 0.070 

1.187BSe 
O.43QBSe 
0.215BSe 
0.665BSe 

0.440 0.480 
0.151 0.165 
- 1.050 

0.190 0.210 
0.151 0.165 

• 



MJ12005 

ELECTRICAL CHARACTERISTICS ITe ~ 25a e unle" athe,w;se natedl 

Characteristic Symbol 

OFF CHARACTERISTICS 

COllector-Emitter Sustaining Voltage VCEOsusl 
IVC ~ 50 mAde, Ie ~ 01 

Collector Cutoff Current ICES 
IVeE ~ 1500 Vde, VeE ~ 01 

Emitter Cutoff Current IEeO 
IVeE ~ 5.0 Vde, Ie ~ 01 

ON CHARACTERISTICS 111 

Collector-Emitter Saturation Voltage VCEls.,1 
IIC ~ 5.0 Adc, Ie ~ 1.0 Adc) 

Base Emitter Saturation Voltage VeEls.,1 
IIC ~ 5.0 Adc, 16 ~ 1.0 Adcl 

Second Breakdown Collector Current with Base Forward Biased ISlb 

SWITCHING CHARACTERISTICS 

Fall Time 

IIC ~ 5.0 Adc, Ie 1 ~ 1.0 Adc, Le ~ 8.0 pH) 

(1) Pulse Test: Pulse Width ~ 300 /J.S, Duty Cycle = 2%. 

10 

r-

3.0 

1.0 
0.1 

FIGURE 2 - OC CURRENT GAIN 

-r r-.. 
I ........ 

~ VCE"5.0V 

Tr150 C 

0.3 0.5 1.0 1.0 
IC. COLLECTOR CURRENT lAMPS 

Min 

750 

-

-

-

-

-

50 

FIGURE 3 - SWITCHING TIMES TEST CIRCUIT 

PULSE WIDTH ADJ 
50% DUTY CYCLE 

130 
0.5W 

10 fLf 100 V + 

15.750 Hz 
fREo ADJ 

r----~___, 

Com 

1 kl5W 

lN5348 0.1 

5 k 2000 
0.5W 

15 k 

2.2 k 

1.8 k 

+60V 

100/5W 

100 

DRIVER TRANSFORMER (11) 
• ferrox cube pot core #4229p·LOO·3C8 

10 

Typ 

-

-

-

-

-

-

IC 

MR918 
(SELECTED 
1500 VI 

Max Unit 

- Vde 

0.25 mAde 

0.1 mAde 

5.0 Vdc 

1.5 Vdc 

See Figure 1 

10 fLf 
150 V 

+ 
Ion 
5W 

COM +125V 

• Adjust gap for primary inductance lp = 70 mH (approximately 5 mil spacerl 

Ie L e 
A mH "F 

• Primary 230T #28 AWG (5 layers I 
• Secondary 15T #22 AWG (I layerl 

5.0 0.575 0.018 
• Secondary leakage inductance should be less than 3 fLH 
• Use 3 mil mylar tape between each winding layer 

3-779 



MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

NPN HORIZONTAL DEFLECTION TRANSISTOR 
WITH INTEGRATED DAMPER DIODE 

· .. specifically designed for use in large-screen color-deflection 
circuits. 

• Collector-Emitter Voltage - VCEX = 1500 Vdc 

• Glassivated Base-Collector Junction 

• Safe Operating Area @ 50 /LS = 20 A, 400 V 

• Switching Times with Inductive Loads
tf = 0.4 /LS (Typ) @ IC = 5.0 A 

• C-E Diode Forward Voltage Specified 

Po 100 Watts 
40 
0.8 wrc 

TJ,Tstg -65 to + 150 'c 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Thermal Resistance. Junction to Case RfJJC 1.25 'CIW 

Maximum Lead Temperature for Soldering lL 275 
Purposes: 1/8" from Case for 5 Seconds 

Designer's Data for "Worst Case" Conditions 

The DeSigner's Data She.et permits the de,sign of most circuits entirely from 
the information presented. Limit curves-representing boundaries on device 
characteristics-are given to facilitate "worst case" design. 

3-780 
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STYlE 1: 

MJ12005D 

8.0 AMPERE 

NPN SILICON 
POWER TRANSISTORS 

NOITS: 

1500 VOLTS 
100 WATTS 

1. OIMENSIONS Q AND V ARE DATUMS. 
2. [jJ IS SEATING PLANE AND DATUM. 
3. POSmONAL TOLERANCE FOR MOUNnNG HOLE Q: 

1 .. 1 D.1310.005I®ITlv®1 
fOR LEAOS: 

1 .. 10.13100051 ® TI v®IQ~ 
4. DIMENSIONS AND TOLERANCES PER ANSI m.5, 

1973. 

MlLUMElERS INCHES 

PIN 1. BASE DIM MIl MAX MIN MAX 
A 39.37 1.550 2. EMITTER 

CASE COllECTOR r+ - 21.08 
C 6.35 7,62 
0 0,97 1.09 
E 1.40 1.18 
F 3O.158SC 
G 10,92SSC 
H 5,46 SSC 
J 16.898SC 
K 11.18 12.19 
Q 3,81 4.19 
R 26,67 
U 4,83 5.33 
V 381 4.19 

CASE 1-05 
TO-204AA 

-

- 0,830 
0,250 0.300 
0.038 0.043 
0.055 0.070 

1.1878SC 
O.430BSC 
0.215BSC 
0.6658SC 

0,440 0.460 
0.151 0,185 

1.050 
0.190 0.210 
0.151 0.165 

• 



MJ12005D 

ELECTRICAL CHARACTERISTICS (TC = 25'C unless otherwise noted.1 

I Characteristic I Symbol Min 

OFF CHARACTERISTICS (11 

Collector-Emitter Sustaining Voltage 
(lC = 50 mAde, IB = 01 

Collector Cutoff Current 
(VCE = 1500 Vde, VBE = 01 

Emitter Cutoff Current 
(VBE = 5.0 Vde, IC = 01 

ON CHARACTERISTICS (11 

Diode Forward Voltage 
(IF = 8.0 Ampsi 

Collector-Emitter Saturation Voltage 
(lC = 5.0 Adc, IB = 1.0 Adc) 
(lC = 8.0 Adc, IB = 2.5 Adcl 

Base Emitter Saturation Voltage 
(lC = 5.0 Adc, IB = 1.0 Adcl 
(lC = 8.0 Adc, IB = 2.5 Adcl 

Second Breakdown Collector Current with Base 
Forward Biased 

DYNAMIC CHARACTERISTICS 

Current-Gain - Bandwidth Product 
(lC = 0.1 Adc, VCE = 5.0 Vdc, Itest = 1.0 MHz) 

Output Capacitance 
(VCB = 10 Vdc, IE = 0, 1= 0.1 MHz) 

SWITCHING CHARACTERISTICS 

Fall Time 
(lC = 5.0 Adc, IBl = 1.5 Adc, 

Le = 8.0 /LH, See Figure 1) 

TC = 25'C 
TC = 100'C 

(1) Pulse Test: Pulse Width", 300 I'-S, Duty Cycle = 2.0%. 

VCEO(susl 750 

ICES -

lEBO -

VF(VECI -

VCE(satl 
-
-

VBE(satl 
-
-

ISlb 

tr -

Cob -

FIGURE 1 - SWITCHING TIMES TEST CIRCUIT 

Com 
+60V 

1 k!5W 

130 10 /LF 100 V + 100!5W 

0.5W 15,750 Hz 
FREO ADJ 100 

5k 1000 
0.5W 

15 k 
6000 pF 

1.2 k 

PULSE WIDTH ADJ 
50% DUTY CYCLE 110 

360 pF 

DRIVER TRANSFORMER IT11 
• Ferrox cube pot core #4119p·LOO·3C8 

Typ Max 

- -

- 1.0 

- 200 

- 2.5 

- 5.0 
- 5.0 

- 1.5 
- 1.5 

See Figure 14 

4.0 

150 

-

-

MR918 
(SELECTED 
1500 VI 

Unit 

Vde 

mAde 

mAde 

Vdc 

Vdc 

Vdc 

MHz 

pF 

C 

10/LF 
150 V 

+ 
Ion 
5W 

COM +125V 

IC L C • Adjust gap for primary inductance Lp = 70 mH (approximately 5 mil spacer) 

A mH /LF 

5.0 0.57 0.018 

• Primary 130T #18 AWG (5 layersl 
• Secondary 15T #22 AWG (I layer) 
• Secondary leakage inductance should be less than 3 /LH 

7.0 0.45 0.025 • Use 3 mil mylar tape between each winding layer 

3-781 
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BASE DRIVE:,The Key to Performance 

By now, the concept of controlling the shape of the 
turn-off base current is widely accepted and applied in 
horizontal deflection design. The problem stems from 
the fact that good saturation of the output device, prior 
to turn-off, must be assured. This is accomplished by 
providing more than enough IB1 to satisfy the lowest 
gain output device hFE at the end of scan ICM. Worst
case component variations and maximum high voltage 
loading must also be taken into account. 

If the base of the output transistor.is driven by a very 
low impedance source, the turn-off base current will 
reverse very quickly as shown in Figure 2. This results 
in rapid, but only partial, collector turn-off, because ex
cess carriers become trapped in the high resistivity col
lector and the transistor is still conductive. This is a high 
dissipation mode, since the collector voltage is rising 
very rapidly. The problem is overcome by adding in
ductance to the base circuit to slow the base current 
reversal as shown in Figure 3, thus allowing excess 
carrier recombination in the collector to occur while the 
base current is still flowing. 

Choosing the right LB is usually done empirically, 
since the equivalent circuit is complex, and since there 
are several important variables (lCM, IB1' and hFE at 
ICM). One method is to plot fall time as a function of 
LB, at the desired conditions, for several devices within 
the hFE specification. A more informative method is to 
plot power dissipation versus IB1 for a range of values 

of LB as shown in Figures 4 and 5. This shows the 
parameter that really matters" dissipation, whether 
caused by switching or by s<lturation. The negative 
slope of these curves at the left (low IB1) is caused by 
saturation losses. The positive slope portion at higher 
IB1, and low values of LB is due to switching losses as 
described above. Note that for very low LB a very nar
row optimum is obtained. This occurs when IB1 hFE = 
ICM, and therefore would be acceptable only for the 
"typical" device with constant ICM. As LB is increased, 
the curves become broader and flatter above the IB1 
hFE = ICM point as the turn-off "tails" are brought 
under control. Eventually, if LB is raised too far, the 
dissipation all across the curve will rise, due to poor 
initiation of switching rather than tailing. Plotting this 
type of curve family for devices of different hFE' essen
tially moves the curves to the left or right according to 
the relation IB1 hFE = constant. It then becomes ob
vious that, for a specified ICM, an LB can be chosen 
which will give low dissipation over a range of hFE and! 
or IB1. The only remaining decision is to pick IS1 high 
enough to accommodate the lowest hFE part specified. 
Figure 8 gives values recommended for LS and IS1 for 
this device over <I wide range of leM. These v<llues were 
chosen from a large number of curves like Figure 4 and 
Figure 5. Neither LS nor IS1 are absolutely critical, as 
can be seen from the examples shown, and values of 
Figure 8 are provided for guidance only. 

TEST CIRCUIT WAVEFORMS 
FIGURE 2 FIGURE 3 

(time) (time) 

TEST CIRCUIT OPTIMIZATION 

The test circuit may be used to evaluate devices in 
the conventional manner, i.e., to measure fall time, stor
age time, and saturation voltage. However, this circuit 
was designed to evaluate devices by a simple criterion, 
power supply input. Excessive power input can be 
caused by a variety of problems, but it is the dissipation 
in the transistor that is of fundamental importance. 

3-182 

Once the required transistor operating current is deter
mined, fixed circuit value,S may be selected from the 
table. Factory testing is performed by reading the cur
rent meter only, since the input power is proportional 
to current. No adjustment of the test apparatus is re
quired. 
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NOTE: 

300 

50~s 

1000 

There are two limitations on the power handling abil
ity of a transistor: average junction temperature and 
second breakdown. Safe operating area curves indicate 
IC - VCE limits of the transistor must be observed for 
reliable operation; i.e., the transistor must not be sub
jected to greater dissipation than the curves indicate. 

The 50 p.s 58 curve is beyond the thermal limits of 
this part. However, the parts will survive a transient that 
remains within these 58 limits without falling. 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

HORIZONTAL DEFLECTION TRANSISTOR 

... specifically designed for use in CRT deflection circuits. 

• Collector·Emitter Voltage - VCEX = 950 Volts 

• Glassivated Base-Collector Junction 

• Forward Bias Safe Operating Area @ 50 /J.s = 30 A, 300 V 

• Switching Times with Inductive Loads
tf = 0.5 /J.s (Typ) @ IC = 5.0 A 

MAXIMUM RATINGS 
Rating Symbol 

Collector-Emitter Voltage VeEO 

Collector-Emitter Voltage VeEX 

Emitter-Base Voltage VEBO 
Collector-Current - Continuous 'Ie 

Base Current - Continuous 'IB 

Emitter Current - Continuous IE 

Total Power Dissipation @TC:::: 25°C Po 
Te= l00,oe 

Derate above 2SoC 

Operating and Storage Junction Temperature Range TJ, Tstg 

THERMAL CHARACTERISTICS 
Characteristic Symbol 

Thermal Resistance, Junction to Case ReJe 
Maximum Lead Temperature for Soldering Purposes: TL 

1/8" from Case for 5 Seconds 

PULSE WIDTH AOJ 
50% DUTY CYCLE 

FIGURE 1 - TEST CIRCUIT 
Com 

+OlV 

DRIVER TRANSFORMER ITII 
• FtlTOJlcubepolcore#4229P·lOO-3CB 

Value 

400 

950 

5.0 

10 

5.0 

15 

100 
40 
0.8 

-65 to +150 

Max 

1.25 

275 

Unit 

Vdc 

Vdc 

Vdc 

Adc 

Adc 

Adc 

Watts 
Watts 
wloe 

°e 

Unit 

°elW 

°e 

• Adjust gap for primary inductance lp:= 70 mH (approximately 5 mil spacer! 
• Primary 230T #28 AWG (5 layers) 
• Secondary 1ST #22 AWG (1 layer) 
• Secondaryleakageinduetanceshouldbelesstllan3,ui 
• Use 3 mil mylar tape between each winding layer 
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STYLE 1: 

MJ12010 

10 AMPERE 

NPN SILICON 
POWER TRANSISTOR 

960 VOLTS 
100 WATTS 

L~\ c 

1; -+ 
o K 

-. - I 

PIN 1. BASE 
2. EMITTER 

CASE-COLLECTOR 

+ 
Ion 
5W 

COM +12SV 

Q 

NOTES, 
1. DIMENSIONS Q AND V ARE DATUMS. 
2, W IS SEATING PLANE AND DATUM. 
3. POSITIONAL TOLERANCE FOR 

MOUNTING HOLE 0, 

Itl.,13(0,005IeITlvel 
FOR LEADS, 

I tl • .13ID,OO'leT I vel Qel 
4. DIMENSIONS AND TOLERANCES PER 

ANSI Y14.5, 1973. 

MILLIMETERS 
OIM MIN MAX 

A 39.37 
a 21.0B 
C 6,35 7,62 
D 0.97 1.09 
E .4 1 8 
F 30.15 asc 
G 10,92aSc 
H 5A6 asc 
J 16.B9Bse 
K 11.18 12.19 
Q 3.Bl 4,19 
R 26.67 
U 4.B3 5,33 
V 3.81 4.19 

CASE 1-05 
TO-204AA 

• 



MJ12010 

ELECTRICAL CHARACTERISTICS ITC = 25°C unless otherwise noted) 

I Chol'8Ctlriltic I Symbol Min Typ Max Unit 

OFF CHARACTERISTICS (1) 

Collector-Emitter Sustaining Voltage 
(lC = 50 mAde, IS = 0) 

Collector Cutoff Curr.nt 
IVCE = 950 Vde, VSE = 0) 

Emitter Cutoff Current 
IVSE = 5.0 Vdc, IC = 0) 

ON CHARACTERISTICS (1) 

Co"ector·Emitter Saturation Voltage 
(lC = 5.0 Ade, IS = 1.2 Ade) 

Base-Emitter Saturation Voltage 
(lC = 5.0 Ade, la = 1.2 Ade) 

Second Breakdown Collector Current with Base Forward Biased 

DYNAMIC CHARACTERISTICS 

Current-Gain - Bandwidth Product 
(lC = 0.1 Ade, VCE - 5.0 Vde, Itest = 1.0 MHz) 

Output capacitance 
IVCB = 10 Vde, IE = 0, I = 0.1 MHz) 

SWITCHING CHARACTERISTICS 

Fall Time 
(lC = 5.0 Ade, la, = 1.2 Ade, La = 8.0 I'H, See Figure') 

I') Pulse Test: Pulse Width .. 300 I'S, Duty Cycle = 2%. 

40 

z • '"20 ... 
~ .. .. 
~ .. .. 
~10 

6.0 

4.0 

I--

FIGURE 2 - DC CURRENT GAIN 
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FIGURE 4 - "ON" VOLTAGES 
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1.0 

T'2~-

.. 
~ 0.8 
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> 
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0.2 I-

0 
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'c' COLLECTOR CURRENT (AMP) 

VCEOlsus) 400 - - Vde 

ICES 1.0 mAde 

IESO - - 1.0 mAde 

VCElsat) - - 5.0 Vde 

VBElsat) - - 1.5 Vde 

ISlb See Figure 5 -

IT - 6.0 - MHz 

Cob - '50 - pF 

FIGURE 3 - COLLECTOR SATURATION REGION 
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FIGURE 5 - MAXIMUM FORWARD SIAS 
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0.0 5~~ -= 0.02-

de 

Bonding Wire Limit 
ThtrnW Limit (Single Pulse) 
Second Brllkdown Limit 

1.0 2.0 4.0 6.0 10 20 40 60 100 200 400 700 

veE, COLLECTDR·EMITTERYOLTAGE IYOLTS) 

Th8fl If' two limitations on m. power hlNtdling .bility of a transistor: Mrage junction tempe ... 
ture and lII:ond bfukdown. Site O9Ifltint 1m curves indicalt Ie - VeE limits of ttl. tl'lnliator 
dI.l ntUIIt be obutYed fOl relilbl. operation; i.e., ttte transistor must not be subjectld to grtttlr 
dilliPilion lhan th. curves indil:lte. 

Th, 50 ,.. and 1 ms curves Ire beyond the thermillimiu of this p.rt. HOWhIf, thl plrts will 
IUN~ a trlll"'nl th.t I1Imlins within ttl .. sa limits withoui fliling. 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

HIGH PERFORMANCE NPN 
DEFLECTION TRANSISTORS 

These transistors are designed for high resolution video systems, 
such as, high density graphic displays, data terminals, video 
scanners ... wherever high frequency deflection is required. 

• Fast Turn-Off Times 

• Maximum Storage and Fall Times Specified at 100°C 

• Operating Junction Temperature Range -65°C to +2000 C 

• High IT of 15 MHz 

MAXIMUM RATINGS 

Rating Symbol MJ12020 MJ12021 MJ12022 Unit 

Collector-Emitter Voltage VCEO 450 Vdc 

Collector-Emitter Voltage VCEV 850 Vdc 

Emitter ease Voltage VEe 6.0 Vdc 

Collector Current - Continuous IC 5.0 8.0 15 Adc 
-Peak(l) ICM 10 16 20 

Base Current - Continuous Ie 4.0 6.0 10 Adc 
-Peak(l) IBM 8.0 12 15 

Total Power Dissipation Po Watts 
@TC=25°C 125 150 175 
@TC= 100°C 71.5 85.5 100 

Derate above 25°C 0.714 0.86 1.0 W/oC 

Operating and Storage Junction TJ, Tstg -65 to +200 °c 
Temperature Range 

THERMAL CHARACTERISTICS 

Thermal Resistance, R8JC 1.4 I 1.17 I 1.0 °C/W 
Junction to Case 

Maximum Lead Temperature TL 275 °c 
for Soldering Purposes: 
1 18" from Case for 5 Seconds 

(1) Pulse Test: piJlse Width = 5 ms, Duty Cycle ~ 10%. 
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MJ12020 
MJ12021 
MJ12022 

5.0, 8.0 and 15 AMPERE 

NPN SILICON 
DEFLECTION 

POWER TRANSISTORS 

8&0 VOLTS 
12&,1&0 and 17& WATTS 

Designer's Data for 
"Worst Case" Condition. 

The Designers Data Sheet permits 
the design of most circuits entirely from 
the information presented. Limit data. 
- representing device characteristics 
boundaries - are given to facilitate 
"worst case" design. 

NOTES: 
1. DIMENSIONS Q AND V ARE DATUMS. 
2. m IS SEATING PLANE AND DATUM. 
3. POSITIONAL TOLERANCE FOR 

MOUNTING HOLE Q: 

1.1.·I31o.oo,,@lrlv@1 
fORLEAOS: 

I .1.·13I0.006,@rlv@1 o@1 
4. OIMENSIONSANO TOLERANCES PER 

ANSIY14.5,1973. 

CASE 1-0& 
TO-204AA (TO-3) 

• 



MJ12020,MJ12021,MJ12022 

ELECTRICAL CHARACTERISTICS (TC = 25°C unless otherwise noted) 

Characteristic Symbol Min Typ Max Unit 

OFF CHARACTERISTICS (1) 

Collector-Emitter Sustaining Voltage (Table 1) VCEO(sus) 450 - - Vdc 
(IC = 100 mA, IS = 0) 

Collector Cutoff Current ICEV mAde 
(VCEV = 850 Vdc, VSE(off) = 1.5 Vdc) - - 0.25 
(VCEV = 850 Vdc, V8E(011) = 1.5 Vdc, TC = 100°C) - - 1.5 

Collector Cutoff Current ICER - - 2.5 mAde 
(VCE = 850 Vdc, R8E = 50 n, T C = 100°C) 

Emitter Cutoff Current IESO - - 1.0 mAde 
(VE8 = 6.0 Vdc, IC = 0) 

SECOND BREAKDOWN 

Second Breakdown Collector Current with Base Forward Biased See Figures 19, 21 or 23 

Turn-Off SOA with Base Reverse Biased See Figures 20, 22 or 24 

ON CHARACTERISTICS (1) 

Collector-Emitter ·Saturation Voltage VCE(sat) Vdc 
(IC = 3.0 Adc, IS = 0.6 Adc) MJ12020 - - 1.2 
(IC = 5.0 Adc, IS = 1 .0 Adc) MJ12021 - - 1.2 
(IC = 10 Adc, IS = 2.0 Adc) MJ12022 - - 1.2 

Base Emitter Saturation Voltage VSE(sat) Vdc 
(lc = 3.0 Adc, IS = 0.6 Adc) MJ12020 - - 1.5 
(lc = 5.0 Adc, IS = 1.0 Adc) MJ12021 - - 1.5 
(lc = 10 Adc, IS = 2.0 Adc) MJ12022 - - 1.5 

DC Current Gain hFE -
(IC = 5.0 Adc, VCE = 5.0 Vdc) MJ12020 5.0 - -
(lc = 8.0 Adc, VCE = 5.0 Vdc) MJ12021 5.0 - -
(lc = 15 Adc, VCE = 5.0 Vdc) MJ12022 5.0 - -

DYNAMIC CHARACTERISTICS 

Current Gain Bandwidth Product IT MHz 
(lc = 0.3 Adc, VCE = 10 Vdc, 1= 1.0 MHz) MJ12020 15 - -
(lc = 1.0 Adc, VCE = 10 Vdc, 1= 1.0 MHz) MJ12021 15 - -
(lc = 1.3 Adc, VCE = 10 Vdc, I = 1.0 MHz) MJ12022 15 - -

Output Capacitance Cob pF 
(Vcs = 10 Vdc, IE = 0, f = 1.0 kHz) MJ12020 - - 200 

MJ12021 - - 350 
MJ12022 - - 400 

(1) Pulse Test: Pulse Width ~ 300 pS, Duty Cycle ~2%. 
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MJ12020. MJ12021. MJ12022 

ELECTRICAL CHARACTERISTICS (Te = 25°C unless Olherwise nOled) 

Characteristic Symbol Min .. Typ Max Unit 

SWITCHING CHARACTERISTICS 

MJ12020 

Inductive Switching. Clamped Drive 

Slorage Time (Ie = 3.0 Adc. 'B = 0.6 Adc. 
TJ = 25°C 

Is - 440 1200 ns 
Fall Time Vee = 40 Vdc. VBE(off) = 4.0 Vdc. If - 130 300 
Slorage Time Pulse Width = B.O I's. 

TJ = 100°C 
Is - 550 1500 

FaliTime DUly Cycle"; 2%) See Table 1 If - 200 500 

Inductive Switching. Series Ba.e Inductance 

Fall Time If - 175 - ns 
(Ie = 3.0 Adc. IB = 0.6 Adc. LB = 24/lH) See Table 2 

MJ12021 

Inductive Switching. Clamped Driva 

Slorage Time (Ie = 5.0 Adc. 'B = 1.0 Adc. 
TJ = 25°C 

Is - 550 1200 n. 
Fall Time Vee = 60 Vdc. VBE(off) = 4.0 Vdc. If - 100 300 
Storage Time Pulse Width = 8.0 /ls. 

TJ = 100°C 
Is 750 1600; 

Fall Time DUly Cycle"; 2%) See Table 1 If - 180 500 

Inductive Switching. Serie8 Ba.e Induclance 

Fall Time If - 300 - ns 
(Ie = 5.0 Adc. 18 = 1.0 Adc. LB = 24/lH) See Table 2 

MJ12022 

Inductive Switching. Clamped Drive 

Slorage Time (Ie = 10 Adc. 18 = 2.0 Adc. 
TJ = 25°C 

Is - 820 1800 ns 

Fall Time Vee = 120 Vdc. VBE(off) = 4.0 Vdc. If - 100 300 
Slorage Time Pulse Width = 8.0 /ls. 

TJ = 100°C 
Is - 1100 2500 

Fall Time DUly Cycle"; 2%) See Table 1 If 130 400 

In~uctiva Switching. Sarie. Ba.e Inductance 

Fall Time If - 350 - ns 
(Ie = 10 Adc. 'B = 2.0 Adc. LB = 24/lH) See Table 2 

3-790 



MJ12020,MJ12021,MJ12022 
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FIGURE 4 - COLLECTOR SATURATION REGION 
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MJ12020,MJ12021,MJ12022 

TY~ICAL ELECTRICAL CHARACTERISTICS 

-----------------------------MJ12020 

FIGURE 7 - COLLECTOR-EMITTER SATURATION VOLTAGE . 
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MJ12020,MJ12021,MJ12022 

TYPICAL DYNAMIC CHARACTERISTICS 
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SAFE OPERATING AREA INFORMATION 
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SAFE OPERATING AREA INFORMATION 

FORWARD BIAS 
There are two limitations on the power handling ability 

of a transistor: average junction temperature and second 
breakdown. Safe operating area curves indicate IC-VCE 
limits of the transistor that must be observed for reliable 
operation; i.e., the transistor must not be subjected to 
greater dissipation than the curves indicate. 

The data of Figures 19, 21 and 23 are based on TC = 
25°C;TJ(pk) is variable depending on power level. Second 
breakdown pulse limits are valid for duty cycles to 10% but 
must be derated when TC;;' 25°C. Second breakdown 
limitations do not derate the same as thermal limitations. 
Allowable current at the voltages shown on Figures 19, 
21 and 23 may be found at any case temperature by using 
the appropriate curve on Figure 28. 
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FIGURE 25 - CAPACITANCE VARIATION 
MJ12020 

Cib TJ - 25°C 

~1000 
.,..,.. 

w 

'"' 

~ 
~ 100 
u 

~ 
w 

'"' z 
c( 

5 
c( 

'" ;5 
u 

10 
0.1 

10000 

5COO 
3000 

1= 
2000 

1000 

500 
300 

1= 
200 

100 

50 

20 

10 
0.1 

Cob 

1.0 10 100 

Vft. REVERSE VOLTAGE (VOLTSI 

FIGURE 27 - CAPACITANCE VARIATION 
MJ12022 

Cib 

Cob 

TJ 25°C 

I 

850 

0.30.5 1.0 2.0 5.0 10 2030 50100 
YR. REVERSE VOLTAGE (VOLTS) 

300500850 

T J(pk) may be calculated from the data in Figures 29,30 
or 31. At high case temperatures, thermal limitations will 
reduce the power that can be handled to values less than 
the limitations imposed by second breakdown. 

TURN-OFF 

In deflection circuits, high voltage and high current 
normally do not occur simultaneously during turn-off with 
the base-emitter reverse biased. The safe level of oper
ating these devices is specified as the Turn-Off Safe 
Operating Area, and repfesents the area the lead line may 
traverse during reverse biased turn off. For reliable oper
ation, all abnormal operating conditions should be 
checked for operation within this area. 
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THERMAL RESPONSE 
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MJ12020,MJ12021,MJ12022 

TABLE 1 - TEST CONDITIONS FOR DYNAMIC PERFORMANCE 

50 

Tl adjusted to obtain lC(pk) 
-VA adjusted to obtain VSE(oll) 

20 

1OI'F 

50 

VCEDlsusl Inductive Switching, Clamped Drive 

L-l0mH MJ12020 MJ12021 MJ12022 
RB2 = 00 e = 0.0031'F e = 0.020 I'F e = 0.0361'F 
Vee = 20 Vdc Vee= 40Vdc Vee = 60 Vdc Vee= 120Vdc 
51 - Open 
"Tektronix P-6042 L = 100 I'H, 51 - Closed 

Turn-Off SOA 

MJ12020 MJ12021 

e = 0.0031'F e= 0.020 I'F 
Vee= 20 Vdc Vee = 35 Vdc 

L= 100 I'H 

+ Vee 

L 

MRB5S 

(1.0kV) 

MJ12022 

e= 0.0371'F 
Vee = 55 Vdc 

or Equivalent RB2 = 0, RBI selected lor required IBl RB2 = 0, RBI selected lor required IBI 

PULSE WIDTH ADJ 
50% DUTY CYCLE 

5cope - Tektronix 7403 or Equivalent 51 - Closed 

TABLE 2 - TEST CIRCUIT FOR INDUCTIVE SWITCHING WITH BASE INDUCTANCE 

Com 
+60V 

1 kl5W 

130 
0.5W 

10!-'Fl00V + 
15,750 Hz 

r--__ ....... ---,FREO ADJ ....... + .. '_N_5348 ...... _0n·'-+ __ , 

2000 
0.5W 

3 
5W 

100 

DRIVER TRANSFORMER (n) 
• Ferrox cube pot core #4229P-LOO·3C8 

IC 

MR918 
(SELECTED 
1500 V) 

C 

10 !-'F 
150 V 

+ 
Ion 
5W 

COM +125V 

Device VCC (Volts) IC(pk) (Amp) C(I'F) 
• Adjust gap for primary inductance Lp = 70 mH (approximately 5 mil spacer) 

MJ12020 20 3.0 0.003 • Primary 230T #28 AWG (5 layers) 

MJ12021 35 5.0 0.;020 • Secondary 15T #22 AWG (llayer) 

MJ12022 55 10 0.036 
• Secondary leakage inductance should be less than 3 !'Ii 
• Use 3 mil mylar tape between each winding laye, 

3-797 



MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

SWITCHMODE SERIES 
NPN SILICON POWER TRANSISTORS 

The MJ13014 and MJ13015 transistors are designed for high
voltage, high-speed, power switching in inductive circuits where 
fall time is critical. They are particularly suited for line operated 
switchmode applications such as: 

• Switching Regulators 

• Inverters 
• Solenoid and Relay Drivers 
• Motor Controls 
• Deflection Circuits 

Fast Turn - Off Times: 
60 nslnductive Fall Time @ 25°C (Typ) 
120 ns Inductive Crossover Time@ 25°C (Typ) 
800 ns Inductive Storage Time @ 25°C (Typ) 

Operating Temperature Range -65 to +2000 C 

1 bOoC Performance Specified for:. 
Reversed Biased SOA with Inductive Loads 
Switching Times with Inductive Loads 
Saturation Voltages 
Leakage Currents 

MAXIMUM RATINGS 

Rating Symbol MJ13014 MJl3015 

Collector-Emitter Voltage 

Collector-Emitter Voltage 

Emitter Base Voltage 

Collector Current - Continuous 
-Peak(ll 

Base Current - Continuous 
- Peak (ll 

Total Power Dissipation @ T C = 25 C 
@TC=100oC 

Derate above 25°C 

Operating and Storage Junction 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case 

Maximum lead Temperature for Soldering 
Purposes: 1/8" from Case for 5 Seconds 

VCEO 

VCEV 

VES 

IC 
ICM 

IS 
IBM 

Po 

TJ, T stg 

Symbol 

R8JC 

TL 

(11 Pulse Test: Pulse Width = 5 ms, Duty Cycle'; 10%. 

350 400 

550 600 

6.0 

10 
20 

5.0 
10 

150 
85.5 
0.86 

-65 to +200 

Max 

1.17 

275 

3-798 

Unit 

Vdc 

Vdc 

Vdc 

AdC 

Adc 

Watts 

W/oC 

C 

Unit 

°CIW 

C 

MJ13014 
MJ13015 

10 AMPERE 

NPN SILICON 
POWER TRANSISTORS 

350 AND 400 VOL TS 
150 WATTS 

Designer's Data for 
"Worst Case" Conditions 

The Designers Data Sheet per
mits the design of most circuits 
entirely from the information pre
sented. Limit data - representing 
device characteristics boundaries -
are given to facilitate "worst case" 
design. 

L~" .~ 
l. 0 K 

-- I 

NOTES; 

STYLE 1 
PIN 1 BASE 

I. DIMENSIONS D AND V ARE DATUMS. 
2. OJ IS SEATING PLANE AND DATUM. 
3. POSITIONAL TOLERANCE FOR 

MOUNTING HOLE Q: 

I • I 1.13 (0.0051 e IT Ive I 
FOR LEADS: 

I • I 1.13 (O.OO51eT I ve I Gel 
4. DIMENSIONS AF!lD TOLERANCES PER 

ANSIY14.5,1973. 

2. ~MITT£R 

CASE COLLECTOR 

CASE 1-05 
TO-2D4AA 

• 



MJ13014, MJ13015 

ELECTRICAL CHARACTERISTICS ITC' 2SoC unl ... oth.rwi •• notod) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage (Table 1) VCEO(sus) Vdc 

(lC = 100 mA, 'B = 0) MJ13014 350 - -
MJ13015 400 - -

Collector Cutoff Current 'CEV mAde 

(VCEV = Rated Value, VBE(of!) = 1.5 Vdc) - - 0.5 

(VCEV = Rated Value, VBE(of!) = 1.5 Vdc, TC = 150aC) - - 2.5 

Collector Cutoff Current 'CER - 3.0 mAde 

(VCE = Rated VCEV, RSE = 50 n, TC = 100°C) 

Emitter Cutoff Current IESO - - 1.0 mAde 

(VES = 6.0 Vde, IC = 0) 

SECOND SREAKDOWN 

Second Breakdown Col"lector Current with base forward biased See Figure 12 

Clamped Inductive SOA with Base Reverse Biased See Figure 13 

ON CHARACTERISTICS II) 

DC Current Gain "FE -
(lC = 2.5 Ade, VCE = 5 Vde) 12 - 40 

COllector-Emitter Saturation Voltage VCE(sat) Vdc 

(lC = 5 Ade, IS = 1.0 Adc) - - 1.4 
(lc = 10 Adc, IS = 2.0 Adc) - - 5.0 
(lC = 5 Adc, IS = 1.0 Adc, TC = 100oC) - - 2.4 

Base-Emitter Saturation Voltage VSE(satl Vdc 

(lC = 5 Adc, 'B = 1.0 Adc) - - 1.5 
(lC = 5 Adc, IS = 1.0 Adc, TC = 1000 C) - - 1.5 

DYNAMIC CHARACTERISTICS 

Output Capacitance 
(VCS = 10 Vdc, 'E = 0, f test = 1.0 kHz) 

SWITCHING CHARACTERISTICS 

Resistive Load (Table 1) 

Delav Time (VCC = 250 Vdc, IC = 5.0 A, lSI = 1.0 A, td - 0.01 0.1 us 

Rise Time to = 25 us, Duty Cycle ... 2%) tr - 0.085 0.5 us 

Storage Time (VCC = 250 Vde, IC = 5.0 A, lSI = 1.0 A, ts - 0.8 2.0 us 

Fall Time VSE(off) = 5.0 Vde, to = 25 us, Duty Cycle", 2%) tf - 0.095 0.5 us 

Inductive Load Clamped (Table 1) II 
Storage Time tsv - 1.5 3.5 us 

Crossover Time 
(lC = 5 A(pk), Velamp = 250 Vdc, lSI = 1.0 A, 

te - 0.25 1.0 /'s 

Fall Time 
VSE(off) = 5 Vdc, TC = 100°C) 

tfi - 0.12 - '" 
Storage Time (lC = 5 A (pkl. Vclamp = 250 Vdc, lSI = 1.0 A, tsv - 0.8 - /'s 

Crossover Time VSE(off) = 5 Vde, TC = 25°C) tc - 0.12 - /'s 

Fall Time tfi - 0.06 - us 

(1) Pulse Test: PW = 300 US,Duty Cycle.; 2%. 

3-799 
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DC CHARACTERISTICS 
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MJ13014, MJ13015 

III 
Z 

1-0 
::)-
IL!:: 
ZO -z 

8 

VCEOlsus) 

PW Varied to Attain 

'e'" 100mA 

Leal! = 80 mH Vee'" 10 V 
RcoU=O.7Sl 

TABLE 1 - TEST CONOITIONS FOR OYNAMIC PERFORMANCE 

RBSOA AND INDUCTIVE SWITCHING 

r-~----------~---,------~~-o+t5 

50n 

All Diodes - 1 N4934 
All NPN - MJE200 
All PNP - MJE210 

Adjust R 1 to obtain' 81 
For switching and RBSOA. A2 = 0 

For VCEO(sus). R2 == DO 

Leoil = 180 ",H 

RcOil = 0.05 n 
VCC "'20V 

47n Rt 

R2l2 

~----+-----.... --" - 5.2 

J 250 jJF 

V clamp ~ 250 V 
RB adjusted to attain desired 181 

INDUCTIVE TEST CIRCUIT OUTPUT WAVEFORMS 

1 
I RcOIl 

I 
I Leoil 

'i [021\ '. ~.am"d 
1--" t.t-

J 

Time 

t, AdjulUld to 

Obtain Ie 

t1 "" Lcoil(lCpk) 

Vee 

t2 "" lcoil flCpk) 
V c1amp 

Test Equipment 
Scope - Tektronbt 
475 or Equivalent 

RESISTIVE SWITCHING 

TURN·ON TIME 

I B 1 adjusted to 
obtain the forced 
"FE de,ired 

TURN·OfF TIME 

Use inductive switching 
driver a. the input to 
the relistive test circuit. 

Vee" 250 v 
Rl." son 
Pulse Width = 10 IlS 

RESISTIVE TEST CIRCUIT 
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MJ13014, MJ13015 

SWITCHING TIMES NOTE 

In resistive switch.ing circuits, rise, fall,. and storage 
times have been defined and apply to both current and 
voltage waveforms since they are in phase. However, 
for inductive loads which are common to SWITCH MODE 
power supplies and hammer drivers, current and voltage 
waveforms are not in phase. Therefore, separate measure· 
ments must be made on each waveform to determine 

.the total switching time. For this reason, the follow'ing 
new terms have been defined. 

tsv = Voltage Storage Time, 90% lSI to 10% Vclamp 
trv = Voltage Rise Time, 10-90% Vclamp 
tfi = Current Fall Time, 90-10% IC 
tti = Current Tail, 10-2% IC 
tc = Crossover Time, 10% V clamp to 10% IC 

An enlarged portion of the inductive switching waveforms 

is shown in Figure 7 to aid in the visual identity of these 
terms. 

For the designer, there is minimal switching loss 
during storage time and the predominant switching 
power losses occur during the crossover interval and 
can be obtained using the standard equation from AN·222: 

PSWT = 1/2 VCCIC(tc)f 
In general, trv + tfi = tc' However, at lower test currents 
this relationship may not be valid. 

As is common with most switching transistors, resistive 
switching is specified at 250 C and has become a bench· 
mark 'for designers. However, for designers of high 
frequency converter circuits, the user oriented specifica· 
tions which make this a "SWITCHMODE" transistor are 
the inductive switching speeds (tc and ts;,) which are 
guaranteed at lOOoC. 

RESISTIVE SWITCHING 
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MJ13014, MJ13015 

The Saf, Operating Area figures shown in Figures 12 and 13 are 
specified for these devices und. the test conditions shown. 

FIGURE 12 - FORWARD BIAS SAFE OPERATING AREA 
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SAFE OPERATING AREA INFORMATION 

FORWARD BIAS 

There are two limitations on the power handling ability 
of a transistor: average junction temperature and second 
breakdown. Safe operating area curves indicate IC-VCE 
limits of the transistor that must be observed for reliable 
operation; i.e., the transistor must not be subjected to 
greater dissipation than the curves indicate . 

The dat~ of Figure 12 is based on TC = 250 C; TJ(pk) 
is variable depending on power level. Second breakdown 
pulse limits are valid for duty cycles to 10% but must be 
derated when TC ;;. 250 C. Second breakdown limitations 
do not derate the same as thermal limitations. Allowable 
current at the voltages shown on Figure 12 may be found 
at any case temperature by using the appropriate curve 
on Figure 14. 

TJ(pk) may be calculated from the data in Figure 11. 
At high case temperatures, thermal limitations will reduce 
the power that can be handled to values less than the 
limitations imposed by second breakdown. 

REVERSE BIAS 

For inductive loads, high. voltage and high current 
must be sustained simultaneously during turn·off, in 
most cases, with the base to emitter junction reverse 
biased. Under these conditions the collector voltage 
must be held to a safe level at or below a specific value of 
collector current. This can be accomplished by several 
means such as active clamping, RC snubbing, load line 
shaping, etc. The safe level for these devices is specified 
as Reverse Bias Safe Operating Area and represents the 
voltage·current conditions during reverse biased turn·off. 
This rating is verified under clamped conditions so that 
the device is never subjected to an avalanche mode. Figure 
13 gives R BSOA characteristics. 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

I )esigIH'I"S Data Slwl't 

SWITCHMODE II SERIES 
NPN SILICON POWER TRANSISTORS 

The MJ13070 and MJ13071 transistors are designed fot high
voltage, high-speed, power switching in inductive circuits where fall 
time is critical. They are particularly suited for line-operated switch-
mode applications such as: . 

• Switching Regulators 

• Inverters 

• Solenoid and Relay Drivers 

• Motor Controls 

• Deflection Circuits 

Fast Turn-Off Times 
100 ns Inductive Fall Time @ 25°C (Typ) 
150 ns Inductive Crossovef Time @ 25°C (Typ) 
400 ns Inductive Storage Time @ 25°C (Typ) 

Operating Temperature Range -65 to +200°C 

100°C Performance Specified for: 
Reverse-Biased SOA with Inductive Loads 
SWitching Times with Inductive Loads 

. Saturation Voltages 
Leakage Currents 

MAXIMUM RATINGS 

Rating Symbol MJ13070 MJ13071 

Collector-Emit.te~ Voltage VCEO 400 450 

Collector-Emitter Voltage VCEV 650 750 

Emitter Base Voltage VEB 6.0 

Collector Current - Continuous IC 5.0 
- Peak (1) ICM S.O 

Base Current - Continuous IS 2.0 
-Peak(l) IBM 4.0 

Total Power Dissipation @ TC = 25°C Po 125 
@TC= 100°C 71.5 

Derate above 25°C 0.714 

Operating and Storage Junction TJ, Tstg -65 to +200 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance. Junction to Case RBJC 1.4 

Maximum Lead Temperature for Soldering h 275 
Purposes: liS" from Case for 5 Seconds 

(1) Pulse Test: Pulse Width = 5 ms, Duty. Cycle .;; 10%. 

3-804 

Unit 

Vdc 

Vdc' 

Vdc 

Adc 

Adc 

Watts 

W/oC 

°c 

Unit 

°C/W 

°c 

MJ13070 
MJ13071 

5 AMPERE 

NPN SILICON 
POWER TRANSISTORS 

400 AND 460 VOLTS 
126 WATTS 

Designer's Data for 
"Worst Case" Conditions 

The Designer's Data' Sheet permits 
the design of most circuits entirely from 
the information presented. Limit data 
- representing device characteristics 
boundaries - are given to facilitate 
"worst case" design. 
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MJ13070. MJ13071 

ELECTRICAL CHARACTERISTICS (TC = 25°C unless otherwise noted) 

Characteristic 

OFF CHARACTERISTICS (1) 

Collector-Emitter Sustaining Voltage (Table 1) 
(IC = 100 mA, IB = 0) MJ13070 

MJ13071 

Collector Cutoff Current 
(VCEV = Rated Value, VBE(off) = 1.5 Vde) 
(VCEV = Rated Value, VBE(off) = 1.5 Vde, TC = 100°C) 

Collector Cutoff Current 
(VCE = Rated VCEV, RBE = 50 1I, TC = 100°C) 

Emitter Cutoff Current 
(VEB = 6.0 Vde, IC = 0) 

SECONO BREAKDOWN 

Second Breakdown Collector Current with Base Forward Biased 

Clamped Inductive SOA with Base Reverse Biased 

ON CHARACTERISTICS (1) 

DC Current Gain 
(IC = 3.0 Ade, VCE = 5.0 Vde 

Collector-Emitter Saturation Voltage 
(IC = 3.0 Ade, IB = 0.6 Ade) 
(lc = 5.0 Ade, IB = 1.0 Ade) 
(IC = 3.0 Adc, IB = 0.6 Adc, T C = 100°C) 

8ase-Emitter Saturation Voltage 
(IC = 3.0 Ade, IB = 0.6 Ade) 
(IC = 3.0 Ade, IB = 0.6 Ade, T C = 100°C) 

DYNAMIC CHARACTERISTICS 

Output Capacitance 
(VCB = 10 Vde, IE = 0, ftest = 1.0 kHz) 

SWITCHING CHARACTERISTICS 

Resistive Load /Table 1) 

Delay Time 
(VCC = 250 Ade, IC = 3.0 Ade, 

Rise Time 
IBl = 0.4 Ade, tp = 30 pS, 

Storage Time 

Fall Time 
Duly Cycle ';;;2%, VBEloff) = 5.0 Vde) 

InductIve Load, Clamped (Table 1) 

Storage Time 

Crossover Time (lC(pk) = 3.0 A. 
Fall Time IBl = 0.4 Ade, 
Storage Time VBEloff) = 5.0 Vde, 
Crossover Time VCElpk) = 250 VI 
Fall Time 

(1 t Pulse Test: PW - 300 }J.s, Duty Cycle ~2%. 

fil=.!£. 
IB 

ITJ= 100°C) 

ITJ = 25°C) 

VCEO(sus) 

ICEV 

ICER 

lEBO 

hFE 

VCE(sat) 

VBE(sat) 

td 
Ir 

ts 
If 

Isv 
te 

Ifi 

Isv 
Ie 

Ifi 

3-805 

Vde 
400 - -
450 - -

mAde 
- - 0.5 
- - 2.5 

- - 3.0 mAde 

- - 1.0 mAde 

See Figure 12 

See Figure 13 

8.0 - - -

Vdc 
- - 1.0 
- - 3.0 
- - 2.0 

Vde 
- - 1.5 
- - 1.5 

- 0.03 0.05 ps 
- 0.10 0.40 

0.40 1.50 
0.175 0.50 

- 0.70 2.0 ps 

- 0.28 0.50 

- 0.15 0.30 
0.40 

- 0.15 -
- 0.10 -



MJ13070, MJ13071 

TYPICAL ELECTRICAL CHARACTERISTICS 

FIGURE 1 - DC CURRENT GAIN 
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MJ 13070, MJ 13071 

TABLE 1 - TEST CONOITIONS FOR DYNAMIC PERFORMANCE 

VCEO(sus) RBSOA AND INDUCTIVE SWITCHING RESISTIVE SWITCHING 

002.F 100 j"'V -11V 

1 H.P 2141 1 J2NS191 Or!~IV 
20 "-. 

0 10 j.lF 

~-351f 
Ral TURN·ON TIME 

+10V>~Ol 
r"\ ,.~: 20 tjA '" oJL t z 

~O 

Fr 
:;)-

"--~r .. !: , OJ,.lF 181 adiusted to 
ZO 50 Y 2N5337 

obtain the forced 
-Z . -

"FE desir.d 
0 l ~ U TURN OFF TIME 

PW Varied to Attain 500 Use inductive sWitch in, 
Ie" 100 mA 

100 b-v drjver as the input to 

-= the resisti",. t40st circuit. 

Adjust Rl to obtain ISl 

For switching and RBSOA' R2 := 0 

ForVCEO(sus). R2 = 00 

~IIl -w LCOII 180,.,H 
Vcc~ 250V :;):;) Lcoil = 80 mH Vee = 10 V 
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MJ13070. MJ13071 

SWITCHING TIMES NOTE 

In resistive switching circuits, rise, fall, and storage 
times have been defined and apply to both current and 
voltage waveforms since they are in phase. However, 
for inductive loads which are common to SWITCHMODE 
power supplies and hammer drivers, current and voltage 
waveforms are not in phase. Therefore, separate measure· 
ments must be made on each waveform to determine 
the total switching time. For this reason, the following 
new terms have been defined. 

tsv = Voltage Storage Time, 90% IBI tn 10% Vclamp 
trv = Voltage Rise Time, 10-90% Vclamp 
tfi = Current Fall Time, 90-10% IC 
tti = Current Tail, 10-2% IC 
tc = Crossover Time, 10% Vclamp to 10% IC 

An enlarged portion. of the inductive switching waveforms 

is shown in Figure 7 to aid in the visual identity of these 
terms. 

For the designer, there is minimal switching loss 
during storage time and the predominant switching 
power losses occur during the crossover interval and 
can be obtained using the standard equation from AN-222: 

PSWT = 1/2 VCCICllclf 
In general, trv + tfi "" tc' However, at lower test currents 
this relationship may not be valid. 

As is common with most switching transistors, resistive 
switching is specified at 250 C and has become a bench· 
mark for designers. However, for designers of high 
frequency converter circuits, the user oriented specifica
tions which make this a "SWITCH MODE" transistor are 
the inductive switching speeds (tc and tsvl which are 
guaranteed at 1000 C. 

INDUCTIVE SWITCHING 
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MJ13070. MJ13071 

The Safe Operating Ar .. figur. shown in Figures 12 and 13.,. 
specified for th .. devices und. the test conditions shown. 

FIGURE 12 - MAXIMUM RATED FORWARD BIAS 
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SAFE OPERATING AREA INFORMATION 

FORWARD BIAS 
There are two limitations on the power handling ability 

of a transistor: average junction temperature and second 
breakdown. Safe operating area curves indicate IC-VCE 
limits of the transistor that must be observed for reliable 
operation; i.e .. the transistor must not be subjected to 
greater dissipation than the curves indicate. 

The data of Figure 12 is based on TC = 250 C; TJ(pk) 
is variable depending on power level. Second breakdown 
pulse limits are valid for duty cycles to 10% but must be 
derated when TC ;;. 250 C. Second breakdown limitations 
do not derate the same as thermal limitations. Allowable 
current at the voltages shown on Figure 12 may be found 
at any case temperature by using the appropriate curve 
on Figure 14. 

T J(pk) may be calculated from the data in Figure 11. 
At high case temperatures. thermal limitations will reduce 
the power that can be handled to values less than the 
limitations imposed by second breakdown. 

REVERSE BIAS 
For inductive loads. high. voltage and high current 

must be sustained simultaneously during turn-off, in 
most cases, with the base to emitter junction reverse 
biased. Under these conditions the collector voltage 
must be held to a safe level at or below a specific value of 
collector current. This can be accomplished by several 
means such as active clamping, RC snubbing, load line 
shaping, etc. The safe level for these devices is spec;:ified 

as Reverse Bias Safe Operating Area and represe!"ts the 
voltage-current conditions during reverse biased turn-off. 
This rating is verified under clamped conditions so that 
the device is never subjected to an avalanche mode. Figure 
13 gives RBSOA characteristics. 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

Designer's Data Sheet 

SWITCHMODE II SERIES 
NPN SILICON POWER TRANSISTORS 

The MJ13080 and MJ13081 transistors are designed for high
,voltage, high-speed, power switching in inductive circuits where fall 
time iscritical. They are particularly s~ited for line-operated switch
mode applications such as: 

• Switching, Regulators 

• Inverters 

• Solenoid and Relay Drivers 

• Motor Controls 

• Deflection'Circuits 

Fast Turn-Off Times 
100 ns Inductive Fall Time @ 25°C (Typ) 
150 ns Inductive Crossover Time @ 25°C (Typ) 
400 ns Inductive Storage Time @ 25°C (Typ) 

Operating Temperature Range -65 to +200°C 

100°C Performance Specified for: 
Reverse-Biased SOA with Inductive Loads 
Switching Times with Inductive Loads 
Saturation Voltages 
Leakage Currents 

MAXIMUM RATINGS 

Rating Symbol MJ13080 MJ13081 

Collector-Emitter Voltage VCEO 400 450 

Collector-Emitter Voltage VCEII 650 750 

Emiiier Sase Voltage VES 6.0 

Collector Current - Continu'ous IC 8.0 
- Peak 11) ICM 12 

Base Current - Continuous 18 3.0 
- Peak (1) ISM 6.0 

Total Power Dissipation @ TC = 25°C Po 150 
@TC= 100°C 85.5 

, Derate above 25°C 0.86 

Operating and Storage Junction TJ, Tstg -65 to +200 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic SYmbol Max 

Thermal Resistance, Junction to Case R6JC " 1.17 

Maximum Lead Temperatu're for Soldering TL ., 275 
Purposes: 1 18N from Case for 5 Seconds 

(1) Pulse Test: Pulse Width = 5 ms, Duty Cycle ~ 10%, 
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'Unit 

Vdc 

Vdc 

Vdc 

Adc 

Adc 

Watts 

W/oC 

°C 

··Unit 

°C/W 

°C 
.. 

MJ130S0 
MJ130S1 

8 AMPERE 

NPN SILICON 
POWER TRANSISTORS 

400 AND 450 VOLTS 
150 WATTS 

, 

Designer's Data for 
"Worst Casa" Conditions 

The Designer's Data Sheet permits 
the design of most circuits entirely from 
the information pr~sented. Limit data 
- representing device characteristics 
boundaries - ~.~e 'given to facilitate 
"worst case" design. 

~giJtim" 
PINt BASE 

~
' tEMltTEA 

, " v CASE COlLEerOR 

Q • l~L. . 
H , ,,'. 

, . 
u 

NOTES 
1. DIMENSIONS OANO VARE DATUMS 
2.mISS~ATlNG'lANEANOOATllM 
3.POSlTlONAlTOlERANCEFOR 

MOUNTING HOlEQ: 

1*1 •. t311l.OOIiJ@]T!V@1 
FOR LEADS: 

1*I"t3ID.OIl5J@Tlv@!D®1 
4. DIM~NSIONSANOTOURANCESPER 

ANSIYt4.5,t973. 

CASE 1-05 
TO-204AA 
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ELECTRICAL CHARACTERISTICS (TC = 25°C unless olherwise nOled) 

I Characteristic I Symbol Min Typ Max Unit 

OFF CHARACTERISTICS (1) 

ColieClor-Emitter Sustaining Voltage (Table 1) VCEO(sus) Vde 
(IC = 100 mA, IB = 0) MJ130BO 400 - -

MJ130Bl 450 - -

ColieClor Culoff Currenl ICEV mAde 
(VCEV = Raled Value, VBE(off) = 1.5 Vde) - - 0.5 
(VCEV = Raled Value, VBE(off) = 1.5 Vde, TC = lOOOC) - - 2.5 

Collector Culoff Current ICER. - - 3.0 mAde 
(VCE = Raled VCEV, RBE = 50 n, TC = 100°C) 

Emitter Cutoff Current lEBO - - 1.0 mAde 
(VEB = 6.0 Vde, IC = 0) 

SECOND BREAKDOWN 

Second Breakdown Collector Current with Base Forward Biased See Figure 12 

Clamped Inductive SOA with Base Reverse Biased See Figure 13 

ON CHARACTERISTICS (1) 

DC Current Gain hFE -
(IC = 5.0 Ade, VCE = 3.0 Vde B.O - -

Collector-Emitter Saturation Voltage VCE(sat). Vde 
(lc = 5.0 Ade, IB = 1.0 Ade) - - 1.0 
(lc = B.O Ade, IB = 1.6 Adc) - - 3.0 
(lc = 5.0 Ade, IB = 1.0 Ade, TC = 100°C) - - 2.0 

Base-Emitter Saturation Voltage VBE(sat) Vde 
(IC = 5.0 Ade, IB = 1.0 Ade) - - 1.5 
(lC = 5.0 Ade, IB = 1.0 Ade, T C = 100°C) - - 1.5 

DYNAMIC CHARACTERISTICS 

Output Capacitance 
(VCB = 10 Vde, IE = 0, ftest = 1.0 kHz) 

SWITCHING CHARACTERISTICS 

Resistive Load (Table 1) 

Delay Time 
(VCC = 250 Vde, IC = 5.0 Ade, 

td - 0.025 0.05 1'5 

Rise Time tr 0.10 0.50 
Storage Time 

IBI = 0.7 Ade, tp = 30 I'S, 
ts - 0.50 1.50 

Fall Time 
Duty Cycle <;;2%, VBE(off) = 5.0 Vde) 

tf - 0.15 0.50 

Inductive Load, Clamped (Table 1 ) 

Storage Time tsv - 0.75 2.20 1'5 

Crossover Time (IC(pk) = 5.0 A, (TJ= 100°C) Ie - 0.22 0.40 

Fall Time IBI = 0.7 Ade, tfi - 0.175 0.35 

Storage Time VBE(off) = 5.0 Vde, Isv - 0.40 -
Crossover Time VCE(pk) = 250 V) (TJ = 25°C) te - 0.15 -
Fall Time Ifi - 0.10 -

(1) Pulse Test: PW - 300 IolS, Duty Cycle ~2%. 

Ie 
llf=iB 

3-811 
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TYPICAL ELECTRICAL CHARACTERISTICS 

FIGURE 1 - DC CURRENT GAIN 
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FIGURE 5 - COLLECTOR CUTOFF REGION 
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FIGURE 2 - COLLECTOR SATURATION REGION 
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TABLE 1 - TEST CONOITIONS FOR DYNAMIC PERFORMANCE 

VCEO(susl RBSOA ANO INOUCTIVE SWITCHING RESISTIVE SWITCHING 

0.02 ~F 100 y.V ~11 V 

I HP 2141 

/I I ~2N6191 or Equiv. 
P.G. 20 . 

0 10 ~F 

=-351J - RSI TURN·ON TIME 

+10V~O' 
.C'l. 

~A ,.fr: 20 .. oIL l' z 
1-0 p.r ::1-

~2 1.0~F ... !: 50 
~2N5337 

'81 adjusted to 
ZO . - obtain the forced 
-Z 

I 
~FE desired 

0 
U 500 

TURN-OFF TIME 
PW Varied to Attain Usa inductive Iwitc;hing 
le= 100mA '00 .tv driver 8' the input to 

-= the rbiniv. teat circuit. 

Adjust R 1 to obtain 1 B 1 

For switching and RBSOA. R2 = 0 

For VCEO(sus). R2 = 00 

1- .. -w Lc;:oil ~ 180,uH Vee" 250V ::1::1 LcoU"" SOmH Vee = tOV 
ReOil ~ 0.05 n v clamp" 250 V U ... Acoil"" 0.7 n RL = 50n 

!!;C Vee'" 20 V RB adjl4sted to attain desired ISl 
Pulse Width = 30 ~s 

U> 

INDUCTIVE TEST CIRCUIT OUTPUT WAVEFORMS RESISTIVE TEST CIRCUIT 

t1 Adjusted to 

'e l Obtain Ie 

'r-1£ I!! 

~. 
r 1 '0 ,,~'.m"d RL 

5 1 i ~ I Rcoil '1 ... LCOllIICPkl 

~ ~ ~Vee U 
II: lN4937 I I Vee 
U Input or I I Lcoil 

1---,,- "t- t2 ... LCO;IOCpk J 
l- S .. Above for Equivalent 

L~J 
veE~b_ .. Detailed Conditions V clamp -=t V c1amp 

W J Vee 
I- V c •• mp 

2 ~ b,"s=} ---- -, Test Equipment 

T,me 1-',-1 Scope - Tektronill: 
0.1 n 

475 or Equivalent 
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SWITCHING TIMES NOTE 

In resistive switching circuits, rise, fall, and storage 
times have been defined and apply to both current and 
voltage waveforms since they are in phase. However, 
for inductive loads which are common to SWITCHMODE 
power supplies' and hammer drivers, current and voltage 
waveforms are not in phase. Therefore, separate measure· 
ments must be made on each waveform to determine 
the total switching time. For this reason, the following 
new terms have been defined. 

tsv = Voltage Storage Time, 90% IS1 to 10% Vclamp 
trv = Voltage Rise Time, 10-90% Vclamp 
tfi = Current Fall Time, 90-10% IC 
Iti = Current Tail, 10-2% IC 
tc = Crossover Time, 10% V clamp to 10% IC 

An enlarged portion of the inductive switching waveforms 

is shown in Figure 7 to aid in the visual identity of these 
terms. 

For the designer, there is minimal switching loss 
during storage time and the predominant switching 
power losses occur during the crossover interval and 
can be obtained using the standard equation from AN-222: 

PSWT = 112 VCCIC(tclf 
In general, trv + tfi "" tc' However, at lower test currents 
this relationship 'may not be valid. 

As is common with most switching transistors, resistive 
switching is specified at 250 C and has become a bench
mark for designers. However, for designers of high 
frequency converter circuits, the user oriented specifica
tions which make this a "SWITCHMODE" transistor are 
the inductive switching speeds (tc and tsvl which are 
guaranteed at 100oC. 

INDUCTIVE SWITCHING 

FIGURE 9 - STORAGE TIME FIGURE 10 - CROSSOVER ANO FALL TIMES 
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The s.te Oporeting At .. fiflUr. ""own in Figur.12 and 13 ar. 
IPKified for th ... devices und. the teat conditions shown. 

FIGURE 12 - FORWARD BIAS SAFE OPERATING AREA 
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SAFE OPERATING AREA INFORMATION 

FORWARD BIAS 
There are two limitations on the power handling ability 

of a transistor: average junction temperature and second 
breakdown. Safe operating area curves indicate IC- VCE 
limits of the transistor that must be observed for reliable 
operation; i.e .• the transistor must not be subjected to 
greater dissipation than the curves indicate. 

The data of Figure 12 is based on TC = 250 C; TJ(pk) 
is variable depending on power level. Second breakdown 
pulse limits are valid for duty cycles to 10% but must be 
derated when TC;;' 250 C. Second breakdown limitations 
do not derate the same as thermal limitations. Allowable 
current at the voltages shown on Figure 12 may be found 
at any case temperature by using the appropriate curve 
on Figure 14. 

TJ(pk) may be calculated from the data in Figure 11. 
At high case temperatures. thermal limitations will reduce 
the power that can be handled to values less than the 
limitations imposed by second breakdown. 

REVERSE BIAS 
For inductive loads, high. voltage and high current 

must be sustained simultaneously during turn·off, in 
most cases. with the base to emitter junction reverse 
biased. Under these conditions the collector voltage 
must be held to a safe level at or below a specific value of 
collector current. This can be accomplished by several 
means such as active clamping, RC snubbing, load line 
shaping, etc. The safe level for these devices is specified 
as Reverse Bias Safe Operating Area and represents the 
voltage·current conditions during reverse biased turn·off. 
This rating is verified under clamped conditions so that 
the device is never subjected to an avalanche mode. Figure 
13 gives R BSOA characteristics. 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

Designel" s Da t a S 1H'l't 

SWITCHMODE SERIES 
NPN SILICON POWER ITRANSISTORS 

These transistors are designed for high-voltage, high-speed, 
power switching in inductive circuits where fall time is critical. They 
are particularly suited for 'line operated switch-mode applications 
such as: . 

• Switching Regulators 

• Inverters 
• Solenoid and Relay Drivers 

• Motor Controls 

• Deflection Circuits 

100°C Performance Specified for: 
Reverse-Biased SOA with Inductive Loads ":" 
Switching Times with Inductive Loads-

150 ns Inductive Fall Time (Typ) 
Saturation Voltages 
Leakage Currents 

MAXIMUM RATINGS 
Rating Symbol MJ13090 MJl3091 MJH13090 MJH13091 

Collector-Emitter Voltage VCEO(sus) 400 460 400 450 

Collector-Emitter Voltage VCEV 650 750 650 750 

Emitter-Base Voltage VEB 6.0 

Collector Current 
- Continuous IC 15 
-P •• kll) ICM 20 

Base Current 
- Continous IB 5.0 
- P •• k(1) IBM 10 

Tot" Device Dissipation Po 
@TC=25oe 175 125 
@Te= l000e 100 50 

Derate above. 25°C 1.0 1.0 

Operating and Storage TJ.Tslg -6510200 -5510150 
Junction Temperature 
Range 

THERMAL CHARACTERISTICS 

Char.cteri,tlc Symbol Max 

Thermal Resistance. R8JC 1.0 
Junction to Case 

Lead Temperature for lL 275 
Soldering Purposes. 1 IS'" 
from Case for 5 Seconds. 

(1) Puls.T ... : Puis. W,dlh" 5.0 .s, DUly eyele"1()%. 

088lgn.r'. O.te for ''Wor.t C ... " Condition. 

Unit 

Vde 

Vde 

Vde 

Ade 

Ade 

Watts 

W/oC 

°e 

Vnit 

°C/W 

°e 

The Designer's Data Sheet permits the deSign of mOSI circuits enlirely from the infor
mation presented. Limit curves - representing boundaries on device characteristics -
are given to facilitate "worst case" deSign. 

3-81.6 

NU13090 MJH13090 
NU13091 MJH13091 

16 AMPERE 

NPN SILICON 
POWER 

TRANSISTORS 

400 AND 460 VOLTS 
126 end 176 WATTS 

tl5t~ 1=1' ~. 
Q~F v srYLE 1 

+ I... + " 
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H • 0' 
Z. EMmER 
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U 

, Q 

NOTES: 
1. DIMENSIONS 0 AND V ARE DATUMS. 
2. CD ISSEATINO PlANE AND DATUM. 
:So POSITIONAL TOLERANCE FOR 

MOUNT",' MOLE 0: 

I .1 ~"(""je IT Ivel 
FOR LEADS: 

I +1 ~,,( • ...,eT I vel .el 
4. DIMENSIONS AND TOLERANCES!'ER 

ANSIY1U,19n. 

CASE 1-06 
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-,C r.B1o 
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, A 

J,~ 
LI¥r' =fT==#l 

MlLL_TERI IlIeHU 
DIM .," MAlI Oil ••• • 20>2 ,U, .. ., OJ .. 
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e 4.11 , .. 0.185 .. ., 
• '.D2 U, .... , u. u, . .... ..... 
• U, U2 UOi .'" • ,., .... . .- 0.121 

• ..,. ... ...11 ...,. 
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•. COLLECTOR 
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ELECTRICAL CHARACTERISTICS (TC = 25·C unless otherwise noted) 

Characteristic 

OFF CHARACTERISTICS (1) 

Collector-Emitter Sustaining Voltage (Table 1) 
(IC = 100 mA, IB = 0) MJ13090, MJH13090 

MJ13091, MJH13091 

Collector Cutoff Current 
(VCEV = Rated Value, VBE(off) = 1.5 Vde) 
(VCEV = Rated Value, VBE(off) = 1.5 Vde, TC = 100·C) 

Collector Cutoff Current 
(VCE = Rated VCEV, RBE = 50 n, TC = 100·C) 

Emitter Cutoff Current 
(VEB = 6.0 Vde, IC = 0) 

SECOND aREAKDOWN 

Second Breakdown Collector Current with Base Forward Biased 

Clamped Inductive SOA with Base Reverse Biased 

ON CHARACTERISTICS (1) 

DC Current Gain 
(lc = 10 Ade, VCE = 3.0 Vde 

Collector-Emitter Saturation Voltage 
(IC = 10 Ade, IB = 2.0 Ade) 
(lc = 15 Adc, la = 3.0 Adc) 
(lC = 10 Ade, IB = 2.0 Ade, TC = 100·C) 

Base·Emitter Saturation Voltage 
(lc = 10 Ade, IB = 2.0 Adc) 
(lC = 10 Ade, IB = 2.0 Adc, TC = 100·C) 

DYNAMIC CHARACTERISTICS 

Output Capacitance 
(Vca = 10 Vde, IE = 0, ftest = 1.0 kHz) 

SWITCHING CHARACTERISTICS 

Resistive Load (Table 1 ) 

Delay Time 
(VCC = 250 Vdc, IC = 10 Adc, 

RiseTime 
IS1 = 1.25 Adc, tp = 3Ol'S, 

Storage Time 
Fall Time 

Duty Cycle <;;2%, VBE(off) = 5.0 Vde) 

Inductive Load, Clamped (Table 1) 

Storage Time 
Crossover Time (IC(pk) = 10 A, 
Fall Time IB1 = 1.25 Adc, 
Storage Ti me VSEloff) = 5.0 Vdc, 
Crossover Time VCE(pk) = 250 V) 
Fall Time 

(1) Pulse Test: PW = 300 ,.,.S, Duty Cycle E:;; 2%. 

·~f=~ 
IS 

(TJ = 100·C) 

(TJ = 2S·C) 

Symbol 

VCEO(sus) 

ICEV 

ICER 

lEBO 

hFE 

VCE(sat) 

VBE(sat) 

td 
tr 
Is 
If 

Isv 
Ie 
tfi 
tsv 
Ie 
Ifi 

3-817 

Min Typ Max Unit I 

Vde 
400 - -
450 - -

mAde 
- - 0.5 
- - 2.5 

- - 3.0 mAde 

- - 1.0 mAde 

See Figures 12 and 13 

See Figure 14 

8.0 - - -

Vde 
- - 1.0 
- - 3.0 
- - 2.0 

Vdc 
- - 1.5 
- - 1.5 

- 0.03 0.05 I'S 

- 0.13 0.50 

- 0.55 2.50 
- 0.10 0.50 

- 0.80 3.00 I's 
- 0.175 0.40 
- 0.15 0.30 

0.50 -
- 0.15 -

0.10 -
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DC CHARACTERISTICS 

FIGURE 1 - DC CURRENT GAIN 
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FIGURE 5 - COLLECTOR CUTOFF REGION 
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TABLE 1 - TEST CONDITIONS FOR DYNAMIC PERFORMANCE 

VCEO(susl RBSOA AND INDUCTIVE SWITCHING RESISTIVE SWITCHING 
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MJ13090, MJ13091, MJH13090, MJH13091' 

SWITCHING TIMES NOTE 

In resistive switching circuits, rise, fall, and storage 
times have been defined and apply to both current and 
voltage waveforms since they are in phase. However, 
for inductive loads which are common to SWITCHMODE 
power supplies and hammer drivers, current and voltage 
waveforms are not in phase. Therefore, separate measure
ments must be made on each waveform to determine 
the total switching time. For this reason, the following 
new terms have been defined. 

tsv = Voltage Storage Time, 90% lSI to 10 % Vclamp 
trv = Voltage Rise Time, 10-90% Vclamp 
tfi = Current Fall Time, 90-10% IC 
tti = Current Tail, 10-2% IC 
Ie = Crossover Time, 10% Vclamp to 10% IC 

An enlarged portion of the inductive switching waveforms 
is shown in Figure 7 to a,id in the visual identity of these 
terms. 

,For the designer, there is minimal switching loss 
during storage time and the predominant switching 
power losses occur during the crossover interval and can 
be obtained using the standard equation from AN-222: 

PSWT = 1/2 VcCIc(tclf 
In general, trY + tfi = Ie. However, at lower test currents 
this relationship may not be valid. 

As is common with most switching transistors, resistive 
switching is specified at 25D C and has become a bench
mark for designers. However, for designers of high 
frequency converter circuits, the user-oriented specifica
tions which make this a "SWITCHMODE" transistor are 
the inductive switching speeds (Ie and tsv) which are 
guaranteed at 100DC. 

INDUCTIVE SWITCHING 

FIGURE 9 - STORAGE TIME FIGURE 10 - CROSSOVER AND FALL TIMES 
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SAFE OPERATING AREA INFORMATION 

FORWARD BIAS 
There are two limitations on the power handling ability 

of a transistor: average junction temperature and second 
breakdown. Safe operating area curves indicate IC-VCE 
limits of the transistor that must be observed for reliable 
operation; i.e., the transistor must not be subjected to 
greater dissipation than tlJe curves indicate. 

The data of Figures 12 and 13 are based on TC = 25°C; 
T J(pkl is variable depending on power level. Second break
down pulse limits are valid for duty cycles to 10% but must 
be derated when TC'" 25°C. Second breakdown limita
tions do not derate the same as thermal limitations. Allow
able current at the voltages shown on Figures 12 and 13 
may be found at any case temperature by using the appro
priate curve on Figure 15. 

TJ(pkl may be calculated from the data in Figure ". At 
high case temperatures, thermal limitations will reduce 
the power that can be handled to values less than the 
limitations imposed by second breakdown. 

REVERSE BIAS 
For inductive loads, high voltage and high current 

must be sustained simultaneously during turn-off, in most 
cases, with the base to emitter junction reverse-biased. 
Under these conditions the collector voltage must be held 
to a safe level at or below a specific value of collector 
current. This can be accomplished by several means such 
as active clamping, RC snubbing, load line shaping, etc. 
The safe level for these devices is specified as Reverse 
Bias Safe Operating Area and represents the voltage
current conditions during reverse biased turn-off. This 
rating is verified under clamped conditions so that the 
device is never subjected to an avalanche mode. Figure 
14 gives RBSOA characteristics. 

FIGURE 15 - POWER DERATING 
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TECHNICAL DATA 

Designer's Data Sheet 

SWiTCHMODE II SERIES 
NPN SILICON POWER TRANSISTOR 

The MJ13101 transistor is designed for high-voltage. high-speed. 
power switching in inductive circuits where fall time is critical. It is 
particularly suited for line-operated switchmode applications such 
as: 

• Switching Regulators 

• Inverters 

• Solenoid and Relay Drivers 

• Motor Controls 

• Deflection Circuits 

Fast Turn-Off Times 
30 ns Inductive Fall Time @ 25°C (Typ) 
50 ns Inductive Crossover Time @ 25°C (Typ) 
900 ns Inductive Storage Time @ 25°C (Typ) 

Operating Temperature Range -65 to +200oC 

100°C Performance Specified for: 
Reverse-Biased SOA with Inductive Loads 
Switching Times with Inductive Loads 
Saturation Voltages 
Leakage Currents 

MAXIMUM RATINGS 

Rating Symbol MJ13101 

Collector-Emitter Voltage VCEO 450 

Collector-Emitter Voltage VCEV 750 

Emitter Base Voltage VEB 6.0 

Collector Current - Continuous IC 20 
- Peak (I) ICM 30 

Base Current - Continuous IB 10 
- Peak(l) IBM 15 

Total Power Oissipation @ T C = 25°C Po 175 
@TC= 100°C 100 

Derate abov.e 25°C 1.0 

Operating and Storage Junction TJ, Tstg -65 to +200 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance. Junction to Case R6JC 1.0 

Maximum Lead Temperature for Soldering TL 275 
Purposes: 1 IS" from Case for 5 Seconds 

(I) Pulse Test: Pulse Width = 5 ms, Duty Cycle .;; 10%. 

3.~822 

Unit 

Vdc 

Vdc 

Vdc 

Adc 

Adc 

Watts 

W/oC 

°c 

Unit 

°C/W 

°C 

MJ13101 

20 AMPERE 

NPN SILICON 
POWER TRANSISTOR 

450 VOLTS 
175 WATTS 

Oa.lgner'. Data for 
"Worst Case" Conditions 

The Designer'S Data Sheet permits 
the deSign of most circuits entirely from 
the information presented. Limit" data 
- representing device charactetistics 
boundaries ~ are given to facilitate 
"worst case" design. 

J}fi-r Ie 0 K 
_. - .. --~ 

F _ .. 

Q 

NOTES· 
1. DIIliENSIONSQAlfOVAAEOATUIliS. 
2.(jJISSEATllfGPlANEANQDATUIli. 
3. POSITIONAL TOLERANCE fOR 

IIIOUNTllfOIiOlEQ: 

It!'.13(O,OD5J@l!T!v®1 
fORlEAOS 

I • 1'·13(o.0IAJ@)r \ vel o@1 
4. DIIliENSIONS ANO TOlfRANCES PER 

ANSI V1U, 1973. 

CASE 1-05 
TO-204AA 

STYLE 1 
PIN 1. BASE 

2. EMlnER 
CASE COllECTOR 
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MJ13101 

ELECTRICAL CHARACTERISTICS (TC = 25°C unless otherwise notedl 

I Characteristic I Symbol 

OFF CHARACTERISTICS (11 

Collector-Emitter Sustaining Voltage (Table 11 
(lC= 100mA, IB=OI 

MJ13101 

Collector Cutoff Current 
(VCEV = Rated Value, VBE(offl = 1.5 Vdcl 
(VCEV= Rated Value, VBE(offl= 1.5Vdc, TC= 1000 q 

Collector Cutoff Current 
(VCE = Rated VCEV, RBE = 50 n, T C = 1000 CI 

Emitter Cutoff Current 
(VEB = 6.0 Vdc, IC = 01 

SECOND BREAKDOWN 

Second Breakdown Collector Current with Base Forward Biased 

Clamped Inductive SOA with Base Reverse Biased 

ON CHARACTERISTICS (11 

DC Current Gain 
(IC = 15 Adc, VCE = 3.0 Vdc 

Collector-Emitter Saturation Voltage 
(IC = 15 Adc, IB = 3.0 Adcl 
(IC = 20 Adc, IB = 4.0 Adcl 
(IC = 15 Adc, IB = 3.0 Adc, T C = 100°CI 

Base-Emitter Saturation Voltage 
(IC = 15 Adc, IB = 3.0 Adcl 
(IC = 15 Adc, IS = 3.0 Adc, T C = 100°CI 

DYNAMIC CHARACTERISTICS 

Output Capacitance 
(VCS = 10 Vdc, IE = 0, ftest = 1.0 kHzl 

SWITCHING CHARACTERISTICS 

Resistive Load (Table 11 

Delay Time 
VCC = 250 Vdc, IC = 15 Adc, 

Rise Time 
IS1 = 2.0 Adc, tp = 30 "s, Storage Time 

Fall Time Duty Cycle ";2%, VSE(offl = 5.0 Vdcl 

Inductive Load, Clamped (Table 11 

Storage Time 
Crossover Time (lC(pkl = 15 A, 
Fall Time IS1 = 2.0 Adc, 
Storage Time VSE(offl = 5.0 Vdc, 
Crossover Time VCE(pkl = 250 VI 
Fall Time 

(1) Pulse Test: PW - 300 /.lS, Duty Cycle :::;;;2%. 

'~f= Ie 
'e 

(TJ= 1000 q 

(TJ = 25°CI 

VCEO(susl 

ICEV 

ICER 

lEBO 

hFE 

VCE(satl 

VBE(satl 

td 
tr 
ts 
tf 

tsv 
tc 
tli 
tsv 
tc 
tli 

3-823 

Min Typ Max Unit 

Vdc 

450 - -
mAdc 

- - 0.5 
- - 2.5 

- - 3.0 mAdc 

- - 1.0 mAdc 

See Figure 12 

See Figure 13 

B.O - 40 -

Vdc 
- - 1.0 
- - 3.0 
- - 2.0 

Vdc 
- - 1.5 
- - 1.5 

- 0.02 0.05 "s 
0.13 0.50 

- 0.90 3.5 
0.10 0.50 

- 1.25 4.0 "s 
0.15 0.50 

- 0.13 0.40 
0.90 

- 0.05 -
- 0.03 -
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DC CHARACTERISTICS 
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TABLE 1 - TEST CONDITIONS FOR DYNAMIC PERFORMANCE 

VCEOfsusl RBSOA AND INDUCTIVE SWITCHING RESISTIVE SWITCHING 
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MJ13101 

SWITCHING TIMES NOTE 

In resistive switching circuits, rise, fall, and storage 
times have been defined and apply to both current and 
voltage waveforms since they are in phase. However, 
for inductive loads which are common to SWITCHMODE 
power supplies and hammer drivers, current and voltage 
waveforms are not in phase. Therefore, separate measure· 
ments must be made on each waveform to determine 
the total switching time. For this reason, the following 
new terms have been defined. 

tsv = Voltage Storage.Time, 90% IB1 to 10% Vclamp 
trv = Voltage Rise Time, 10-90% Vclamp 
tfi = Current Fall Time, 90-10% IC 
tti = Current Tail, 10-2% IC 
tc = Crossover Time, 10% Vclamp to 10% IC 

An enlarged portion of the inductive switching waveforms 

is shown in Figure 7 to aid in the visual identity of these 
terms. 

For the designer, there is minimal switching loss 
during storage time and the predominant switching 
power losses occur during the crossover interval and 
can be obtained using the standard equation from AN·222: 

PSWT = 1/2 Vecle(tc)f 
In general, trv + tfi "" tc' However, at lower test currents 
this relationship may not be valid. 

As is common with most switching transistors, resistive 
switching is specified at 250 C and has become a bench· 
mark for designers. However, for designers of high 
frequency converter circuits. the user oriented specifica· 
tions which make this a "SWITCHMODE" transistor are 
the inductive switching speeds (tc and tsv ) whi.ch are 
guaranteed at 1000 e. 

INDUCTIVE SWITCHING 
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FIGURE 11 - THERMAL RESPONSE 
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The Safe Operating Area figuras shown in figure 12 and 13 are 
specified for these devic8$ under the test conditions shown 

FIGURE 12 - FORWARD BIAS SAFE OPERATING AREA 
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FIGURE 13 - REVERSE BIAS SAFE OPERATING AREA 
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SAFE OPERATING AREA INFORMATION 

FORWARD BIAS 
There are two limitations on the power handling ability 

of a transistor: average junction temperature and second 
breakdown. Safe operating area curves indicate IC-VCE 
limits of the transistor that must be observed for reliable 
operation; i.e .. the transistor must not be subjected to 
greater dissipation than the curves indicate. 

The data of Figure 1 2 is based on T C = 25°C; T J(pk) 
is variable depending on power level. Second breakdown 
pulse limits are valid for duty cycles to 10% but must be 
derated when T C:;;. 25°C. Second breakdown limitations 
do not derate the same as thermal limitations. Allowable 
current at the voltages shown on Figure'12 may be found 
at any case temperature by using the appropriate curve on 
Figure 14 

TJ(pk) may be calculated from the data in Figure 11. 
At high case temperatures. thermal limitations will reduce 
the power that can be handled to values less than the 
limitations imposed by second breakdown. 

REVERSE BIAS 
For inductive loads. high voltage and high current 

must be sustained simultaneously during turn-off. in most 
cases. with the base to emitter junction reverse biased. 
Under these conditions the collector voltage must be held 
to a safe level at or below a specific value of collector 
current. This can be accomplished by several means such 
as active clamping. RC snubbing. load line shaping. etc. 
The safe level for these devices is specified as Reverse Bias 
Safe Operating Area and represents the voltage-current 
condition allowable during reverse biased turn-off. This 
rating is verified under clamped conditions so that the 
device is never subjected to an avalanche mode. Figure 1 3 
gives the RBSOA characteristics. 

FIGURE 14 - POWER DERATING 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

II 

SWITCHMODE SERIES 
NPN SILICON POWER TRANSISTORS 

The MJ13330 and MJ13331 transistors are designed for high
voltage, high-speed, power switching in inductive circuits where fall 
time is critical. They are particularly suited for line operated 
switchmode applications such as: 

• Switching ,Regulators 

• Inverters 

• Solenoid and Relay Drivers 

• Motor c:ontrols 

• Deflection Circuits 

Fast Turn-Off Time 
75 ns In'ductive Fall Time-25°C (Typ) , 
150 ns Inductive Crossover Time-25°C (Typ) 
900 ns I nducti"e Storage Time-25°C (Typ) 

Operating Temperature Range -65 to +2000 C 

lOOoC Performance Specified for: 
Reversed Biased SOAwith Inductive Loads 
Switching Times with Inductive Loads 
Saturation Voltages 
Leakage Currents 

MAXIMUM RATINGS 
Rating Symbol MJ13330 I MJ13331 

Collector-Emitter Voltage VCEO 200 I 250 
Collector-Emitter Voltage VCEV 400 I 450 
Emitter Base Voltage VEB 6 
Collector Current - Continuous IC 20 

-Peak III ICM 30 
Base Current - Continuous IB 10 

-Peak 111 IBM 20 
Total Power Dissipation @ TC = 2SDC PD 175 

@TC = 100°C 100 
Derate above 25 DC 1 

Operating and Storage Junction T J,T stg -65 to +200 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance. Junction to Case R9JC 1 

Maximum Lead Temperature for Soldering TL 275 
Purposes: 1/8" from Case for 5 Seconds 

111 Pulse Test: Pulse Width = 5 ms, Duty Cycle .. 10%, 

Unit 

Vdc 
Vdc 
Vdc 
Adc 

Ade 

Watts 

W/oC 

°c 

Unit 

°C/W 
°c 

Similar devieetypes with higher VCEO ratings are: MJ13332 1350 Vlthru MJ13335 1500 VI.' 
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MJ13330 
MJ13331 

20 AMPERE 

NPN SILICON 
POWER TRANSISTORS 

200 and 250 VOLTS 
175 WATTS 

Designer's Data for 
"Worst Case" Conditions 

The Designers Data Sheet per, 
mits the design of most circuits 
entirely from the information pre' 
sented, Lin)it data - representing 
device characteristics boundaries -
are given to facil itate "worst case" 
design, 

,Nom: 
t DIMENSIONS Q AND V ARE DATUMS, 
2, ITlIS SEATING PLANE AND DI\TUM, 
3, POSITiONAL TOLERANCE FOR MOUNTING HOLE 0: 

1.1 0-13l0-l)OSI ®I Tlv ®I 
FOflLEADS: 
r+ro:i3j''"O-l):::'-;OSI ®ec-:T"'I v'"'®""-I Q'"'®"'I 

4, DIMENSIONS AND TOLERANCES PER ANSI V14,5, 
Ian 

STYlE 1: 
PIN taASE 

2, EMITTER 
CASE COlLECTOR 

MIUJMEIBIS 
DIM MIN MAX 
A - 39-:17 
B - 21.1111 
C 6,35 7,62 
0 0,97 t09 
E UO U8 
F 31US BSC 
G 10,92BSC 
H ~468SC 

J 16,89BSC 
K lU8 12,19 
Q 3,81 4,19 
R - 26,67 
U t83 5,33 
V 3,81 4-19 

CASE 1-05 
TO-204AA 

INCHES 
MIN MAX 
- t550 
- 0B3il 

0,250 0,300 
M38 M43 
0-1)55 M70 

U87BSC 
0-431lBSC 
0,215BSC 
U65BSC 

0-440 OABll 
0-151 0-165 
- 1I150 

0,190 0,210 
0,151 0,165 

• 



MJ13330, MJ13331 

ELECTRICAL CHARACTERISTICS ITC = 25°C unless otherwise noted). 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage (Table 1) 

IIc = 100 mA, IB =0) MJ13330 
MJ13331 

Collector Cutoff Current 

IVCEV = Rated Value, VBEloff) = 1.5 Vde) 
IVCEV = Rated Value, VBEloff) = 1.5 Vde, TC = 150°C) 

Collector Cutoff Current 

IVCE = Rated VCEV, RBE = 50 n, TC = 100°C) 

Emitter Cutoff Current 
IVEB = 6 Vde, IC = 0) 

SECONO BREAKDOWN 

Second Breakdown Collector Current with base forward biased 

Clamped Inductive SOA with base reverse biased 

ON CHARACTERISTICS II) 

DC Current Gain 
IIC = 5 Ade, VCE = 5 Vde) 
IIc = 10 Ade, VCE = 5 Vdcl 

Collector-Emitter Saturation Voltage 

IIC = 10 Ade, IB = 1.5 Ade) 
IIc = 20 Ade, IB = 5 Ade) 
IIC = 10 Ado, IB = 1.8 Ado, TC = 100°C) 

Base-Emitter Saturation Voltage 

IIC = 10 Ade, IS = 1.5 Ade) 
IIc = 10 Ade, IB = 1.8 Ade, Tc = 100°C) 

DYNAMIC CHARACTERISTICS 

Current-Gain-Bandwidth Product 

IIc = 300 mAde, VCE = 10 Vde, f test = 1 MHz) 

Output Capacitance 

IVCB = 10 Vde, IE = 0, fteS! = 100 kHz) 

SWITCHING CHARACTERSITICS 

Resistive Load (Table 1) 

Delay Time 

Rise Time IVCC = 175 Vde, IC = 10 A, lSI = 1.5 Ade, 

Storage Time VBEloff) = 5 Vde, tp = 50 I'S, Duty Cycle .. 2%) 

Fall Time 

Inductive Load. Clamped (Table 1) 

Storage Time IIC -10 Alpk), Velamp - 200 Vde, lSI - 1.8 Ade, 

Crossover Time VSEloff) = 5 Vde, TC = 100°C) 

Storage Time IIC = 10 A(pkl. Velamp = 200 Vde, ISl = 1.5 Ade, 

Crossover Time VSEloff) = 5 Vde, TC ~ 25°C) 

Fall Time 

11) Pulse Test: PW = 300 "s, Duty Cycle';; 2%. 
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DC CHARACTERISTICS 

FIGURE 1 - DC CURRENT GAIN 
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SATURATION VOL TAGE 

IC/IB" 5 

i--

0.5 1.0 2.0 5.0 
IC, COLLECTOR CURRENT (AMP) 

~ 

10 20 

II I 
II 

T~ ~ 15001C-I 

If 

J 
/ / 

/ 
/ 

TJ" 25°C 

10 20 

FIGURE 5 - COLLECTOR CUTOFF REGION 

10 4 

=VCE-250V 

~ 10 
I-

~ 
B 10 

'" o 

3 

2 

~ 10 

8 

1 

= 

01*== 

~ 

10 

1 10-
-0.4 

=TJ" 150°C 

125°C 

100°C 

750 C 

FREVERSE 
~250C 

-0.2 

7 

I 
/ 7 

./ 
/ 

I 
FO RWARO 

+0.2 +0.4 

VBE, BASE·EMITTER VOLTAGE IVOLTS) 

I 

+0.6 

FIGURE 2 - COLLECTOR SATURATION REGION 

~ 2.2 

o 
~ 
1.1.1 1.8 
to « 
c; 
o 

~ 1.4 

~ 
~ a: 1.0 
o 

~ _ 0.6 
8 
~ 

> 0.2 

\ TJ" 25°C 

IC" 5 A 

\ 
\ 

II II 
IC" 10 A IC" 15A IC" 20 A 

\ 
1\ \ 1\ 
\ 
\ ..... 

....... 

0.2 0.3 0.5 0.7 1.0 2.0 3.0 5.0 

IB' BASE CURRENT (AMP) 

FIGURE 4 - BASE-EMITTER VOLTAGE 

2. 0 

~ 
0 ,. 
~ 6 

"' "' '" C; 
1. 0 

VBElsat)@ lellB" 5 
2 

> 
'" 
l-
I- O. 
~ 

Bf-TJ" 25°C i--I-J:" 
1--.... i--

w 
~ 

;;5 
O. 

~ 
4~~Oe 

-I I I 
> 

60 

~ 40 
w 
'-' 
Z .. 
I
U 

0 

0 

~ 200 
;3 
5 
~ 
o 
j10 0 

o 
0.2 

~ 

0.5 1.0 2.0 5.0 

IC' COLLECTOR CURRENT lAMP) 

FIGURE 6 - OUTPUT CAPACITANCE 

i' 

......, 
r-... 

[\ 

K 

10 

W 

10 

20 

~ 

20 

Cob PF-
6 0 

0.4 1.0 2.0 5.0 10 20 50 100 200 400 

VR, REVERSE VOLTAGE IVOLTS) 

3-830 



MJ13330, MJ13331 

FIGURE 7 - INDUCTIVE SWITCHING MEASUREMENTS 
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SWITCHING TIMES NOTE 

In resistive switching circuits, rise, fall, and storage 
times have been defined and apply to both current and 
voltage waveforms since they are in phase, However, 
for inductive loads which are common to SWITCHMODE 
power supplies and hammer drivers, current and voltage 
waveforms are not in phase. Therefore, separate measure
ments must be made on each waveform to determine 
the total switching time, For this reason, the following 
new terms have been defined, 

tsv = Voltage Storage Time, 90% IBI to 10% Vclamp 
trv = Voltage Rise Time, 10-90% Vclamp 
tfi = Current Fall Time, 90-10% IC 
tti = Current Tail, 10-2% IC 
tc = Crossover Time, 10% Vclamp to 10% IC 

An enlarged portion of the inductive switching waveforms 
is shown in Figure 7 to aid in the visual identity of these 
terms_ 

For the designer, there is minimal switching loss 
during storage time and the predominant switching 
power losses occur during the crossover interval and 
can be obtained using the standard equation from AN-222: 

PSWT = 1/2 VCCIc(tc)f 
In general, trv + tfi "" tc ' However, at lower test currents 
this relationship may not be valid. 

As is common with most switching transistors, resistive 
switching is specified at 25°C and has become a bench
mark for designers, However, for designers of high 
frequency converter circuits, the user oriented specifica
tions which make this a "SWITCHMODE" transistor are 
the inductive switching speeds (tc and tsv) which are 
guaranteed at 1000 C. 

RESISTIVE SWITCHING 
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TABLE 1 - TEST CONDITIONS FOR DYNAMIC PERFORMANCE 
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FIGURE 12 - FORWARD BIAS SAFE OPERATING AREA 
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SAFE OPERATING AREA INFORMATION 

FORWARD BIAS 

There are two limitations on the power handling ability 
of a transistor: average junction temperatur.e and second 
breakdown. Safe operating area curves indicate IC-VCE 
limits of the transistor that must be observed for reliable 
operation; i.e., the transistor must not be subjected 10 
greater dissipation than the curves ~ndicate. 

The data of Figure 12 is based on TC = 250 C; TJlpk) 
is variable depending on power level. Second breakdown 
pulse limits are valid for duty cycles to 10% but must be 
derated when TC ;;. 250 C. Second breakdown limitations 
do not derate the same as thermal limitations. Allowable 
current at the voltages shown on Figure 12 may be found 
at any case temperature by using the appropriate curve on 
Figure 14, 

T Jlpk) may be calculated from the data in Figure 11. 
At high case temperatures, thermal limitations will reduce 
the power that can be handled to values less than the 
limitations imposed by second breakdown. 

REVERSE BIAS 

For inductive loads, high voltage and high current must 
be sustained simultaneously during turn-off, in most cases, 

with the base to emitter junction reverse biased. Under 
these conditions the collector voltage must be held to 
a safe level at or below a specific value of collector cur· 
rent. This can be accomplished by several means such as 
active clamping, RC snubbing, load line shaping, etc. The 
safe level for these devices is specified as Reverse Bias 
Safe Operating Area and represents the voltage-current 
condition allowable' during reverse biased turn-off. This 
rating is verified under clamped conditions so that the 
device is never subjected to an avalanche mode. Figure 13 
gives the complete R BSOA characteristics. 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA . 

. SWITCHMODE SERIES 
NPN SILICON POWER TRANSISTORS 

The MJ13333 and MJ13335 transistors are designed for high
voltage, high-speed, power switching in inductive circuits where 
fall time is critical. They are particularly suited for line operated 
switch mode applications such as: 

• Switching Regulators 

• Inverters 

• Solenoid and Relay Drivers 

• Motor Controls 

• Deflection Circuits 

Fast Turn·Off Times 
200 ns Inductive Fall Time-25°C (Typ) 
1.811.s Inductive Storage Time-25°C (Typ) 

Ope~ating Temperature Range -65 to +2000 C 

100°C Performance Specified for: 
Reversed Biased SOA with Inductive Loads 
Switching Times with Inductive Loads 
Saturation Voltages 
Leakage Currents 

MAXIMUM RATINGS 

Rating Symbol MJ13333 MJ13335 

Collector·Emitter Voltage VeEO 400 500 

Collector-Emitter Voltage VeEV 700 800 

Emitter Base Voltage VEB 6.0 

Collector Current - Continuous 'e 20 
Peak (1) leM 30 

Base Current - Continuous 'S 10 
Peak (1) 'SM 15 

Total Power Dissipation @ T C == 2SoC Po 175 
@Te = 1000 e 100 

Derate above 2SoC 1.0 

Operating and Storage Junction TJ. T stg -65 to +200 
Temperature Range 

THERMAL CHARACTERISTICS 

Unit 

Vdc 

Vdc 

Vdc 

Adc 

Adc 

Watts 

w/oe 
°e 

Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Case ReJC 1.0 °C/W 

Maximum Lead Temperature for Soldering TL 275 °c 
Purposes: 1/8" from Case for 5 Seconds 

(1) Pulse Test: Pulse Width - 5 ms, Duty Cycle < 10%. 

Similar device types available with lower VCEO ratings, see the MJ13330 (200 VI and 

MJ13331 (250 V)' 
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Q 

MJ13333 
MJ13335 

ZOAMPERE 

NPN SILICON 
POWER TRANSISTORS 

400-500 VOLTS 

175 WATTS 

Designer's Data for 
"Worst Case" Condition. 

The Designers Data Sheet per· 
mits the design of most circuits 
entirely from the information pre· 
sented. Limit data - representing 
device characteristics boundaries -
are given to facil itate "worst case" 
design. 

L~" ,~ 
l. -+ o K 

.. -_ ... j 

F -

NOTES' 
I. DIMENSIONS a AND II ARE DATUMS. 
2. m IS SEATING PLANE AND DATUM. 
3. POSITIONAL TOLERANCE FOR 

MOUNTING HOLE 0.: 

[_[1.13(0.005l® [T[v®1 
FOR LEADS: 

[IJIi3]D:0051®T I v® I o®1 
4. DIMENSIONS AND TOLERANCES PER 

ANSIYI4.5,1973. 

ST~I~E 1~ BASE DIM 
2. EMIITER A 

CASE COLLECTOR 11!~:vl!i;!~I!lj!I7B1111 
11.1B 12.19 
3.Bi 4.19 

26.67 
4.83 5.33 0.190 
3.81 4.19 0.100 

CASE 1-05 
TO·204AA 

I 



~J13333, ~J13335 

ELECTRICAL CHARACTERISTICS (TC = 25°C unless otherwise noted I 

Characteristic I Symbol Min Typ Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage (Table 11 MJ13335 VCEO(susl 500 Vdc 

(lC = lOa mA, IS = 01 MJ13333 400 - -

Collector Cutoff Current ICEV mAde 

(VCEV = Rated Value, VBE(offi = 1.5 Vdcl - - 0.25 
(VCEV = Rated Value, VBE(olll = 1.5 Vdc, TC = 1500CI - - 5.0 

Collector Cutoff Current ICER 5.0 mAde 

(VCE = Rated VCEV, Rse = 50 n, TC = 1000CI 

Emitter Cutoff Current lEBO 1.0 mAde 

(VEB = 6.0 Vdc, IC = 01 

SECOND BREAKDOWN 

Second Breakdown Collector CUrrent with base forward biased See Figure 12 

Clamped Inductive SOA with Base Reverse Biased See Figure 13 

ON CHARACTERISTICS (11 

DC Current Gain hFE 10 - 60 -
(lC = 5.0 Adc, VCE = 5.0 Vdcl 

Collector-Emitter Saturation Voltage VCE(satl Vdc 
(lC = 10 Adc, IS = 2.0 Adcl - - 1.8 
(lC = 20 Adc, IS = 6.7 Adcl - - 5.0 
(IC = 10 Adc, IS = 2.0 Adc, TC = 1000CI - - 2.4 

Base-Emitter Saturation Voltage VBE(satl Vdc 
(lC = 10 Adc, IS = 2.0 Adcl - - 1.8 
(lC = 10 Adc, IS = 2.0 Adc, TC = 1000CI - - 1.8 

DYNAMIC CHARACTERISTICS 

Output Capacitance 
(VCS = 10 Vdc, IE = 0, Itest = 1.0 kHzl 

SWITCHING CHARACTERISTICS 

Resistive Load (Table 11 

Delay Time td - 0.02 0.1 ~s 

Rise Time (VCC = 250 Vdc, IC = 10 A, 
tr - 0.3 0.7 "s 

Storage Time 
181 = 2.0 A, VSE(olti = 5.0 Vdc, tp = 10 "s, 

ts 1.6 4.0 I'S Duty Cycle .. 2.0%1 
Fall Time tl u.~ u. !" 

Inductive Load, Clamped (Table 1) 

Storage Time (lC = 10 A(pkl, Vclamp = 250 Vdc, ISl = 2.0 A, tsv 2.5 5.0 I'S 

Crossover Time VSE(oftl = 5 Vdc, TC = 1000CI tc 0.8 2.0 I'S 

Storage Time tsv - 1.8 - I'S 

Crossover Time 
(lC = 10 A(pkl, Vclamp = 250 Vdc, IBl = 2.0 A, 

tc 0.4 I'S 
VSE(olfl = 5 Vdc, TC = 250CI 

Fall Time tfi 0.2 I'S 

(11 Pulse Test: PW· 300 I'S, Duty Cycle .. 2%. 

3-835 



~J13333,~J13335 

10 0 

0 

0 

0 5. 
0.2 

FIGURE 1 - DC CURRENT GAIN 

lWoC ........ 
J"o.. 

" 25°C " ,,:::, , 
VCE = 5 V 

0.5 1.0 2.0 5.0 
IC. COLLECTOR CURRENT (AMPS) 

"' 10 20 

FIGURE 3 - COLLECtOR·EMITTER SATURATION REGION 

~ 2.0 

o 
? 
~ 1. 6 

~ 
o 
~ 1.2 

1= 
~ 0.8 
o 

~ - 0.4 
S 
il 
> o 

0.2 0.5 

ICilB = 5 

25°C .....-:;..0 

150°C 

1.0 2.0 5.0 
IC. COLLECTOR CURRENT lAMP) 

I 
J 

h 
II 
'I 

10 20 

FIGURE 5 - COLLECTOR CUTOFF REGION 

~ 
t-::; 
'" '" a 
'" 0 
t-

~ 
8 

104 

10 3 

10 2 

10 1 

r---

1 10-
·0.4 

/ / I 
I 

TJ=150oC 
"., 

125°C 
/ / 

100°C 
./ ,.,. 

15°C 

I--REVERSE FORWARD 
/ VCE - 250V= 

25°C 

-0.2 +0.2 +0.4 +0.6 

VBE. BASE·EMITTER VOLTAGE (VOLTS) 

FIGURE 2 - COLLECTOR SATURATION REGION 

~ 
2.0 

o 
? 
LU 1.6 

'" ~ 
o 10 A 
ffi 1.2 

1 A SA 
1= 
~ 0,8 -o 

~ _ 0.4 

8 
il 
> 0 

0.01 0.02 0.05 0.1 0.2 0.5 1.0 2.0 
'B. BASE CURRENT (AMP) 

~ 2. 
o 
? 
w 

'" ; 1. 
o 
> 
z 

0 

6 

o 1.2 

~ 
S 0.8 

'" w 

1= 
~ 0.4 

"' ~ 

I--

~ °0.2 

> 

3000 

1000 

1000 

~ 100 
~ 500 
z « 
t-

~ 20 

U 10 

0 

0 

0 

0 3 
0.1 

FIGURE 4 - BASE·EMITTER VOL TAGE 

IcllB = 5 

~ 
I-f---- 150°C --

0.5 1.0 2.0 S.O 
'C. COLLECTOR CURRENT (AMP) 

FIGURE 6 - CAPACITANCE 

I 
1"2; 

Cob ......... 

0.5 1.0 5.0 10 50 100 
VR. REVERSE VOLTAGE (VOLTS) 

5.0 10 

V :II 
./ 

10 20 

500 1000 

3-836 



MJ13333, MJ13335 

FIGURE 7 - INDUCTIVE SWITCHING MEASUREMENTS 
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SWITCHING TIMES NOTE 

In resistive switching circuits, rise, fall, and storage 
times have been defined and apply to both current and 
voltage waveforms since they are in phase. However, 
for inductive loads which are common to SWITCHMODE 
power supplies and hammer drivers, current and voltage 
waveforms are not in phase. Therefore, separate measure· 
ments must be made on each waveform to determine 
the total switching time. For this reason, the following 
new terms have been defined, 

tsv = Voltage Storage Time, 90% IBl to 10% Vclamp 
trv = Voltage Rise Time, 10-90% Vclamp 
tfi = Current Fall Time, 90-10% IC 
tti = Current Tail, 10-2% IC 
tc = Crossover Time, 10% Vclamp to 10% IC 

An enlarged portion of the inductive switching waveforms 
is shown in Figure 7 to aid in the visual identity of these 
terms. 

For the designer, there is minimal switching loss 
during storage time and the predominant switching 
power losses occur during the crossover interval and 
can be obtained using the standard equation from AN-222: 

PSWT = 1/2 VCCIC(tc)f 
In general, trv + tfi = tc' However, at lower test currents 
this relationship may not be valid. 

As is common with most switching transistors, resistive 
switching is specified at 250 C and has become a bench· 
mark for designers. However, for designers of high 
frequency converter circuits, the user oriented specifica
tions which make this a "SWITCH MODE" transistor are 
the inductive switching speeds (te and tsv ) which are 
guaranteed at 1000 C. 

RESISTIVE SWITCHING PERFORMANCE 

FIGURE 9 - TURN-ON SWITCHING TIMES 
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ACOil = 0.7 n 

TABLE 1 - TEST CONDITIONS FOR DYNAMIC PERFORMANCE 

RBSOA AND INDUCTIVE SWITCHING 

r-.-----------~--~------_.---o+15 

50n 

All Diodes - 1 N4934 
All NPN - MJE200 
All PNP - MJE210 

Adjust A 1 to obtain I B 1 
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ForVCEO(sus). R2 = co 

Leal! '" 180",H 
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t, Adjusted to 
Obtain Ie 

t, "" LcoUOCpkl 

Vee 

t2 "" Lcoir(lcpk) 

Vclamp 

Test Equipment 
Scope - Tektronix 
475 or Equivalent 
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H 

RESISTIVE SWITCHING 

TURN-ON TIME 

le1 adjusted to 

obtain the forced 

hFE desired 

TURN·OFF TIME 

Use inductive switching 
driver as the Input to 
the resistive test circuit. 
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AL SOU 

Pulse Width = 10 /JS 
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FIGURE 12 - FORWARD BIAS SAFE OPERATING AREA 
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SAFE OPERATING AREA INFORMATION 

FORWARD BIAS 
There are two limitations on the power handling ability 

of a transistor: average junction temperature and second 
breakdown. Safe operating area curves indicate IC-VCE 
limits of the transistor that must be observed for reliable 
operation; i.e., the transistor must not be subjected to 
greater dissipation than the curves mdicate. 

The data of Figure 12 is based on TC = 250 C; TJ(pk} 
is variable depending on power level. Second breakdown 
pulse limits are valid for duty cycles to 10% but must be 
derated when TC ;;. 250 C. Second breakdown limitations 
do not derate the same as thermal limitations. Allowable 
current at the voltages shown on Figure 12 may be found 
at any case temperature by using the appropriate curve on 
Figure 14. 

T J(pk} may be calculated from the data In Figure 11. 
At high case temperatures, thermal limitations will reduce 
the power that can be handled to values less than the 
limitations imposed by second breakdown. 

REVERSE BIAS 

For inductive loads, high voltage and high current must 
be sustained simultaneously during turn·off, in most cases, 
with the base to emitter junction reverse biased, Under 
these conditions the collector voltage must be held to 
a safe level at or below a specific value of collector cur
rent, This can be accomplished by several means such as 
active clamping, RC snubbing, load line shaping, etc, The 
safe level for these devices is specified as Reverse Bias 
Safe Operating Area and represents the voltage-current 
condition allowable during reverse biased turn-off. This 
rating is verified under clamped conditions so that the 
device is never subjected to an avalanche mode, Figure 13 
gives the complete R BSOA characteristics. 

FIGURE 14 - POWER DERATING 
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MOTOROLA 

- SEMICONDUCTOR ----
TECHNICAL DATA 

HIGH-CURRENT COMPLEMENTARY 
SILICON POWER TRANSISTORS 

· .. designed for use in-high'power amplifier and switching circuit 
appl ication,. 

• High Current Capability - IC Continuous = 60 Amperes 

• DC Current Gain -hFE = 15-100@ IC = 50 Adc 

• Low Collector·Emitter Saturation Voltage -
VCE(sat) = 2.5 Vdc (Max) @ IC = 50 Adc 

MAXIMUM RATINGS 

MJl4000 
Rating Symbol MJl4001 

Collector-Emitter Voltage VCEO 60 

Collector-Base Voltage VCBO 60 

Emitter-Base Voltage VEBO 
Collector Current - Continuous IC 
Base Cu rrent Continuous 18 

Emitter Current Continuous IE 

Total Power Dissipation @TC ;" 25°C Po 
Derate above 2SoC 

5 

60 
15 

75 

300 
1.7 

MJ14002 
MJ14003 

80 

80 

Operating and Storage Junction TJ. T,tg -65 to +200 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol I Max 

Thermal Resistance, Junction to Case AeJC I 0.584 

FIGURE 1 - POWER DERATING 
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Unit 

Vdc 

Vdc 

Vdc 

Adc 

Adc 

Watts 
W/oC 

°c 

Unit 

°CIW 

NPN 
MJI4000, MJI4002 

PNP 
MJI400I, MJI4003 

6'OAMPI;RES 

COMPLEMENTARY SILICON 
POWER TRANSITORS 

60-80 VOLTS 
300 WATTS 

L~' 
~ 

SlUING 0 i 
'LANE 

j--- F-

j--J-

Qi:2sV ~ 1 
~~ ,t~~ R 

t ~o / IGI 

STYLE 1, 
PIN 1. BASE 

2. EMInER 
CASE. COLLECTOR 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 
A 38.35 39.37 1.510 1.550 
B 19.30 21.08 0.760 0.830 
C 6.35 7.62 0.250 O. 
0 U5 1.60 0.057 0.083 
E - 3.43 0.135 
F 29.90 30.40 I.m 1. 7 
G 10.67 11.18 0.420 0.440 
H 5.1 5.7 0.225 

1 1.1 5 
K 11.18 12.19 0.440 0.480 
Q 3.84 4.09 0.151 0.161 
R 24.89 28.87 0.980 1.050 

CASE 197-01 

• 



NPN MJ14000, MJ14002 
PNP MJ14001, MJ14003 

ELECTRICAL CHARACTERISTICS (Tc ~ 250 C unless otherwise notedl 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage (1) 
(lC = 200 mAde, IS = 01 MJ14000, MJ14001 

MJ14002, MJ14003 

Collector Cutoff Current 
(VCE = 30 Vde, la = 01 MJ14000, MJ14001 
(VCE = 40 Vde, 18 = 01 MJ14402, MJ14003 

Collector Cutoff Current 
(VCE = 60 Vdc, VSE(offl = 1.5 VI MJ14000, MJ14001 
(VCE = 80 Vde, VaE(off) = 1.5 VI MJ14002, MJ14003 

Collector Cutoff Current 
(VCS = 60 Vde, IE = 01 MJ14000, MJ14001 
(Vca = 80 Vde,IE = 01 MJ14002, MJ14003 

Emitter Cutoff Current 

(VSE = 5 Vde, IC = 01 

ON CHARACTERISTICS 

DC Current Gain (11 
IIC = 25 Adc, VCE = 3.0 VI 
(lc = 50 Adc, VCE = 3.0 VI 
IIc = 60 Adc, VCE = 3.0 VI· 

Collector-Emitte~ Saturation Voltage (1) 
(lC = 25 Ade, la = 2.5 Adel 
IIC = 50 Adc, IS = 5.0 Adcl 
IIC = 60 Adc, 'a = 12 Adcl 

Base-Emitter Saturation Voltage (1) 

IIC = 25 Adc, la = 2.5 Adcl 
IIC = 50 Adc, IS = 5.0 Adcl 
IIC = 60 Adc, IS = 12 Adcl 

DVNAMIC CHARACTERISTICS 

Output Capacitance 
(VCS = 10 Vdc, IE = 0,1 = 0.1 MHzl 

(11 Pulse Test: Pulse Width = 300 I'S, Duty Cycle .. 2%. 
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FIGURE 2 - MAXIMUM RATED FORWARD BIASED 
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Symbol Min Max Unit 

VCEO(susl Vde 
60 -
80 -

ICEO mA 
- 1.0 
- 1.0 

ICEX mA 
- 1.0 
- 1.0 

Icao mA 
- 1.0 
- 1.0 

IESO - 1.0 mA 

hFE -
30 -
15 100 
5 -

VCE(satl Vdc 
- 1 
- 2.5 
- 3 

VaE(satl Vde 
- 2 
- 3 
- 4 

There are two limitations on the power handling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating areB curves indicate Ie - VeE limits of the transistor 
that must be observed for reliable operation; i.e., the transistor 
must not be subjected to greater dissipation than the curves indicate. 

The data 01 Figure 2 is based on T J(pkl = 2000C; T C is variable 
depending on conditions. Second breakdown pulse limits are valid 
for duty cycles to 10% provided T J(pk) .;; 2000C. T J(pkl may be 
calculated from the data in Figure13. At high case temperatures, 
thermal limitations will reduce the power that can be handled to 
values less than the limitations imposed by second breakdown. 
(See AN-4151 



NPN MJ14000, MJ14002 
PNP MJ14001, MJ14003 

TYPICAL ELECTRICAL CHARACTERISTICS 
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FIGURE 3 - DC CURRENT GAIN 
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FIGURE 5 - COLLECTOR SATURATION REGION 
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NPN MJ14000, MJ14002 
PNP MJ14001, MJ14003 

FIGURE 9 - TURN-ON SWITCHING TIMES 
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FIGURE 11 - CAPACITANCE VARIATION 

1000 

700 

5000 

0 

0 

300 0 
"-
~ 200 0 

z 
~ 100 0 
u 
(f 70 0 
~ 50 0 

--
-

30 

20 

Or--

Of--

f::::::: -
Cib - Cib 

COb r-
-Cob -

r- TJ =25°=C 

f---- MJ14000. MJ14002 (NPN) 
r--r- ----- MJ14001. MJ14003 (PNP) 

10 o I I I I I I I II I I 

-

50 70 

1.0 2.0 3.0 5.0 7.0 10 20 30 50 70 100 

VR. REVERSE VOLTAGE (VOLTS) 

~ ,. 
;:: 

FIGURE 10 - TURN-OFF SWITCHING TIMES 

4.0 
3.0 

2.0 - Is --- -=- -J:=" 
1.0 

0.7 -0.5 --
0.3 -If r-- - -- -r-
0.2 

0.1 MJ14000. MJ14002 (NPN) 
0.07 -- - - MJ14001. MJ14003 (PNP) 

0.04 
0.7 1.0 2.0 3.0 5.0 7.0 10 20 30 50 70 

IC. COLLECTOR CURRENT (AMPS) 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

COMPLEMENTARY SILICON POWER TRANSISTORS 

The MJ15001 and MJ15002 are EpiBase power transistors designed 
for hi.gh' power audio, disk head positioners and other linear 
applications. 

• High Safe Operating Area (100% Tested) -
200W@40V 
50W@100V 

• For Low Distortion Complementary Designs 

• High DC Current Gain -
hFE = 25 (Min) @ IC = 4 Adc 

MAXIMUMRA TlNGS 
Rating Symbol 

Collector-Emitter Voltage VCEO 
Collector-Base Voltage VCBO 
Emitter-Base Voltage VERO 
Collector Current - Continuous IC 
Base Current - Continuous IB 
Emitter Current - Continuous IE 
Total Power Dissipation @ T C = 25°C Po 

Derate above 25°C 

Operating and Storage Junction TJ,Tstg 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol 
Thermal Resistance .. Junction to Case A9JC 
Maximum Lead Temperature for Soldering TL 

Purposes: 1/16" from Case for <lOs. 

Value Unit 
140 Vdc 

140 Vdc 

5 Vdc 

15 Adc 

5 Adc 

20 Adc 
200 Watts 
1.14 wf'c 

~5to+2oo °c 

M." Unit 
0.875 °CIW 
265 °c 

NPN 
MJ15001 

PNP 
MJ15002 

15 AMPERE 

POWER TRANSISTORS 
COMPLEMENTARY SILICON 

NOTES: 

140 VOLTS 
200 WATTS 

1. OIAMETERS Q, V ANO SURFACE TARE OATUMS. 
2. POSITIONAL TOLERANCE FOR HOLE Q: 
J"J~ 0.2510.010) <illJ T J V <illJ 

3. POSITIONAL TOLERANCE FOR LEAOS: 
J ~JjO.30 10.0121 <illJT J V <illJQ<illJ 

4. OIMENSIONING AND TOLERANCING PER ANSI 
Y14.5, 1973. STYLE 1: 

DIM 
A 
8 
e 
D 
E 
F 
G 
H 
J 
K 
Q 

R 
V 

PIN 1. BASE 
2. EMITTER 

CASE: COLLECTOR 

MILLIMETERS I.NCHES 
MIN MAX MIN MAX 

.- 39.37 1.550 
21.08 - 0.830 

6.35 7.62 0.250 0.300 
0.99 1.09 0.039 0.043 

3.43 - 0.135 
30.15 BSC 1.187BSe 
10.928SC 0.430 BSe 
5.46 BSe 0.215 BSe 

16.89 BSe 0.665 BSC 
11.18 12.19 0.440 0.480 
3.84 4.09 0.151 0.161 

26.67 - 1.050 
3.84 4.09 0.151 0.161 

CASE 11-01 
TO-2D4AA 

I 



NPN MJ15001 
PNP MJ15002 

ELECTRICAL CHARACTERISTICS ITc = 250C unle.s otherwise noted.) 

I Charactwiltic I Symbol Min Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage 111 
(I" = 200 mAde. IR = 0) 

Collector Cutoff Current 
I VCE = 140 Vde, VBEloff) = '1.5 Vde) 
I VCE ~ 140 Vde, VBEloff) -1.5 Vde, TC = 150oC) 

Collector Cutoff Current 
IVCE = 140 Vdc, IB = 0) 

Emitter Cutoff Current 
IVEB = 5 Vde, IC = 0) 

SECOND BREAKDOWN 

Second Breakdown Collector Current with Base Forward Biased 
IVCE = 40 Vde, t = 1 sInon-repetitive» 
(VCE = 100 Vdc, t = 1 s (non-repetitive) 

ON CHARACTERISTICS 

DC Current Gain 
(lC = 4 Ade, VCE = 2 Vde) 

Collector-Emitter Saturation Voltage 
(lC = 4 Ade, IB = 0.4 Ade) 

Base-Emitter On Voltage 
(lC = 4 Ade, VCE = 2 Vde) 

DYNAMIC CHARACTERISTICS 

Current-Gain - Bandwidth Product 
(lc = 0.5 Ade, VCE = 10 Vdc, ftest = 0.5 MHz) 

Output Capacitance 
(VCB = 10 Vdc, IE = 0, ftest = 1 MHz) 

(1) Pulse Test: Pulse Width = 300 lIS, Duty Cycle'; 2%. 

FIGURE 1 - ACTIVE-REGION SAFE OPERATING AREA 
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VCEO(susl 140 - Vde 

ICE X -
100 "Ade 

2 mAde 

ICED - 250 "Ade 

lEBO - 100 "Ade 

hFE 25 150 -

VCE(satl 1 Vde 

VBE(onl - 2 Vde 

fT 2 - MHz 

Cob - 1000 pF 

There are two limitations on the powerhandling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate Ie - VeE limits of the tran
sistor that must be observed for reliable operation; i.e., the tran
sistor must not be subjected to greater dissipation than the curves 
indicate. 

The data of Figure 1 is based on T J(pk) = 2000 C;TC is variable 
dependin'g on conditions. At high case temperatures, thermal 
limitations will reduce the power that can be handled to values 
less than the limitations imposed by second breakdown. 



NPN MJ15001 
PNP MJ15002 

FIGURE 2 - CAPACITANCES 
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FIGURE 3-CURRENT-GAIN - BANDWIDTH PRODUCT 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

COMPLEMENTARY SILICON POWER TRANSISTORS 

The MJ15003 and MJ15004 are PowerBase power transistors 
designed for high power audio, disk head positioners and other 
linear appl ications. 

• High Safe Operating Area (100% Tested) -
250W@50V 

• For Low Distortion Complementary Designs 

• High DC Current Gain -
hFE = 25 (Min) @ IC = 5 Adc 

MAXIMUM RATINGS 
Rating Symbol 

Collector·Emitter Voltage VCEO 

Coliector·Base Voltage VCSO 
Emitter-Base Voltage VESO 

Collector Current - Continuous IC 

Base Current - Continuous IS 

Emitter Current - Continuous IE 

Total Power Dissipation@ TC - 2SoC Po 
Derate above 25°C 

Operating and Storage Junction TJ,Tstg 
Temperature Range 

THERMAL CHARACTERISTICS 
Characteristic Symbol 

Thermal Resistance, Junction to Case ReJC 
Maximum Lead Temperature for Soldering TL 

Purposes: 1/16" from Case for ";10s. 

Value Unit 

140 Vdc 

140 Vdc 

5 Vdc 

20 Adc 

5 Adc 

25 Adc 

250 Watts 
1.43 W/oC 

-65 to +200 °c 

Max Unit 

0.70 °C/W 

265 °c 

3-847 

NPN 
MJ1S003 

PNP 
MJ1S004 

20 AMPERE 

POWER TRANSISTORS 
COMPLEMENTARY SILICON 

NOTES: 

140 VOLTS 
250 WATTS 

Lr~ r~K ESEATIN(~ I 
PLANE 

1. DIAMETERS O. V ANO SURFACE TARE OATUMS. 
2. POSITIONAL TOLERANCE FOR HOLE 0: 

I $-Ie 0.2510.0101 @ITlv@1 
3. POSITIONAL TOLERANCE FOR LEAOS: 

I ~Ij 0.301O.0121@ITlv@10@1 
4. OIMENSIONING ANO TOLERANCING PER ANSI 

Y14.5.1973. STYLE 1: . 

OIM 
A 
8 
C 
0 
E 
F 
G 
H 
J 
K 
n 
R 
V 

PIN 1. BASE 
2. EMITTER 

CASE: COLLECTOR 

MILLIMETERS INCHES 
MIN MAX MIN MAX 

39.37 - 1.550 
- 21.08 - 0.830 

6.35 7.62 0.250 0.300 
0.99 1.09 0.039 0.043 

3.43 - 0.135 
30.15 BSC 1.187 SSC 
10.92 SSC M30SSC 
5.46 SSC 0.215 SSC 

16.89 SSC 0.665 SSC 
11.18 12.19 0.440 0.480 
3.84 4.09 0.151 0.161 
- 26.67 - 1.050 

3.84 4.09 0.151 0.161 

CASE 11·01 
TO·204AA 

• 



NPN MJ15003. PNP MJ15004 

*ELECTRICAL CHARACTERISTICS tTc = 25°C unless otherwise noted.! 

I Chl,acte,istic I Symbol Min Max Unit 
OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage (11 
tiC ",200 mAde. IS 0 01 

Collector Cutoff Current 
t VCE = 140 Vde. VSEtoffl = 1.5 Vdel 
I VCE = 140 Vdc. VSEloffl = 1.5 Vdc, TC = 1500 CI 

Collector Cutoff Current 

(VCE = 140 Vde. IS" 01 

Emitter Cutoff Cu.rrent 

IVES = 5 Vde. IC = 01 

SECOND SREAKDOWN 

Second Breakdown Collector Current with Base Forward Biased 
(VeE == 50 Vdc, t 0:..: 1 s (non-repetitive) 
(VeE == 100 Vqc, t = 1 s (non-repetitive) 

ON CHARACTERISTICS 

DC Current Gain 
tiC = 5 Ade. VCE = 2 Vdel 

Collector-Emitter Saturation Voltage 
tiC = 5 Ade. IS = 0,5 Adel 

Base-Emitter On Voltage 
tiC = 5 Ade, VCE = 2 Vdel 

DYNAMIC CHARACTERISTICS 

Current-Gain - Bandwidth Product 
tic = 0,5 Adc. VCE " 10 Vdc. 'test 0 0.5 MHzl 

Output ~apacitance 
IVcs = 10 Vdc. IE = 0, 'test = 1 MHz) 

(1 J Pulse Test: Pulse Width:. 300 JIS, Duty Cycle'" 2%. 

VCEOtsusl 

ICEX 

ICEO 

IESO 

hFE 

VCEls.tl 

VSElonl 

Cob 

140 -- Vde 

-- 100 p.Adc 
- 2 mAde 

,- 250 }.JAde 

-- 100 JJAdc 

25 150 

- 1 Vde 

2 Vde 

MHz 

1000 pF 

FIGURE 1 - ACTIVE-REGION SAFE OPERATING AREA 
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There are· two limitations on the powerhandling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate Ie - v CE limits of the tran
sistor that must be observed for reliable operatiqn; i.e., the tran
sistor must not be subjected to gr~ater dissipation than the curves 
indicate. 

The data of Figure 1 is based on T J(pk) = 200°C; TC is variable 
depending on conditions. At high case temperatures, thermal 
limitations will reduce the power that can be handled to values 
less than the limitations imposed by second breakdown. 



NPN MJ15003, PNP MJ15004 

TYPICAL CHARACTERISTICS 

FIGURE 2 - CAPACITANCES FIGURE 3 - CURRENT GAIN - BANDWIDTH PRODUCT 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

Advance In:for:rnation 

COMPLEMENTARY SILICON POWER TRANSISTORS 

The MJ15011 and MJl5012 are Power Base power transistors 

designed for high-power audio, disk head positioners, and other 
linear applications_ These devices can also be used in power 
switching circuits such as relay or solenoid drivers, dc-to-dc 
converters or inverters. 

• High Safe Operating Area (100% Tested) 
1.2 A@ 100V 

• Completely Characterized for Linear Operation 

• High DC Current Gain and Low Saturation Voltage 
hFE = 20 (Min) @ 2 A, 2 V 
VCE(sat) = 2.5 V (Max) @ IC = 4 A, 18 = 0.4 A 

• For Low Distortion Complementary Designs 

MAXIMUM RATINGS 

Rating Symbol 

Collector-Emitter Voltage VCEO 
Collector-Emitter Voltage VCEX 

Emitter-Base Voltage VEB 

Collector Current - Continuous IC 
- Peak (1) ICM 

Base Current - Continuous 'B 
-Peak(l) IBM 

Emitter Current - Continuous IE 
-Peak(l) IEM 

Total Power Dissipation @ T C - 25°C PD 
Derate above 2SoC 

Value 

250 

250 

5 

10 
15 

2 
5 

12 
20 

200 
1.14 

Operating and Storage Junction TJ, Tstg -65 to +200 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 
Thermal Resistance, Junction to Case AeJC 0.875 

Maximum Lead Temperature for TL 265 
Soldering Purposes 

(1) Pulse Test: Pulse Width = 5ms, Duty Cycle .. 10%. 

Unit 

Vdc 

Vdc 

Vdc 

Adc 

Adc 

Adc 

Watts 
W/oC 

°c 

Unit 

°CIW 
uc 

{1} These ratings are applicable when surface mounted on the minimum pad size recommended, 

3-850 

NOTES: 

NPH 
MJ15011 

PHP 
MJI5012 

10 AMPERE 

COMPLEMENTARY 
POWER TRANSISTORS 

250 VOLTS 
200 WATTS 

Lr~ r~, 
ES:::t:: I 

PLANE 

I. DIAMETERS Q. V AND SURFACE T ARE DATUMS. 
1. POSITIONAL TOLERANCE FOR HOLE Q: 

I.I~ 0.15 10.0101@ITlv@1 
3. POSITIONAL TOLERANCE FOR LEADS: 

I ~10 0.30 10.0111 @ITIV@IQ@I 
4. DIMENSIONING AND TOLERANCING PER ANSI 

Y14.5.1973. STYLE I: 

DIM 
A 
B 
C 
0 
E 
F 
G 
H 
J 
K 
Q 

R 
v 

PIN I. BASE 
1. EMITTER 

CASE: COLLECTOR 

MILLIMETERS INCHES 
MIN MAX MIN MAX 

39.37 - 1.550 
- 11.08 - 0.830 

6.35 7.61 0.150 0.300 
0.99 1.09 0.039 0.043 
- 3.43 0.135 
30.15 BSC 1.1B7 BSC 
10.91 SSC 0.430 BSC 
5.46 BSC 0.115 BSC 

16.89 SSC 0.665 BSC 
11.1B 11.19 0.440 0.480 
3.84 4.09 0.151 0.161 
- 16.67 - 1.050 

3.84 4.09 0.151 0.161 

CASE 11-01 
TO-204AA 

I 



NPN MJ15011, PNP MJ15012 

ELECTRICAL CHARACTERISTICS ITe: 2soe unle" otherwise noted) 

z 

~ 
>-

~ 
'" 13 
" c 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage (1 I 
(lC = 100 rnA) 

Collector Cutoff Current 
(VCE = 200 Vdcl 

Collector Cutoff Current 

(VCE : 250 Vdc, VSE(off) : 1.5 Vdcl 

Em itter Cutoff Current 
(VSE: 5 Vdcl 

ON CHARACTERISTICS (II 

DC Current Gain 
(lC = 2 Adc, VCE : 2 Vdcl 
(lc: 4 Adc, VCE : 2 Vdcl 

Collector-Emitter Saturation Voltage 

(lC: 2 Adc, IS : 0.2 Adcl 
(lC : 4 Ado, IS : 0.4 Adcl 

Base-Emitter On Voltage 
(lC : 4 Adc, VCE : 2 Vdcl 

OYNAMIC CHARACTERISTICS 

Output Capacitance 
IVCS: 10 Vdc, f: 1 MHzI 

SECOND BREAKDOWN 

Second Breakdown Collector Current with Base Forward Biased 
(VCE : 40.Vdc, t : 0.5 51 
(VCE: 100 Vdc, t: 0.5 51 

(1 I Pulse Test: Pulse Width: 300 ~s, Duty Cycle';; 2%. 

FIGURE 1 - DC CURRENT GAIN 
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Symbol Min Max Unit 

V(BR)CEO 250 - Vdc 

ICED - 1 mAde 

'CEX - 500 ,uAdc 

IESO - 500 ~Adc 

hFE -
20 100 
5 -

VCE(5atl Vdc 
- 0.8 
- 2.5 

VSE(onl - 2 Vdc 

FIGURE 2 - ACTIVE REGION SAFE OPERATING AREA 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

SILICON POWER TRANSISTORS 

The MJ15022 and MJ15024 are PowerBase power transistors 
designed for high power audio, disk head positioners and other 
linear applications . 

• High Safe Operating Area (100% Tested)-
2A@80V 

• High DC Current Gain -
hFE = 15 (Min) @ IC = 8 Adc 

MAXIMUM RATINGS 

Rating Symbol MJ15022 I MJ15024 

Collector-Emitter Voltage VCEO 200 I 250 

Collector-Base Voltage VCSO 350 I 400 

Emitter-Base Voltage VESO 5 
Collector-Emitter Voltage VCEX 400 

Collector Current - Continuous IC 16 
Peak (11 30 

Base Current - Continuous IS 5 

Total Power Dissipation@Tc=2SoC PD 250 
Derate above 25°C 1.43 

Operating and. Storage Junction TJ. Tst9 -65 to +200 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic I Symbol I Max 

Thermal Resistance, JUnctionto C~se R8JC I 
0.70 

(1) Pulse Test: Pulse Width = 5 ms, Duty Cycle ... 10%. 

Unit 

Vdc 

Vdc 

Vdc 

Vdc 

Adc 

Adc 

Watts 
W/oC 

°c 

I Unit 

uC/W 

r-------------------~ 

NPN 
MJJ5022, MJ15024 

16 AMPERE 

SILICON 
POWER TRANSISTORS 

200 and 250 VOLTS 
250 WATTS 

~ t; K W 
SEATlNGPlAJI: 0 

!--F-
!--J-

~'xV 2 I '" y,/'V I 
H\.;- 1,W\ YT! r 
r ~v G 

\.s 
smEl: 

AN 1. BASE 
2. EMITTER 

NOm: CASE COLLECTOR 

1. DIAMETER V AND SURfACE W A~E DATUMS. 
2. POSITIONAL TOLERANCE FQR HOLE Q: 

1+lo[!o.2SID.Ol01®IWlv®1 
3. POsmONAL TOLERANCE fOR LEADS: 

It I o[!O.3010.0121 ®Iwlv ®I Q ®I 

Mll.UMElBIS INCHES 
DIM MW MAX MIN MAX 
A - 39.37 - I.SS0 
B - 21.08 0.830 
C 6JS 7E1. 0.250 0.300 
D 0.97 1.(19 0.038 0.043 
E 1.40 1.78 0.055 0.070 
F 3O.15BSC 1.IB7BSC 
G 10.92BSC O.430BSC 
H 5.46 BSC 0.21SBSC 
J 16.89BSC O.66SBSC 
K 11.18 12.19 0.440 OABO 
Q 3.81 4.19 0.151 0.165 
R 26.67 1.050 
U 2.54 3.0S 0.100 0.120 
V 181 4.19 0.151 0.165 

CASE '-04 
TO-204AA 

• 



NPN MJ15022, MJ15024 

ELECTRICAL CHARACTERISTICS (TC = 25°C unl ... oth.rwi .. noted.! 

I Cha_istic I Symbol Min Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage (1) 

IIc = 100 mAde, Ie = 01 MJ15022 
MJ15024 

Collector Cutoff Current 

(VCE = 200 Vde, veE (off! = 1.5 Vdel MJ15022 
(VCE = 250 Vde, VeE(off! • 1.5 Vdel MJI5024 

Collector Cutoff Current 
(VCE = 150 Vde, Ie = 01 MJI5022 
(VCE = 200 Vde, Ie • 01 MJ15024 

Emitter Cutoff Current 
(VCE =5Vde, Ie = 01 

SECOND BREAKDOWN 

Second Breakdown Collector Current with Base Forward Biased 
(VCE = 50 Vde, t = 0.5 5 (non·repetitivell 
(VCE = eo Vde, t = 0.5 5 (non·repetitivell 

ON CHARACTERISTICS 

DC Current Gain 
IIc = e Ade, VCE • 4 Vdel 
IIc = 16 Ade, VCE = 4 Vdel 

Collector-Emitter Saturation Voltage 

IIC = 8 Ade, IS = 0.8 Adel 
IIC = 16 Ade, Ie = 3.2 Adel 

Base·Emitter On Voltage 
IIc = 8 Ade, VCE = 4 Vdel 

DYNAMIC CHARACTERISTICS 

Current-Gain - Bandwidth Product 
IIC' 1 Ade, VCE = 10 Vde, ftest • 1 MHzl 

Output Capacitance 
(Vce = 10 Vdc, 'E = 0, ftest = 1 MHzl 

(11 Pul .. Test: Pulse Width = 300 I'S, Duty Cycle" 2%. 

FIGURE 1 - ACTlVE·REGION SAFE OPERATING AREA 

100m~R_rg_ 50 -:-'-
~ __ -~+++W~_-TC'250C-

! 20::.:... 

~ IO~M.m_~II. 8 5.0 

a:: Bonding Wire limited 

t;w~ l.o~§§~§=T~h~er~m~'I~L~im~it~"$io§n!~III-~··111111 ::: ISingle Pulse) 
8 =---+-_ Second Breakdown limited 

~ 

0.2 ~=l=++=+t~=++=l+1:w+t=n;:+rnm 
0.1,!-:--'-;;L,-L.l-f;1.l..L~-L:!;;----'--''-;';;-l..J...':!:':;;--L..L1~ '\-,-;~'-7';' 

0.1 0.2 0.5 10 20 50 100 250 500 I k 

VCE, COLLECTOR·EMITTER VOLTAGE (VOLTSI 

VCEO(susl 
200 -
250 -

' CEX 
- 250 .. Ade 
- 250 

'CEO .. Ade 
- 500 
- 500 

IEeO - 500 .. Ade 

hFE -
15 60 
5 -

VCE(satl Vdc 
- 1.4 
- 4.0 

VeE(onl - 2.2 Vde 

fT 4 - MHz 

Cob - 500 pF 

There are two limitations on the powerhandling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate Ie - v CE limits of the tran
sistor that must be observed for reliable operation; i.e., the tran
sistor must not be subjected to greater dissipation than the curves 
indicate. 

The data of Figure 1 is based on T J(pk) = 200°C; TC is variable 
depending on conditions. At high case temperatures, thermal 
limitations will reduce the power that can be handled to values 
less than the limitations imposed by second breakdown. 
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NPN MJ15022, MJ15024 
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TYPICAL CHARACTERISTICS 

FIGURE 2 - CAPACITANCES FIGURE 3 - CURRENT-GAIN-BANDWIDTH PRODUCT 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

SILICON POWER TRANSISTORS 

The MJ15023 and MJ15025 are PowerBase power transistors 
designed for high power audio, disk head positioners and other 
linear applications . 

• High Safe Operating Area (100"10 Tested)-
2A@80V 

• High DC Current Gain -
hFE = 15 (Min) @ IC = 8 Adc 

MAXIMUM RATINGS 

Rating Svmbol MJ15023 I 
Collector-Emitter Voltage VCEO 200 I 
Collector-Base Voltage VCSO 350 I 
Emitter-Base Voltage VEBO 5 
Collector-Emitter Voltage VCEX 400 

Collector Current Continuous IC 16 
Peak (1) 30 

Base Current - Continuous IS 5 

Total Power Dissipation@Tc = 25°C Po 250 
Derate above 25°C 1.43 

MJ15025 

250 

400 

Operating and Storage Junction TJ. Tst9 -65 to +200 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol I Max 

Thermal Resistance, Junction to Case ROJC I 0.70 

(1) Pulse Test: Pulse Width"" 5 ms, Duty Cycle ~:" 1 0%, 

3-855 

Unit 

Vdc 

Vdc 

Vdc 

Vdc 

Adc 

Adc 

Watts 
WIDC 

°c 

Unit 

°CIW 

PNP 
MJ15023 
MJ15025 

16 AMPERE 

SILICON 
POWER TRANSISTORS 

te 

200 and 250 VOLTS 
250 WATTS 

SEAT!NG PLANE 

F-

STYlE L 
PIN 1. BASE 

2. EMITTER 
CASE: COLLECTOR 

MILl1METERS 
DIM MIN MAX 

A 39.37 
B 21.D8 
C 5 
D 0.97 1.09 
E 1.40 1.78 
F 30.15 SSC 

10.92B e 
H 5.48 SSC 
J 18.89 sse 
K 11.1S 12.19 
Q 3.81 4.19 
R - .87 
U 2.54 3.06 
V 381 4.19 

NOTE: 
1. OIM "U"IS OIA. 

INCHES 
MIN MAX 

1.550 .. 0.043 
0.070 

. Bse 
0.4 0 BS 
0.216BSe 
0.885 sse 

0.440 0.480 
10.150 0.185 

- 1.060 
0100 0.120 

.1 01 

CASE 1-04 
TO-Z04AA 

• 

II 



MJ15023, MJ15025 

ELECTRICAL CHARACTERISTICS (TC = 250 C unle .. otherwise noted.1 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage (11 
IIC = 100 mAde, la = 01 MJ15023 

MJ15026 

Collector Cutoff Current 
(VCE = 200 Vde, VaE(off) = 1.5 Vdc) MJ15023 
(VCE = 250 Vde, VaE(offl = 1.5 Vdel MJ15025 

Collector Cutoff Current 
(VCE = 150 Vde. la - 01 MJ15023 
(VCE = 200 Vde, la = 01 MJ15025 

Emitter Cutoff Current 
(VCE =15,Vde, Ie = 01 Both 

SECOND BREAKDOWN 

Second Breakdown Collector Current with Base Forward Biased 
(VCE = 50 Vde, t = 0.5. (non·repetitive)) 
(VCE = 80 Vde, t = 0.5. (non·repetitivell 

ON CHARACTERISTICS 

DC Current Gain 
IIC = 8 Ade, VCE = 4 Vdel 
IIC = 16 Ade,VCE = 4. Vdel. 

Collector-Emitter Saturation Voltage 

IIc = 8 Ado. IB = OB Adel 
IIC = 16 Ade; fB = 3.2 Adol 

B_Emitter On Voltage 
(lC = 8 Ade, VCE ;, 4 Vdel 

DYNAMIC CHARACTERISTICS 

Current-Gain - Bandwidth Product 
(Ie = 1 Ade, VCE = 10 Vde, fte.t = 1 MHzl 

Output Capacitance 
(Vca = 10 Vde, IE - 0, ftast = 1 MHzl 

(11 Pulse Test: Pulse Width = 300 ~s, Duty Cycle .. 2%. 

FIGURE.1 - ACTIVE-REGION SAFE OPERATING AREA 

100~-Rm_~. 
50~ - TC-250 C i 20~j j-

ffi 10~!1~~1~~'!'-""~1~1111 ~ a 5.0f---_ 

a: Bonding Wire limited 
o 

t;o .. ..,: 1.0t~B~RrJTh~e~rm~·iIL~im~i~ta~ti~ORii~~I""'11 :: (Sin·gle Pulsel 

c -to +-_i-t';t~~~tR~m!i~d 

~ 0.2 ~-t~t4~-i+~-:-::j::: tt+tm=:J::tttl:mtl o.IH++ 
0.1 0.2 0.5 10 20 50 100 250 500 1 k 

VCE. COLLECTOR·EMITTER VOLTAGE (VOLTSI 

Min Unit 

VCEO(,u,1 
200 -
250 -

ICEX 
- 250 ~Ade 

- 250 

ICEO ~Ade 

- 500 
- 500 

IEaO - 500 ~Ade 

hFE -
15 60 
5 -

VCE(satl Vde 

- 1.4 
- 4.0 

VaE(onl - 2.2 Vde 

fT 4 - MHz 

Cob - 600 pF 

There are two limitations on the powerhandling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate Ie - VeE limits of the tran
sistor that must be observed for reliable operation; i.e., the tran· 
sistor must not be subjected to greater dissipation than the curves 
indicate. 

The data of Figure 1 i, basad on T J(pkl = 200oC;TC is variable 
depending on conditions. At high case temperatures, thermal 
limitations will reduce the power that can be handled to values 
less than the limitations impo.d by second breakdown. 

3-856 



MJ15023, MJ16025 

TYPICAL CHARACTERISTICS 
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0.2 

FIGURE 3 - CURRENT·GAIN-BANDWIDTH PRODUCT 
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MOTOROLA 
- SEMICONDUCTOR 

II 

TECHNICAL DATA . 

Designers Data Sheet 

SWITCH MODE III SERIES 
NPN SILICON POWER TRANSISTORS 

These transistors are designed for high-voltage, high-speed, 
powerswitching in inductive circuits where fall time is critical. They 
are particularly suited for line-operated switch mode applications. 
The MJ16004 is a selected high-gain version of the MJ16002 for 
applications where drive current is limited. 

Typical Applications: 

• Switching Regulators 

.• Inverters 

• Solenoid and Relay Drivers 

• Motor Controls 

• Deflection Circuits 

• Fast Turn-Off Times 
50 ns Inductive Fall Time -75°C (Typ) 
70 ns Inductive Crossover Time - 75°C (Typ) 
500 ns Inductive Storage Time - 75°C (Typ) 

• Operating Temperature Range -65 to +200oC 

• 100°C Performance Specified for: 
Reverse-Biased SOA with Inductive Loads 
Switching Times with Inductive Loads 
Saturation Voltages 
Leakage Currents 

MAXIMUM RATINGS 

.. Rating Symbol 

Collector-Emitter Voltage VCEO 

CollectQr-Emitter Voltage VCEV 

Emitter Base Voltage VEB 

Collector Current - Continuous IC 
-Peak(1) ICM 

Base Current - Continuous IB 
-Peak(1) IBM 

Total Power Dissipation @ TC = 25°C Po 
@TC=100oC 

Derate above 25°C 

Operating and Storage Junction TJ, Tstg 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol 

Thermal Resistance. Junction to Case R8JC 

Maximum Lead Temperature for Soldering TL 
Purposes: 1/8" from Case for 5 Seconds 

(1) Pulse Test: Pulse Width = 5 ms, Duty Cycle ~ 10%. 

Max Unit 

450 Vdc 

850 Vdc 

6.0 Vdc 

5.0 Adc 
10 

4.0 Adc 
8.0 

125 Watts 
71.5 

0.714 W/oC 

65 to +200 °C 

Max Unit 

1.4 °C/W 

275 °C 

3-858 

MJ16002 
MJ16004 

5 AMPERE 

NPN SILICON 
POWER TRANSISTORS 

450 VOLTS 
125 WATTS 

Designer's Data for 
"Worst Case" Conditions 

The Designers Data Sheet permits 
the design of most circuits entirely from 
the information presented. Limit data 
- rep'resenting device characteristics 
boundaries - are g.iven to facilitate 
"worst case" design. 

STYLE 1 
PIN 1. BASE 

JF"~' 
t.~.K a/~ ___ J 

2. EMmER 
CASE COLLECTOR 

Q 

NOTES· 
I. DIMENSIONS Q AND V ARE DATUMS. 
2. m IS SEATING PLANE AND DATUM. 
3. POSITIONAL TOLERANCE FOR 

MOUNTING HOLE Q: 

1*11.1310.005101 T Iv01 
FOR LEADS: 

I *11.1310005l0T I v01 .01 
4. DIMENSIONS AND TOLERANCES PER 

ANSIYI4.5,1973. 

CASE 1-05 
TO-204M 

• 



MJ16002, MJ16004 

MJ16002 

ELECTRICAL CHARACTERISTICS (TC = 25°C unless olherwise noled) 

I Characteristic I Symbol 

OFF CHARACTERISTICS (I) 

Colleclor-Eminer Suslaining Voltage (Table 2) 
(lc = 100 mA,lB = 0) 

Collector Cutoff Current 
(VCEV = B50 Vdc, VBE(off) = 1.5 Vdc) 
(VCEV = 850 Vdc, VBE(off) = 1.5 Vdc, TC = 100°C) 

Collector Cutoff Current 
(VCE = 850 Vdc, RBE = 50 n, TC = 100°C) 

Emitter Cutoff Current 
(VEB = 6.0 Vdc, IC = 0) 

SECOND BREAKDOWN 

Second Breakdown Collector Current with Base Forward Biased 

Clamped Induclive SOA wilh Base Reverse Biased 

ON CHARACTERISTICS (I) 

Collector~Emitter Saturation Voltage 
(lc = 1.5 Ade, IB = 0.2 Adc) 
(lc = 3.0 Adc, IB = 0.4 Adc) 
(lC = 3.0 Adc, IB = 0.4 Adc, T C = 100°C) 

Base·Emitter Saturation Voltage 
(lc = 3.0 Adc, Ie = 0.4 Adc) 
(lc = 3.0 Adc, IB = 0.4 Adc, T C = 100°C) 

DC Current Gain 
(lc = 5.0 Adc, VCE = 5.0 Vdc 

DYNAMIC CHARACTERISTICS 

Output Capacitance 
(Vee = 10 Vdc, IE = 0, ftest = 1.0 kHz) 

SWITCHING CHARACTERISTICS 

Resistive LOad (Table I) 

Delay Time 
(IC = 3.0 Adc, 

Rise Time 

Storage Time 
VCC = 250 Vde, 

Fall Time 
IBI = 0.4 Ade, 

Slorage Time 
PW= 30 ~s, 

Fall Time 
Duty Cycle ';;;2.0%) 

Inductive Load (Table 2) 

Storage Time 

Fall Time (lC= 3.0 Ade, 
Crossover Time IB 1 = 0.4 Adc, 
Storage Time VBE(off) = 5.0 Vdc, 
Fall Time VCE(pk) = 400 Vdc) 
Crossover Time 

(1) Pulse Test PW - 300 ~s, Dutv Cvcle ~2%. 
Ie 

'.8,= iBi 

(IB2 = 0.8 Adc, 

RB2 = 8.00) 

(VBE(off) = 5.0 Vdc) 

(TJ = 100°C) 

(TJ = 150°C) 

VCEO(sus) 

ICEV 

ICER 

lEBO 

VCE(sat) 

VBE(sal) 

hFE 

Id 
I r 
ts 
tf 
Is 
If 

Isv 
tfi 
te 

tsv 
Ifi 
Ie 

3-859 

Min Typ Max Unit 

450 - - Vdc 

mAdc 
- - 0.25 
- - 1.5 

- - 2.5 mAde 

- - 1.0 mAde 

See Figure 15 

See Figure 16 

Vde 
- - 1.0 
- - 2.5 
- - 2.5 

Vde 
- - 1.5 
- - 1.5 

5.0 - - -

- 30 100 ns 
100 300 

- 1000 3000 

- 60 300 

- 400 -
130 

- 500 1600 ns 
- 100 200 

120 250 
- 600 -
- 120 -
- 160 -



MJ16002, MJ16004 

MJ16004 

ELECTRICAL CHARACTERISTICS (TC = 25°C unless otherwise noted) 

I Charactaristic I Symbol 

OFF CHARACTERISTICS (1) 

Colleelor-Emitter Suslaining Voltage (Table 2) 
(lC= 100 mA,lB = 0) 

Collector Cutoff Current 
(VCEV = 850 Vdc, VBE(off) = 1.5 Vdc) 
(VCEV = 850 Vdc, VBE(off) = 1.5 Vde, T C = l000C) 

Collector Cutoff Current 
(VCE = 850 Vde. RBE = 50 n, T C = l000C) 

Emitter Cutoff Current 
(VEB = 6.0 Vdc, IC = 0) 

SECOND BREAKDOWN 

Second Breakdown Collector Currenl with Base Forward Biased 

Clamped Inductive SOA with Base Reverse Biased 

ON CHARACTERISTICS (1) 

Collector-Emitter Saturation Voltage 
(lC = 1.5 Ade. IB = 0.15 Adc) 
(lC = 3.0 Adc, IB = 0.3 Adc) 
(lc = 3.0 Adc, IB = 0.3 Ade, TC = 100°C) 

Base-Emitter Saturation Voltage 
(lC = 3.0 Ade, IB = 0.3 Adc) 
(IC = 3.0 Ade, IB = 0.3 Adc, T C = 100°C) 

DC Current Gain 
(lC = 5.0 Adc. VCE = 5.0 Vdc 

DYNAMIC CHARACTERISTICS 

Outpul Capacilance 
(VCB = 10 Vdc, IE = O. fleSI = 1.0 kHz) 

SWITCHING CHARACTERISTICS 

Resistive Load (Table 1 ) 

Delay Time 
(lC = 3.0 Adc, 

Rise Time 

Storage Time; 
VCC =. 250 Vde, 

Fall Time 
IBI = 0.3 Ade. 

Storage Ti me 
PW= 30 pS, 

Fail Time 
Duly Cycle ';2.0%) 

Inductive Load (Table 2) 

Storage Ti me 
Fall Time (lC= 3.0 Adc, 
Crossover Time ' IBI = 0.3 Adc, 
Storage Time VeE(off) = 5.0 Vde, 
Fall Time VCE(pk) = 400 Vdc) 
Crossover Ti me 

(1) Pulse rest: PW - 300 #s. Dutv Cvcle ';2%. 
IC 

'/if = iBi 

(IB2 = 0.6 Adc. 
RS2 = 8.0 n) 

(VBE(off) = 5.0 Vde) 

(TJ = loooq 

(TJ = 150°C)· 

VCEO(sus) 

ICEV 

ICER 

lEBO 

VCE(sat) 

VBE(sat) 

hFE 

Id 
I r 
Is 
If 
Is 
If 

Isv 
Ifi 
Ic 

Isv 
Ifi 
te 

3-860 

Min , Typ Max Unit 

450 - - Vdc 

mAdc 
- - 0.25 
- - 1.5 

- - 2.5 mAde 

- - 1.0 mAde 

See Figure 15 

See Figure 16 

Vdc 
- - 1.0 
- - 2.5 
- - 2.5 

Vdc 
- - 1.5 
- - 1.5 

7.0 - - -

- 30 100 ns 
130 300 

- 800 2700 
80 350 

- 250 ,-

60 

- 400 1300 ns 
- 80 150 

- 90 200 
- 450 -
- 100 -

110 



MJ16002, MJ16004 

TYPICAL STATIC CHARACTERISTICS 

FIGURE 1 - DC CURRENT GAIN 
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TYPICAL DYNAMIC CHARACTERISTICS 

10000 

5000 

= 2000 ::E 

'" ~ 1000 

~ 500 
J 

200 

;--

~ 

;--

100 
0.5 

roo-

r-
r-
r-

0.7 

FIGURE 7 - STORAGE TIME 

VSE(olf) - a v 

VSE(olf)- 2.0 v -
VSE(oH) - 5.0 V = f== 

III ~ 5 
TJ ~ 75°C 
VCC ~ 20 V 

) I j 
1.0 2.0 3.0 5.0 

IC. COLLECTI)R CURRENT (AMPS) 

FIGURE 9 - COLLECTOR CURRENT FALL TIME 
1000 

.s 500 
:g 

'" ~ 200 
t2; 
g§ 100 
13 
0: 

~ 50 

~ 
8 20 
;# 

= 

-

-
-

10 
0.5 

c 
w 

~ 
ffi 
:> 

ljl 
0 

5 
.;. 

1000 
~ 

500 

200 

100 

50 

-

20 -
-

10 
0.5 

t::=t; 2.0 V 

1\1"- 5.0 V-- ......... 
ov ......... ~ 

......... r--... VSE(oH) ~ a v -

---- """"-

VSE(oH) 2.0 v , 
r- III ~ 5 VSE(olf) ~ -'5.0 V 

r- TJ ~ 75°C 

r- VCC ~ 20 V 

I I I 
0.7 1.0 2.0 3.0 5.0 

IC. COLLECTOR CURRENT (AMPS) 

FIGURE 11 - CROSSOVER TIME 

= 12 2.0 V 

ov 10~ .......... 
VSE(olf) ~ a v '---

........... ""-

""'" 
~~ ,/ 

- PI~ 5 
VSE(OIf)-2.0,V -C~ 

VSE(olf) ~ 5.0 V -
- TJ ~ 75°C 

- VCC ~ 20 V 
1 J j 1 

0.7 1.0 2.0 3.0 5.0 

IC. COLLECTOR CURRENT (AMPS) 

10000 

5000 

~ 2000 

'" ~ 1000 

~ 500 
-~ 

200 

I--
I--
I--

100 
0.5 

r-
r-
r-

0.7 

FIGURE 8 - STORAGE TIME 

VSE(olf) ~ a v 

VSE(oH) - 2.0 V 

PI~ 10 VSE(olf) ~ 5.0 V r---
TJ ~ 75°C I 
VCC ~ 20 V 
I I I 

1.0 2.0 3.0 5.0 

Ie. COLLECTOR CURRENT (AMPS) 

FIGURE 10 - COLLECTOR CURRENT FALL TIME 

1000 

!. 500 ~ 2.0 V 

:g 

'" 
~ ... 
15 
~ 
=> 
'-' 
0: 
0 
t; 
~ 
0 
'-' 
1# 

\ 
-5.0 V 

200 

100 

50 

I"-

20 I"-
I--

10 
0.5 

r-
r-
r-

0.7 

)t' ~ 
~ ........... VSE(oH) ~ 0 v 
~ ............... \ 

VSE(olf) 2.0 v 
III ~ 10 I 
TJ ~ 75°C VSE(olf) ~ 5.~ V 
VCC~20V 

I I I I I 
1.0 2.0 3.0 

IC. COLLECTOR CURRENT (AMPS) 

FIGURE 12 - CROSSOVER TIME 

500 r=b -2.0 v 

t::7' 

~ 

5.0 

1000~~~~~~~~~~~~~~E~~~ 
c::::t:~ ./ 
w 200 -5.0 V t-'''-=~''-:=''''''Lf-'--r- VSE(olf) ~ a v - r-
~ 1--+-+-+0IV ......... ""' "V 

~ 100~!~~-11~""""""'~~~~~->~~~ g;l 

~ 50 

.;. I-- - III ~ 10 -- VSE(olf) ~ 2.0 V -'~-"""I~-j 
20 I-- - TJ = 75°C I I VSE(olf) = 5.0 V 6 

I-- - VCC = 20 V --+---+---'--1---+---1 
10 L--L-l_.l-L1)....L1 __ L-1_-,---1_....J1'---........L...--I 

0.5 0.7 1.0 2.0 3.0 5.0 

Ie. COllECTOR CURRENT (AMPS) 

3-862 



MJ16002, MJ16004 

FIGURE 13 -INDUCTIVE SWITCHING MEASUREMENTS 
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SAFE OPERATING AREA INFORMATION 

FORWARD BIAS 
There are two limitations on the power handling ability 

of a transistor: average junction temperature and second 
breakdown. Safe operating area curves indicate IC-VCE 
limits of the transistor that must be observed for reliable 
operation; i.e., the transistor must not be subjected to 
greater dissipation than the curves indicate. 

The data of Figure 15 is based on TC = 25°C; TJ(pk) 
is variable depending on power level. Second breakdown 
pulse limits are valid for duty cycles to 10% but must be 
derated when TC;;' 25°C. Second breakdown limitations 
do not derate the same as thermal limitations. Allowable 
current at the voltages shown on Figure 15 may be found 
at any case temperature by using the appropriate curve on 
Figure 18. 

TJ(pk) may be calculated from the data in Figure 17. 
At high case temperatures, thermal limitations will reduce 
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the power that can be handled to values less than the 
limitations imposed by second breakdown. 

REVERSE BIAS 
For inductive loads, high voltage and high current 

must be sustained simultaneously during turn-off, in most 
cases, with the base-to-emitter junction reverse biased. 
Under these conditions the collector voltage must be held 
to a safe level at or below a specific value of collector 
current. This can be accomplished by several means such 
as active clamping, RC snubbing, load line shaping, etc. 
The safe level for these devices is specified as Reverse Bias 
Safe Operating Area and represents the voltage-current 
condition allowable during reverse biased turn-off. This 
rating is verified under clamped conditions so that the 
device is never subjected to an avalanche mode. Figure 16 
gives the RBSOA characteristics. 
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FIGURE 17 - THERMAL RESPONSE 
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TA8LE 1 - RESISTIVE LOAD SWITCHING +Vdc """,'1 Vdc 

Vee; 250Vdc 
RL; 83 n 
IC; 3.0Adc 
Ie; 0.3 Adc 

OV 

. =-351J 

50 

-I1I.v OV 
-5 V 

Vee; 250 
RL; 83 n 
Ie; 3.0Adc 

'Ie 

P'02!'F 

1.0!,F 
500 

-V 

lmT~ i . ~ Rl 

Vee = 
~ . J-

IB1 ; 0.3 Adc Re1 ; 33 n 
IB2 ; 0.6 Adc Re2; 8.0 n 
For VBEloff) ; 5.0 V RB2 ; 0 n 

A 

'Note: Adjust -V to obtain desired VBE(off) at Point A. 
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T 1 = Leoilllepk) 

Vee 

Tl adjusted to obtain le(pk) 

VCEOlsus) 
L = 10 mH 
RB2 = x 

Vee = 20 Volts 

*Tektronix 
P-6042 or 
Equivalent 

tsv 

TABLE 2 - INDUCTIVE LOAD SWITCHING 

o 

=-35]J 

50 

Tl--l I--+V 

OV~ --Lrv 

50 

Inductive Switching 
L= 200pH 
RB2 = 0 
Vee = 20 Volts 

20 

10 pF 

+ t---..... ---{ P
l~2p~F 

500 

RBSOA 
L= 200 pH 
RB2 = 0 
Vee = 20 Volts 

-V 

A 

~'e(pk) 

le~ "--

veE(pk) -0. h' 
VeE~ L-

RS 1 selected for desired '81 RSl selected for desired 181 

Scope· Tektronix 
7403 or 
Equivalent lIIote: Adjust -V to obtain desired VBE(off) at Point A. 

TYPICAL INDUCTIVE SWITCHING WAVEFORMS 

'C(pk) = 3.0 Amps 
'Bl = 0.3 Amp 
VBE(off) = 5.0 Volts 
VCE(pk) = 300 Volts 
TC = 25°C 
Time Base = 
20 no/em 

lC(pk) = 3.0 Amps 
'Bl = 0.3 Amp 
VBE(,;ff) = 5.0 Volts 
VCE(pk) = 300 Volts 
TC = 25°C 
Time Base = 
20 ns/em 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

Designer's Data Sheet 
NPN Silicon Power Transistors 
1 kV Switchmode III Series 

These transistors are designed for high-voltage, high-speed, power switching in 
inductive circuits where fall time is critical. They are particularly suited for line
operated switch mode applications. 

Typical Applications: Features: 
• Switching Regulators • Collector-Emitter Voltage - VCEV = 1000 Vdc 
• Inverters • Fast Turn-Off Times 
• Solenoids 100 ns Inductive Fall Time -100°C (Typ) 
• Relay Drivers 
• Motor Controls 

120 ns Inductive Crossover Time -100°C (Typ) 
'500 ns Inductive Storage Time -100°C (Typ) 

• Deflection Circuits 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Emitter Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 
- Peak(1) 

Base Current - Continuous 
- Peak(1) 

• 100°C Performance Specified for: 
Reverse-Biased SOA with Inductive load 
Switching Times with Inductive loads 
Saturation Voltages 
leakage Currents 

• Extended FBSOA Rating Using Ultra-fast 
Rectifiers 

• Extremely High RBSOA Capability 

Symbol MJ16002A MJH16002A 

VCEO 500 

VCEV 1000 

VEB 6 

IC 5 
ICM 10 

IB 4 
IBM 8 

Total Power Dissipation @ TC = 25°C Po 125 100 
@TC = 100°C 71.5 40 

Derate above TC = 25°C 0.714 0.833 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg -65 to 200 -55to 150 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance, Junction to Case R8JC 1.40 I 1.25 

Lead Temperature for Soldering 
Pu rposes: 1 is'' from Case for 

TL 27,5 

5 Seconds 

(1) Pulse Test: Pulse Wid1h =5 ms, Duty Cycle", 10"k, 

Unit 

Vdc 

Vdc 

Vdc 

Adc 

Adc 

Watts 

wrc 
·C 

Unit 

°CIW 

°C 

MJ16002A 
MJH16002A-

POWER TRANSISTORS 
5 AMPERES 
500 VOLTS 

125 and 100 WATTS 

CASE 1-05 
TO-Z04AA 
MJ16002A 

, 
CASE 340-01 

TO-21BAC 
MJH16002A 

Designer's Data for "Worst Ca .... Conditions - The Designer's Data Sheet permits the design ~f most circuits entirely from the information 
presente~.: limit curves - reptesentin,9 boundaries on device characteristics - are given to facilitate, "worst case" design. 
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ELECTRICAL CHARACTERISTICS ITC = 25·C unless otherwise noted) 

I Characteristic Symbol Min Typ Max Unit 

OFF CHARACTERISTICS(1) 

Collector-Emitter Sustaining Voltage ITable 1) VCEO(sus) 500 - - Vdc 
(lC = 100 mA, IB = 0) 

Collector Cutoff Current ICEV mAdc 
(VCEV = 1000 Vdc, VBE(off) = 1.5 Vdc) - 0.003 0.15 
(VCEV = 1000 Vdc, VBE(off) = 1.5 Vdc, TC = 100·C) - 0.020 1.0 

Collector Cutoff Current ICER - 0.020 1.0 mAdc 
IVCE = 850 Vdc, RBE = 50 0., TC = 100·C) 

Emitter Cutoff Current lEBO - - 0.15 mAde 
IVEB = 6 Vdc, IC = 0) 

SECOND BREAKDOWN 

Second Breakdown Collector Current with Base Forward Biased See Figure 14a or 14b 

Clamped Inductive SOA with Base Reverse Biased See Figure 15 

ON CHARACTERISTlCS(1) 

Collector-Emitter Saturation Voltage VCE(sat) Vdc 
(lC = 1.5 Adc, IB = 0.2 Adc) - 0.3 0.7 
(lC = 3 Adc, IB = 0.4 Adc) - 0.5 1 
IIC = 3 Adc, IB = 0.4 Adc, TC = 100"<:) - 0.6 1.5 

Base-Emitter Saturation Voltage VBElsat) Vdc 
(lC = 3 Ade, IB = 0.4 Ade) - 1 1.5 
(lC = 3 Ade, IB = 0.4 Ade, TC = 100·C) - 1 1.5 

DC Current Gain hFE 5 8 - -
(lC = 5 Adc, VCE = 5 Vde) 

DYNAMIC CHARACTERISTICS 

Output Capacitance 
(VCB = 10 Vde, IE = 0, ftest = 1 kHz) 

SWITCHING CHARACTERISTICS 

Inductive Load ITable 1) 

Storage Time tsv - 500 1600 ns 

Fall Time ITJ = 100·C) tfi - 100 200 

Crossover Time 
IIC = 3 Ade, 

te 120 250 IB1 = 0.4 Ade, -
Storage Time VBEloff) = 5 Vde, tsv - 600 -
Fall Time 

VCElpk) = 400 Vde) 
ITJ = 150·C) tfi - 120 -

Crossover Time Ie - 160 -
Resistive Load (Table 2) 

Delay Time Id - 30 100 ns 

Rise Time IIC = 3 Ade, IIB2 = 0.8 Ade, Ir - 100 300 

Slorage Time VCC = 250 Vde, RB2 = 8!l.) 
ts - 1000 3000 

Fall Time 
IB1 = 0.4 Ade, 

tf - 60 300 PW = 30/Ls, 

Storage Time Duty Cycle"" 2%) 
IVBEloff) = 5 Vde) 

Is - 400 -
Fall Time tf - 130 -

(1) Pulse Test: PW = 300 ~s, Duty Cycle",", 2%. 
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TYPICAL STATIC CHARACTERISTICS 
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TYPICAL INDUCTIVE SWITCHING CHARACTERISTICS 
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IcJla, = '0. TC = 75"C. VCE(pk) = 400 V 
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Table 1. Inductive Load Switching 
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V~o---~----~~+-----------~ 
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P6302 or Equivalent 

Scope- Tektronix 
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Tl = lcoilllCpkl 

VCC 

T 1 adjusted 10 obtain IC(pkl 
Note: Adju. V~ 10 obtain desired VSE(offJ al Point A. 
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Figure 13. Peak Reverse Base Current 

Table 2. Resistive Load Switching 

~• -llV 

OV 

~ Ir "15no 

'TektronixAM503 
P6302 or Equivalent 

Vee 

RL 

Ie 

18 

250 Vde 

831l 

3Ade 

0.4 Ade 

V(offJadjusted 
to give specified 
off drive ~10V >-t1 

Vee 250 V 

RL 831l 

Ie 3Ade 

181 0.4Ade 

182 0.8 Ade 

R81 37.51l 

R82 81l 

FOR V8E(offl = 5 V 
R82 = on 
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GUARANTEED OPERATING AREA INFORMATION 

20 

7 10 20 30 50 70 100 200 300 500 10 20 50 100 200 500 
VCE, COLLECTOR·EMITTER VOLTAGE (VOLTS) VCE, COLLECTOR·EMlmR VOLTAGE (VOLTS) 

a. MJ16002A b. MJH16002A 

Figure 14. Maximum Rated Forward Biased Safe Operating Area 
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Figure 18. Thermal Response 

SAFE OPERATING AREA INFORMATION 

FORWARD BIAS 

There are two limitations on the power handling ability 
of a transistor: Elverage junction temperature and second 
breakdown. Safe operating area curves indicate Ie-VCE 
limits of the transistor that must be observed for reliable 
operation; i.e., the transistor must not be subjected to 
greater dissipation than the curves indicate. 

The data of Figure 14a or 14b is based on TC = 25°C; 
TJ(pk) is variable depending on power level. Second 
breakdown pulse limits are valid for duty cycles to 10% 
but must be derated when TC" 25°C. Second breakdown 
limitations do not derate the same as thermal limitations. 
Allowable current at the voltages shown on Figure 14a 
or 14b may be found at any case temperature by using 
the appropriate curve on Figure 16. 

TJ(pk) may be calculated from the data in Figure 18. 
At high case temperatures, thermal limitations will re
duce the power that can be handled to values less than 
the limitations imposed by second breakdown. 

REVERSE BIAS 

For inductive loads, high voltage and high current must 
be sustained simultaneously during turn-off, in most 
cases, with the base-to-emitter junction reverse biased. 
Under these conditions the collector voltage must be held 
to a safe level at or below a specific value of collector 
current. This can be accomplished by several means such 
as active clamping, RC snubbing, load line shaping, etc. 
The safe level for these devices is specified as Reverse 
Biased Safe Operating Area and represents the voltage
current condition allowable during reverse biased turn
off. This rating is verified under clamped conditions so 
that the device is never subjected to an avalanche mode. 
Figure 15 gives the RBSOA characteristics. 

SWITCH MODE III DESIGN CONSIDERATIONS 

1. FBSOA-
Allowable dc power dissipation in bipolar power tran

sistors decreases dramatically with increasing collector
emitter voltage. A transistor which safely dissipates 100 
watts at 10 volts will typically dissipate less than 10 watts 
at its rated VCEO(sus). From a power handling point of 
view, current and voltage are not interchangeable (see 
Application Note AN875). 

2. TURN-ON-
Safe turn-on load line excursions are bounded by 

pulsed FBSOA curves. The 10 !-,S curve applies for resis
tive loads, most capacitive loads, and inductive loads that 
are clamped by standard or fast recovery rectifiers. Sim
ilarly, the 100 ns curve applies to inductive loads which 
are clamped by ultra-fast recovery rectifiers, and are valid 
for turn-on crossover times less than 100 ns (see Appli
cation Note AN952). 

At voltages above 75% of VCEO(sus), it is essential to 
provide the transistor with an adequate amount of base 
drive VERY RAPIDLY at turn-on. More specifically, safe 
operation according to the curves is dependent upon 
base current rise time being less than collector current 
rise time. As a general rule, a base drive compliance 
voltage in excess of 10 volts is required to meet this 
condition (see Application Note AN875). 

3. TURN-OFF-
A bipolar transistor'S ability to withstand turn-off stress 

is dependent upon its forwarcj base drive. Gross over
drive violates the RBSOA curve and risks transistor fail
ure. For this reason, circuits which use fixed base drive 
are often more likely to fail at light loads due to heavy 
overdrive (see Application Note AN875). 

3-872 



MJ16002A, MJH16002A 

SWITCHMODE III DESIGN CONSIDERATIONS (Cont.) 

4. OPERATION ABOVE V(BRICEO(susl -
When bipolars are operated above collector-emitter 

breakdown, base drive is crucial. A rapid application of 
adequate forward base current is needed for safe turn
on, as a stiff negative bias is needed for safe turn-off. 
Any hiccup in the base-drive circuitry that even momen
tarily violates either of these conditions will likely cause 
the transistor to fail. Therefore, it is important to design 
the driver so that its output is negative in the absence of 
anything but a clean crisp input signal (see Application 
Note AN9521. 

5. RBSOA-
Reverse Biased Safe Operating Area has a first order 

dependency on circuit configuration and drive parame
ters. The RBSOA curves in this data sheet are valid only 
for the conditions specified. For a comparison of RBSOA 

results in several types of circuits (see Application Note 
AN951). 

6. DESIGN SAMPLES -
Transistor parameters tend to vary much more from 

wafer lot to wafer lot, over long periods of time, than 
from one device to the next in the same wafer lot. For 
design evaluation it is advisable to use transistors from 
several different date codes. 

7. BAKER CLAMPS -
Many unanticipated pitfalls can be avoided by using 

Baker Clamps. MUR105 and MUR1100 diodes are rec
ommended for base drives less than 1 amp. Similarly, 
MUR405 and MUR4100 types are well-suited for higher 
drive requirements (see Article Reprint AR131). 

OUTLINE DIMENSIONS 

0 

~' 
MILLIMETERS 

DIM MIN MAX 
A - 39.37 
B - 21.0B 

• 0 K 

C 6.35 7.62 
.. ~ I 0 0.97 1.09 

E 1.40 1.78 

H 

r----- F -'- F 30.15 BSC 

I J -
G 10.92 BSC 

V~ "" /v 1 
H 5.46 BSC 
J 16.89 BSC 

~S1~ I R 

K 11.18 12.19 
n 3.81 4.19 

u 

:/ iGI 
R 26.67 
U 4.83 5.33 
V 3.81 4.19 

NOTES: 
1. DIMENSIONS 0 AND V ARE DATUMS. 
2. m IS SEATING PLANE AND DATUM. 
3. POSITIONAL TOLERANCE FOR 

MOUNTING HOLE 0: 

I • 1.·13(0.005)@ IT Iv@1 

FOR LEADS: 

INCHES 
MIN MAX 
- 1.550 
- 0.830 

0.250 0.300 
0.038 0.043 
O. 5 0.070 

1.187BSC 
0.430 BSC 
0.215 BSC 
0.6658SC 

0.440 0.480 
0.151 0.165 
- 1.050 

0.190 0.210 
0.151 0.165 

I • I •. 13 (0.005)@T I V@ I 0@1 

4. DIMENSIONS AND TOLERANCES PER 
ANSI YI4.5. 1973. 

CASE 1-05 
TO·204M 
MJ16OO2A 
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MILLIMETERS 
DIM Mil MAX 
A 20.32 21.08 
B 15.49 15.90 
C 4.19 5.08 
o 1.02 1.65 
E 1.35 1.65 
G 5.21 5.72 
H 2.41 3.20 
J 0.38 0.64 
K 12.70 15.49 
L 15.88 16.51 
N 12.19 12.70 
n 4.04 4.22 

STYLE 1: 

IICHES 
Mil MAX 

0.800 0.830 
0.610 0.626 
0.165 0.200 
0.040 0.065 
0.053 0.065 
0.205 0.225 
0.095 0.126 
0.D15 0.025 
0.500 0.610 
0.625 0.650 
0.480 0.500 
0.159 0.166 

PIN 1. BASE 
2. COLLECTOR 
3. EMITTER 
4. COLLECTOR 

CASE 340-01 
TO-21BAC 

MJH16002A 



MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

Designers Data Sheet 

SWITCHMODE III SERIES 
NPN SILICON POWER TRANSISTORS 

These transistors are designed for high-voltage, high-speed, 
power switching in inductive circuits where fall time is critical. 
They are particularly suited for line-operated switchmode appli
cations. The MJ16008 and MJH16008 are selected high gain ver
sions ofthe MJ16006 and MJH16006 for applications where drive 
current is limited. 
Typical Applications: 

• Switching 
Regulators 

Features: 

• Fast Turn-Off Times 
70 ns Inductive Fall Time -100"C (Typ) 

• Inverters 
• Solenoids 

100 ns Inductive Crossover Time -100"C (Typ) 
500 ns Inductive Storage Time -100"C (Typ) 

• Relay Drivers 
• Motor Controls 

• Deflect~~.~ n L . 
Circ~ 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Emitter Voltage 

Emitter-Base Voltage 

Collector Current 
- Continuous 
-Peak(l) 

Base Current 
- Continuous 
- Peak (1) 

Total Device Dissipation 
@TC = 25"C 
@TC = l00"C 

Derate above 25"C 

Operating and Storage 
Junction Temperature 
Range 

• 100"C Performance Specified for: 
Reverse-!3iased SOA v.:ith Inductive Load 
Switching Times with Inductive Loads 
Saturation Voltages 
Leakage Cur.rents 

MJ16006 MJH16006 
Symbol MJ1&008 MJH16008 

VCEO 450 

VCEV 850 

VEB 6.0 

IC 8.0 
ICM 16 

IB 6.0 
IBM 12 

Po 
150 125 
85.5 50 
0.86 1.0 

TJ,Tstg -65 to 200 -55to 150 

THERMAL CHARACTERISTICS 
Characteristic SVlnbol Max 

Thermal Resistance, R(jJC 1.17 I 1.0 
Junction to Case 

Lead Temperature for TL 275 
Soldering Purposes, 
1/8" from Case for 
5 Seconds. 

11) Pulse To.t: Pulse W,dth '" 5.0 p.S. Duty Cycle .. 10%. 

Deolgn"'s DeUo for "Worst C-" Conditions 

Unit 

Vdc 

Vdc 

Vdc 

Adc 

Adc 

Watts 

wrc 
"C 

Unit 

"CIW 

"C 

The Designer's Data Sheet permits the design of most circuits entirelv from the information 
presented. Limit Curves - representing boundaries on device characteristics - are given to 
facilitate "worst case" design. 
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MJl6006 MJH16006. 
MJl6008 MJH16008 

8.0 AMPERE 

NPNSIUCON 
POWER TRANSISTORS 

450 VOLTS 
125 AND 150 WATTS 

~'1 MJ16006 

~ B." : ~ 
. . I ~ @JFJ

vSTYLEO

"" 

Q +,~ .. A PlN~:SJrEII 
H . " CAS' COLLECTO. 

, G 

U 

NOTES: 
1. DIMENSIONS DAND VARE DATUMS. 
2. [[lISSEATING PLANE AND DATUM. 

,--,===----;:=,--, 3. POSITIDMAL TOLERANCE FOR 

0'. 
A • C 
o • • H 
J • , 
• o 

MOUNTING HOLE Q: 

1.11."IO .. ""elrlvel 
FOR LEADS: 

I .11."IO.II05,er I vel oel 
4. DIMENSIONS AND TOLERANCES PEA 

ANSI V1oU. 1973. 

CASE 1-05 
To-204AA 

MJH16006 
MJH16008 

, 
I. BASE 
2.COlLECTOA 
3. EWTTER 
4. COllECTOR 

CASE 340-01 
TO-218AC 
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MJ16006 
MJH16006 

ELECTRICAL CHARACTERISTICS (T C = 25°C unless otherwise noted) 

Characteristic 

OFF CHARACTERISTICS (1) 

Collector-Emitter Sustaining Voltage (Table 2) VCEO(sus) 
(lc = 100 mA, IB = 0) 

Collector Cutoff Current ICEV 
(VCEV = 850 Vde, VSE(off) = 1.5 Vde) 
(VCEV = 850 Vde, VSE(off) = 1.5 Vde, TC = 100°C) 

Collector Cutoff Current ICER 
(VCE = 850 Vde, RSE = 50 n, TC = 100°C) 

Emitter Cutoff Current IESO 
(VES = 6.0 Vde, IC = 0) 

SECOND BREAKDOWN 

Second Breakdown Collector Current with Base Forward Biased 

Clamped Inductive SOA with Base Reverse Biased 

ON CHARACTERISTICS (1) 

Collector-Emitter Saturation Voltage VCE(sat) 
(lc = 3.0 Adc, IS = 0.4 Ade) 
(IC = 5.0 Ade, IS = 0.66 Ade) 
(lc = 5.0 Ade, 18 = 0.66 Ade, TC = 100°C) 

Base-Emitter Saturation Voltage VSE(sat) 
(lC = 5.0 Ade, IS = 0.66 Ade) 
(IC = 5.0 Ade, IS = 0.66 Ade, T C = 100°C) 

DC Current Gain hFE 
(lc = 8.0 Ade, VCE = 5.0 Vde 

DYNAMIC CHARACTERISTICS 

Output Capacitance 
(VCS = 10 Vde, IE = 0, ftest = 1.0 kHz) 

SWITCHING CHARACTERISTICS 

Resistive Load (Table 1 ) 

Delay Time 
(lC= 5.0 Ade, 

td 
Rise Time (IS2 = 1.3 Ade, tr 
Storage Ti me 

VCC = 250 Vde, 
RS2 = 4.0 n) ts 

Fall Time 
181 = 0.66 Ade, 

tf 
Storage Time 

PW= 30 I's, 
ts 

Fall Time 
Duty Cycle ";2.0%) (V8E(off) = 5.0 Vde) 

tf 

Inductive Load (Table 2) 

Storage Time tsv 
Fall Time (lc = 5.0 Ade, (TJ= 100°C) tfi 
Crossover Time 181 = 0.66 Ade, Ie 
Storage Time V8E(off) = 5.0 Vdc, tsv 
Fall Time VCE(pk) = 400 Vde) (TJ= 150°C) tfi 
Crossover Time te 

(1) Pulse Test: PVIJ - 300 ~s, Dutv Cvcle E;;;2%. 
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450 - - Vde 

mAde 
- - 0.25 
- - 1.5 

- - 2.5 mAde 

- - 1.0 mAde 

See Figure 15 

See Figure 16 

Vde 
- - 2.5 
- - 3.0 
- - 3.0 

Vde 
- - 1.5 
- - 1.5 

5.0 - - -

- 20 50 ns II 
- 85 250 

- 1000 2500 

- 70 250 

- 500 -
- 100 -

- 700 1800 ns 

- 80 200 

- 150 250 

- 800 -
- 80 -
- 200 -
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MJ16008 
MJH16008 

ELECTRICAL CHARACTERISTICS (TC = 25°C unless otherwise noted) 

I Characteristic I Svmbol 

OFF CHARACTERISTICS 

Collector· Emitter Sustaining Voltage (Table 2) VCEO(sus) 
(lC= 100 mA, 18 = 0) 

Collector Cutoff Current ICEV 
(VCEV = 850 Vdc, VBE(off) = 1.6 Vdo) 
(VCEV= 850Vdc, VBE(off)= 1.5Vdc, TC= 100°C) 

Collector Cutoff Current ICER 
(VCE = 850 Vdc, RBE = 50 0, T C = 100°C) 

Emitter Cutoff Current lEBO 
(VEB = 6.0 Vdc, IC = 0) 

SECOND BREAKDOWN 

Second Breakdown Collector Current with Base Forward Biased 

Clamped Inductive SOA with Base Reverse Biased 

ON CHARACTERISTICS (1) 

Collector-Emitter Saturation Voltage VCE(sat) 
(lC = 3.0 Adc, IB = 0.3 Adc) 
(IC = 5.0 Adc, IB = 0.5 Ado) 
(lC = 5.0 Adc, IB = 0.5 Adc, TC = 100°C) 

Base·Emitter Saturation Voltage VBE(sat) 
(IC = 5.0 Adc, IB = 0.5 Adc) 
(lC = 5.0 Adc, IB = 0.5 Adc, TC = 1000C) 

DC Current Gain hFE 
(IC = 8.0 Adc, VCE = 5.0 Vdc 

DYNAMIC CHARACTERISTICS 

Output Capacitance 
(VCB = 10 Vdc, IE = 0, ftest = 1.0 kHz) 

SWITCHING CHARACTERISTICS 

Resistive Load (Table 1) 

Delay Time 
IIC= 5.0 Adc, 

td 
Rise Time IIB2 = 1.0 Adc, tr 
Storage Time 

VCC = 250 Vdc, 
RB2 =4.00) ts 

Fall Time 
IBI = 0.5 Adc, 

tf 
Storage Time 

PW= 30!,s, 
ts 

Fall Time 
Duty Cycle <;;2.0%) (VBE(off) = 5.0 Vdc) 

tf 

Inductive Load (Table 2) 

Storage Time tsv 
Fall Time IIC= 5.0 Adc, (TJ = 100°C) tfi 
Crossover Time IBI = 0.5 Adc, tc 
Storage Time VBE(off) = 5.0 Vdc, tov 
Fall Time VCE(pk) = 400 Vdc) (TJ = 150°C) tfi 
Crossover Time Ie 
11) Pulse rest: PIN· 300 I's. Duty Cycle ';;2%. 
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Min TVp Max Unit 

450 - - Vdc 

mAde 
- - 0.25 
- - 1.5 

- - 2 .. 5 mAde 

- - 1.0 mAde 

See Figure 15 

See Figure 16 

Vdc 
- - 2.5 
- - 3.0 
- - 3.0 

Vdc 
- - 1.5 
- - 1.5 

7.0 - - -

- 20 50 ns 

- 100 250 

- 900 2200 

- 70 250 

- 400 -
- 50 -

- 500 1400 no 

- 70 150 

- 100 200 

- 600 -
- 100 -
- 150 -
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TYPICAL STATIC CHARACTERISTICS 
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MJ16006,MJ16008,MJH16006,MJH16008 

TYPICAL INDUCTlVE SWITCHING CHARACTERISTICS 

FIGURE 7 - STORAGE TIME 
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FIGURE 13 -INDUCTIVE SWITCHING MEASUREMENTS 
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TABLE 1 - RESISTIVE LOAD SWITCHING 

vln ;/C-ll V 

OV 
~ t r -S;;;15ns 

*Tektronix 
AM503 
P6302 or 
Equivalent 

vee = 250 Vdc 
RL = 500 
Ie = 5.0Adc 
Ie = 0.5 Adc 

ov 

=-351J 

50 

~v 

OV 
-5 V 

A~ 

vee = 250 
AL = 500 
le= 5.0 Adc 

ABl 

p; 1.0~F 
500 

-= -v 

l;UT~ i L:=-J AL 

vee .:. 

-= J-
IB1 = 0.5 Adc, RB1 = 200 
IB2 = 1.0 Adc, RB2 = 4.00 
For VBE(off) = 5.0 V RB2 = 0 n 

A 

Note: Adjust -v to obtain desired VB'Eloff) at Point A. 
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TABLE 2 - INDUCTIVE LOAD SWITCHING 

T 1 ~ Lcoil (Iepk) 

Vee 

T 1 adjusted to obtain le(pk) 

VCEO,susl 
L = 10 mH 

RB2 =" 

o 

~-351J 

50 

T1-1 \--+V 

OV~ -:-
-~ 

A 

Inductive Switching 
Lo 200~H 
RB2 0 0 
Vee 0 20 Volts 

+ j-:-~ ..... ---{ fF 500 

RBSOA 
Lo 200~H 

RB2 00 
Vee 020 Volts 

-V 

A 

~Ie(pk) 

le~ '--

~k) 

VeE~ L-

VCC = 20 Volts 
IC(pkl = 100 mA 
*Tektronix 
AM503 

RSl selected for desired 181 RB 1 selected for desired IB 1 

P6302 or 
Equivalent 

Scope - Tektronix 
7403 or 
Equivalent Note: Adjust -V to obtain desired VBE(off) at Point A. 

SAFE OPERATING AREA INFORMATION 
FORWARD BIAS 

There are two limitations on the power handling abil
ity of a transi$!:or: average junction temperature and 
second breakdown. Safe operating area curves indicate 
IC - VCE limits of the transistor that must be observed 
for reliable operation; i.e" the transistor must not be 
subjected to greater dissipation than the curves indi-
cate.· . 

The data of Figure 15 and 15A are based on TC = 
25°C; T J(pk) is variable depending on power level. Sec
ond breakdown pulse limits are valid for duty cycles to 
H)% but must be derated when TC ;0 25°C. Second 
breakdown limitations do not derate the same as ther
mal limitations. Allowable current at the voltages 
shown on Figure 15 and 15A may be found at any case 
temperature by using the appropriate curve on Figure 
17. 

TJ(pk) may be calculated from the data in Figure 18. 
At high case temperatures, thermal limitations will re-

duce the power that can be handled to values less than 
the limitations imposed by second breakdown. 

REVERSE BIAS 

3-880 

For inductive loads, high voltage and high current 
mU$!: be sustained simultaneously during turn-off, in 
mo$!: cases, with the base-to-emitter junction reverse 
biased. Under these conditions the collector voltage 
must be held to a safe level at or below: a specific value 
of collector current. This can be accomplished by sev
eral means such as active clamping, RC snubbing, load 
line shaping, etc. The safe level for these devices is 
speCified as Reverse Bias Safe Operating Area and rep
resents the voltage-current condition allowable during 
reverse biased turn-off. This rating is verified under 
clamped conditions so that the device is never subjected 
to an avalanche mode. Figure 16 gives the RBSOAchar
acteristics. 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

Designer's Data Sheet 
NPN Silicon Power Transistors 
1 kV Switchmode III Series 

These transistors are designed for high-voltage, high-speed, power switching in 
inductive circuits where fall time is critical. They are particularly suited for line- . 
operated switch mode applications. 

Typical Applications: Features: 
• Switching Regulators • Collector-Emitter Voltage - VCEV = 1000 Vdc 
• Inverters • Fast Turn-Off Times 
• Solenoids 80 ns Inductive Fall Time -100·C (Typ) 
• Relay Drivers 120 ns Inductive Crossover Time -100g C (Typ) 
• Motor Controls 800 ns Inductive Storage Time -100·C (Typ) 
• Deflection Circuits • 100·C Performance Specified for: 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Emitter Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 
- Peak(l) 

Base Current - Continuous 
- Peak(1) 

Reverse-Biased SOA with Inductive Load 
Switching Times with Inductive .Loads 
Saturation Voltages 
Leakage Currents 

• Extended FBSOA Rating Using Ultra-fast 
Rectifiers 

• Extremely High RBSOA Capability 

Symbol MJ16OO6A MJH16OO6A 

VCEO 500 

VCEV 1000 

VEB 6 

IC 8 
ICM 16 

IB 6 
IBM 12 

Total Power Dissipation @ TC = 25'C Po 150 125 
@TC = 100·C 85 50 

Derate above TC = 25'C 0.86 1 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg -65 to 200 -55 to 150 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance, Junction to Case R9JC 1.17 I 1 

Lead Temperature for Soldering lL 275 
Purposes: 1/8" from Case for 
5 Seconds 

(1) Pul •• r •• t: Pul •• Width = 5 m •• Duty Cycle'" 10%. 

Unit 

Vdc 

Vdc 

Vdc 

Adc 

Adc 

Watts 

WI'C 

'c 

Unit 

'CIW 

'c 

MJ16006A 
MJH16006A· 

POWER TRANSISTORS 
8 AMPERES 
500 VOLTS 

125 and 150 WATTS 

CASE 1-05 
TO-Z04AA 
MJ16006A 

, 
CASE 340-01 

TO-Z18AC 
MJH16OO6A 

Designer's Oatil for "Worst Ca .. " Condttionl - The Designer's Data Sheet permits the design of most circuits entirely from the· information 
presented. Limit curves - representing boundaries on device characteristics - are given to facilitate "worst"case" design. 
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ELECTRICAL CHARACTERISTICS (TC = 25'C unless otherwise noted) 

I Characteristic Symbol Min Typ Max Unit 

OFF CHARACTERISTlCS(I) 

Collector-Emitter Sustaining Voltage (Table 1) VCEO(sus) 500 - - Vdc 
(lC = 100 mA, IB = 0) 

Collector Cutoff Current ICEV mAdc 
(VCEV = 1000 Vdc, VBE(off) = 1.5 Vdc) - 0.003 0.15 
(VCEV = 1000 Vdc, VBE(off) = 1.5 Vdc, TC = 100'C) - 0.020 1.0 

Collector Cutoff Current ICER - 0.020 1.0 mAdc 
(VCE = 1000 Vdc, RBE = 500, TC = 100'C) 

Emitter Cutoff Current lEBO - 0.005 0.15 mAdc 
(VEB = 6 Vdc, IC = 0) 

SECOND BREAKDOWN 

Second Breakdown Collector Current with Base Forward Biased See Figure 14a or 14b 

Clamped Inductive SOA with Base Reverse Biased See Figure 15 

ON CHARACTERISTICS(I) 

Collector-Emitter Saturation Voltage VCE(sat) Vdc 
(lC = 3 Adc, IB = 0.6 Adc) - 0.35 0.7 
(lC = 5 Adc, IB = I Adc) - 0.50 I 
(lC = 5 Adc, IB = 1 Adc, TC = 100'C) - 0.60 1.5 

Base-Emitter Saturation Voltage VBE(sat) Vdc 
(lC = 5 Adc, IB = I Adc) - I 1.5 
(lC = 5 Adc, IB = 1 Adc, TC = 100'C) - 1 1.5 

DC Current Gain hFE 5 8 - -
(lC = 8 Adc, VCE = 5 Vdc) 

DYNAMIC CHARACTERISTICS 

Output Capacitance 
(VCB = 10 Vdc, IE = O •. ftest = I kHz) 

SWITCHING CHARACTERISTICS 

Inductive Load (Table 1) 

Storage Time Isv - BOO 2000 ns 

Fall Time (TJ = 100'C) tfi - 80 200 

Crossover Time 
(lC = 5 Adc, 
IBI = 0.66 Adc, tc - 120 300 

Storage Time VBE(off) = 5 Vdc, tsv - 1000 -
Fall Time 

VCE(pk) = 400 Vdc) 
(TJ = 150'C) tfi - 90 -

Crossover Time Ie - 150 -
Resistive Load (Table 2) 

Delay Time td - 25 100 ns 

Rise Time (lC = 5 Adc, (lB2 = 1.3 Adc, tr - 400 700 

Storage Time VCC = 250 Vdc, RB2 = 40) 
Is - 1400 3000 

Fall Time 
IBI = 0.66 Adc, 
PW = 30 p.s, tf - 175 400 

Storage Time Duty Cycle ... 2%) 
(VBE(off) = 5 Vdc) ts - 475 -

Fall Time If - 100 -
111 Pulse Test: PW = 300 p.O, Duty Cycle", 2%. 
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TYPICAL STATIC CHARACTERISTICS 
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TYPICAL INDUCTIVE SWITCHING CHARACTERlsncs 
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Table 1. Inductive Load Switching 

Drive Circuit 
+15~~~ __ ~ ____ ~ ____ ~ ____ -, 

I,.F~ 

Voff o-___ ----_~_--------....J 

'T.irtronix AM503 
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Figure 18. Thermal Response 

SAFE OPERATING AREA INFORMATION 

FORWARD BIAS 

There are two limitations on the power handling ability 
of a transistor: .average junction temperature and second 
breakdown. Safe operating area curves indicate Ie-VCE 
limits of the transistor that must be observed for reliable 
operation; i.e., the transistor must not be subjected to 
greater dissipation than the curves indicate. 

The data of Figures 14a and 14b is based on TC = 25°C; 
TJ(pk) is variable depending on power level. Second 
breakdown pulse limits are valid for duty cycles to 10% 
but must be derated when TC '" 25°C. Second breakdown 
limitations do not derate the same as thermal limitations. 
Allowable current at the voltages shown on Figures 14a 
and 14b may be found at any case temperature by using 
the appropriate curve on Figure 16. 

TJ(pk) may be calculated from the data in Figure 18. 
At high case temperatures, thermal limitations will re
duce the power that can be handled to values less than 
the limitations imposed by second breakdown. 

REVERSE BIAS 

For inductive loads, high voltage and high current must 
be sustained simultaneously during turn-off, in most 
cases, with the base-to-emitter junction reverse biased. 
Under these conditions the collector voltage must be held 
to a safe level at or below a specific value of collector 
current. This can be accomplished by several means such 
as active clamping, RC snubbing, load line shaping, etc. 
The safe level for these devices is specified as Reverse 
Biased Safe Operating Area and represents the voltage
current condition allowable during reverse biased turn
off. This rating is verified under clamped conditions so 
that the device is never subjected to an avalanche mode. 
Figure 15 gives the RBSOA characteristics, 

SWITCHMODE III DESIGN CONSIDERATIONS 

1. FBSOA-
Allowable de power dissipation in bipolar power tran

sistors decreases dramatically with increasing collector
emitter voltage. A transistor which safely dissipates 100 
watts at 10 volts will typically dissipate less than 10 watts 
at its rated VCEO(sus). From a power handling point of 
view, current and voltage are not interchangeable (see 
Application Note AN875). 

2. TURN-ON-
Safe turn-on load line excursions are bounded by 

pulsed FBSOA curves. The 10 ,.,.S curve applies for resis
tive loads, most capacitive loads, and inductive loads that 
are clamped by standard or fast recovery rectifiers. Sim
ilarly, the 100 ns curve applies to inductive loads which 
are clamped by ultra-fast recovery rectifiers, and are valid 
for turn-on crossover times less than 100 ns (see Appli
cation Note AN952). 

At voltages above 75% of VCEO(sus), it is essential to 
provide the transistor with an adequate amount of base 
drive VERY RAPIDLY at turn-on. More specifically, safe 
operation according to the curves is dependent upon 
basa current rise tima being less than collector current 
rise time. As a general rule, a base drive compliance 
voltaga in excess of 10 volts is required to meet this 
condition (see Application Note AN875). 

3. TURN-OFF -
A bipolar transistor's ability to withstand turn-off stress 

is dependent upon its forward base drive. Gross over
drive violates the RBSOA curve and risks transistor fail
ure. For this reason, circuits which use fixed base drive 
are often more likely to fail at light loads due to heavy 
overdrive (see Application Note AN875). 
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MJ16006A, MJH16006A 

SWITCHMODE III DESIGN CONSIDERATIONS (Cont.) 

4. OPERATION ABOVE VCEO(sus) -
When bipolars· are operated above collector-emitter 

breakdown, base drive is crucial. A rapid application of 
adequate forward base current is needed for safe turn
on, as is a stiff negative bias needed for safe turn-off. 
Any hiccup in the base-drive circuitry that even momem
tarily violates either of these conditions will likely cause 
the transistor to fail. Therefore, it is important to design 
the driver so that its output is negative in the absence of 
anything but a clean crisp input signal (see Application 
Note AN952). 

5. RBSOA-
Reverse Biased Safe Operating Area has a first order 

dependency on circuit configuration and drive parame
ters. The RBSOA curves in this data sheet are valid only 

for the conditions specified. For a comparison of RBSOA 
results in several types of circuits (see Appiication Note 
AN951). 

6. DESIGN SAMPLES -
Transistor parameters tend to vary much more from 

wafer lot to wafer lot, over long periods of time, than 
from one device to the next in the same wafer lot. For 
design evaluation it is advisable to use transistors from 
several different date codes. 

7. BAKER CLAMPS -
Many unanticipated pitfalls can be avoided by using 

Baker Clamps. MUR105 and MUR1100 diodes are rec
ommended for base drives less than 1 amp. Similarly, 
MUR405 and MUR4100 types are well-suited for higher 
drive requirements (see Article Reprint AR131). 

OUTLINE DIMENSIONS 

~' r'l, 
I VGf.' ,I ,Qt4 W' 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 
A - 39.37 1.550 A ~ L 

t. D • 

B - 21.08 - O.Bk L, , '-4 C 6.35 7.62 0.250 0.300 
D 0.97 1.09 0.038 0.043 .. ..J. 
E 1.40 1.78 0.05 0.070 Jl ~J-1 .------ F- F 30.158SC 1187 BSC 

I J -
G 10.92 BSC 0.430 BSC 
H 5.46 BSC 0.215 BSC 

Q~V0" IV 1 J 16.89 BSC 0.&&5 BSC 
K 11.18 12.19 0.440 0.480 

j - 'I~--j~ 1 R Q 3.81 4.19 0.151 0.1&5 
H~ -$). j R 26.87 U!50 MILUMETERS INCHES 
! """:·/G u 4.83 5.33 0.190 0.210 DIM MIN MAX MIN Ell V 3.81 4.19 0.151 0.165 A 20.32 21.08 0.800 u 

B 15.49 15.90 0.810 
C 4.19 5.08 0.185 

NOTES: D 1.02 1.65 0.040 
1. OIMENSIONS a ANO v ARE DATUMS. E 1.35 1.65 0.053 

2. W IS SEATING PLANE AND OATUM .. G 5.21 5.72 0.205 
H 2.41 3.20 0.095 3. POSITIONAL TOLERANCE FOR 
J 0.38 0.64 0.D15 MOUNTING HOLE D: 
K 12.70 15.49 0.500 =mI I • 1.·13(0.0051@ IT Iv@ I L 15.88 18.51 0.625 
N 12.19 ·12.70 0.480 0.500 

FOR LEADS: Q 4.04 4.22 0.159 0.186 
I t 1.·13(0.0051@T I v@1 D@I 

4. DIMENSIONS AND TOLERANCES PER STYLE I: 
ANSI YI4.5. 1973. PIN 1. BASE 

2. COLLEC70R 
3. EMIl'TER 
4. COLLECTOR 

CASE 1-05 CASE 340-01 
TO-204M T0-218AC 
MJ16U06A MJH16006A 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

Designer's Data Sh('pt 

SWITCH MODE III SERIES 
NPN SILICON POWER TRANSISTORS 

These transistors are designed for high-voltag~, high-speed, power 
switching in inductive circuits where fall time is critical. They are par
ticularly suited for line-operaied switch mode applications. The MJ16012 
and MJH16012 are selected high gain versions of the MJ16010 and 
MJH16010 for applications where drive current is limited. 

Typical Applications: 

• Switching 
Regulaiors 

• Inverters 

• Solenoids 

FeatureS: 

• Fast Turn-Off Times '--- TC = 100°C 
50 ns Inductive Fall Time (Typ) 
90 ns Inductive Crossover Time (Typ) 
BOO ns Inductive Storage Time (Typ) 

• RID' • 100°C Performance SpeCified for: 
e ay "ver~s Reverse-Biased SOA with Inductive Loads 

• Motor co .. ntrols. .' Switching Times with Inductive Loads 
• Deflection SaturatIon Voltages 

Circuits Leakage Currents 

MAXIMUM RATINGS 

MJ16010 MJH16010 
Rating Symbol MJ16012 MJH16012 Unit 

Collector-Emitter Voltage VCEO 450 Vdc 

Collector-Emitter Voltage VCEV 850 Vdc 

Emitter-Base Voltage VEB 6.0 Vdc 

Collector Current - Continuous IC 15 'Adc 
- Peak (1) ICM 20 

Base Current - Continuous IB 10 Adc 
- Peak (1) IBM 15 

Total Device Dissipation Po Watts 
@TC=25DC 175 135 
@TC= 100DC 100 53.8 
Derate above 25°C 1.0 1.11 W/DC 

Operating and Storage Junction TJ, Tstg -65 to 200 -55 to 150 DC 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Thermal Resistance. Junction R9JC 1.0 I 0.93 DC/W 
to Case 

Lead Temperature for' Soldering TL 275 DC 
Purposes, 1/8" from Ca~e for 
5 Seconds 

(1) Pulse Test: Pulse Width:;;;;; 5.<? lots. Duty' Cycle ~ 10%. 

DeSigner's Data for "Worst Case" Conditions 

The DeSigner's Data Sheet permits the design of most circuits entirely from the infor
mation presented. Limit curves - ~epresenting boundaries on device characteristics
are given to facilitate "worst case" design. 
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MJ16010 MJHl6010 
MJ16012 MJH16012· 

15 AMPERE 

NPN SILICON 
POWER TRANSISTORS 

450 VOLTS 
135 AND 175 WATTS 

J~E:H-t. ::~::~: 

~~ 
~'v .,. 

Q 0 ST~a.,: 1~ lASE 

H ." ,', R CAS~· ~:tTI~OR 
, .. 

u 
NOTES: 

1. DIMENSIDNSQAND VARE DATUMS. 
2. EIJ IS SEATING PlANE AND DATUM. 

r-====r--:==:---, 3. POSITIONAL TOLERANCE FOR 

".83 0.190 
Ul 0.161 

DI. 
• • c • E • • • • l 

• • 

MOUfIITINBHOLEQ: 

1.I~l"O.""eITI_el 
FORLEAOS:' 

I • 1'·I3IO· .. 51eT I -e I Del 
... DIMENSIONS AND TOLERANCES PER 

ANSIVI4.5.1973. 

CASE 1-05 
TO-204AA 

MJH16010 
MJH1601:2 

, 
1 BASE 
2. COllECTOR 
3 EalTTER 
".CDlLECTOR 

CASE 340-01 
TO-218AC 



MJ16010,MJ16012,MJH16010,MJH16012 

MJ16010 
MJH16010 

ELECTRICAL CHARACTERISTICS (TC = 25°C unless otherwise noted) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage (Table 2) VCEO(sus) 
(IC = 100 mA, IB = 0) 

Collector Cutoff Current ICEV 
(VCEV = 850 Vdc, VBE(off) = 1.5 Vdc) 
(VCEV = 850 Vdc, VBE(off) = 1.5 Vdc, T C = 100°C) 

Collector Cutoff Current ICER 
(VCE = 850 Vdc, RBE = 50 n, T C = 100°C) 

Emitter Cutoff Current lEBO 
(VEB = 6.0 Vdc, IC = 0) 

SECOND BREAKDOWN 

Second Breakdown Collector Current with Base Forward Biased 

Clamped Inductive SOA with Base Reverse Biased 

ON CHARACTERISTICS (1 ) 

Collector-Emitter Saturation Voltage VCE(sal) 
(IC = 5.0 Adc, IB = 0.7 Adc) 
(IC = 10 Adc, IB = 1.3 Adc) 
(IC = 10 Adc, IB = 1.3 Adc, TC = 100°C) 

Base-Emitter Saturation Voltage VBE(sal) 
(lC = 10 Adc, IB = 1.3 Adc) 
(lC = 10 Adc, IB = 1.3 Adc, TC = 100°C) 

DC Current Gain hFE 
(IC = 15 Adc, VCE = 5.0 Vdc) 

DYNAMIC CHARACTERISTICS 

Output Capacitance 
(VCB = 10 Vde, IE = 0, ftesl = 1.0 kHz) 

SWITCHING CHARACTERISTICS 

Resistive Load (Table 1 ) 

OelavTime 
(IC= 10 Adc, 

td 
Rise Time (lB2 = 2.6 Adc, tr 
Storage Ti me 

VCC = 250 Vdc, 
RB = 1.60) ts 

Fall Time 
IBI = 1.3 Ade, 

tf 
Storage Time 

pw= 30 I'S, 
ts 

Fall Time 
Duty Cycle ';;2.0%) (VBE(off) = 5.0 Vdc) 

If 

Inductive Load (Table 2) 

Storage Ti me tsv 
Fall Time (lC = 10 Ade, fTC = 100°C) tfi 
Crossover Time IB 1 = 1.3 Ade, Ie 
Storage Time VBE(off) = 5.0 Vde, Isv 
Fall Time VCE(pk) = 400 Vde) (TC = 150°C) tfi 
Crossover Time te 

(1) Pulse Test: Pulse Width = 300 '"'s. Duty Cycle ~ 2.0%. 
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450 - - Vdc 

mAdc 
- - 0.25 

- - 1.5 

- - 2.5 mAdc 

- - 1.0 mAdc 

See Figure 15 

See Figure 16 

Vdc 
- - 2.5 
- - 3.0 
- - 3.0 

Vdc 
- - 1.5 
- - 1.5 

5.0 - - -

- 20 - ns II 
200 

- 1200 -
- 200 -
- 650 -

80 

- 800 1800 ns 

bU ~uu 

90 250 
- 1050 -

70 -

- 120 -
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MJ16012 
MJH16012 

ELECTRICAL CHARACTERISTICS (TC = 25°C unless otherwise noted) 

I Characteristic I Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage (Table 2) VCEO(sus) 
(IC = 100 mA, IB = 0) 

Collector Cutoff Current ICEV 
(VCEV = 850 Vde, VBE(off) = 1.5 Vde) 
(VCEV = 850 Vde, VBE(off) = 1.5 Vde, T C = 100°C) 

Collector Cutoff Current ICER 
(VCE = 850 Vdc, RBE = 50 n, TC = 100°C) 

Emitter Cutoff Current lEBO 
(VEB = 6.0 Vde, IC = 0) 

SECOND BREAKDOWN 

Second Breakdown Collector Current with Base Forward Biased 

Clamped Inductive SOA with Base Reverse Biased 

ON CHARACTERISTICS II ) 

Collector-Emitter Saturation Voltage VCE(sat) 
(lC = 5.0 Ade, IB = 0.5 Ade) 
(IC = 10 Ade, IB = 1.0 Ade) 
(IC = 10 Ade, IB = 1.0 Ade, TC = 100°C) 

Base-Emitter Saturation Voltage VBE(sat) 
(IC = 10 Ade, IB = 1.0 Ade) 
(lc = 10 Ade, IB = 1.0 Ade, TC = 100°C) 

DC Current Gain hFE 
(IC = 15 Ade, VCE = 5.0 Vde) 

DYNAMIC CHARACTERISTICS 

Output Capacitance 
(VCB = 10 Vde, IE = 0, ftest = 1.0 kHz) 

SWITCHING CHARACTERISTICS 

Resistive L .... d (Table 1) 

Delay Time Id 
Rise Time 

(IC = 10 Ade, 
(lB2 = 2.0 Adc, tr 

Storage Time 
VCC = 250 Vde, 

RB= 1.60) Is 
Fall Time 

IBI = 1.0 Ade, 
If 

Storage Time 
PW= 30!,s, 

Is 
Fall Time 

Duty Cycle ';;;2.0%) (VBE(off) = 5.0 Vde) 
If 

Inductive lCNId (Table 2) 

Storage Time tsv 
Fall Time (IC = 10 Ade, (TC = 100°C) Ifi 
Crossover Time IBI = 1.0 Ade, te 
Storage Time VBE(off) = 5.0 Vde, tsv 
Fall Time VCE(pk) = 400 Vde) (TC= 150°C) tfi 
Crossover Time Ie 

(1) Pulse Test: Pulse Width = 300 pS. Duty Cycle ~ 2.0%. 
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Min Typ Max Unit 

450 - - Vde 

mAde 
- - 0.25 
- - 1.5 

- - 2.5 mAde 

- - 1.0 mAde 

See Figure 15 

See Figure 16 

Vde 
- - 2.5 
- - 3.0 
- - 3.0 

Vde 

- - 1.5 
- - 1.5 

7.0 - - -

- 20 - n. 
200 

900 

- 150 -
500 

40 

- 650 1500 ns 

- 30 150 

50 200 
.,5u 

30 
70 
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TYPICAL STATIC CHARACTERISTICS 

FIGURE 1 - DC CURRENT GAIN 
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FIGURE 3 - COLLECTOR-EMITTER SATURATION VOLTAGE 
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FIGURE 5 - COLLECTOR CUTOFF REGION 
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FIGURE 2 - COLLECTOR SATURATION REGION 
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FIGURE 4 - BASE-EMITTER VOLTAGE 
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FIGURE 6 - CAPACITANCE 
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TYPICAL DYNAMIC CHARACTERISTICS 

5000 

3000 
2000 

!1000 
::; 
;= 

tll 500 
~ 
~ 300 
'" j 200 

100 
0.07 
0.05 

1.5 2.0 

FIGURE 7 - STORAGE TIME 
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FIGURE 11 - CROSSOVER TIME 

1500 
1000 

500 
VBEIOII)-'O V 
~ 

~ 
w 

~ 300 

'" 200 w 
> 
0 100 
'" 

.-
~.O~ 

" "' ~ ~ 
'" 0 

'" .. 50 ,.,. -fj(=5.0 == Te = 75°C. 
- VCC=20V 

20 I I 
15 

1.5 2.0 3.0 5.0 7.0 10 15 
Ie. COLLECTOR CURRENT lAMPS) 

1000 

I 500 

:i 
300 ;= 

oj 
200 ~ .... 

ifi 
'" 100 
'" 

VBElolI)- 0 V ./ -- ...f'" -- ....... ./ 
.............. .......... I 

2.0 V 
a 
'" 50 0 

5i 
oj 
0 .. 

20 ;# 

f---- fj( = 10 5.0 V 
r-- TC = 75°C 
r-- VCC = 20 V 

10 
1.5 

) ) I 
2.0 3.0 5.0 7.0 

IC. COLLECTOR CURRENT lAMPS) 
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FIGURE 13 - INDUCTIVE SWITCHING MEASUREMENTS FIGURE 14 - PEAK REVERSE BASE CURRENT 
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SAFE OPERATING AREA INFORMATION 

FORWARD B!AS 

There are two limitations on the power handling ability 
of a transistor: average junction temperature and second 
breakdown. Safe operating area curves indicate IC-VCE 
limits of the transistor that must be observed for reliable 
operation; i.e., the transistor must not be subjected to 
greater dissipation than the curves indicate. 

The data of Figure 15 is based on TC = 25°C; TJ(pk) is 
variable depending on power level. Second breakdown 
pulse limits are valid for duty cycles to 10% but must be 
derated when TC;;;' 25°C. Second breakdown limitations 
do not derate the same as thermal limitations. Allowable 
current at the voltages shown on Figure 15 may be found 
at any case temperature by using the appropriate curve 
on Figure 18. 

TJ(pk) may be calculated from the data in Figure 17. 
At high case temperatures, thermal limitations will re-
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duce the power that can be handled to values less than 
the limitations imposed by second breakdown. 

REVERSE BIAS 

For inductive loads, high voltage and high current must 
be sustained simultaneously during turn-off. in most 
cases, with the base-to-emitter junction reverse biased. 
Under these conditions the collector voltage must be held 
to a safe level at or below a specific value of collector 
current. This can be accomplished by several means such 
as active clamping, RC snubbing, load line shaping, etc. 
The safe level for these devices is specified as Reverse 
8ias Safe Operating Area and represents the voltage
current condition allowable during reverse biased turn
off. This rating is verified under clamped conditions so 
that the device is never subjected to an avalanche mode. 
Figure 16 gives the RBSOA characteristics. 
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FIGURE 17 - THERMAL RESPONSE 
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TA8LE 1 - RESISTIVE LOAD SWITCHING 

100 

+Vdc ."" Vdc 

Vin ~"V 
OV 

~ I r ';15ns 

'Teklronix AM503 
P6302 or EQuivalenl 

Vee = 250 Vdc 
RL = 2511 
Ie' -10 Adc 
IB= 1.0 Adc 

ov 

.=-351J 

50 

OV~+V~ 
- Usv 

Vee' 250Vdc 
RL = 25 n 
le·l0Adc 

P'02"F 

I.O"F 
500 

RBI 

-v 

T'ffi.·.l 'Ie RL 

vee .... .. ~ .. r 
IBI = 1.0 Adc Rel'-1On 
IB2 • 2.0 Adc RS2' 1.6 n 
For VBE(offl = 5 .. 0 V. RB2 = 0.1l. 

A 

Nole: Adjust -v II) oblain desired ifSElolf1 al Poinl A. 
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T 1 = Lcoil (Iepk) 

Vee 

Tl adjusted to obtain le(pk) 

VCEO(susl 
L~ 10mH 
RB2 ~ 00 

Vee~ 20V lIs 

'Tektronix AM503 
P6302 or Equivalent 

le(pk)~ lOA 
IBI = 1.0A 
VBE(off) = 5.0 V 
VeE(pk) = 400 V 
Te= 25°e 
Time Base = 

100 nslem 

TABLE 2 - INDUCTIVE LOAD SWITCHING 

o 

=-35lf 

Tl-J I--+V 
OV~ --LG 

50 

A (Or--+a+--f 

50 

Inductive Switching 
L~ 2oo"H 
RB2~ 0 
Vee~ 20V 

0.02 ~F 

20 

lO~F 

+ 1---..... ---[ F
l~2,,;F 

500 

RBSOA 
L~ 2ool'H 
RB2~ 0 
Vee = 20 V 

A 

-v 
~Ie(pkl 

le~ \..-

~kl 

VeE~· l-. 
VCE(pk) ~ VeE(clamp) 

RBI selected for desired IBI RBI selected for desired IBI 

Scope - Tektronix 
7403 or Equivalent 

Note: Adjust -V to obtain desired VBE(off) at Point A. 

TYPICAL INDUCTIVE SWITCHING WAVEFORMS 
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lC(pk)~ lOA 
IBI = 1.0A 
VBE(off) = 5.0 V 
VeE(pk) = 400 V 
Te= 25°e 
Time Base = 

20 nslem 



MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

Designer's Data Sheet 
NPN Silicon Power Transistors 
1 kV Switchmode III Series 

These transistors are designed for high-voltage, high-speed, power switching in 
inductive circuits where fall time is critical. They are particularly suited for line
operated switchmode applications. 
Typical Applications: Features: 
• Switching Regulators • Collector-Emitter Voltage - VCEV = 1000 Vdc 
• Inverters • Fast Turn-Off Times 
• Solenoids 50 ns Inductive Fall Time -100°C (Typ) 
• Relay Drivers 
• Motor Controls 

90 ns Inductive Crossover Time -100°C (Typ) 
900 ns Inductive Storage Time -100°C (Typ) 

• Deflection Circuits 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Emitter Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 
- Peak(1) 

Base Current - Continuous 
- Peak(1) 

• 100°C Performance Specified for: 
Reverse-Biased SOA with Inductive Load 
Switching Times with Inductive Loads 
Saturation Voltages 
Leakage Currents 

• Extended FBSOA Rating Using Ultra-fast 
Rectifiers 

• Extremely High RBSOA Capability 

Symbol MJ16010A MJH16010A 

VCEO 500 

VCEV 1000 

VEB 6 

IC 15 

ICM 20 

IB 10 

IBM 15 

Total Power Dissipation (a) TC = 25DC Po 175 135 
@! TC = 100DC 100 54 

Derate above T C = 25DC 1 1.09 

Operating and Storage Junction TJ, Tstg -65 to 200 -55 to 150 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance,. Junction to Case R/iJC 1 I 0.92 

Lead Temperature for Soldering TL 275 
Purposes: 1/8" from· Case for 
5 Seconds 

(1) Pulse Test: Pulse Width = 5 ms, Duty CyCle", 10%. 
'" 

Unit 

Vdc 

Vdc 

Vdc 

Adc 

Adc 

Watts 

WFC 

DC 

Unit 

DCIW 

DC 

'.' 

MJ16010A 
MJH16010A I 

POWER TRANSISTORS 
15 AMPERES 
500 VOLTS 

125 and 175 WATTS 

CASE 1-4)5 
TO-204AA 
MJ16010A 

, 
CASE 340-01 

TO-21BAC 
MJH16010A 

Designe,'s DatJI fo~ I~Worst Ca •• ~·>'Condttlonl -:- The Designer's Data Sheet permits the design of most circuits entirely from the information 
presented. Limit curves - representing boundaries on device characteristics - arB given t~ facilitate "~orst, case" de;sign. 
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MJ16010A, MJH16010A 

ELECTRICAL CHARACTERISTICS (TC = 25·C unless otherwise noted) 

I Characteristic Symbol Min Typ Max Unit 

OFF CHARACTERISTICS(1) 

Coliector-Emitter Sustaining Voltage (Table 1) VCEO(sus) 500 - - Vdc 
(lC = 100 mA,.IB = 0) 

Coliector Cutoff Current ICEV mAdc 
(VCEV = 1000 Vdc, VBE(off) = 1.5 Vdc) - 0.003 0.15 
(VCEV = 1000 Vdc, VBE(off) = 1.5 Vdc, TC = 100"C) - 0.020 1.0 

Collector Cutoff Current ICER - 0.020 1.0 mAde 
(VCE = 1000 Vdc, RBE = 50 n, TC = 100·C) 

Emitter Cutoff Current lEBO - 0.005 0.15 mAdc 
(VEB = 6 Vdc, IC = 0) 

SECOND BREAKDOWN 

Second Breakdown Collector Current with Base Forward Biased See Figure 14a or 14b 

Clamped Inductive SOA with Base Reverse Biased See Figure 15 

ON CHARACTERISTlCS(1) 

Collector-Emitter Saturation Voltage VCE(sat) Vdc 
(lC = 5 Adc, IB = 1 Adc) - 0.25 0.7 
(IC = 10 Adc, IB = 2 Adc) - 0.45 1 
(lC = 10 Adc, IB = 2 Adc, TC = 100·C) - 0.60 1.5 

Base-Emitter Saturation Voltage VBE(sat) Vde 
(IC =10 Adc, IB = 2 Adc) - 1.2 1.5 
(lC = 10 Adc, IB = 2 Adc, TC = 100·C) - 1.2 1.5 

DC Current Gain hFE 5 8 - -
(lC = 15 Adc, VCE = 5 Vdc) 

DYNAMIC CHARACTERISTICS 

Output Capacitance 
(VCB = 10 Vde, IE = 0, ftest = 1 kHz) 

SWITCHING CHARACTERISTICS 

Inductive Load (Table 1) 

Storage Time tsv - 900 2000 ns 

Fall Time (TJ = 100·C) tfi - 50 250 

Crossover Time 
(lC = 10 Adc, 

90 300 IBl = 1.3 Ade, te -
Storage Time VBE(off) = 5 Vdc, tsv - 1100 -
Fall Time 

VCE(pk) = 400 Vdc) 
(TJ = 150·C) tfi - 70 -

Crossover Time Ie - 120 -
Resistive Load (Table 2) 

Delay Time td - 25 100 ns 

Rise Time (lC = 10 Ade, (lB2 = 2.6 Adc, tr - 325 600 

Storage Time VCC = 250 Vdc, RB2 = 1.6 n) 
ts - 1300 3000 

Fall Time 
IBl = 1.3 Adc, 

175 400 PW = 30/Ls, tf -
Storage Time Duty Cycle'" 2%) 

(VBE(off) = 5 Vdc) ts - 700 -
Fall Time tf - 80 -

(11 Pulse Test: PW ~ 300 /,s, Duty Cycle'" 2%. 
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MJ16010A, MJH16010A 

TYPICAL INDUCTIVE SWITCHING CHARACTERISTICS 

letlS1 = 5. TC = 75"<:. VCE(pkl = 400 V leIIS1 = 10. TC = 75"<:. VCE(pkl = 400 V 

5000 5000 

3000 vSEloff) - 0 V -- 3000 VBEloff) = 0 V , 
2000 2V 2000 

~1000 ~ 2V 
5V ;;:;1000 

::;; 
F ~ 700 f--
~ 500 ~ 500 f--

5V 
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j 200 j200 
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100 100 
O·QZ 
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Figure 6. Storage Time Figure 7. Storage Time 
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Figure 8. Collector Current Fall Time Figure 9. Collector Current Fall Time 
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MJ16010A, MJH16010A 

Tabla 1. Inductiva Load Switching 
Drive Circuit 

V~o---~-----4~~--------~ 

'Tek1ronix AM503 
P6302 or Equivalent 

Seope- Tek1ronix 
7403 or Equivalent 

T 1 ~ Leoil (lCpkl 

VCC 

T, adjusted to obtain IClpkl 
Note: Adjust Voff to obtain desired VBEloffl at Point A. 

~ J.--... 'I. VCElpkl t--
L 1,\ 

.,/ 90% VCElpk) A 1\ 90% IClpk} 

IC/ I-r--tsv trvtl~tfi- t-tti-

1-:1f -tc~ r--
LL 1"-

VCE 10% VCElpk} 10% ...... "i%"iC 
IB-~ 90% IBI IC(pk} 

-- --\..,. -- - - -- --I----
"--

t, TIME 
Figure 12. Inductive Switching Measurements 

\lCEOIIUSI 
L ~ 10mH 
R82 = Xl 

vcc ~ lOVol1s 
IClpkl ~ 1110 rnA 

InductiW _hlng 
L ~ 200¢i 
RB2 ~ 0 
Vee ~:lOVolts 
RBI selected for desired IBI 

RISOA 
'L'~ 200l'H 

RB2 ~ 0 
VCC ~ 20Vohs 
RBI selected for desired IBI 

T'-1 I-- +v 
ov.-li ---:- U=-v 

10 

~ 
~ 
I-
Z 
~ 
IX' 
:::> 
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i 
I--- IB1='~ 

~ 
~ 
~ 
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o 

/ 
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./ 
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-

~IClpkl 
IC~ L.. 

. VCElpkl-h 

VCE~ L. 

~ 

---I--

-----
f-' 

V I----" r--V 

~ 

IC = lOA 
TC = 25°C-r---

VBEloff}, REVERSE BASE VOLTAGE (VOLTS) 

Figure 13. Peak Reverse Base Current 

Table 2. Resistive Load Switching 

'Tektronix AM503 
P6302 or Equivalent 

Vee 

RL 

Ie 

IS 

250 V 

250 

10 A 

1.3A 

ts and tf 

V{off) adjusted 
to give specified 

+15 o--~-'--~-~---r---:----, 

off drive .JL.::: 10 V >-ti 
5001 

Vee 250 V 

Ie lOA 

lSI 1.3A 

IS2 Per Spec 
Voff o---+---_~~-----...J 

RSI 11.50 

RS2 Per Spec 

RL 250 
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MJ16010A, MJH16010A 
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Figure 18. Thermal Response 

SAFE OPERATING AREA INFORMATION 

FORWARD BIAS 

There are two limitations on the power handling ability 
of a transistor: average junction temperature and second 
breakdown. Safe operating area curves indicate Ie-VCE 
limits of the transistor that must be observed for reliable 
operation; i.e .• the transistor must not be subjected to 
greater dissipation than the curves indicate. 

The data of Figures 14a and 14b is based on TC = 25°C; 
T J(pk) is variable depending on power level. Second 
breakdown pulse limits are valid for duty cycles to 10% 
but must be derated when TC ;;. 25°C. Second breakdown 
limitations do not derate the same as thermal limitations. 
Allowable current at the voltages shown on Figures 14a 
and 14b may be found at any case temperature by using 
the appropriate curve on Figure 16. 

TJ(pk) may be calculated from the data in Figure 18. 
At high case temperatures. thermal limitations will re
duce the power that can be handled to values less than 
the limitations imposed by second breakdown. 

REVERSE BIAS 

For inductive loads. high voltage and high current must 
be sustained simultaneously during turn-off. in most 
cases. with the base-to-emitter junction reverse biased. 
Under these conditions the collector voltage must be held 
to a safe level at or below a specific value of collector 
current. This can be accomplished by several means such 
as active clamping. RC snubbing. load line shaping. etc. 
The safe level for these devices is specified as Reverse 
Biased Safe Operating Area and represents the voltage
current condition allowable during reverse biased turn
off. This rating is verified under clamped conditions so 
that the device is never subjected to an avalanche mode. 
Figure 15 gives the RBSOA characteristics. 

SWITCHMODE III DESIGN CONSIDERATIONS 

1. FBSOA-
Allowable dc power dissipation in bipolar power tran

sistors decreases dramatically with increasing collector
emitter voltage. A transistor which safely dissipates 100 
watts at 10 volts will typically dissipate less than 10 watts 
at its rated VCEO(sus). From a power handling point of 
view. current and voltage are not interchangeable (see 
Application Note AN875). 

2. TURN-ON-
Safe turn-on load line excursions are bounded by 

pulsed FBSOA curves. The 10 /LS curve applies for resis
tive loads. most capacitive loads. and inductive loads that 
are clamped by standard or fast recovery rectifiers. Sim
ilarly, the 100 ns curve applies to inductive loads which 
are clamped by ultra-fast recovery rectifiers, and are valid 
for turn-on crossover times less. than 100 ns (see Appli
cation Note AN952). 

At voltages above 75% of V CEO(sus). it is essential to 
provide the transistor with an adequate amount of base 
drive VERY RAPIDLY at turn-on. More specifically, safe 
operation according to the curves is dependent upon 
base current rise time being less than collector current 
rise time. As a general rule. a base drive compliance 
voltage in excess of 10 volts is required to meet this 
condition (see Application Note AN875). 

3. TURN-OFF -
A bipolar transistor's ability to withstand turn-off stress 

is dependent upon its forward base drive. Gross over
drive violates the RBSOA curve and risks transistor fail
ure. For this reason, circuits which use fixed base drive 
are often more likely to fail at light loads due to heavy 
overdrive (see Application Note AN875). 
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MJ16010A, MJH16010A 

SWITCH MODE III DESIGN CONSIDERATIONS (Cont.) 

4. OPERATION ABOVE VCEO(sus) -
When bipolars are operated above collector-emitter 

breakdown, base drive is crucial. A rapid application of 
adequate forward base current is needed for safe turn
on, as is a stiff negative bias needed for safe turn-off. 
Any hiccup in the base-drive circuitry that even momem
tarily violates either of these conditions will likely cause 
the transistor to fail. Therefore, it is important to design 
the driver so that its output is negative in the absence of 
anything but a clean crisp input signal (see Application 
Note AN952). 

5. RBSOA-
Reverse Biased Safe Operating Area has a first order 

dependency on circuit configuration and drive parame
ters. The RBSOA curves in this data sheet are valid only 
for the conditions specified. For a comparison of RBSOA 

results in several types of circuits (see Application Note 
AN951). 

6. DESIGN SAMPLES -
Transistor parameters tend to vary much more from 

wafer lot to wafer lot, over long periods of time, than 
from one device to the next in the same wafer lot. For 
design evaluation it is advisable to use transistors from 
several different date codes. 

7. BAKER CLAMPS -
Many unanticipated pitfalls can be avoided by using 

Baker Clamps. MUR105 and MUR1100 diodes are rec
ommended for base drives less than 1 amp. Similarly, 
MUR405 and MUR4100 types are well-suited for higher 
drive requirements (see Article Reprint ARI31). 

OUTLINE DIMENSIONS 

~c iSi 1 /~ rc\=1lrc · l/~hJ M~LlMfTERS INCHES 
DIM MIN MAX MIN MAX 

Ll A - 39.37 - 1.550 ] A r L 
8 - 21.08 - 0.8311 L, , 'Ji t. rnI~l----D ~ C 6.35 7.62 0.250 0.300 
D 0.97 1.09 0.038 0.043 --.i 
E 1.40 1.78 0.055 0.070 Jl ~J!,l -F- F 311.15 BSC 1.187 BSC 

I J - G 10.92 BSC 0.4311 BSC 
H 5.46 BSC 0.215 BSC 

Q;'y;/cb "IV 1 J 16.89 BSC 0.665 BSC 
K 11.18 12.19 0.440 0.460 

I - 'I.-----\~ 1 R Q 3.81 4.19 0.151 0.165 

~ I INCHES R 2£.67 1.050 MIWMmRS 
I "",../' .G ' U 4.83 5.33 0.190 0.210 DIM MIN MAX MIN MAX 

u V 3.81 4.19 0.151 0.165 A 2il.32 21.08 0.800 0.830 
8 15.49 15.90 0.610 0.62£ 
C 4.19 5.08 0.165 0.200 
D 1.02 1.65 0.040 0.066 

NOTES: E 1.35 1.65 MI3 0.066 
1. DIMENSIONS Q AND V ARE DATUMS. G 5.21 m 0.205 0.225 
2. W IS SEATING PLANE AND DATUM. H 2.41 3.20 0.1195 0.12£ 

3. POSITIONAL TOLERANCE FOR MOUNTING HOLE Q: J 0.38 0.64 0,015 0.025 

1 .. 101310.0051®ITlv®1 
K 12.70 15.49 0.500 0.610 
L 15.88 16.51 0.625 0.650 

FOR LEADS: N 12.19 12.70 0.460 0.500 
1 .. 10.1310.0051 ® TI v ®I Q ~ Q 4.04 ~22 0.159 0.166 

4. DIMENSIONS AND TOlERANCES PER ANSI Y14.5. 
1973. STYLE 1: 

PIN I. BASE 
2. EMITTER 

CASE COlLECTOR 

CASE 1-05 
TO-204AA CASE 340-01 
MJ16010A TO-21BAC 

MJH16010A 
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MOTOROLA 

- SEMICONDUCTOR ----
TECHNICAL DATA 

J)('SigIH'I-'S Data Siwet 

SWITCHMODE III SERIES 
NPN SILICON POWER TRANSISTORS 

These transistors are designed for high-voltage, high-speed, 
power switching in inductive circuits where fall time is critical. They 
are particularly suited for line-operated switch mode applications. 
The MJ16016 is a selected high-gain version of the MJ16014 for 
applications where drive current is limited. 

Typical Applications: 

• Switching Regulators 

• Inverters 

• Solenoid and Relay Drivers 

• Motor Controls 

• Deflection Circuits 

• Fast Turn-Off Times 
40 ns Inductive Fall Time - 75°C (Typ) 
40 ns Inductive Crossover Time - 75°C (Typ) 
800 ns Inductive Storage Time - 75°C (Typ) 

• Operating Temperature Range -65 to +200°C 

• 100°C Performance Specified for: 
Reverse-B'iased SOA with Inductive Loads 
Switching Times with Inductive Loads 
Saturation Voltages 
Leakage Currents 

MAXIMUM RATINGS 

Rating Symbol 

Collector-Emitter Voltage VCEO 

Collector-Emitter Voltage VCEV 

Emitter Base Voltage VEB 

Collector Current - Continuous IC 
- Peak (1) ICM 

Base Current - Continuous IB 
- Peak (1) IBM 

Total Power Dissipation@ TC = 25°C Po 
@TC=100°C 

Derate above 25°C 

Operating and Storage Junction TJ. Tstg 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol 

Thermal Resistance, Junction to Case R9JC 

Maximum Lead Temperature for Soldering TL 
Purposes: liS" from Case for 5 Seconds 

-(1) Pulse Test. Pulse Width - 5 ms, Duty Cycle ~ 10%. 

Max Unit 

450 Vdc 

850 Vdc 

6.0 Vdc 

20 Adc 
30 

10 Adc 
20 

250 Watts 
143 
1.43 W/oC 

-65 to +200 °C 

Max Unit 

0.7 °C/W 

275 °c 

3-906 

MJl6014 
MJ16016 

20 AMPERE 

NPN SILICON 
POWER TRANSISTORS 

460 VOLTS 
2&0 WATTS 

D.,iun.r', Data for 
"WOrtt C ..... C.onditlon, 

The Designers Data Sheet permits 
the design of most circuits entirelyfrom 
the information presented. Limit data 
- representing device characteristics 
boundaries - are given to facilitate 
"worst case" design. 

Lg;~JJ {' 
"I --t 

LE K 
SEATING 0 t 

PLANE 

t--- F--

t--J-

0.)<; /'1 ~ r:\ T ! 
R 

H " 
, I L 

tG I • ~o / 
STYLE 1: 

PIN 1. BASE 
2. EMITTER 

CASE. COLLECTOR 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 
A 3U5 39.37 1.510 1.550 
B 19.30 21.08 0.760 0.830 
C 6.35 7.62 D.250 0.300 
0 1.45 1.80 0.057 0.063 
E - 3.43 - 0.135 
f 29.90 30.40 1.177 1.19 
G 10.67 11.18 0.420 0.440 
H 5. 1 5.72 .2 5 5 

1 .84 7.15 .8 O. 5 
K 11.18 12.19 0.440 0.480 
Q 3.84 4.09 0.151 0.181 
R 24.89 2B.B7 0.980 1.050 

CASE 197-01 

• 



MJ16014, MJ16016 

MJ16014 

ELECTRICAL CHARACTERISTICS (TC = 2S·C unless otherwise noted) 

I Cherecteri.1ic . I Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage (Table 2) VCEO(sus) 
(lC= 100 mA-IB = 0) 

Collector Cutoff Current ICEV 
(VCEV = B50 Vde. VBE(offl : 1.5 Vde) 

(VCEV = BSO Vde. VBEloffl = 1.5 Vde. T C = l00·C) 

Collettor Cutoff Current ICER 
(VCE = B50 Vdc. RBE = 50 n. T C = l00·C) 

Emitter Cutoff Current lEBO 
(VEB = 6.0 Vdc. IC = 0) 

SECOND BREAKDOWN 

Second Breakdown Collector Current wilh Base Forward Biased 

Clamped Inductive SOA with Base Reverse Biased 

ON CHARACTERISTICS (1) 

Coliector~Emitter Saturation Voltage VCE(sal) 
(Ie = 10 Ado. IB = 1.3 Ade) 

(Ie = 15 Ade. IB = 2.0 Ade) 

(lc = 15 Ade. IB = 2.0 Ade. TC = l00·C) 

Bas.-Emitter Saturation Voltage "SE(sal) 
IIC = 15 Adc. IB = 2.0 Adc) 

lie = 15 Adc. Is = 2.0 Adc. TC = l00·C) 

DC Current Gain hFE 
(IC = 20 Adc. VCE = 5.0 Vdc 

DYNAMIC CHARACTERISTICS 

Output Capacitance 

(VCB = 10 Vdc. IE = O. ftest = 1.0 kHz) 

SWITCHING CHARACTERISTICS 

R_i.tlve Load (Table 1) 

DelavTime 
(IC= 15 Ade. Id 

Rise Time IIB2 = 4.0 Adc. Ir 
Storege Time 

V CC = 250 Vde. 
RB= 1.60) ts 

Fall ime 
IBI = 2.0 Ade. 

tf 
PW= 30 lAS. 

Storage Time Is 
Fall Time 

Duty Cycle ';;2.0%) (VBE(off) = 5.0 Vde) 
If 

Inductive Load (Table 2) 

Storage Time 
Fall Time (IC = 15 Ade. 
Crossover Time IBI = 2.0 Ade. 
Storage Time VBE(off) = 5.0 Vde. 
Fall Time VCE(pk) = 400 Vde) 
Crossover Time 

(I) Pul •• T •• t: pw. 300 ~'. Duly Cycl ... 2%. 

'/if= Ie 
iB1 

tsv 
(Te= 100·C) tfi 

te 
tov 

(TC= 150·C) tfi 
Ie 

3-907 

Min Typ Max Unit 

450 - - Vde 

mAde 

- - 0.25 

- - I.S 

- - 2.S mAde 

- - 1.0 mAde 

See Figure 15 

See Figure 16 

Vde 

- - 2.5 

- - 3.0 

- - 3.0 

Vde 

- - 1.5 

- - 1.5 

5.0 - - -

- 20 50 ns 
200 500 

- 1200 2700 
200 350 

- 6S0 -
SO 

- 800 2700 n. 

- 50 200 
90 260 

- 10S0 -
70 

- 120 -
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MJ16016 

ELECTRICAL CHARACTERISTICS (TC = 25·C un Ie •• othe,wi .. noted) 

I Ch.'lete,l.tle . I Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Susllining Voltage (Table 2) 
(lC = 100 mA.IB= 0) 

Collector Cutoff Current 
(VCEV = B50 Vdc. VBE(off) = 1.6 Vde) 
(VCEV = 850 Vdc. V8E(off) = 1.5 Vde. T C = l00·C) 

Collector Cutoff Current 
(VCE = 850 Vde. RBE = 50 O. TC = l00·C) 

Emitter Cutoff Current 
(VEB = 6.0 Vdc. IC = 0) 

SECOND BREAKDOWN 

Second Breakdown Collector Current with Base Forward Biased 

Clamped Inductive SOA with Bsse Reverse Biased 

ON CHARACTERISTICS (1) 

Collector-Emitter Saturation Voltage 
(IC = 10 Adc. IB = 1.0 Adc) 
(IC = 15 .Adc. IB = 1.5 Adc) 
(lC = 15 Adc. IB = 1.5 Adc. TC = l00·C) 

Base-Emitter Saturation Voltage 
(IC = 15 Adc. IB = 1.5 Adc) 
(lC = 15 Adc. IB = 1.5 Adc. TC = l00·C) 

OC Current Gain 
(lc = 20 Ade. VCE = 5.0 Vdc 

DYNAMIC CHARACTERISTICS 

Output Capacitance 
(VCB = 10 Vdc. IE = O. ftest = 1.0 kHz) 

. SWITCHING CHARACTERISTICS 

Re.l.llve LOld (Tlble 1) 

Delay Time 
Rise Time 

(lC= 15 Adc. 

Storage Ti me 
VCC = 260 Vdc. 

Fall me 
IBI = 1.5 Adc. 

Storage Time 
PW= 301'5. 

Fall Time 
Duty Cycle ,,2.0%) 

Inductive Load (Tlble 2) 

Storage Ti me 
Fall Time (lC= 15 Adc. 
Crossover Ti me IBI = 1.5 Adc. 
Storage Time VBE(olf) = 5.0 Vdc. 
Fall Time VCE(pk) = 400 Vdc) 
Crossover Time 

11) Puis. T.st: pw. 300 "s. Duty Cyclo';;2%, 
'PI= IC 

iB1 

(IB2 = 3.0 Adc. 
RB= 1.60) 

(VBE(olf) = 6.0 Vdc) 

(TC = l00·C) 

(TC= 150·C) 

VCEO(sus) 

ICEV 

ICER 

lEBO 

VCE(sat) 

VBE(sat) 

hFE 

td 
tr 
ts 
tf 

Is 
tf 

tsv 
tfi 
tc 
tsv 
tfi 
tc 

Min Typ MIX Unit 

450 - - Vdc 

mAdc 
- - 0.25 
- - 1.5 

- - 2.5 mAde 

- - 1.0 mAdc 

See Figure 15 

See Figure 16 

Vdc 
- - 2.5 
- .C- 3.0 
- - 3.0 

Vdc 
- - 1.5 
- - 1.5 

7.0 - - -

- 20 50 ns 
200 500 
900 2200 
100 250 
500 
40 

- 750 2500 ns 
30 150 
50 200 

900 
30 
70 
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TYPICAL STATIC CHARACTERISTICS 
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TYPICAL DYNAMIC CHARACTERISTICS 
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FIGURE 13 - INDUCTIVE SWITCHING MEASUREMENTS FIGURE 14 - REVERSE BASE CURRENT 
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SAFE OPERATING AREA INFORMATION 

FORWARD BIAS 
There ara two limitations on the power handling ability 

of a transistor: average junction temperature and second 
braakdown. Safe operating area curves indicate IC-VCE 
limits of the transistor that must be observed for reliable 
operation; Le .• the transistor must not be subjacted to 
greater dissipation than the curves indicate. 

The data of Figure 15 is based on TC = 25°C; TJ(pk) 
is variable depending on power leval. Second breakdown 
pulse limits are valid for duty cycles to 10% but must be 
derated when TC;;' 25°C. Second breakdown limitations 
do not derate the same as thermal limitations. Allowable 
current at the voltages shown on Figure 15 may be found 
at any case temperature by using the appropriate curve on 
Figure 18. 

TJ(pk) may be calculated from the data in Figure 17. 
At high case temperatures. thermal limitations will reduce 

3-911 

the power that can be handled to values less than the 
limitations imposed by second breakdown. 

REVERSE BIAS 
For inductive loads. high voltage and' high current 

must be sustained simultaneously during turn-off. in most 
cases. with the base-to-emitter junction reverse biased. 
Under these conditions the collector voltage must be held 
to a safe level at or below a specific value of collector 
current. This can be accomplished by several maans such 
as active clamping. RC snubbing. load line shaping. etc. 
The safe level for these devices is specified as Reverse Bias 
Safe Operating Area and represents the voltage-current 
condition allowable during reverse biased turn-off. This 
rating is verified under clamped conditions so that the 
device is never subjected to an avalanche mode. Figure 16 
gives the RBSOA characteristics. 
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TA8LE 1 - RESISTIVE LOAD SWITCHING +Vdc = 11 Vdc 

Vee = 250 Vdc 
RL = 160 
le= 15 A 
18=,'·5A 

OV, r 
=-35V U 

-= 
OV~+V_ 

- ~V 

Vee = 25() 
RL = 160 
,Ie = 15 A 

2N6191 

A 

r::; 500 

-v 

~ __ '."' m 1" 1 Vee r 
lal = 1.5 A Ral = 7.5 0 
la2 = 3.0 A Rap 1.6 0 
For VaE(off) = 5.0 V Ra2 = 0 0 

"Note: Adjust-V to obtain desired VaElof!lat Point A. 
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TABLE 2 - INDUCTIVE LOAD SWITCHING 

o 

=-35lf A 

T 1 = Lcoi! (lCpk) 

VCC 

T 1 adjusted to' obtain IC(pk) 

VCEO(susl 
L= 10 mH 
RB2 = ~ 
VCC = 20 Volts 

*Tektronix 
P-6042 or 
Equivalent 

lC(pk) = 15 A 
IBI = 1.5 A 
VBE(off) = 5.0 Volls 
VCE(pk) = 400 Volls 
TC = 25°e 
Time Base = 100 

ns/cm 

50 F
lg2~~F 
+ ... ---.---[ 

500 

Inductive Switching 
L= 200~H 
RB2 = 0 
Vee = 20 Volts 
RS1 selected for desired IS1 

RBSOA 
L=200~H 

RB2 = 0 
Vee = 20 Volts 
RBI selected for desired IBI 

Scope - Tektronix 
7403 or 
Equivalent Note: Adjust -V to obtain desired VBE(off) at Point A. 

TYPICAL INDUCTIVE SWITCHING WAVEFORMS 

lC(pk) = 15 A 
IBI = 1.5 A 
VBE(off) = 5.0 Volts 
VeE(pk) = 400 Volts 
Te = 25°C 
Time Base = 10 

ns/cm 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

Designer's Data Sheet 
NPN Silicon Power Transistors 
1.5 kV Switchmode III Series 

These transistors are designed for high~voltage, high-speed, power switching in induc
tive circuits where fall time is critical. They are particularly suited for line-operated 
switch mode applications. 

Typical Applications: 
• Switching Regulators 
• Inverters 
• Solenoids 
• Relay Drivers 
• Motor Controls 
• Deflection Circuits 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Emitter Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 
- Peak(l) 

Base Current - Continuous 
- Peak(l) 

Total Power Dissipation «v TC = 25'C 

Features: 
• Collector-Emitter Voltage - VCEV = 1500 Vdc 
• Fast Turn-Off Times 

80 ns Inductive Fall Time -100'C (Typ) 
1 to ns Inductive CrosSOver Time -100'C (Typ) 
4.5 p.s Inductive Storage Time - 100'C (Typ) 

• 100'C Performance Specified for: 
Reverse-Biased SOA with Inductive Load 
Switching Times with Inductive Loads 
Saturation Voltages 
Leakage Currents 

Symbol MJI6018 MJHI6018 

VCEO(sus) 800 

VCEV 1500 

VEB 6 

IC 10 
ICM 15 

IB 8 
IBM 12 

Po 175 125 

Unit 

Vdc 

Vdc 

Vdc 

Adc 

Adc 

Watts 
«v TC = 100'C 100 50 

Derate above T C = 25'C 1 1 WI'C 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg -65 to 200 -55 to 150 'c 

THERMAL CHARACTERISTICS 

Characteristic Symbol . Ma~ Unit 

Thermal Resistance, Junction to Case R8JC 1 I 1 'CIW 

Le.ad Temperature for Soldering TL 275 'c 
Purposes:1J8" from Case for 
S Seconds" 

(1) Pul~e"Test: .P~lse.WI~ = 51J,s, Duty Cycle ~ 10%. 

3-914 

MJ16018 
MJH16018 

POWER TRANSISTORS 
10 AMPERES 
800 VOLTS 

125 and. 175 WATTS 

CASE 1-05 
TO-204AA 
MJ16018 

, 
CASE 340-01 

TO-218AC 
MJH16018 
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ELECTRICAL CHARACTERISTICS (TC = 2S·C unless otherwise noted) 

1L-_______ ----,c:-:-__ c_h_a_r_act_er_ist_ic ___________ --'-_s-'-Y_m_b_0_1 ----''-_M_in_...1....._T-'Y'-'p_ .. 1 Max 

OFF CHARACTERISTICS(l) 

Unit 

Collector-Emitter Sustaining Voltage (Table 1) (lC = SO mA, IB = 0) VCEO(sus) 800 - - Vdc 

Collector Cutoff Current ICEV mAde 
(VCEV = lS00 Vdc, VBE(off) = 1.S Vdc) - - 0.25 
(VCEV = lS00 Vdc, VBE(off) = 1.S Vdc, TC = 100·C) - - 1.5 

Collector Cutoff Current (VCE = lS00 Vdc, RBE = SO n, TC = 100·C) ICER - - 2.5 mAde 

Emitter Cutoff Current (VEB = 6 Vdc, IC = 0) lEBO - - 0.1 mAde 

SECOND BREAKDOWN 

Second Breakdown Collector Current with Base Forward Biased See Figure 13 

Clamped Inductive SOA with Base Reverse Biased See Figure 14 

ON CHARACTERISTICS(l) 

Collector-Emitter Saturation Voltage VCE(sat) Vdc 
(lC = 5 Adc, IB = 2 Adc) - - 1 
(lC = 10 Adc, IB = S Adc) - - 5 
(lC = 5 Ade, IB = 2 Adc, T C = 100·C) - - 1.5 

Base-Emitter Saturation Voltage VBE(sat) Vdc 
(lc = 5 Adc, IB = 2 Adc) - - 1.5 
(lC = 5 Adc, IB = 2 Adc, TC = l00·C) - - 1.5 

DC Current Gain (lc = 5 Adc, VCE = 5 Vdc) hFE 4 - - -
DYNAMIC CHARACTERISTICS 

I Output Capacitance (VCB = 10 Vdc, IE = 0, ftest = 1 kHz) Cob 450 pF 

SWITCHING CHARACTERISTICS 

Inductive Load (Table 1) 

Storage Time tsv - 4000 8000 ns 

Fall Time Baker Clamped (TJ = 25·C) tfi - 60 200 

Crossover Time 
(lC = 5 Adc, 

te - 90 300 IBl = 2 Adc, 
Storage Time VBE(off) = 2 Vdc, tsv - 4500 9000 

Fall Time 
VCE(pk) = 400 Vdc) 

tfi - 80 2S0 PW=2S/Ls (TJ = 100·C) 

Crossover Time tc - 110 375 

Resistive Load (Table 1) 

Delay Time td - 85 200 ns 

Rise Time 
(lC = 5 Adc, VCC = 250 Vdc, 

tr - 900 2000 IBl = 2 Ade, IB2 = 2 Ade, 
Storage Time RB2 = 3 n, PW = 25 /Ls, ts - 4500 9000. 

Fall Time 
Duty Cycle'" 2%) 

200 400 tf -
(1) Pulse Test: PW = 300 JLS, Duty Cycle ~ 2%. 
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TYPICAL STATIC CHARACTERISTICS 
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TYPICAL INDUCTIVE SWITCHING CHARACTERISTICS 
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MJ16018, MJH16018 

TYPICAL INDUCTIVE SWITCHING CHARACTERISTICS 

g 
~ 
1= 

'" w 
>-
0 
U> 
U> 
0 

'" u 
.9 

2000 -r 
1000 
700 

............. 
-ICIiB 2.5 

500 ......... -300 .......... 
~ 

f'-.-
............ 

200 2.5 
t- - .... ...::...:.. p~ 

100 
70 
50 

30 

20 
I 

5 

VBE(off) = 2 V 
Tc = loo'IC 

-- ==--

NO BAKER CLAMP 
- -- BA~ER ~LA~PE? 

IC, COLLECTOR CURRENT (AMPS) 

Figure 9. Inductive Switching Crossover Time 

f--
f--

V 
I 
-I 

I I 
t-IC=5A 

IBI = 2A 
t-VCE = 400 V 

..... 1-"" 
V 

V 
...... 1-'" 

-2 -3 -4 -5 -6 

VBE(off), REVERSE BASE·EMITIER VOLTAGE (VOLTS) 

Figure 11. Reverse Base Current versus Off Voltage 

10 

V 
V 

/' 
/ ,-I--

./ IC = 5A 
f..-IBI = 2A -

V 
IB2 = 2AOR_ f--

V 
iBE =,-21_ f--

I 
o I 21 25 13 17 

PULSE WIDTH (!L') 

Figure 10. (tsvl Storage Time versus IB1 Pulse Width 

IC,.'!--
-::'CE(Pk) f--------V 1 1\ 

'/ 90% VCE(pk) J 1\ 90% IC(pk) 

IC ..-1" f- t--I,v Irvffl~lf;. !-cll; ~ 

I ~ tc--\ f-
V 1,\ 

VCE 10% VCE(pk) 10%' t-+-
IB-H 90%IBI 

- IC pk - 2% IC 

--\ -- --- - - -
\ --f..--

""--""" 
TIME 

Figure 12. Inductive Switching Measurements 

GUARANTEED SAFE OPERATING AREA LIMITS 
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MJ16018, MJH16018 
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SAFE OPERATING AREA INFORMATION 

FORWARD BIAS 

There are two limitations on the power handling ability 
of a transistor: average junction temperature and second 
breakdown. Safe operating area curves indicate Ie-VCE 
limits of the transistor that must be observed for reliable 
operation; i.e., the iransistor must not be subjected to 
greater dissipation than the curves indicate. 

The data of Figure 13 is based on TC = 25°C; T J(pk) 
is variable depending on power level. Second breakdown 
pulse limits are valid for duty cycles to 10% but must be 
derated when TC;' 25°C. Second breakdown limitations 
do not derate the same as thermal limitations. Allowable 
current at the voltages shown on Figure 13 may be found 
at any case temperature by using the appropriate curve 
on Figure 15. 

T J(pk) may be calculated from the data in Figure 16. 
At high case temperatures, thermal limitations will 

c 
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~ 0.7 
25 0.5 

'" ~ 0.3 

~ 0.2 

~ 0.1 

~0,07 
ffi 0.05 
iE 
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0.1 

~0.05 

1--0.02 

HMt; ~ n,02 
::i 

1 "..r-" ~ 0.0 

-..... 
..... 

SI~G~EmSIEI 

---.-,:::;;::0 

reduce the power that can be handled to values less than 
the limitations imposed by second breakdown. 

REVERSE BIAS 

For inductive loads, high voltage and high current must 
be sustained simultaneously during turn-off, in most 
cases, with the base-to-emitter junction reverse biased. 
Under these conditions the collector voltage must be held 
to a safe level at or below a specific value of collector 
current. This can be accomplished by several means such 
as active clamping, RC snubbing. load line shaping. etc. 
The safe level for these devices is specified as Reverse 
Bias Safe Operating Area and represents the voltage
current condition allowable during reverse biased turn
off. This rating is verified under clamped conditions so 
that the device is never subjected to an avalanche mode. 
Figure 14 gives the RBSOA characteristics. 
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Figure 16. Thermal Response 
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MOTOROLA 

- SEMICONDUCTOR ------------TECHNICAL DATA 

Complementary 
Power Transistors 
DPAK For Surface Mount Applications 

Designed for general purpose amplifier and low speed switching applications. 

• Lead Formed for Surface Mount Applications in Plastic Sleeves (No Suffix) 
• Straight Lead Version in Plastic Sleeves e'-1" Suffix) 
• Lead Formed Version in 16 mm Tape and Reel ("RL" Suffix) 
• Electrically Similar to Popular TIP29 and TIP30 Series 

MAXIMUM RATINGS 

Rating Symbol 
MJD29 MJD29C 
MJD30 MJD30C 

Collector-Emitter Voltage VCEO 40 100 

Collector-Base Voltage VCB 40 100 

Emitter-Base Voltage VEB 5 

Collector Current - Continuous IC 1 
Peak 3 

Base Current IB 0.4 

Total Power Dissipation @! TC ~. 25°C Po 15 
Derate above 25°C 0.12 

Total Power Dissipation' @ T A ~ 25°C PO, 1.56 
Derate above 25°C 0.012 

Operating and Storage Junction Temperature Range TJ, Tstg -65 to +150 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance, Junction to Case ROJC 8.3 

Thermal Resistance, Junction to Ambient' R6JA 80 

Lead Temperature for Soldering Purposes lL 260 

ELECTRICAL CHARACTERISTCS (TC ~ 25°C unless otherwise noted I 

I Characteristic I Symbol I Min Max 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage (1) MJD29, MJD30 VCEO(sus) 40 -
(lc ~ 30 mAde; IB ~ 0) MJD29C, MjD30C 100 -

Collector Cutoff Current ICEO - 50 
(VCE ~ 40 Vdc, IB ~ 0) MJD29, MJD30 
(VCE ~ 60Vdc, IB ~ 0) MJD29C, MJD30C 

Collector Cutoff Current ICES - 20 
(VeE ~ Rated VCEO, VEB ~ 0) 

Emitter Cutoff Current lEBO - 1 
(VBE ~ 5 Vde, IC~' 0) 

Unit 

Vdc 

Vdc 

Vdc 

Adc 

Adc 

Watts 
WfC 

Watts 
WfC 

°c 

Unit 

°CIW 

°CIW 

°C 

Unit 

Vdc 

/lAde 

/lAde 

mAde 

* These ratings are applicable when surface mounted on the minimum pad size recommended. 
111 Pulse Test: Pulse Width" 300 I'S, Duty Cycle" 2%. 

(continued) 

3-920 

NPN 
MJD29,C 

PNP 
MJD30,C 

SILICON' 
POWER TRANSISTORS 

1 AMPERE 
40 and 100 VOLTS 

15 WATTS 

CASE 369A-04 

CASE 369-03 

MINIMUM PAD SIZES 
RECOMMENDED . FOR 
SURFACE MOUNTED 

APPLICATIONS 

6}' 

0.265 
I 

~ 
.!&.l '- ..-l 1..1!-0.0631- -1- -1- -I 0.063 

2.3 2.3 

0.090 0.090 



MJD29,C NPN, MJD30,C PNP 

ELECTRICAL CHARACTERISTCS - continued (TC = 25°C unless otherwise noted) 

1 Characteristic 1 Symbol Min Max Unit 

ON CHARACTERISTICS (1) 

DC Current Gain 
(lc = 0.2 Ade, VCE = 4 Vde) 
(lC = 1 Ade, VCE = 4 Vde) 

Collector-Emitter Saturation Voltage 
(lC = 1 Ade, IB = 125 mAde) 

Base-Emitter On Voltage 
(lC = 1 Ade, VCE = 4 Vde) 

DYNAMIC CHARACTERISTICS 

Current Gain - Bandwidth Product (21 
(lC = 200 mAde, VCE = 10 Vde, ftest = 1 MHz) 

Small-Signal Current Gain 
(lc = 0.2 Ade, VCE = 10 Vde, f = 1 kHz) 

(1) Pulse Test: Pulse Width :!IE',; 300 p.s, Duty Cycle .s;: 2%. 
(2) IT = Ihlel- 'test· 

hFE 

VCE(sat) 

VBE(onl 

IT 

Ihfel 

-
40 -
15 75 

- 0.7 Vde 

- 1.3 Vde 

3 - MHz 

20 - -

OUTLINE DIMENSIONS 

CASE 369-03 CASE 369A-04 

~~~!'f ,tJil ~;E: l' ~ 
STYlE 1: " ~i A F I Z 

PIN 1. BASE , " +, u __ 2. COLLECTOR 
3. EMITTER E2l.: 1 -1- 1 R=t ~I~ t J !!J' 
4.COUECTOR 

'1f '~~ ~D r MIlLOIElERS INCItES 
.... 

II. MAX 
V 31'1 J DIM ... MAX lIN MAX 11.235 0245 • 5.97 6.22 0.235 0.246 .250 OJ" 
~G_ • ." .,. 0.250 0.'" 

STYLE 1 
C 2.1 2 0 .". 

C 2.19 2.38 0.086 0094 D .... 0.88 D.021 O. 
D D." 0.88 0025 0.'" PIN T. BASE , !I.97 t .. 0.038 ..., , 0.91 t .. 0.038 0.042 2.COllECTQR F '" 0.88 0.025 0.035 

NOTES 
G 2.298SC o.o~·~6~23 

1 EMITTER G 4.58BSC o"aoBSC 
1. SURFAce "T" IS BOTH A DATUM AND A 

J 04. 0.56 4. COLLECTOR H 2.298SC O. BSC 
MOUNTlNGSURFACE , .... 9.65 0.350 0.380 NOTES: J ... 0.56 18 

2. POSITIONAl TOL£RANCE fOR "D" DIAMETeR. 
L 0.69 1.27 0.035 0.1150 1, SURfACE "T" IS BOTH A DATUM ANDA 

, 2.59 ". 0.102 0.114 
I tiO.13(0.005!®i T I S 5.21 5.46 0.205 0.215 MOUNTING SURFACE. 

L t27 • OJJO) 

3. DIMENSIONING &. TOLERANCiNG PER ANSI V o.n 1.14 0.030 0.045 2. POSITIONAl TOLERANCE fOR "0" DIAMETER. 
S 5.21 SAO .205 .15 

V14.5M,1982. W 0.64 0.94 0.DJ3 0.037 I tl0.13 (0.005!®ITI 
U .51 0.020 -

4. CONTROLLING DIMENSION: INCH , 1.91 2.28 0.117. 0.090 V 0.17 1.14 
3. DIMENSiONING lit TOLERANCING PER ANSI W 0 .. 0.94 0 00" 

V14.5M,1982. , .32 0.110 -
4. CONTROLLING DIMENSION: INCH , 3.69 0.145 

Case 369-03 may be ordered by adding a "-1" suffix to the device title (i.e. MJD29-1) 
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MJ029,C NPN, MJ030,C PNP 
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Figure 4. Turn-On Time 

There are two limitations on the power handling ability 
of a transistor: average junction temperature and second 
breakdown. Safe operating area curves indicate IC-VCE 
operation; i.e., the transistor must not be subjected to 
greater dissipation than the curves indicate. 

The data of Figure 5 is base~ on TJ(pk) = 150·C; TC is 
variable depending on conditions. Second breakdown 
pulse limits are valid for duty cycles to 10% provided 
TJ(pk) '" 150·C, At high case temperatures, thermal lim
itations will reduce the power that can be handled to val
ues less than the limitations imposed by second 
breakdown, 

2 3 5 7 10 20 30 50 70 100 
VCE, COLLECTOR-EMlffiR VOLTAGE IVOLTS) 

Figure 5, Active Region Safe Operating Area 
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MJD29,C NPN, MJD30,C PNP 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

Complementary 
Power Transistors 
DPAK. For Surface Mount Applications 

Designed for general purpose amplifier and low speed switching applications. 

• Lead Formed for Surface Mount Applications in Plastic Sleeves (No Suffix) 
• Straight Lead Version in Plastic Sleeves ("-'" Suffix) 
• Lead Formed Version in 16 mm Tape and Reel ("RL" Suffix) 
• Electrically Similar to Popular TIP31 and TIP32 Series 

MAXIMUM RATINGS 

Rating Symbol 
MJD31 MJD31C 
MJD32 MJD32C 

Collector-Emitter Voltage VCEO 40 100 

Collector-Sase Voltage VCS 40 100 

Emitter-Sase Voltage VES 5 

Collector Current - Continuous IC 3 
Peak 5 

Sase Current IS 1 

Total Power Dissipation @TC = 25"C PD 15 
Derate above 25"C 0.12 

Total Power Dissipation' @TA = 25"C Po ,1.56 
Derate above 25"C 0.012 

Operating and Storage Junction Temperature Range TJ, Tstg -65 to +150 

THERMAL CHARACTERISTICS 

Charaeteristic Symbol Max 

Thermal Resistance, Junction to Case R(lJC 8.3 

Thermal Resistance, Junction to Ambient* ROJA SO 

Lead Temperature for Soldering Purposes TL 260 

ELECTRICAL CHARACTERISTCS (TC = 25"C unless otherwise noted) 

I Charaeteristic I Symbol Min Max 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage (1) MJD31, MJD32 VCEO(sus) 40 -
(lC = 30 mAde, IS = 0) MJD31C, MJD32C 100 -

Collector Cutoff Current ICEO - 50 
(VCE = 40 Vdc, IS = 0) MJD31, MJD32 
(VCE = 60 Vdc, IS = 0) MJD31C, MJD32C 

Collector Cutoff Current ICES - 20 
(VCE = Rated VCEO, VES = 0) 

Emitter Cutoff Current IESO - 1 
(VSE = 5 Vdc, IC = 0) 

Unit 

Vdc 

Vdc 

Vdc 

Adc 

Adc 

Watts 
Wf'C 

Watts 
Wf'C 

"C 

Unit 

"CIW 

"CIW 

"C 

Unit 

Vdc 

pAdc 

~Adc 

mAde 

* These ratings are applicable when surface mounted on the minimum pad size recommended. 
(1) Pulse Test: Pulse Width", 300 1'5, Duty Cycle'" 2%. 

(continued) 
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NPN 
MJD31,C 

PNP 
NlJD32,C 

SILICON 
POWER TRANSISTORS 

3 AMPERES 
40 and 100 VOLTS 

15 WATTS 

• CASE 369A-04 

CASE 369-03 

MINIMUM PAD SIZES 
RECOMMENDED FOR 
SURFACE MOUNTED 

APPLICATIONS 

6.7 
0.265 

I 

~ 
lW l-.....J I.lL 
0.063 I 1- -I I 0.063 

2.3 2.3 

0,090 0,090 



MJ031,C NPN, MJ032,C PNP 

ELECTRICAL CHARACTERISTICS - continued (TC ~ 25"<: unless otherwise noted) 

I Characteristic I Symbol 

ON CHARACTERISTICS (11 

DC Current Gain 
(lC ~ 1 Adc, VCE ~ 4 Vdc) 
(lc ~ 3 Adc, VCE ~ 4 Vdc) 

Collector-Emitter Saturation Voltage 
(lC ~ 3 Adc, IB ~ 375 mAde) 

Base-Emitter On Voltage 
(lC ~ 3 Adc, VCE ~ 4 Vdc) 

DYNAMIC CHARACTERISTICS 

Current Gain - Bandwidth Product (2) 
(lc ~ 500 mAdc, VCE ~ 10 Vdc, Itest ~ 1 MHz) 

Small-Signal Current Gain 
(lC ~ 0.5 Adc, VCE ~ 10 Vdc, I ~ 1 kHz) 

(11 Pulse Test: Pulse Width" 300 I's. Duty Cycle" 2%. 
12) IT - Ihfel • ftest· 

CASE 369-03 

I--

OUTLINE DIMENSIONS 

hFE 

VCE(sat) 

VBE(on) 

f,-

Ihlel 

Min Max Unit 

-
25 -
10 50 

- 1.2 Vdc 

- 1.B Vdc 

3 - MHz 

20 - -

CASE 369A-04 

.~ -'E s-B~ cW~ -M W 

I- -d-· 1Y G 
~+ ~ . t 

I "\Ml-T .=tt STYlE,: A F 

]~ 
PIN 1. BASE 

1. " +, I. COLLECTOR 

~I~ l.EMrrnR 

~r ~ ,! 4.COLLECTQR 

J-JC' 
MWI"'" 

'""'" ~~ H 

... ... MIN MAX ... lIN .... lIN ow A 5.91 ., 0 OJ" V4 • 5.97 8" 0.235 0.245 "" 8" OJ50 0 

I-- B 6.35 6.13 0.250 d.,.. C 2.1 2.38 , .. 0.094 
C 2.19 2." 0." 0.1194 STYLE 1 D D ... OJ. 0." 
D D." D" 0.025 D.035 PIN I. BASE 0.&7 ". D.'" D 

• D.97 1.58 D.'" D.'" 2. COLLECTOR F ... D. 02 • O.D 
NOTES 

G 2.29BSC D.09DBSC 3.EMlmR 4.588C 0.185 
1. SURFACE '1" IS BOTH A DATUM AND A J DAO D.58 0.018 D.023 4 COlLECTOR • 2.29BSC O.09OBSC 

MOUNTING SUfifACE. , ... ." D. D'" NOTES: J , D. 018 0.023 
2. POSITIONAl TOlERANCE FOR "0" DIAMt;TER. , 2.59 2.89 0.102 0.11 

I t]O.13!O.0051®1 Tl L ... 1.27 D.,S 0.050 1. SURFACE "T" IS BOlli A DATUM AND A L D." 1.27 D." D." • 5.21 S." D.206 0.215 MOUNTING SURFA.CE. 6.21 .AO O. >1 3. DIMENSIONING' TOLEflANCING PER ANSI Y D.n 1.14 D..., D .... 2. POSITIONAl TOLERANCE FOR "0" DIAMETER. .51 "'" Yl4.5M,1!182. W 0 0.94 D.033 0.037 I +1 0.13 (O.OOS)®ITI y 0.71 1.14 0.030 D .... 4. CONmOlUNG DIMENSION: INCH y 1.1 2.28 0.075 D.DOl l. DIMENSIONING & TOLERANCING PER ANSI W 0" 0.94 D.033 D.037 
YI4.5M,19B2. Y < "". 

4. CONTROLLING DIMENSION: INCH Z , .. - 0.145 

Case 369-03 may be ordered by adding a "-1" suffiX to the deVice title (I.e. MJ031-1) 
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MJ031,C NPN, MJ032,C PNP 

TYPICAL CHARACTERISTICS 
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MJD31,C NPN, MJD32,C PNP 
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There are two limitations on the power handling ability 
of a transistor: average junction temperature and second 
breakdown. Safe operating area curves indicate IC-VCE 
limits of the transistor that must be observed for reliable 
operation; i.e., the transistor must not be subjected to 
greater dissipation than the curves indicate. 

The data of Figure 10 is based on TJ(pk) = 150°C; TC 
is variable depending on conditions. Second breakdown 
pulse limits are valid for duty cycles to 10% provided 
T J(pk) .. 150°C. T J(pk) may be calculated from the data 
in Figure 9. At high case temperatures, thermal limita
tions will reduce the power that can be handled to values 
less than the limitations imposed by second breakdown. 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

Complementary 
Power Transistors 
DPAK For Surface Mount Applications 

Designed for general purpose amplifier and low speed switching applications. 

• lead Formed for Surface Mount Applications in Plastic Sleeves (No Suffix) 
• Straight lead Version in Plastic Sleeves ("-1" Suffix) 
• lead Formed Version in 16 mm Tape and Reel ("Rl" Suffix) 
• Electrically Similar to Popular TlP41 and TIP42 Series 
• Monolithic Construction With Built-in Base-Emitter Resistors 

MAXIMUM RATINGS 

Rating Symbol 
MJD41C 
MJD42C 

Collector-Emitter Voltage VCEO 100 

Collector-Base Voltage VCB 100 

Emitter-Base Voltage VEB 5 

Collector Current - Continuous IC 6 
Peak 10 

Base Current IB 2 

Total Power Dissipation @ TC = 25°C Po 20 
Derate above 25°C 0.16 

Total Power Dissipation" @TA = 25°C Po 1.75 
Derate above 25°C 0.014 

Operating and Storage Junction TJ, Tstg -65 to +150 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance, Junction to Case R8JC 6.25 

Thermal Resistance, Junction to Ambient" R8JA 71.4 

ELECTRICAL CHARACTERISTICS (TC = 25°C unless otherwise noted) 

I Characteristic I Symbol I Min Max 

OFFCHARACTE~Sncs 

Collector-Emitter Sustaining Voltage' (1) VCEO(sus) 100 -
(lC = 30 mAdc, IB = 0) 

Collector Cutoff Current ICED - 50 
(VCE = 60 Vdc, IB = 0) 

Collector Cutoff Cu rrent ICES - 10 
(VCE = 100 Vdc, VEB = 0) 

Emitter Cutoff Current lEBO - 0.5 
(VBE = 5 Vdc, IC = 0) 

* These ratings are applicabl.e when surface mounted on the minimum pad size recommended. 
(1) Pulse Test: Pul.e Width", 300 I'S, Duty Cycle'" 2%, 

3-928 

Unit 

Vdc 

Vdc 

Vdc 

Adc 

Adc 

Watts 
WI"C 

Watts 
WI"C 

°c 

Unit 

0c/w 

°CIW 

Unit 

Vdc 

/LAdc 

ILAdc 

mAdc 

(continued) 

NPN 
MJD41C 

PNP 
MJD42C 

SIUCON 
POWER TRANSISTORS 

6 AMPERES 
100 VOLTS 
20 WATTS 

CASE 389A-cM 

CASE 389-03 

MINIMUM PAD SIZES 
RECOMMENDED FOR 
SURFACE MOUNTED 

APPUCATIONS 

6.7 
0,265 

I 



MJD41C NPN, MJD42C PNP 

ELECTRICAL CHARACTERISTICS - continued (TC ~ 25'C unless otherwise noted) 

I Characteristic I Symbol Min Max Unit 

ON CHARACTERISTICS (1) 

DC Current Gain 
(lC ~ 0.3 Ade, VCE ~ 4 Vde) 
(lC ~ 3 Ade, VCE ~ 4 Vde) 

Collector-Emitter Saturation Voltage 
(lC ~ 6 Ade, IB ~ 600 mAde) 

Base-Emitter On Voltage 
(lC ~ 6 Ade, VCE ~ 4 Vde) 

DYNAMIC CHARACTERISTICS 

Current Gain - Bandwidth Product (2) 
(lC ~ 500 mAde. VCE ~ 10 Vde, ftest ~ 1 MHz) 

Small-Signal Current Gain 
(lC ~ 0.5 Ade, VCE ~ 10 Vde, f ~ 1 kHz) 

(1 I Pulse Test: Pulse Width", 300 p.s. Duty Cvcle '" 2%. 
(21 fT ~ Ihfel· 'test 

hFE 

VCE(sat) 

VBE(on) 

tr 

Ihfel 

-
30 -
15 75 

- 1.5 Vde 

- 2 Vde 

3 - MHz 

20 - -

OUTLINE DIMENSIONS 

CASE 389-03 CASE 389A-C14 

·aJ w~.- ,-jt'l1 -:~E: 1'1. e _ 

~. ..i: 

," ~ "=# [ 
STYLET: '" i ~ I u z 

J: 
PIN l.8ASE 

1.COllfCTOR 
3.EMlmll ~~-r~-=+t ~~ t 4. COLlECTOR 

!!U r~E ,~CI 
I--~~ Jr - """'" --1~ H 

..... 
DOl 1M MAX lIN 

DOl ... MAX 1M MAX • ,. • '" • 5.91 &" o. 0.245 B .." &" 0.2 0'" -Gi- B ... <" 0.250 0.285 ... , 
C 2.19 ,. 0.094 STYLE!: • • 0JI27 0.035 • 0 ... D.025 .." PIN 1. BASE E 0.97 "10 • 

NOTES E • .9J 1.06 0 2.COLLECTOA F .. ... , 0.035 
1. SURfACE 'T' 15 BOTH A DATUM AND A 2.29BSC O.09DBSC 3. EMITTeR • 0.1111 

MOUNTING SUIIFACE. 
, • • 8 03 '.COLLECTOR " BSC 

2. POSITIONAL TOLERANCE FOR NO" DIAMETeR. • ... ... 0.380 NOTES: 
, ... 0.01 .m 

rtIO.t3!O.005!@IT/ 
l 1.27 O. .... 1. SURFACE "T" IS BOTH A DATUM AND A • "" 

, 1 11. 
S 5.21 ... .lD5 0.215 MOUNTING SURFACE. L 1.21 0." ... 

3. DIMENSIONING' TOLERANClNG PER ANSI V 0" 1.14 O. .... 2. posmoNAl TOlERANCE FOR "0" DIAMeTER. S 5.21 ... • '16 VIC.SM,1 •. W ... 0." O. D.037 I tIO.13~O.005) ®ITI u .. , 
4. CONlROWNG DIMENSION: INCH , 1.91 " . ..,. O. V 0" 1.14 0 .... .... 

3. DIAIENSIONING a TOI.ERANCING PER ANSI W ... ... 
YI4.5M,1982. 0.' 

4. CONTROLLING DIMfNSION: INCH Z .... ., 
Case 389-03 may be ordered by adding a "-I" suffix to the device title (i.e. MJD41C-l) 
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MJD41 C NPN, MJD42C PNP 

TYPICAL CHARACTERISTICS 
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MJD41C NPN, MJD42C PNP 
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Figure 9. Thermal Response 
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There are two limitations on the power handling ability 
of a transistor: average junction temperature and second 
breakdown. Safe operating area curves indicate IC-VCE 
limits of the transistor that must be observed for reliable 
operation; i.e., the transistor must not be subjected to 
greater dissipation than the curves indicate. 
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The data of Figure 10 is based on TJ(pk) = 150·C; TC 
is variable depending on conditions. Second breakdown 
pulse limits are valid for duty cycles to 10% provided 
TJ(pk) .. 150·C. TJ(pk) may be calculated from the data 
in Figure 9. At high case temperatures, thermal limita
tions will reduce the power that can be handled to values 
less than the limitations imposed by second breakdown. 
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MOTOROLA _ SEMICONDUCTOR ____________ _ 
TECHNICAL DATA 

Complementary 
Power Transistors 
DPAK For Surface Mount Applications 

· .. for general purpose power and switching such as output or driver stages in 
appliCations such as switching regulators, converters, and ·power amplifiers. 

• Lead Formed for Surface Mount Application in Plastic Sleeves (No Suffix) 
• Straight Lead Version in Plastic Sleeves ("-1" Suffix) 
• Lead Formed Version in 16 mm Tape and Reel for Surface Mount ("RL" Suffix) 
• Electrically Similar to Popular D44H/D45H Series 
• Low Collector. Emitter Saturati,on Voltage - VCE(sat) = 1 Volt Max @ 8 Amperes 
• Fast Switching Speeds 
• Complementary Pairs Simplifies Designs 

MAXIMUM RAnNGS 

Rating Symbol D44H11 or D45H11 Unit 

Collector-Emitter Voltage VCEO 80 Vdc 

Emitter-Base Voltage VEB 5 Vdc 

Collector Current - Continuous IC 8 Adc 
Peak 16 

Total Power Dissipation Po 
@TC = 25"C 20 Watts 
Derate above 25"C 0.16 wrc 

Total Power Dissipation (1) Po 
'@TA= 25"C 1.75 Watts 

Derate above 25"C 0.014 wrc 
Operating and Storage Junction 

Temperature Range 
TJ, Tstg -55to 150 "C 

THERMAL CHARACTERISnCS 

Characteristic Symbol Max Unit 

Thermal Resistance, Junctio~ to Case RtiJC 6.25 "CIW 

Thermal Resistance; Junction to Ambient (1) RtiJA 71.4 "CIW 

Lead Temperature for Soldering TL 260 "C 

(1) These ratings are applicable when surface mounted on the minimum pad size recommended. 

3-932 

NPN 
MJD44H11 

PNP 
MJD45H11 

SILICON 
POWER TRANSISTORS 

8 AMPERES 
so VOLTS 
20 WATTS 

CASE 369A-04 

CASE 369-03 

MINIMUM PAD SIZES 
RECOMMENDED FOR. 
SURFACE MOUNTED 

APPLICATIONS 

6.7 
o.~ ~I 



MJD44H11 NPN, MJD45H11 PNP 

ELECTRICAL CHARACTERISTICS (TC = 25°C unless otherwise noted) 

·1 Ch.r.c:tarlstlc Symbol Min Typ Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage VCEO(sus) 80 - - Vdc 
(lc = 30 mA, IB = 0) 

Collector Cutoff Current ICES - - 10 pA 
(VCE = Rated VCEO, VBE = 0) 

Emitter Cutoff Current lEBO - - 50 pA 
(VEB = 5 Vdc) 

ONCHARACTERHrnCS 

Collector-Emitter Saturation Voltage VCE(sat) - - 1 Vdc 
(lC = 8 Adc, IB = 0.4 Adc) 

Base-Emitter Saturation Voltage VBE(sat) - - 1.5 Vdc 
(lC = 8 Adc, IB = 0.8 Adc) 

DC Current Gain hFE 60 - - -
(VCE = 1 Vdc, IC = 2 Adc) 

DC Current Gain 40 - -
(VCE = 1 Vdc, IC = 4 Adc) 

DYNAMIC CHARACTERISTICS 

Collector Capacitance Ccb pF 
(VCB = 10 Vdc, ftest = 1 MHz) MJD44Hll - 130 -

MJD45Hll - 230 -
Gain Bandwidth Product fT MHz 

(lC = 0.5 Adc, VCE = 10 Vdc, f = 20 MHz) MJD44Hll - 50 -
MJD45Hll - 40 -

SWITCHING TIMES 

Delay and Rise Times td + tr ns 
(lC = 5 Adc, IBl = 0.5 Adc) MJD44Hll - 300 -

MJD45Hll - 135 -
Storage Time ts ns 

(lC = 5 Adc, IBl = IB2 = 0.5 Adc) MJD44Hll - 500 -
MJD45Hll - 500 -

Fall Time tf ns 
(lC = 5 Adc, IBl = IB2 = 0.5 Adc) MJD44Hll - 140 -

MJD45H11 - 100 -
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MJD44H11 NPN, MJD45H11 PNP 

1 
0.7 

~ 0.5 

~ ~ 0.3 

~~ 0,2 
cn~ 
~~ 0.1 
~ ~O.07 
~ ~0.05 
~ ~O.03 
~ 0.02 

om 

r=D 0.5 

t--d.2 

t--r- 0.1 

E 1=0.05 

~ 1=0.02 

""""" 

---". 

0.01 

SINGLE PULSE 

l Iii 

-:;.. 

.... TJlpkl TC. PIPkIOJClt):: 
DUTY C~CLE, D ~ tln2 -

ROJCltl rltl ROJC 

HUl ROJC 6.25 °CIW MAX 
D CURVES APPLY FOR POWER 
PULSE TRAIN SHOWN 

R~~D JIME :T til t~--l 
II II I 

0.01 0.02 0.03 0.05 0.1 0.2 0.0 0.5 10 20 30 50 100 200 300 500 lk 

I 
~ 
~ 

20 
0 

5 
3 
2 

1 

eta: 0, 
O. 

~ 
5 
3 

~ O. 1 

0,0 5 

0.0 2 
1 

1. 5 
S 1. 4 

~ 1. 

~ 1-
z I. 

3 

2 

1 

~ I 

~ o. 
~ 

8 

a o. 7 

g 0.6 

i O. 5 

0.01 

t, TIMElmsl 

Figure 1. Thermal Response 
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There are two limitations onthe power handling ability 
of a transistor: average junction temperature and second 
breakdown, Safe operating area curves indicate IC-VCE 
limits of the transistor that must be observed for reliable. 
operation; i.e .• the transistor must not be subjeCted to 
greater dissipation than the curves indicate, 
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The data of Figure 2 is based on TJ(pk) = 150°C; TC is 
variable depending on conditions. Second breakdown 
pulse limits are valid for duty cycles to 10% provided 
TJ(pk) .. 150°C, TJ(pk) may be calculated from the dllta 
in Figure 1. At high case temperatures. thermal limita
tions will reduce the power that can be handled to values 
less than the limitations imposed by second breakdown. 

VCE, COLLECTOR·EMITTER VOLTAGE IVOLTSI 

Figure 2. Maximum Forward Bias 
Safe Operating Area 
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Figure 3. Normalized DC Current Gain 
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Figure 4. Power Derating 



MJD44H11 NPN, MJD45H11 PNP 

OUTLINE DIMENSIONS 

NOTES: - 'E 1. SURFACE 'T' IS BOTH A OATUM AND A 

'~li 
MOUNTING SURFACE. 

- • W 2. POSITIONAL TOLERANCE FOR "0" DIAMmR. 

1 Y l. 
1 t 1 0,1310.0051 ® 1 T 1 

-~_E 3. DIMENSIONING & TOLERANCING PER ANSI 
Y14.5M,I982. 

~; 
4. CONTROLLING DIMENSION: INCH 

· t 
I u 

A F MlLUMETBIS INCHES 

, 2 3 I t DIM liN MAX MIN MAX 

~~ 
A 5,97 6.22 0.235 0.245 

~~E! 
B 6J5 ~73 0150 0,266 
C 2,19 ·2.38 0.1186 0.094 

J-Je-T D 0.69 0,88 0.027 0,035 
E 0,97 1,06 0.038 0.042 
f 0.64 0.88 0.02'l 0,035 

STYLE 1: G 4.58BSC O,laoBSC 

~~ H 

PIN 1. BASE H 2,29BSC 0.090BSC 
2. COLLECTOR J 6,45 0.58 0.Q18 0.023 
3.EMlmR K 2.59 2,89 0.102 0.114 
4. COLLECTOR L 0,89 1.27 0.035 0.050 

S ~21 5,45 0.205 0.215 
U 0.51 0.020 
V O.n 1.14 0.030 0.045 
W 0,64 0.94 0.033 0.037 

CASE 369A-04 y 4.32 - 0,170 
Z 3,69 0.145 

s-B~ 
w~_ 

c _ MIWMETERS INCHES 
NOTES D1M MIN MAX MIN MAX 

f.i: 
1, SURFACE "T" IS BOTH A DATUM AND A A 5.97 6.22 0.235 0.245 

~+ MOUNTING SURFACE. B 6.35 6.73 0.250 0.265 
2. POSITIONAL TOLERANCE FOR "0" DiAMETER. C 2.19 2.38 0.086 0.094 

'=# 
1 tl 0.1310.0051®1 T 1 D 0.64 0.89 0.025 0.035 

rrr' _ 2 3. DIMENSIONING & TOLERANCING PER ANSI E 0.97 1,06 0.038 0.042 

YI4.5M,19B2. G 2.29BSC 0.090BSC 

4 CONTROLLING DIMENSION: INCH J 0.45 0.58 O.Q1B 0.023 
K B.69 9.65 0.350 0.380 

! ! !~ STYLE 1: L 0.89 1,27 0.035 0.050 
PIN 1, BASE S 5.21 5.46 0.205 0.215 

2. COLLECTOR V 0.77 1.14 0.030 0.045 

Jr 
3.EMlmR W 0.84 0.94 0.033 0.037 

~ I--~Pl 4. COLLECTOR Y 1.91 '2,28 0.075 0.090 

V_~r-
Gf4-

CASE 369-03 

Case 369-03 may be ordered by adding a "-'" suffix to the device title (i.e. MJD44H"-') 
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MOTOROLA 
_ SEMICONDUCTOR 

TECHNICAL DATA 

High Voltage 
Power Transistors 
DPAK For Surface Mount Applications 

Designed for line operated audio output amplifier, switch mode power supply 
drivers and other switching applications. 

• Lead Formed for Surface Mount Applications in Plastic Sleeves (No Suffix) 
• Straight Lead Version in Plastic Sleeves ("-1" Suffix) 
• Lead Formed Version in 16 mm Tape and Reel ("RL" Suffix) 
• Electrically Similar to Popular TIP47, and TIP50 
• 250 and 400 V (Min) - VCEO(sus) 
• 1 A Rated Collector Current 

MAXIMUM RATINGS 

Rating Symbol MJD47 MJD50 Unit 

Collector-Emitter Voltage VCEO 2S0 400 Vde 

Collector-Base Voltage VCB 3S0 sao Vde 

Emitter-Base Voltage VEB S Vde 

Collector Current - Continuous IC 1 Ade 
Peak 2 

Base Current IB 0.6 Ade 

Total Power Dissipation @ TC ~ 2S'C Po 15 Watts 
Derate above 25'C 0.12 WFC 

Total Power Dissipation" @ TA ~ 25'C Po 1.56 Watts 
Derate above 25'C 0.0125 WFC 

Operating and Storage Junction TJ, Tstg -65to +lS0 'c 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Case ROJC 8.33 'CIW 

Thermal Resistance, Junction to Ambient" ROJA 80 'CIW 

Lead Temperature for Soldering Purpose TL 260 'c 
ELECTRICAL CHARACTERISTICS (TC ~ 25'C unless otherwise noted) 

I Characteristic I Symbol I Min Max I Unit I 
OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage (1) MJD47 
(lC ~ 30 mAde, IB ~ 0) MJD50 

Collector Cutoff Current 
(VCE ~ lS0 Vde, IB ~ 0) MJD47 
(VCE ~ 300 Vde, IB ~ 0) MJD50 

* When surface mounted on minimum pad sizes recommended. 
(1) Pulse Test: Pulse Width,;,;; 300 MS, Duty Cycle,;,;; 2%. 

VCEO(sus) 

ICEO 

3-936 

250 - Vde 
400 -

mAde 
- 0.2 
- 0.2 

(continued) 

MJD47 
MJD50 

NPN SILICON 
POWER TRANSISTORS 

1 AMPERE 
250, 400 VOLTS 

15 WATTS 

• CASE 369A-04 

CASE 369-03 

MINIMUM PAD SIZES 
RECOMMENDED FOR 
SURFACE MOUNTED 

APPLICATIONS 

6.7 
0.265 

I 

~ 
.1W I- --l I-!i-
0.0631 1- -I 1 0.063 

2.3 2.3 

0.090 0.090 



MJD47, MJD50 

ELECTRICAL CHARACTERISTICS - continued (TC = 25"C unless otherwise noted) 

I Characteristic I Symbol Min Max Unit 

OFf CHARACTERISTICS - continued 

Collector Cutoff Current 'CES mAde 
(VCE = 350 Vde, VBE = 0) MJD47 - 0.1 
(VCE = 500 Vde, VBE = 0) MJD50 - 0.1 

Emitter Cutoff Current lEBO - 1 mAde 
(VBE = 5 Vde, IC = 0) 

ON CHARACTERISTICS (I) 

OC Current Gain hFE -
(lC = 0.3 Ade, VCE = 10 Vde) 30 150 
(lC = 1 Adc, VCE = 10 Vdc) 10 -

Collector-Emitter Saturation Voltage VCE(sat) - 1 Vdc 
(lC = 1 Ade, IB = 0.2 Adc) 

Base-Emitter On Voltage VBE(on) - 1.5 Vdc 
(lC = 1 Ade, VCE = 10 Vde) 

DYNAMIC CHARACTERISTICS 

Current Gain - Bandwidth Product fr 10 - MHz 
(lC = 0.2 Adc, VCE = 10 Vdc, f = 2 MHz) 

Small-Signal Current Gain hfe 25 - -
(lC = 0.2 Adc, VCE = 10 Vdc, f = 1 kHz) 

(1) Pulse Test: Pulse Width", 300 /'S. Duty Cvcle '" 2%. 

TA TC 
2.5 25 

S 2 20 

~ 
z 
~ 1.5 15 r-.... 
;;; 
!Il c 1 10 a: 

~ 
.e 0.5 

o 0 
25 

-....; ~ l!"-TA (SURFACE MOUNT! 

TC~ ~ 

~ 
~ ~ 

50 75 100 
T, TEMPERATURE (OCI 

Figure 1. Power Derating 

TYPICAL CHARACTERISncS 

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

125 150 

3-937 

TURN'()N PULSE 

A~O: n Vee 

Vinjr - - -t Vin ~-"--.... -; 

VEB(Off~ f-- 11 51 

APPROX ~ 13 r-
+l1V I I 11 "'7n$ 

I I 1'100<12<500p.s -4V 
Vin _.!._:.. _I_.!.. _ 13< 15ns 

I I I 

I 1 DUTY CYCLE = 2%' 
....., 12 I-- APPROX - 9 V 

TURN·OFF PULSE RB and RC VARIED TO OBTAIN 
DESIRED CURRENT lEVELS. 

Figure 2. SWitching Time Equivalent Circuit 



MJD47, MJD50 

200 

I v1~ ~I,OV 
100 

FTJ 150'C 

f---f- 25'C 

I 
~55"C 

2 
0.02 0.04 0.06 D.' 0.2 0.4 0.6 

c 
~ 
~ o. 
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~ O. 
~ 

1 
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5 

3 

2 

~ 
~ o. ,I--

1 i O.O 
'" 0.05 
~ 3 .... 0.0 --z 
~ 0.0 2 

~ 0.0 1 
'" 0.01 

IC, COLLECTOR CURRENT lAMPS) 

Figure 3. DC Current Gain 
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'" 
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~ 
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1/ 

I 
VCElsat) @ IC/IS = 5 V 

V 
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IC, COLLECTOR, CURRENT lAMPS) 

Figure 4. "On" Voltages 

R8JClt) = ,It) R8JC 
R8JC = B.33 'C/W MAX -3fLfL o CURVES APPLY FOR POWER 

~:L2-l 
PULSE TRAIN SHOWN 
READ TIME ATt, 

DUTY CYCLE, 0 = tl/t2 T Jlpk) - T C = Plpk) 8JClt) 

III L I II" II 
10 20 30 50 100 200 300 500 1k 

t, TIME Ims) 

Figure 5. Thermal Response 
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2 

1 

5 
I .... o. 

i ~ 0.2 
,U 

!§ 0.1 

~ 0.05 

8 
~0.02 

1 

l,ms .... TI~OOI£S 
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TC "" 25"C 
de -

SECOND SREAKOOWN LIMIT 
~-- - THERMAL LIMIT @J 25'C 
1--- WIRE SONO LIMIT 

CURVES APPLY SELOW 
MJ041 

RATEOVCEO 

MJD50 

== 

" F 
~ 

E 

There are two limitations on the power handling ability 
of a transistor: average junction temperature and second 
breakdown. Safe operating area curves indicate IC-VCE 
limits of the transistor that must be observed for reliable 
operation; i.e., the transistor must not be subjected to 
greater dissipation than the curves indicate. 

0.0 
0.005 

5 10 20 50 100 200 300 500 

The data of Figure 6 is based on TJ(pk) = 1500C; TC is 
variable depending on conditions. Second breakdown 
pulse limits are valid for duty cycles to 10% provided 
TJ(pk) "" 150"C. TJ(pk) may be calculated from the data 
in Figure 5. At high case temperatures, thermal limita
tioris will reduce the power that can be handled to values 
less than the limitations imposed by second breakdown. 

VCE, COLLECTOR·EMITTER VOLTAGE IVOLTS) 

Figure 6. Active Region Safe Operating Area 
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MJD47, MJD50 
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0.2 
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Figure 7. Turn..()n Time 
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FIgure 8. Turn-Off Time 

OUTLINE DIMENSIONS 

CASE 3&9-03 

NOTES 
1. SURFACE 'T' IS BOTH A DATUM AND A 

MOUNTING SURFACe. 
2. POSrTlONAL TOLERANCE FOR "0" DIAMETER. 

Itlo.1310.005!®1 Tl 
3. DIMENSIONING. TOLERAMCIMG PER ANSI 

Yl4.SM,1982. 
4. CON'TfIOWNG DIMeNSION: INCH 

OIl 

• • c 
• , 
• J 

• l 

• • w 
• 

STYLE': 
PIN I. BASE 

2. COllECTOR 
J.EMlmR 
4.COl.LECTOR 

............ INCItES 
1M MAX .. MAX .. , 6.22 0.23& 0.245 

6.13 0.1 0.1<5 
2.19 1.38 0'" 0.094 ... 0.88 0.5 '.035 . ., 1.06 • .1J38 '.042 

2.21BSC o.09DBSC 
'46 058 0.018 0.023 

.65 0.310 0.380 
0.88 1.11 0.035 0.050 
5.21 5.46 0.206 0.215 
,n 1.14 O. 0.046 ... 'M 0.033 .031 
131 1.18 0.015 0.'" 

CASE 389A·04 

s-~·1U. ~~E: 1'1. 
. t hi rflr.i 

... j I I~ \PiI-T 
1~i~1 J~ 
~~~ TE,2_:~ 

STYLE 1 D.89 0.88 
PIN tBASE E 0.97 1.06 

2. COLLECTOR F 0.64 
3,EMlmR G 
4. COLLECTOR H 

NOTES: 
1. SURFACE "r' IS BOlli A DATUM AND A 

MOUNTING SURfACE. 
2. posmONAL TOLERANCE FOR "0" DIAMETER. 

itio.1310.005I®lrl 
3. DIMENSIONING 81 TOlfRANCING PER ANSI 

YI4.5M,I982. 
4. CONTROllING DIMENSION: INCH 

J 

• l 

• U 

• 

159 

5.1 
0.1 
.n ... 

4.32 

'58 
2.88 

5AS 

1.14 
094 

0.00 
0.D35 

0.180 
o 
1 

.1 
0.023 
D.114 
0.Il0l 

CI.205 D15 
.020 
.030 

.170 

.1" 

Case 369·03 may be ordered by adding a ".," suffix to the device title (i.e. MJD47·') 
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MOTOROLA 
.. SEMiCONDUCTOR ........................ .. 

TECHNICAL DATA 

ComplementarY. Darlington 
Power Transistors 
DPAK For Surface Mount Applications 

Designed for general purpose power and switching such as output or driver 
stages in applications such as switching regulators, convertors, and power 
amplifiers. 

• Lead Formed for Surface Mount Application in Plastic Sleeves (No Suffix) 
• Straight Lead Version in Plastic Sleeves ("-1" Suffix) 
• Lead Formed Version in 16 mmTape and Reel ("RL" Suffix) 
• Surface Mount Replacements for TIP110-TlP117 Series 
• Monolithic Construction With Built-in Base-Emitter Shunt Resistors 
• High DC Current Gain - hFE = 2500 (Typ) @ IC = 2 Adc 
• Complementary Pairs Simplifies Designs 

MAXIMUM RATINGS 

Rating Symbol 
MJDl12 
MJDl17 

Collector-Emitter Voltage VCEO 100 

Collector-Base Voltage. VCB 100 

Emitter-Base Voltage VEB 5 

Collector Current - Continuous IC 2 
Peak 4 

Base Current IB 50 

Total Power Dissipation @ T C = 25"C Po 20 
Derate above 25"C 0.16 

Total Power Dissipation" @TA = 25"C Po 1.75 
, Derate above 25"C 0.014 

Operating and Storage Junction TJ, Tstg -65 to + 150 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal ReSistance, Junction to Case ReJC 6.25 

·Thermal Resistance, Junction to Ambient" ReJA 71.4 

ELECTRICAL CHARACTERISTICS (Te = 25"C. unless otherwise noted) 

I . Characteristic I Symbol I Min Max 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage (1) VCEO(sus) 100 -
(lC = 30 mAde, IB = 0) 

Collector Cutoff Cu rrent ICEO - 20 
(VCE = 50 Vde, IB = 0) 

Collector Cutoff Current ICBO - 20 
(VCB = 100 Vdc, IE = 0) 

Emitter Cutoff Current lEBO - 2 
(VBE = 5 Vde, IC = 0) 

* These ratings are applicable when surface mounted on the minimum pad sizes recommended. 
(I) Pulse Test: Pulse Width", 300 p.S. Duty Cycle'" 2%. 

. 3-940 

Unit 

Vde 

Vde 

Vdc 

Ade 

mAde 

Watts 
wrc 
Watts 
wrc 

"C 

Uriit 

"C/W 

"C/W 

Unit 

Vdc 

pAde 

pAde 

mAde 

(continued) 

NPN 
MJD112 

PNP 
MJD117 

SILICON 
POWER TRANSISTORS 

2 AMPERES 
100 VOLTS 
20 WATTS 

CASE 369A-04 

CASE 369-03 

MINIMUM PAD SIZES 
RECOMMENDED FOR 
SURFACE MOUNTED 

APPUCATIONS 

\-
6.7 

0.265 
I 

.\ 



MJD112 NPN, MJD117 PNP 

-ELECTRICAL CHARACTERISTICS - continued (TC = 25°C unless otherwise noted) 

I Characteristic I Symbol Min Max Unit 

OFf CHARACTERISTICS - continued 

Collector-Cutoff Current 
(VCE = 80 Vde, VBE(off) = 1.5 Vde) 
(VCE = 80 Vde, VBE(off) = 1.5 Vde, TC = 125°C) 

Collector-Cutoff Current 
(VCB = 80 Vde, IE = 0) 

Emitter-Cutoff Current 
(VBE = 5 Vde, IC = 0) 

ON CHARACTERISTICS 

DC Current Gain 
(lc = 0.5 Ade, VCE = 3 Vde) 
(lC = 2 Ade, VCE = 3 Vde) 
(lC = 4 Ade, VCE = 3 Vde) 

Collector-Emitter Saturation Voltage 
(lc = 2 Ade, IB = 8 mAde) 
(lc = 4 Ade, IB = 40 mAde) 

Base-Emitter Saturation Voltage 
(lC = 4 Ade, IB = 40 mAde) 

Base-Emitter On Voltage 
(lC = 2 Ade, VCE = 3 Vde) 

DYNAMIC CHARACTERISTICS 

Current-Gain - Bandwidth Product 
(lc = 0.75 Ade, VCE = 10 Vde, f = 1 MHz) 

Output Capacitance 
(VCB = 10 Vde, IE = 0, f = 0.1 MHz) 

*Pulse Test: Pulse Width :s; 300 ,,5, Duty Cycle:.,;;; 2%. 

VCC 
RB & RC VARIED TO OBTAIN DESIRED CURRENT LEVELS - 30 V 
01, MUST BE FAST RECOVERY TYPES, e.g., 

MBD5300 USED ABOVE IB = 100 mA 
MSD6100 USED BELOW IB = 100 mA 

I" II '" 10 ns 
FOR td AND Ir' 01 IS DISCONNECTED 
ANDV2 = 0 

MJDl17 
MJDl12 

], 
w 1 
~ 0.8 

0.6 

0.4 

0.2 
DUTY CYCLE = 1% FOR NPN TEST CIRCUIT REVERSE ALL POLARITIES. 

Figure 1. Switching Times Test Circuit 
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ICEX IJ.Ade 
- 10 
- 500 

ICBO - 10 IJ.Ade 

lEBO - 2 mAde 

hFE -
500 -
1000 12.000 
200 -

VCE(sat) Vde 
- 2 
- 3 

VBE(sat) - 4 Vde 

VBE(on) - 2.8 Vde 

tr 25 - MHz 

Cob pF 
- 200 
- 100 

I', VCC = 30 V IBI = IS2 
Icila = 250 TJ = 25°C r-

t\.. t~ .-
'\ V-~ . .? c:::: '--I ... 

,?' ~ t'-.. ~I--' )tl 
........ 

t'--

..... - "" 
t,~ 

...- ..... t-- 7' 
~ .......... r- td @ VSE(off) = 0 

PNP -......... ~r--{] I ---NPN r-..k-
04 0.06 0.1 0.2 0.4 0.6 

IC, COLLECTOR CURRENT (AMP) 

Figure 2. Switching Times 



MJD112 NPN, MJD117 PNP 
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Figure 3. Thermal Response 

ACTIVE-REGION SAFE-OPERATING AREA 

lOOp., = 
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~ ~5m' 
, 

1 m, 
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- - - - -- THERMAL LIMIT 

SECOND BREAKDOWN LIMIT 

~~J 150°C 
CURVES APPLY BELOW RATED Vceo 
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Figure 4. Maximum Rated Forward Biased 
Safe Operating Area 

Figure 5. Power Derating 

There are two limitations on the power handling ability 
of a transistor: average junction temperature and second 
breakdown. Safe operating area curves indicate IC-VCE 
limits of the transistor that must be observed for reliable 
operation; i.e., the transistor must not be subjected to 
greater dissipation than the cu.rves indicate. 

The data of Figures 5and 6 is based on T J(pk) = 150"C; 
TC is variable depending on conditions. Second break
down pulse limits are valid for duty cycles to 10% pro
vided TJ(pk) < 150°C. TJ(pk) may be calculated from the 
data in Figure 4. At.high case temperatures, thermal lim
itations .will reduce the power that can be handled to val
ues less than the limitations imposed by second 
breakdown. 
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Figure 6. Capacitance 
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MJD112 NPN, MJD117 PNP 

TYPICAL ELECTRICAL CHARACTERISTICS 
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Figure 7. DC Current Gain 
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MJD112 NPN, MJD117 PNP 
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MJD112 NPN, MJD117 PNP 

OUTLINE DIMENSIONS 

CASE 369-03 

s-8~ cW~: 

J'~it ; I U ~ 
~ j.-D --111-

V Sill J----ll.-
_01+-" 

NOTES 
,. SURfACE 'T' IS BOTH A DATUM AND A 

MOUNTING SURfACE. 
2. POSITlONAL TOLERANCE FOR "0" DIAMETER. 

Itlo.13!O,005!®1 TI 
3. mMENSIONING 6: TOLEIIANCING PER ANSI 

Y14.5M,I982. 
4. CONTROlLING DIMENSION: IMCH 

STYLE!: 
PIN 1. BASE 

2. COLLECTOR 
3.EMlmR 
4. COLLECTOR 

INCHES 
DOl MIl MAX MIl MAX 
It 5.97 6.22 035 0.245 
B 6.35 6.13 0.250 0.285 
C 2.19 2.38 0.088 0.094 
D 0.64 0.88 0.025 0.035 
E 0.97 1.06 0.038 0.042 
G 2 sse O.09OBSC 
J OAS 0.58 0.018 O. 
K 8.89 9. 0.350 0.380 
L G.B9 1.27 0.035 O. 
S 5.21 5.46 0.205 0.215 
V D,n 1.14 .,,, G.045 

W ... 0 o 0037 
Y 1.91 2.28 0.015 0.090 

CASE 369A-04 

1."1 -:~Lw 
s-It 1U -~I~- 1 Y I-
'!. HI ~~ 

y,..' T.-' r'r" 1---L'--'*'---IL.ft.! 't --r C!l..:~-r~i=+"T ~~ . T 

'~-I~E~ J-J~ 
-HG H DIIII sN r::: 
~ 86.356.7 

C 2.19 2.38 
STYLE!: 

PIN! BASE 
2. COLLECTOR 
3. EMITTER 
4. COLLECTOR 

NOTES 
1. SURfACE 'T' IS BOTH A DATUM ANOA 

MOUNTING SURfACE. 
2, POSITIONAL TOLERANCE FOR "0" DIAMETER 

I +IO.13!O.0051®ITI 
3. DIMENSIONING &: TOl£RANCING PER ANSI 

V14.SM,1982 
4. CONTROLLING OIM€NSION: INCH 

D 0.69 0.88 
E 0.97 1. 
f 0.64 11.88 
G 4. BSC 
H 2.29BSC 
J A6 0.58 
K 2.59 2 
L I) \.27 
S S21 5.46 
U (1.51 
V 0.71 1.14 
W 0.84 0.94 , 
Z 3." 

·1 
... MAX 
0.'" 
0.250 O.zes 
o. 
0.027 O.Q3lj 
o 0.042 
0.025 

O.lIk1SSC 
0.0911 

0.018 0.023 
0.102 0.114 
0.035 0.050 
0.205 D.215 
o 
0.030 0.045 
O. 0.1J37 
0.170 
0.145 

Case 369-03 may be ordered by adding a "-I" suffix to the device title (i.e. MJ0112-1) 
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MOTOROLA 
- SEMICONDUCTOR 

TeCHNICAL DATA 

Complementary Darlington 
Power Transistors 
DPAK For Surface M~ount Applications 

Designed for general purpose amplifier and low speed switching applications. 

• Lead Formed for Surface Mount Applications in Plastic Sleeves (No Suffix) 
• Straight Lead Version" in Plastic Sleeves ("-1" Suffix) 
• Lead Formed Version Available in 16 mm Tape and Reel ("RL" Sufl'ix) 
• Surface Mount Replacements for 2N6040-2N6045 Series, TIP120-TIP122 Series, 

and TIP125-TIP127 Series 
• Monolithic Construction With Built-in Base-Emitter Shunt Resistors 
• High DC Current Gain - hFE = 2500 (Typ) @ IC = 4 Adc 
• Complementary Pairs Simplifies Designs 

MAXIMUM RATINGS 

Rating Symbol 
MJD122 

Unit 
MJD127 

Collector-Emitter Voltage VCEO 100 Vde 

Collector-Base Voltage VCB 100 Vde 

Emitter-Base Voltage VEB 5 Vde 

Collector Current - Continuous IC 8 Ade 
Peak 16 

Base Current IB 120 mAde 

Total Power Dissipation @TC = 25°C Po 20 Watts 
Derate above 25°C 0.16 WI"C 

Total Power Dissipation" @TA = 25°C Po 1.75 Watts 
Derate above 25°C 0.014 WI"C 

Operating and Storage Junction TJ, Tstg -65to +150 °C 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Case R8JC 6.25 °CIW 

Thermal Resistance, Junction to Ambient" R9JA 71.4 °CIW 

ELECTRICAL CHARACTERISTICS ITC = 25°C unless otherwise noted) 

I Characteristic I Symbol I Min Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage VCEOlsus) 100 - Vdc 
IIc = 30 mAde, IB ,;, 0) 

Collector Cutoff Current ICEO - 10 pAdc 
IVCE = 50 Vdc, IB = 0) 

* These ratings are applicable when surface mounted on the minimum pad sizes recommended. (continued) 

NPN 
MJD122 

PNP 
MJD127 

SILICON 
POWER TRANSISTORS 

8 AMPERES 
100 VOLTS 
20 WATTS 

CASE 369A~04 

CASE 389-03 

MINIMUM PAD SIZES 
RECOMMENDED FOR 
SURFACE MOUNTED 

APPLICATIONS 

6.7 
0.265 

I 



MJD122 NPN, MJD127 PNP 

ELECTRICAL CHARACTERISTICS - continued (TC = 25°C unless otherwise noted) 

I Characteristic I Symbol 

OFF CHARACTERISTICS - continued 

Collector Cutoff Current 
(VCE = 100 Vde, VBE(off) = 1.5 Vde) 
(VCE = 100 Vde, VBE(off) = 1.5 Vde, TC = 125°C) 

Collector Cutoff Current 
(VCB = 100 Vde, IE = 0) 

Emitter Cutoff Current 
(VBE = 5 Vdc, IC = 0) 

ON CHARACTERISTICS 

DC Current Gain 
(lC = 4 Ade, VCE = 4 Vde) 
(lC = 8 Ade, VCE = 4 Vde) 

Collector-Emitter Saturation Voltage 
(lC = 4 Ade, IB = 16 mAde) 
(lC = 8 Ade, IB = 80 mAde) 

Base-Emitter Saturation Voltage 11) 
(lC = 8 Adc, IB = 80 mAde) 

Base-Emitter On Voltage 
(lc = 4 Adc, VCE = 4 Vde) 

DYNAMIC CHARACTERISTICS 

Current-Gain-Bandwidth Product 
(lC = 3 Adc, VCE = 4 Vde, f = 1 MHz) 

Output Capacitance 
(VCB = 10 Vdc, IE = 0, f = 0.1 MHz) 

Small-Signal Current Gain 
(lC = 3 Adc, VCE = 4 Vdc, f = 1 kHz) 

(11 Puis. Test: Pulse Width", 300 /LS, Duty Cycle" 2%. 
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Min Max Unit 
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MJD122 NPN, MJD127 PNP 

TYPICAL ELECTRI,CAL CHARACTERISTICS 

PNP MJD127 NPN MJD122 
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MJD122 NPN, MJD127 PNP 

TYPICAL ELECTRICAL CHARACTERISTICS 
PNP MJD127 NPN MJD122 
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MJD122 NPN, MJD127 PNP 
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There are two limitations on the power handling ability 
of a transistor: average junction temperature and second 
breakdown. Safe operating area curves indicate IC-VCE 
limits of the transistor that must be observed for reliable 
operation; i.e .• the transistor must not be subjected to 
greater dissipation than the curves indicate. 

§ o. 
~ o. 
<5 o. 

5 ----- THERMAL LIMIT 
3 TC = 25'C ISINGLE PULSEI 1= de ~ Sm. 

The data of Figure 12 is based on TJ(pk) = 150°C; TC 
is variable depending on conditions. Second breakdown 
pulse limits are valid for duty cycles to 10% provided 
TJ(pk) < 150°C. TJ(pk) may be calculated from the data 
in Figure 11. At high case temperatures. thermal limita
tions will reduce the power that can be handled to values 
less than the limitations imposed by second breakdown. 
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MJD122 NPN, MJD127 PNP 
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OUTLINE DIMENSIONS 

CASE 369-03 CASE 369A·04 

s_~Blll -'S 
'~~I'f 

-~ w 

-~ E 1 V G 
STYLE 1: '1' I ~' A F 

PIN 1. BASE , ., t * ]"Hi 2.CDUeCTOR ~~ ---r 3. EMmER Q::L~-r~=+T 4. COllECTOR 

, ' .J ':~E J-Jet 
"il-D Er .. WME1EIIS INCHES ~~ H 

MWoIEJEIIS. ''''''' 
'DIll 

DIll MIl MAX 
V JIll J IlOl MAX lIN • 5.97 6.22 .'" 0. 

~G_ • 5.7 '.12 0.5 0.2.45 ." .73 0101 0.'" 
B 6.35 6," 0,250 0.265 C 2.19 2,38 0.'" 0, 
C 2.19 2, 0, 0,1194 STYLE 1: D 0,69 0,,. o,v 0.035 
D ... D,,. 0.025 0.113S PIN 1 BASE , 0.91 1.06 0, 0, 

NOTES 
, ." I. 0, 0." 2. COllECTOR F ... OJIB 0.015 0.035 

!. SUIIFACE 'T' IS BOTH A DATUM AND A G ". esc o.09OBSC 3.EMlTIER • < 0.1ao 

MOUNTING SURFACE. J 0'" 0. 0.018 0." 4. COllECTOR H 2.29BSC ... , 
2. POSITIONAl TOLERANCE FOR "0" DIAMETER. K 6JI8 ... 0,'" ."" NOTES' J .... 0, 0.018 0.023 

ltlo.13fO.0!Ei!®! TI 
, 0, 1.1 0, • 1. SURFACE 'T' IS BOTH A DATUM AND A K 2," 2 0,12 0.114 

S 5.21 5," 0,'" 0.215 MOUNTING SURFACE. 
, 

° ,.27 0.038 0,060 
3. DIMENSIONING & TOlERANClNG PER ANSI V 0," 1.14 0,'" ° 2. POSITIONAL TOLERANCE FOR "0" DIAMETER. 

S '" ... 0.215 
Yl4.5M,l982. W ° .'" 1 ... la.1l10,OO5I®ITI 

u 0.0' • 
4. CONTROlLING OIMEMSION: INCH y ,., 2.2. 0,0]> .'" • o.n 1.l4 .'" 0.045 

3. DIMENSIONING III TOLfRANCING PER ANSI W 0.64 0,94 0,033 0,037 
Y145M,1982. Y .." 0.170 

4. CONTROLLING DIMENSION: INCH Z ." 0.145 

Case 369-03 may be ordered by adding a "·1" suffix to the device title (i.e. MJD122·1) 
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MOTOROLA 

- SEMICONDUCTOR ------------TECHNICAL DATA 

Complementary 
Plastic Power Transistors 
NPNlPNP Silicon 
DPAK For Surface Mount Applications 

· .. designed for low voltage, low-power, high-gain audio amplifier applications. 

• Collector-Emitter Sustaining Voltage - VCEO(sus) = 25 Vdc (Min) @ IC == 10 mAdc 
• High OC Current Gain - hFE = 70 (Min) @ IC = 500 mAdc 

= 45 (Min) @ IC = 2 Adc 
= 10 (Min) @ IC = 5 Adc 

• Lead Formed for Surface Mount Applications in Plastic Sleeves (No Suffix) 
• Straight Lead Version in Plastic Sleeves ("-1" Suffix) 
• Lead Formed Version in 16 mm Tape and Reel ("RL" Suffix) 
• Low Collector-Emitter Saturation Voltage

VCE(sat) = 0.3 Vdc (Max) @ IC = 500 mAdc 
= 0.75 Vdc (Max) @ IC = 2 Adc 

• High Current-Gain - Bandwidth Product - tr = 65 MHz (Min) @ IC = 100 mAdc 
• Annular Construction for Low Leakage -ICBO = 100 nAdc @ Rated VCB 

MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Base Voltage VCB 40 

Collector-Emitter Voltage VCEO 25 

Emitter-Base Voltage VEB 8 

Collector Current -, Continuous IC 5 
Peak 10 

Base Current IB 1 

Total Device Dissipation @ T C = 25°C Po 12.5 
Derate above 25"<: 0.1 

Total Device Dissipation @ TA = 25°C' Po 1.4 
Derate above 25°C 0.011 

Operating and Storage Junction TJ, Tstg -65 to +150 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol 

Thermal Resistance, Junction to Case R8JC 
Junction to Ambient" R8JA 

ELECTRICAL CHARACTERISTICS (TC = 25°C unless otherwise noted) 

I Characteristic I Symbol I Min 

OFFCHARACTER~ncs 

Collector-Emitter Sustaining Voltage (1) VCEO(sus) 
(lC = 10 mAde, IB = 0) 

Collector Cutoff Current ICBO 
(VCB = 40 Vdc, IE = 0) 
(VCB = 40 Vdc, IE = 0, TJ = 125°C) 

Emitter Cutoff Current (VBE = 8 Vdc, IC = 0) lEBO 

• When surface mounted on minimum pad sizes recommended. 
11) Pulse Test: Pulse Width = 300 ,.s, Duty Cycle = 2%. 
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-

100 
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100 

Unit 

Vdc 

Vdc 

Vdc 

Adc 
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Watts 
Wf'C 

Watts 
Wf'C 

°c 

Unit 

0c/w 

Unit 

Vdc 

nAdc 
pAdc 

nAdc 

(continued) 

NPN 
MJD200 

PNP 
MJD210 

SIUCON 
POWER TRANSISTORS 

5 AMPERES 
25 VOLTS 

12.5 WATTS 

CASE 369A-C14 

CASE 369-03 

MINIMUM PAD SIZES 
RECOMMENDED FOR 
SURFACE MOUNTED 

APPLICATIONS 

6.7 
0.265 

I 



MJD200 NPN, MJD210 PNP 

ELECTRICAL CHARACTERISTICS - continued (TC = 25'C unless otherwise noted) 

I Characteristic I Symbol Min Max Unit 

ON CHARACTERISTICS 

DC Current Gain (I) 
(lC = 500 mAde, VCE = 1 Vde) 
(lC = 2 Ade, VCE = 1 Vde) 
(lC = 5 Ade, VCE = 2 Vde) 

Collector-Eminer Saturation Voltage (I) 
(lC = 500 mAde, Ie = 50 mAde) 
(lc = 2 Ade, Ie = 200 mAde) 
(lc = 5 Ade, Ie = 1 Ade) 

ease-Eminer Saturation Voltage (I) (lC = 5 Ade, Ie = 1 Ade) 

ease-Eminer On Voltage (I) (lC = 2 Ade, VCE = 1 Vdc) 

DYNAMIC CHARACTERISTICS 

Current-Gain - eandwidth Product (2) 
(lC = 100 mAde, VCE = 10 Vdc, ftest = 10 MHz) 

Output Capacitance 
(Vce = 10 Vdc, IE = 0, f = 0.1 MHz) 

11) Pulse Test: Pulse Width = 300 "s, Duty Cycle - 2%. 
12) IT = IhFEI • 'test 

TA TC 

2.5 25 

u; 2 20 
!;;i 
~ 
~ 1.5 15 

!i 
0-
u; 
~ 1 10 

~ 
~ 0.5 5 
,p 

:----.... ---r--.... TA (SURFACE MOUNT) -- .;::--r--... 
T~ -...... 

:::::::-'1"-.. 
.........;:: 
~ 

MJD200 
MJD210 

hFE 

VCE(sat) 

VeE(sat) 

VeE(on) 

fT 

Cob· 

Ir' If '" 10 ns 
DUTY CYCLE = 1 % 

-
70 -
45 180 
10 -

Vde 
- 0.3 
- 0.75 
- 1.8 

- 2.5 Vde 

- 1.6 Vdc 

65 - MHz 

pF 
- 80 
- 120 

+30V 
VCC 

RC 

fP'~OPE 
O--"---"NIr--"--+~-£.. 

51 ~ 0, 

-4V 
-::!c 

Ra and RC VARIED TO OaTAIN DESIRED CURRENT LEVELS 

o 
25 

....... 
"'" 

0, MUST aE FAST RECOVERY TYPE, e9: 

50 75 100 125 150 
T, TEMPERATURE ('C) 
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MaD53DD USED AaOVE la = 100 rnA 
MSD6100 USED aELOW la = 100 rnA 

FOR PNP TEST CIRCUIT, 
REVERSE ALL POLARITIES 

Figure 2. Switching Time Test Circuit 
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. MJD200 NPN, MJD210 PNP 
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MJD200 NPN, MJD210 PNP 
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Figure 8. Thermal Response 
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There are two limitations on the power handling ability 
of a transistor: average junction temperature and second 
breakdown. Safe operating area curves indicate IC-VCE 
limits of the transistor that must be observed for reliable 
operation; i.e., the transistor must not be subjected to 
greater dissipation than the curves indicate. 

The data of Figure 9 is based on T J(pk) = 150·C; TC 
is variable depending on conditions. Second breakdown 
pulse limits are valid for duty cycles to 10% provided 
TJ(pk) .;; 150·C. TJ(pk) may be calculated from the data 
in Figure 8. At high case temperatures, thermal limita
tions will reduce the power that can be handled to values 
less than the limitations imposed by second breakdown. 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

High Voltage 
Power Transistors 
DPAK For Surface Mount Applications 

Designed for line operated audio output amplifier, switchmodepower supply 
drivers and other switching applications. 

• Lead Formed for Surface Mount Applications in Plastic Sleeves (No Suffix) 
• Straight Lead Version in Plastic Sleeves ("-1" Suffix) 
• Lead Formed Version in 16 mm Tape and Reel ("RL" Suffix) 
• Electrically Similar to Popular MJE340 and MJE350 
• 300 V (Min) - VCEO(sus) 
• 0.5 A Rated Collector Current 

MAXIMUM RATINGS 

Rating Symbol Valua 

Collector-Emitter Voltage VCEO 300 

Collector-Base Voltage VCB 300 

Emitter-Base Voltage VEB 3 

Collector Current - Continuous IC 0.5 
-Peak 0.75 

Total Power Dissipation @ TC =' 25°C Po 15 
Derate above 25°C 0.12 

Total Power Dissipation" @ TA = 25°C Po 1.56 
Derate above 25°C 0.012 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg -65 to +150 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistanee~ Junction to Case ROJC 8.33 

Thermal Resistance, Junction to Ambient" R8JA 80 

Lead Temperature for Soldering Purpose TL 260 

ELECTRICAL CHARACTERISTICS (TC = 25°C unless otherwise noted) 

I Characteristic I Symbol I Min Max 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage (1) 
(lC ,. 1 mAde, IS = 0) 

Collector Cutoff Current (VCS = 300 Vde, IE = 0) 

Emitter Cutoff Current (VSE = 3 Vde, IC = 0) 

ON CHARACTERISTICS (1) 

I OC Current Gain (lC = 50 mAde, VCE = 101lde) 

* Whe:n surf,ce mounted on minimum pad sizes recommended. 
(1) Pulse rest: Pulse Width", 3OO~. Duty Cycle" 2%. 

VCEO(sus) 300 -

ICSO - 0.1 

IESO - 0.1 

30 240 

Unit 

Vde 

Vde 

Vde 

Ade 

Watts 
wrc 
Watts 
wrc 

°c 

Unit 

°CIW 

°CIW 

°C 

Unit 

Vde 

mAde 

mAde 

lcontinued) 

NPN 
MJD340 

PNP 
MJD350 

SILICON 
POWER TRANSISTORS. 

0.5 AMPERE 
300 VOLTS 
15 WATTS 

CASE 369A-04 

CASE 369-03 

MINIMUM PAD SIZE~ 
RECOMMENDED FOR 
SURFACE MOUNTED 

APPLICATIONS 

I_ 6.7 -I 
0.266 

I 

Ii 
~~ 

!:W l--~ I...-!!-
0.063'- -!~ ~- -, 0.063 

0.090 0.090 



MJD340 NPN, MJD350 PNP 
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MJD340 NPN, MJD350 PNP 
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Figure 5. Thermal Respo.nsa 

There are two limitations on the power handling ability 
of a transistor: average junction temperature and second 
breakdown. Safe operating area curves indicate IC-VCE 
limits of the transistor that must be observed for reliable 
operation; i.e., the transistor must not be subjected to 
gteater dissipation than the curves indicate. 

The data of Figure 6 is based on T J(pk) ~ 150'C; TC 
is variable depending on conditions. Second breakdown 
pulse limits are valid for duty cycles to 10% provided 
T J(pk) ,. 150'C. T J(pk) may be calculated from the data 
in Figure 5. At high case temperatures, thermal limita
tions will reduce the power that can be handled to values 
less than the limitations imposed by second breakdown. 
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Figure 6. Active Region Safe Operating Area 

TA 

2:5 

~ 
~ 

2 

z 
g1.5 
;t 
in 
'" 0 1 
~ 
!2 .e 0.5 

Te 

25 

20 

15 t--.. 
--...:: 

10 

o 
25 

-_ .. 
--

~ ___ TA ISURFACE MOUNT) 

TC -...::::::: ~ 
~ 
~ :::::".. 
~ 

50 15 100 125 
T, TEMPERATURE 1°C) 

Figure 7. Power Derating 

3-958 

-,......,. 
150 



MJD340 NPN, MJD350 PNP 

OUTLINE DIMENSIONS 

-CE B 

L -. W .-ft~ili -~-. l' ~ . + -l ,-.1. 
A F I z 

1 Z3~,_ U 

s..:'-f' • t 1\1-1 ~, 
·~-II~ E~ J-.l ~ N~TES~RFACE 'T' '5 BOTH A DATUM AND A 

STYLE 1: 
~N 1. SASE 

2. COLLECTOR 
3. EMITTER 
4. COLLECTOR 

MOUNTING SURFACE. 

~-i-I H 2. POSITIONAL TOLERANCE FCR "0" DIAMETER, 
1 +10.1310.0051 ®ITI 

G 3. DIMENSIONING & TOLERANCING PER ANSI 
Y14.5M, 1982. 

4. CONTllOLUNG DIMENSION: INCH 

CASE 369A-04 

STYLE 1: 
PIN " SASE 

2. COLLECTOR 
3. EMITTER 
4. COLLECTOR 

NOTES 
1. SURFACE 'T' IS BOTH A DATUM AND A 

MOUNTING SURFACE. 
2. POSITIONAL TOLERANCE FOR "0" DIAMETER. 

1.10.1310.0051 ®I T 1 
3. DIMENSIONING & TOLERANCING PER ANSI 

Y14,5M, 1982. 
4. CONTllOLLING DIMENSION: INCH 

CASE 369-03 

Case 369-03 may be ordered by adding a "-1" suffix to the device title (I.e. MJD340-1) 
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MIWMETBIS INCHES 
DIM loIN MAX Mti MAX 
A 5,97 ~22 0,235 0.245 
B 6.35 6.73 0.250 0.265 
C 2.19 2,38 0.086 0.1194 
D 0.89 0,88 0.027 0.035 
E ~97 1.06 0,038 0.1142 
F 0,64 0,88 0,025 0.035 
G 4,588SC 0.180 BSC 
H 2,29BSC 0.080 Bse 
J 6.46 0.58 0,018 0,023 
K 2,59 2,89 0,102 0.114 
L 0.89 1.21 0,036 0.050 
5 5.21 5.46 0,206 0.215 
U 0,51 0, 
V 0.77 1.14 0.030 0.045 
W 0.84 0.94 0.033 0,031 
y 4.32 0.170 
Z 3.89 0,145 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 
A 5,97 6,22 0.235 0.245 
B 6,35 6.73 0,250 0.265 
C 2.19 2,38 0.086 0.094 
D 0.64 0.88 0.025 0.035 
E 0.97 1.06 0.038 0.042 
G 2.29BSC 0.080 BSC 
J 0.46 0.58 0.018 0.023 
K 8.89 9.65 0.350 0.380 
L 0.89 1.27 0.035 0.050 
5 5.21 5.46 0.205 0.215 
V 0.77 1.14 0.030 0.045 
W 0.84 0.94 0.033 0.037 
y 1.91 2.28 0.075 0.090 



MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

Complementary 
Power Transistors 
DPAK For Surface Mount Applications 

Designed for generaf' purpose amplifier .and low speed switching applications. 

• Lead Formed for Surface Mount Applications in Plastic Sleeves (No Suffix) 
• Straight Lead Version in Plastic Sleeves ("-1" Suffix) 
• Lead Formed Version Available in 16 mm Tape and Reel ("RL" Suffix) 
• Electrically Similar to MJE2955 and MJE3055 
• DC Current Gain Specified to 10 Amperes 
• High Current Gain-Bandwidth Product- fT = 2 MHz (Min) @ IC = 500 mAde 

MAXIMUM RATINGS 

RatIng Svmbol Valua 

Collector-Emitter Voltage VCEO 60 

ColleCtor-Base Voltage VCB 70 

Emitter-Base V,?ltage VEB 5 

Collector Current IC 10 

Base Cu rren1 IB 6 

Total Power Dissipation @TC = 25°C Pot 20 
Derate above 25"<: 0.16 

Total Power Dissipation (1) @ TA = 25°C Po 1.75 
Derate above 25°C 0.014 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg -55to +150 

THERMAL CHARACTERISTICS 

Characteristic Svmbol Max 

Thermal Resistance, Junction to Case R/lJC 6.25 

Thermal Resistance, Junction to Ambient (1) R/IJA 71.4 

(1) These ratings are applicable when surface mounted on the minimum pad sizes recommended. 
t Safe Area Curves are indicated by Figure 1. Both limits are applicable and must be observed. 

Unit 

Vdc 

Vdc 

Vdc 

Adc 

Adc 

Watts 
wrc 
Watts 
wrc 

°c 

Unit 

°CIW 

°CIW 

·PNP 
MJD2955 

NPN 
MJD3055 

SILICON 
POWER TRANSISTORS 

10 AMPERES 
60 VOLTS 
20 WATTS 

CASE 368A-04 

CASE 368-03 

MINIMUM PAD SIZES 
RECOMMENDED FOR 
Sl!RFACE MOUNTED 

APPLICATIONS 

6.7 
0.265 

I 



MJD2955 PNP, MJD3055 NPN 

ELECTRICAL CHARACTERISTICS (TC = 2S0C unless otherwise noted) 

I Characteristic Symbol Min Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage (1) VCEO(sus) 60 - Vde 
(lC = 30 mAde, IB = 0) 

Collector Cutoff Current ICEO - SO pAde 
(VCE = 30 Vde, IB = 0) 

Collector Cutoff Current ICEX mAde 
(VCE = 70 Vde, VEB(off) = 1.S Vde) - 0.02 
(VCE = 70 Vde, VEB(off) = 1.5 Vde, TC = 150°C) - 2 

Collector Cutoff Current ICBO mAde 
(VCB = 70 Vde, IE = 0) - 0.02 
(VCB = 70 Vde, IE = 0, TC = lSO"C) - 2 

Emitter Cutoff Current lEBO - O.S mAde 
(VBE = 5 Vde, IC = 0) 

ON CHARACTERISTICS 

DC Current Gain (1) hFE -
(lC = 4 Ade, VCE = 4 Vde) 20 100 
(lC = 10 Ade, VCE = 4 Vde) 5 -

Collector-Emitter Saturation Voltage (1) VCE(sat) Vde 
(lC = 4 Ade, IB = 0.4 Ade) - 1.1 
(lC = 10 Ade, IB = 3.3 Ade) - 8 

Base-Emitter On Voltage (1) 
(lC = 4 Ade, VCE = 4 Vde) 

VBE(on) - 1.8 Vde 

DYNAMIC CHARACTERISnCS 

Current-Gain-Bandwidth Product 
(lC = 500 mAde, VCE = 10 Vde, f = 500 kHz) 

(1) Pulse Test: Pulse Width", 300 1'0, Duty Cycl. '" 2%. 
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• O. 0.114 3 DIMENSIONING I: TOLERANCmG PER ANSi 1 O1MeNS1ON~GI:TOLERANCINGPERANSl 
L ,.,. 

YI4.5M,I9B2. Y14.5M,I9B2. 
4.CONTROU1NGOIMENSlON:~CH 4. CONTROU1NGOlMENSlON:INCH S • 21 

1 
• n 1.1 .... 

CASE389-G3 CASE 389A-04 ... .m , .. " Z 0.145 

Case 369-03 may be ordered by adding a "-1" suffix to the device title (i.e. MJD3055-1) 
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MJD2955 PNP, MJD3055 NPN 
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MJD2955 PNP, MJD3055 NPN 
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There are two limitations on the power handling ability 
of a transistor: average junction temperature and second 
breakdown. Safe operating area curves indicate IC-VCE 
limits of the transistor that must be observed for reliable 
operation; i.e., the transistor must not be. subjected to 
greater dissipation than the curves indicate. 
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The data of Figure 9 is based on TJ(pk) = 150'C; TC is 
variable depending on conditions. Second breakdown 
pulse limits are valid for duty cycles to 10% provided 
TJ(pk) '" 150'C. TJ(pk) may be calculated from the data 
in Figure 8. At high case temperatures, thermal limita
tions will reduce the power that can be handled to values 
less than the limitations imposed by second breakdown. 
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Figure 9. Maximum Forward Bias 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

Complementary Darlington 
Power Transistors 
DPAK For Surface Mount Applications 

Designed for general purpose power and switching such as output or driver 
stages in applications such as switching regulators, convertors, and power 
amplifiers. 

• Lead Formed for Surface Mount Applications in Plastic Sleeves (No Suffix) 
• Straight Lead Version in Plastic Sleeves ("-'" Suffix) 
• Available on '6 mm Tape and Reel for Automatic Handling ("RL" Suffix) 
• Surface Mount Replacements for 2N6034-2N6039 Series 
• Monolithic Construction With Built·in Base-Emitter Shunt Resistors 
• High DC Current Gain - hFE = 2500 (Typ) @ IC = 4 Adc 
• Complementary Pairs Simplifies Designs 

MAXIMUM RATINGS 

Rating Symbol 
MJD6036 
MJD6039 

Coliector·Emitter Voltage VCEO 80 

Coliector·Base Voltage VCB 80 

Emitter-ease Voltage VEB 5 

Collector Current - Continuous IC 4 
Peak 8 

Base Current Ie 100 

Total Power Dissipation @TC = 25'C Po 20 
Derate above 25'C 0.16 

Total Power Dissipation (1) @ TA = 25'C Po 1.75 
Derate above 25'C 0.014 

Operating and Storage Junction 
Temperature Range 

TJ, Tstg -65 to +150 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance, Junction to Case R9JC 6.25 

Thermal Resistance, Junction to Ambient (1) R9JA 71.4 

*ELECTRICAL CHARACTERISTICS (TC = 25'C unless otherwise noted) 

I Characteristic I Symbol I Min Max 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage VCEO(sus) 80 -
(lC = 30 mAde, Ie = 0) 

Coliector-CLitoff Current ICEO - 10 
(VCE = 40Vdc, Ie = 0) 

(1) These ratings are applicable when surface mounted on the minimum pad sizes recommended. 
* Pulse Test: Pulse Width ~ 300 p.s, Duty Cycle"", 2%. 
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Unit 

Vdc 

Vdc 

Vdc 

Adc 

mAde 

Watts 
Wf'C 

Watts 
Wf'C 

'c 

Unit 

'CIW 

'CIW 

Unit 

Vdc 

/,Adc 

(continued) 

PNP 
MJD6036 

NPN 
MJD6039 

SILICON 
POWER TRANSISTORS 

4 AMPERES 
aoVOLTS 
20 WATTS 

CASE 369A-04 

CASE 369-03 

MINIMUM PAD SIZES 
RECOMMENDED FOR 
SURFACE MOUNTED 

APPLICATIONS 

6.7 
0.265 

I 



MJD6036 PNP, MJD6039 NPN 

ELECTRICAL CHARACTERISTICS - continued ITC = 25"C unless otherwise noted) 

I Characteristic I Symbol Min Max Unit 

ON CHARACTERISTICS 11) 

DC Current Gain hFE -
IIc = 1 Adc, VCE = 4 Vdc) 1000 -
IIc = 2 Adc, VCE = 4 Vdc) 500 -

Collector-Emitter Saturation Voltage VCElsat) - 2.5 Vdc 
IIc = 2 Adc, IB = 8 mAde) 

Base-Emitter On Voltage VBElon) - 2.8 Vdc 
IIc = 2 Adc, VCE = 4 Vdc) 

DYNAMIC CHARACTERISTICS 

Small-Signal Current Gain Ihfel 25 - -
IIc = 0.75 Adc, VCE = 10 Vdc, f = 1 kHz) 

Output Capacitance Cob pF 
IVCB = 10 Vdc, IE = 0, f = 0.1 MHz) MJD6036 - 200 

MJD6039 - 100 

(1) Pulse Test: Pulse Width :e;: 300 /Ls. Duty Cycle -s; 2%. 

" VCC = 30 V IB1 =; IB2 
ICIIB = 250 TJ = 25"C Is 

:\. 

VCC 
RS 81 RC VARIED TO OBTAIN DESIRED CURRENT LEVELS - 30 V 
01, MUST BE FAST RECOVERY TYPES, •. g., 

MBD5300 USED ABOVE IB = 100 mA 
MS06100 USED SELOW IS = 100 mA " ...- k- "" Ei~ 

Ir' If "" 10 ns 
DUTY CYCLE = 1% 

+4V 

FOR tc AND Ir• 01 IS DISCONNECTED 
AND V2 = 0 
FOR NPN TEST CIRCUIT REVERSE ALL POLARITIES, 

Figure 1. Switching Times Test Circuit 
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MJD6036 PNP, MJD6039 NPN 

TYPICAL ELECTRICAL CHARACTERISTICS 
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Figure 5, Power Derating 

There are two limitations on the power handling ability 
of a transistor: average junction temperature and second 
breakdown. Safe operating area curves indicate IC-VCE 
limits of the transistor that must be observed for reliable 
operation; i.e., the transistor must not be subjected to 
greater dissipation than the curves indicate. 

The data of Figures 6 and 7 is based on TJ(pk) = 150·C; 
TC is variable depending on conditions. Second break
down pulse limits are valid for duty cycles to 10% pro
vided TJ(pk) < 150·C. TJ(pk) may be calculated from the 
data in Figure 5. At high case temperatures, thermal lim
itations will reduce the power that can be handled to val
ues less than the limitations imposed by second break
down. (See AN-415). 

~ 
~ z 
~ 

~ 
U 

3-966 

200 

ic' ~ 12~!t 
100 

70 

50 ........ 
........ 

30 

20 

r· r--~- Cob 
~_Cib 1'-1' - '"-..... 

PNP--- i' NPN----

10 IIIIII II 
0.04 O.OS 0.1 0.2 0.4 O.S 1 2 4 6 10 20 40 

VR, REVERSE VOLTAGE (VOLTSI 

Figure 6. Capac:itanc:e 



MJD6036 PNP, MJD6039 NPN 

TYPICAL ELECTRICAL CHARACTERISTICS 
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MJD6036 PNP, MJD6039 NPN 
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MJD6036 PNP, MJD6039 NPN 

OUTLINE DIMENSIONS 

CASE 389-03 

'h1{ 'f 
J' ;::j* ~ 

f-~~ --11 1-
v J~~ _0_ 

NOlES 
1. SURFACE .or' IS BOTH A DATUM AND A 

MOUNTING SURFAa:. 
2. POSITIONAL TOLERANCE FOR ~D" DIAMETER. 

Itlo.13!0.l105!®1 T1 
3. DIMENSIONING &. TOlERANClNG PER ANSI 

V14.5M,19112. 
... CONTROLLING DIMENSION' INCH 

OIl 

• • C 
D 

J 

• L 

• V 

Y 

STYLE 1: 
PIN 1. BASE 

2. COllECTOR 
3.EMln'fR 
4. COlLECTOR 

ES -MAX -5.' 6.22 ,.". '.245 ." 6.13 ,. ,. 
2.19 '.38 .... .... .... .... '.025 '.035 
'97 1.01 , . .., 
". .... sse .... .... 0.018 •.. 

'.350 0." .... 1.27 0 
OJI .. .,'" 0.215 
'.77 1.14 0030 ,.,., , ... ,. '.033 • 
1.91 2." 0.015 • 

CASE 389A-04 

'&. -'E . -~ w 

-j-' -1' G 
I ~' , •• + + ~I-.l "T 

1~r J~t-T ~~ H 

IIW ...... 
OIl ... ... MAX 

• '" 6.22 'J" OJ 

• .35 6.73 'J511 "'" 2.19 ,,38 .... .. STYLE I: 
D ." • .." 01135 PIN 1. BASE , 0.97 1.01 ,. ,. 

2.COLLECTOfI F ... ... O.G25 ."" 3.EMlffiR • .... 'SC O.IIIlBSC 
4. COLLECTOR H 2. BSC O.1l9OBSC 

NOTES J ... 0.0'8 0.023 
1 SURFACE "T"IS BOTH A DATUM AND A • 2.59 ,. 0.102 .114 

MOUNTING SURfACE. L 0 .. 1.27 '.035 0 .... 

2. POSITIONAl TOLERANCE FOR "0" DIAMETER • 5.21 ... O. 0.%15 

I tIO.13!O.0051®ITI u 0.51 0.020 
v '.77 1.14 ,.'" .1M5 

3. DIMENSIONING,. TOlERANCING PER ANSI W ... '.94 0.033 .'" VI4.SM,I982 Y '" 0.110 
4. CONTROlUNQ OIMfNSION.INCH Z '" 0.145 

Case 369-03 may be ordered by adding a "-'" suffix to the device title (i.e. MJ06036-'1 
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MOTOROLA 

- SEMICONDUCTOR -----------TECHNICAL DATA 

Designer's Data Sheet 
High Voltage Switchmode Series 
DPAK For Surface Mount Applicati,ons 

This device is designed for high-voltage, high-speed power switching inductive circuits 
where fall time is critical. It is particularly suited for 115 and 220 V SWITCH MODE appli
cations such as SWitching regulators, inverters, motor controls, solenoid/relay drivers 
and deflection circuits. 

• Lead Formed for Surface Mount Applications in Plastic Sleeves (No Suffix) 
• Straight Lead Version in Plastic Sleeves ("-1" Suffix) . 
• Lead Formed Version in 16 mm Tape and Reel ("RL" Suffix) 
• Reverse Biased SOA with Inductive Loads @ TC = 100°C 
• Inductive Switching Matrix O.Sto 1.5 Amp, 25 and 100°C ... tc @ 1 A, 

100°C is 290 ns (Typ) 
• 700 V Blocking Capability 
• Switching .and SOA Applications Information 
• Electrically Similar to the Popular MJE13003 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage VCEO(sus) 400 Vdc 

Collector-Emitter Voltage VCEV 700 Vdc 

Emitter Base Voltage VEBO 9 Vdc 

Collector Current - Continuous IC 1.5 Adc 
- Peak (1) ICM 3 

Base Current - Continuous IB 0.75 Adc 
-Peak(l) IBM 1.5 

Emitter Current - Continuous IE 2.25 Adc 
-Peak(l) IEM 4.5 

Total Power Dissipation @ TA = 25°C (2) Po 1.56 Watts 
Derate above 25°C 0.0125 wrc 

Total Power Dissipation @TC = 25°C Po 15 Watts 
Derate above 25°C 0.12 wrc 

Operating and Storage Junction Temperature Range TJ. Tstg -65to +150 'c 
THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Case R8JC 8.33 'CIW 

Thermal Resistance, Junction to Ambient (2) R8JA 80 'CIW 

Maximum Lead Temperature for Soldering Purposes TL 260 'c 
(1) Pulse Test: Pulse Width = 5 ms. Duty Cycle:!$; 10%. 
(2) When surface mounted on minimum pad sizes recommended. 
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MJD13003 

NPNSIUCON 
POWER TRANSISTOR 

1.5 AMPERES 
400 VOLTS 
15 WATTS 

CASE 369A-C14 

CASE 369-03 

MINIMUM PAD SIZES 
RECOMMENDED FOR 
SURFACE MOUNTED 

APPLICATIONS 

6.7 
0.265 

I 



MJD13003 

ELECTRICAL CHARACTERISTICS (TC = 25·C unless otherwise noted.) 

I Characteristic I Symbol 

OFF CHARACTERISTICS (1) 

Collector-Emitter Sustaining Voltage (lC = 10 mA, IB = 0) VCEO(sus) 

Collector. Cutoff Current ICEV 
(VCEV = Rated Value, VBE(off) = 1.5 Vde) 
(VCEV = Rated Value, VBE(off) = 1.5 Vde, TC = 100·C) 

Emitter Cutoff Current (VEB = 9 Vde, IC = 0) lEBO 

SECOND BREAKDOWN 

Second Breakdown Collector Current with Base Forward Biased 

Clamped Inductive SOA with Base Reverse Biased 

ON CHARACTERISTICS (1) 

DC Current Gain (lC = 0.5 Ade, VCE = 2 Vde) hFE 
(lC = 1 Ade, VCE = 2 Vde) 

Collector-Emitter Saturation Voltage VCE(sat) 
(lc = 0.5 Ade, IB = 0.1 Ade) 
(lc = 1 Ade, IB = 0.25 Ade) 
(lc = 1.5 Ade, IB = 0.5 Ade) 
(lC = 1 Ade, IB = 0.25 Ade, TC = 100·C) 

Base-Emitter Saturation Voltage VBE(sat) 
(lc = 0.5 Ade, IB = 0.1 Ade) 
(lC = 1 Adc, IB = 0.25 Ade) 
(lC = 1 Ade, IB = 0.25 Ade, T C = 100·C) 

DYNAMIC CHARACTERISTICS 

Current-Gain - Bandwidth Product tr 
(lc = 100 mAdc, VCE = 10 Vde, f = 1 MHz) 

Output Capacitance (VCB = 10 Vde, IE = 0, f = 0.1 MHz) Cob 

SWITCHING CHARACTERISTICS 

Resistive Load (Table 1) 

Delay Time td 

Rise Time VCC = 125 Vde, IC = 1 A. tr 

Storage Time 
IBl = IB2 = 0.2 A, tp = 25 p.s, 

ts Duty Cycle'" 1% 

Fall Time If 

Inductive Load, Clamped (Table 1, Figure 13) 

Storage Time 
IC = 1 A. V clamp = 300 Vdc, tsv 

Crossover Time IBl = 0.2 A. VBE(off) = 5 Vdc, Ic 

Fall Time TC = 100·C 
'fi 

(1) Pulse Test: Pulse Width = 300 /.LS, Duty Cycle,;;; 2%. 

OUTLINE DIMENSIONS 

STYLE 1: 
PIN 1. BASE 

2.COUECTOR 
3.EMITTE!I 
4.COI.LEcrOR 

CASE 369-03 

NOTES 
1.SURfACE"T"ISBOTHADATUMANDA 

MOUNTIN(3St111FACf. 
2.PQSITlONALTOlERANeEfOR"[),'[)IAMI;TER. 

'tlo.13l!l.OO5lool T I 
3.DIMENSIONlNGlTOlfIlANCINGPERA~1 

Ylol5M.l981 
4.CONTROliINGDIMENSION.IOCH 

CASE 369A-C14 

Case 369-03 may be ordered by adding a "-1" suffix to Ihe device title (i.e. MJD13003-1) 
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Min Typ 

400 -

- -
- -

- -

See Figure 11 

See Figure 12 

8 -
5 -

- -
- -
- -
- -

- -
- -
- -

4 10 

- 21 

- 0.05 

- 0.5 

- 2 

- 0.4 

- 1.7 

- 0.29 

- 0.15 

NOTES 
1.SURfACf''T'ISBOTIIADATUMANDA 

MDUNTlNGSURFACE. 
2. POSITIONALTOLERAr-lCEFOO"D"DIAMETEA 

ltlo1310,OO;1®ITI 
3.OIMENSIONlNGlTOLERANCINGPERANSI 

Y14.5M,19S2. 
4.CONTAOUINGOIMENSlON:INCH 

Max 

-

0.1 
2 

1 

40 
25 

0.5 
1 
3 
1 

1 
1.2 
1.1 

-

-

0.1 

1 

4 

0.7 

4 

0.75 

-

Unit 

Vde 

mAde 

mAde 

-

Vde 

Vde 

MHz 

pF 

p.s 

p.s 

p.s 

p.s 

p.s 

p.s 

p.s 

STYLE 1 
PIN I. BASE 

2.COLlECT~ 
a EMITTeR 
4.COUECTOR 
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Tabla 1. Test Conditions For Dynamic Performance 

REVERSE BIAS SAFE OPERAnNG AREA AND INDUCTIVE SWITCHING 

DUTY CYCLE'" 10% 
Ir• If '" 10 ns 

NOT£: 
f'(j and Vee Adjusted for Desired Ie 
RB Adjusted for Desired IBI 

COIL DATA: 

O.OOlI'F 

FERROXCUSE CORE #6656 
FULL SOSSIN (-200 TURNSI #20 

VCC 

MR826' 

le/VClamP 

J 'SELECTED FOR", 1 kV 
5.1 k 

-VSE(o"l 

GAP FOR 30 mHI2 A 

Looil = 50 mH 

OUTPUT WAVEFORMS 

11 ADJUSTED TO 
OSTAIN Ie 

Looil (lCpkl 
11 = VCC 

looil (leakl 
12 = Vclamp 

51 
VCE 

Vec = 20V 

V.lamp = 300 Vdc 

TEST EQUIPMENT 
SCOPE· TEKTRONICS 
475 OR EQUIVALENT 

RESlsnVE 
SWITCHING 

+125V 

-4V 

VCC = 125V 
RC = 1250 
01 = 1 N5B20 OR EQUIV. 
RS = 470 

Ir• If< IOns 
DUTY CYCLE = 1.0% 
RS AND RC ADJUSTED 
FOR DESIRED IS AND IC 

I~ !. Table 2. Typical Inductive Switching Perforrnanca 
~clamp j---

./' V1 1'\ 
./ 9O%Vdamp~ 1\ 9O%IC 

Ie ......... I- r-Isv trvlfl-ltlfi-t-lti-

IC TC tsv trY ttl lti to 
AMP 'C ,... ,... /A. /A. ,... 
0.5 25 1.3 0.23 0.30 0.35 0.30 

100 1.6 0.26 0.30 0.40 0.36 

h t--Ic~ l- 1 25 1.5 0.10 0.14 0.05 0.16 

lL ~ 100 1.7 0.13 0.26 0.06 0.29 

VCE 10%Vclamp 10% ..... r-r 
IS- - 90% 181 ICPK- 2%C 

1.5 25 1.8 0.07 0.10 0.05 0.16 
100 3 0.08 0.22 0.08 0.28 

- --\- -- -- -- -- - NOTE: AU 08t8 Recorded in the Inductive Switching Circuit in Table 1 -.....-
........... 

TIME 

Figure 7.lnduc:tJve Switching Measurements 
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SWITCHING TIMES NOTE 

In resistive switching circuits, rise, fall, and storage 
times have been defined and apply to both current and 
voltage waveforms since they are in phase. However, for 
inductive loads which are common to SWITCHMODE 
power supplies and hammer drivers, current and voltage 
waveforms are not in phase. Therefore, separate mea
surements must be made on each waveform to deter
mine the total switching time. For this reason, the fol
lowing new terms have been defined. 

tsv = Voltage Storage Time, 90% 181 to 10% Vclamp 
trY = Voltage Rise Time, 10-90% Vclamp 
tfi = Current Fall Time, 90-10% IC 
tti = Current Tail, 10-2% IC 
tc = Crossover Time, 10% Vclamp to 10% IC 

An enlarged portion of the inductive switching wave-

forms is shown in Figure 7 to aid in 'the visual identity of 
these terms. 

For the designer, there is minimal switching loss during 
storage time and the predominant switching power 
losses occur during the crossover interval and can be 
obtained using the equation: 

PSWT = 1/2 Vcclc(tclf 
In general, trY + tfi = tc. However, at lower test currents 
this relationship may not be valid. 

As is common with most switching transistors, resis
tive switching is specified at 25'C and has become a 
benChmark for designers. However, for designers of high 
frequency converter Circuits, the user oriented specifi
cations which make this a "SWITCHMODE" transistor are 
the inductive switching speeds (tc and tsv) which are 
guaranteed at 100'C. 

RESISTIVE SWITCHING PERFORMANCE 
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The Safe Operating Area figures shown in Figures 11 and 12 
are specified ratings for these devices under the test conditions 
shown. 
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Figure 11. Active Region Safe Operating Area 
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Figure 12. Revene Bias Safe Operating Area 

SAFE OPERATING AREA INFORMATION 

FORWARD BIAS 

There are two limitations on the power handling ability 
of a transistor: average junction temperature and second 
breakdown. Safe operating area curves indicate IC - VCE 
limits of the transistor that must be observed for reliable 
operation; i.e., the transistor must not be subjected to 
greater dissipation than the curves indicate. 

The data of Figure 11 is based on TC = 25°C; T J(pk) 
is variabl~ depending on power level. Second breakdown 
pulse limits are valid for duty cycles to 10% but must be 
derated when TC '" 25°C. Allowable current at the volt
ages shown on Figure 11 may be found at any case tem
perature by applying curves on Figure 13. 

TJ(pk) may be calculated from the data in Figure 10. 
At high case temperatures, thermal limitations will re
duce the power that can be handled to values less than 
the limitations imposed by second breakdown. 

REVERSE BIAS 

For inductive loads, high voltage and high current must 
be sustained simultaneously during turn-off, in most 
cases, with the base to emitter junction reverse biased. 
Under these conditions the collector voltage must be held 
to a safe level at or below a specific value of collector, 
current. This can be accomplished by several means such 
as active clamping, RC snubbing, load line shaping, etc. 
The safe level for these devices is specified as Reverse 
Bias Safe Operating Area and represents the voltage
current conditions during reverse biased turn-off. This 
rating is verified under clamped conditions so that the 
device is never subjected to an avalanche mode, .Figure 
12 gives RBSOA characteristics. 

TA I TC 
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~ 2 20 

..... 
~ ~----------------------------------------~ z 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

MEDIUM-POWER PNP 81 LICON TRANSISTOR 

· .. for use as an output device in complementary audio amplifiers 
up to 20,Watts music power per channel. 

• High OC Current Gain - hFE = 25-100@ IC = 2.0 A 

• Thermopad High·Efficiency Compact Package 

• Complementary to NPN MJE205 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitt,r Voltage VCEO SO Vdc 

Collector·B ... Volt. VCB 50 Vde 

Emitter-B~ie Voltage Ve.8. 4.0 Vde 

Collector Cutrent , IC 5.0 Adc 

Base Curr,ent" IB 2.5 Adc 

Total Power Oissipation@Te= 25°C Po(1) 65 Watts 
Derate above 2SoC 0.522 wloe 

Operating "and Storage Junc::'tion TJ. Tstg -55 to +150 °c 
Temperature Range 

., 
THERMAL CHARACTERISTICS 

ChariICteristic 

The;~al Resistance, Junction to Case 

(1) Safe Area Curves are indicated by F igur. 1. Both limitsareapplicableanct must be observed. 

ELECTRICAL CHAR,ACTERISTICS lTC, = 250 C unless otherwise noted) 

Characteristic I Symbol Min I Max Unit 

OFF CHARACTERISTICS 

Colleetor·Emitter Breakdown Voltage121, BVceo Vde 
IIc = 'OOmAdc,IB = 0) 50 -

Collector Cutoff Currenf ICBO mAde 
(VCB ·'SO Vde, Ie = 0) - 0.1 
(Vcs = SO Vde, Ie • 0, TC = '5aGC) - 2.0 

Emitter Cutoff Current leBO mAde 
(Vse = 4.0 Vde, IC = 0) - 1.0 

ON CHARACTERISTICS 

DC Curront Gain hFe -
IIC =2.0 Ade, Vce = 2.0 VcIc) 25 ,00 

S .... emitt.r Voltage Vse Vdc 
(IC = 2.0 Adc, Vce = 2.0 VcIc) - 1.2 

(2) Pul .. Test: Pul,. Width ';;;;300 ~'. Duty Cyel. ~2.0%. 
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MJEI05 

5 AMPERE 

POWER TRANSISTOR 

PNP 'SI LICON 

50 VOLTS 
65 WATTS 

--JGI--D 

STYLE 2: 
~ PIN 1. EM(TTER 

~=r C 2. COLLECTOR -'T 3. BASE 

MILLIMETERS 
DIM MIN MAX 

A 16.13 16.38 
B 12.57 12.83 
C 3.18 3.43 
D 1.09 1.24 
F 3.51 3.76 
G 4.22 BSC 
H 2.67 2.92 
J 0.813 0.8 
K 15.11 16.38 
M 90 TYP 
Q 4.70 4.95 
R 1.91 2.16 
U 6.22 6.48 
V 2.03 

CASE 9D-06 
TO-225AB 

• 
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FIGURE 1 - ACTIVE·REGION SAFE OPERATING AREA 
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There are two limitations on the power handling abilitv of a 
transistor; average junction temperature and second breakdown . 
Safe operating area curves indicate 'e . VeE limits of the transistor 
that must be observed for reliable operation; i.e., the transistor must 
not be subjected to greater dissipation than the curves indicate. 
The data of Figure I is based on TJ(pkl = ISOoC; TC is variable 
depending on conditions. Second breakdown pulse limits are valid 
for duty cycles to 10% provided T J(pkl S;1500 C. At high case 
temperatures, thermal limitations will reduce the power that can be 
handled to values less than the limitations imposed by second 
breakdown. 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

COMPLEMENTARY PLASTIC SILICON 
POWER TRANSISTORS 

. designed for low power audio amplifier and low current, high 
speed switching applications. 

• Coliector·Emitter Sustaining Voltage -
VCEO(susl = 40 Vdc - MJE170, MJE180 

= 60 Vdc - MJE171, MJE181 
= 80Vdc - MJEl72, MJE182 

• DC Current Gain -
hFE = 30 (MinI @ IC = 0.5 Adc 

= 12 (MinI @ IC = 1.5 Adc 

• Current·Gain - Bandwidth Product -
fT = 50 MHz (MinI @ IC = 100 mAdc 

• Annular Construction for Low Leakages -
ICBO = 100 nA (MaxI @ Rated VCB 

MAXIMUM RATINGS 

MJE170 
Rating Symbol MJE180 

Collector-Base Voltage VCB 60 

Collector-Emitter Voltage VCEO 40 

MJE171 MJE172 
MJE181 MJE182 

80 100 

60 80 

Emitter-Base Voltage VEB -7.0-

Collector Current - Continuous IC -3.0---
Peak -6.0_ 

Base Current IS 1.0-

Total Power Dissipa,tion @ T A 25°C PD 1.5_ 
Derate above 2SoC -0.012_ 

Total Power Dissipation @ T C - 2SoC PD _12.5_ 
Derate above 2SoC ---- 0.1 ----

Operating and Storage Junction TJ,Tstg ~ -65 to +150-_ 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Ma. 

Thermal Resistance, Junction to Case 8JC 10 

Thermal Resistance, Junction to 8JA 83.4 
Ambient 

FIGURE 1 - POWER DERATING 
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3-978 

Unit 

Vde 

Vde 

Vde 

Ade 

Ade 

Waits 
WioC 

Watts 
WioC 

°c 

Unit 

°CiW 

°CiW 

PNP 
MJE170 thl1l MJE172 

NPN 
MJE180 thru MJEl82 

3 AMPERE 

POWER TRANSISTORS 
COMPLEMENTARY SILICON 

40-60-80 VOLTS 
12.5 WATTS 

M 

STYlEt 
PINt EMtffiR 

2. COlLECTOR 
3. BASE 

NOTES: 
1. LEADS, mUE POSITIONED WITHIN O.25mm (00101 

OlA TO DIM A & B AT MAXIMUM MA1tRIAL 
CONDITION 

MlLLNETERS INCHES 
~M MIN MAX ... MAX 
A 10.80 11.04 0.425 , . ." 
• 7.50 7.74 0.295 0.305 
C 2.42 2.66 0.096 0.105 
D 0.51 0.66 0.020 0.'" 
F 2.93 3.17 0.ll5 0.125 
G 2.32 2.46 0.091 0.097 
H 1.27 2.41 0.050 O. 
J 0.39 0.63 0.015 0.025 
K 14.61 1&" 0.575 0.655 
M 3"TYP TTYP 
Q 3.76 4.01 0,148 0,158 

" 1.15 1.39 '.045 ,. 
S '.64 ,.. 11.025 0.035 
U 3.69 3.93 0.145 0.155 
V 1.02 0."'" 

CASE 77-05 

I 



MJE170, MJE171, MJE172, PNP MJE180, MJE181, MJE182 NPN 

ELECTRICAL CHARACTERISTICS IT c: 250 C unless otherwise noted I 

I Characteristic I Symbol Min Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage 
(lC = 10 mAde, IS = D) MJE 170, MJE 180 

MJE171, MJE181 
MJE 172, MJE 182 

Collector Cutoff Current 
(VCB = 60 Vde, IE = 01 MJE 170, MJE 180 
(VCB = 80 Vde, IE = D) MJE171, MJE 181 
(VCB = 100 Vde, IE = 0) MJE 172, MJE 182 
(VCB = 60 Vde, IE = 0, TC = 150°C) MJE 170, MJE 180 
(VCB = 80 Vde, IE = 0, TC = 150°C) MJE171, MJE1Bl 
(VCB = 100 Vde, IE = 0, TC = 150°C) MJE 172, MJE 182 

Emitter Cutoff Current 
(VBE = 7.0 Vde, IC = D) 

ON CHARACTERISTICS 

DC Current Gain 
(lC: 100 mAde, VCE = 1.0Vdcl 
(lc = 500 mAde, VCE = 1.0 Vde) 
(lC= 1.5 Ade, VCE = 1.0Vde) 
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DYNAMIC CHARACTERISTICS 

Current-Gain - Bandwidth 
(lC = 100 mAdc, VCE = = 10 MHz) 

Output Capacitance 
(VCB = 10 Vdc, IE: 0, f= 0.1 MHz) MJE170/MJEl72 

(1) fT : Ihfel e f test 

FIGURE 2 - SWITCHING TIME TEST CIRCUIT 
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FIGURE 4 - THERMAL RESPONSE 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

COMPLEMENTARY SILICON POWER 
PLASTIC TRANSISTORS 

designed for low voltage, low-power, high-gain audio amplifier 
applications. . 

• Collector-Emitter Sustaining Voltage -
VCEO(sus) = 25 Vdc (Min) @ IC = 10 mAdc 

• High DC Current Gain - hFE = 70 (Min) @ IC = 500 mAdc 
= 45 (Min) @ IC = 2.0 Adc 
= 10 (Min) @ IC = 5.0 Adc 

• Low Collector· Emitter Saturation Voltage -
VCE(sat) = 0.3 Vdc (Max) @ IC = 500 mAdc 

= 0.75 Vdc (Max) @ IC = 2.0 Ade 

• High Current-Gain - Bandwidth Product -
fT = 65 MHz (Min) @ IC = 100 mAde 

• Annular Construction for Low Leakage - ICBO =100 nAdc@RatedVCB 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Base Voltage VCS 40 Vdc 

Collector-Emitter Voltage VCEO 25 Vdc 

Emitter-Base Voltage VES 8.0 Vdc 

Collector Current - Continuous IC 5.0 Adc 
Peak 10 

Base Current 18 1.0 Adc 

Total Power Dissipation @ T c_ =: 25°C PD 15 Watts 
Derate above 2SoC 0.12 W/oC 

Total Power Dissipation @ T A = 2SoC PD 1.5 Watts 
Derate above 25 DC 0.012 W/oC 

Operating and Storage Junction TJ.Tstg -65 to +150 °c 
Temperature Range 

THERMAL CHARACTERISTICS 

Cha~act8ristic Symbol Max Unit 

Thermal Resistance, Junction to Case eJC 8.34 °C/W 

Thermal Resistance, Junction to Ambient 9JA 83.4 °C/W 

FIGURE 1 - POWER DERATING 
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NPH 
MJE200 

PHP 
MJE210 

5 AMPERE 

POWER TRANSISTORS 
COMPLEMENTARY SILICON 

25 VOLTS 
15 WATTS 

K 

NOTES: 

STYLE 1: 
PlN1.EMlTTER 

2. COLLECTOR ,."'" 

1. LEADS, TRUE POSITIONED WITHIN Q.25mm 10.010) 
DIA TO DIM A &. B AT MAXIMUM MATERIAL 
CONDmON. 

MIUMIEIlS INCHES 
~M MW MAX MIN MAX 

• 10.80 11.04 0.'" O. 

• 7.93 7.74 0.'" O. 
C 2.42 2." 0.'" 0.' 
0 0.61 0." 0.020 0.020 
F 2.93 3.17 0.11 0.125 

2.32 ... O. , 7 
H 1.27 lA, "'93 
J 0.39 0.63 0.015 0.025 
K 14.61 16.63 075 0 .. ' 
M ,.T'IP ,.TYP ,. <01 0.148 .'iB 
R 1.15 1.39 0.045 , 
S 0.64 • 0.020 5 
U 3." '" 0.145 .'55 
V 1.02 D .... 

CASE n-os 

I 



MJE200, NPN MJE210 PNP 

ELECTRICAL CHARACTERISTICS (TC = 250 C unless otherwise noted) 

I Characteristic I Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage (1) 
(lC = 10 mAde, 'B = 0) 

Collector Cutoff Current 
(VCB = 40 Vde, 'E = 0) 
(VCB = 40 Vde, Ie = 0, TJ = 1250 C) 

Emitter Cutoff Current 
(VBE = 8.0 Vde, IC = 0) 

ON CHARACTERISTICS 

DC Current Gain (1) 
(lC = 500 mAde, VCE = 1.0 Vde) 
(I C = 2.0 Ade, V CE = 1.0 Vde) 
(lC = 5.0 Ade, VCE = 2.0 Vde) 

Collector-Emitter Saturation Voltage (1) 
(IC = 500 mAde, 'B = 50 mAde) 
(lc = 2.0 Ade, 'B = 200 mAde) 
(Ie; = 5.0 Ade, 'B = 1.0 Ade) 

Base-Emitter Saturation Voltage (1) 
(lC= 5.0Ade,IB= 1.0Ade) 

Base-Emitter On Voltage (1) 
(lC = 2.0 Adc, VCE = 1.0 Vde) 

DYNAMIC CHARACTERISTICS 

Current-Gain - Bandwidth Product (2) 
(lC = 100 mAde, VCE = 10 Vde, f test = 10 MHz) 

Output Capacitance 
(VCB = 10 Vde, 'E = 0, f = 0.1 MHz) 

(1) Pulse test: Pulse Width = 300 I-'S, Duty Cycle"" 2.0%. 
(2) IT = I hfel • ftest 

FIGURE 2 - SWITCHING TIME TEST CIRCUIT 
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MJE200, NPN MJE210 PNP 

FIGURE 4 - THERMAL RESPONSE 

1. 0 

7~ w O. 
'"' z O. 

~ 
5 

ffi 0.3 I--

~a o. 2r--
«w 
"'!::! "' .... 
~~ o. 
~~o.o 
ffi~o.o 
in 

~ 0,0 ... 
~ 0.0 

1 

7 

5= 
-
3-

2 

1 0.0 
0.02 

D = 0.5 

~0.2 _I-
rO.l = 

0.05 I- ~ .... 

~r ~.01. 
f (SINqL~ PPWI 

, r H 
0.05 0.1 0.2 

~ ~~ "H1Jl-r-- 6Jcltl-rlt16JC 
p( kl -r-- 6JC 8.34oCIWMax--

P I I I I III 
. :::0 CURVES APPLY FOR POWER::: t ~ -PULSE TRAIN SHOWN -

12 READ TIME At I] 

OUTY CYCLE, 0 = I1/t2 - T J\Pkli Tr I Ptil tJCltl -

, " fT 
0.5 1.0 2.0 5.0 10 20 50 100 200 

I, TIME (msl 

FIGURE 5 - ACTIVE REGION SAFE OPERATING AREA 

7. 
... 5. 

~ 
... 3. 
z 
~ 2. 
'" " u 

'" 1. o 

~ O. 
_ O. 
o 

~ O. 

O. 

0 

0 500 lIS 

0 LOrn 

0 
..... 

-t°hJs ... , 
de 

o J ~' TJ = 150°C 
0F--- 80NDINGWIRE LIMITED 
7~--- THERMALLYLIMITED@TC=250C 
I- (SINGLE PULSEI 
5~ ___ SECOND BREAKDOWN LIMITED 

3 CU RVES APPLY 8ELIOW 

2 
RATEO VCEO 

O. 1 

_ IOO IlS'-

""\ 
"'\. I\. 

~ 1'\ 

'\: 

1.0 2.0 3.0 5.0 7.0 10 20 30 

-' 

VCE, COLLECTOR·EMITTERVOLTAGE (VOLTSI 

100 

70 
50 

30 

20 

1 

0 

0 
0 

0 

0 

0 

0 
0 

0 

0 

0 

-
-----

"' 0.05 0.07 0.1 

FIGURE 6 - TURN-OFF TIME 

VCC - 30 V' = 
Ic/18= 10 = 

181- 182. _ - ...... TJ = 250~ _ 

-t- Is 
H-

I": ~ ..... t-.... 
If 

.... 
MJE200 (NPNI I"'-:: -MJE210 (PNPI ~I-

0.2 0.3 0.5 0.7 1.0 2.0 3.0 5.0 

IC, COLLECTOR CURRENT (AMPI 

There are two limitations on the power handling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate le,VeE limits of the-transistor 
that must be observed for reliable operation; i.e., the transistor 
must not be subjected to greater dissipation than the curves 'indicate. 

The data of Figure 5 is based on T Jlpk I = 150°C; T C is variable 
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for duty cycles to 10% provided T J(pkl .;; 1500C. T Jtpkl may be 
calculated from the data in Figure 4. At high case temperatures. 
thermal limitations will reduce the power that can be handled to 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

COMPLEMENTARY SILICON POWER 
PLASTIC TRANSISTORS 

· .. designed for low power audio amplifier and low-current, high
speed switching applications. 

• High Collector-Emitter Sustaining Voltagl! -
VCEO(sus) = 80 Vdc (Min) - MJE240, MJE250/2 

= 100 Vdc (Min) - MJE24314,MJE25314 

• High DC Curre'nt Gain @ IC = 200 mAdc 
hFE = 40-200 - MJE240, MJE250 

= 40--120 - MJE241 ,243, MJE251,253 
= 25 (Min) - MJE244, MJE252,54 

.. Low Collector-Emitter Saturation Voltage --, 
VCE(sat) = 0.3 Vdc (Max) @ IC = 500 mAdc 

• High Current Gain Bandwidth Product-
fT = 40 MHz (Min) @ IC = 100 mAdc 

• Annular Construction for Low Leakages 
ICBO = 100 nAdc (Max) @ Rated VCB 

MAXIMUM RATINGS 

Rotino 

COllector·Emitter Voltage 

Collector-Base Voltage 

Emitter-S ... Voltage 

Collector Cum!"t - Continuous 

""ok 
a.Current 

Total Power Dillipation (jI TC = 2S0C 
Derate above 25°C 

SYm ... 

VCED 

Vca 

VEa 

Ie 

la 

Po 

Po 

MJE240 
~EN1 
MJE250 

~::~ 
80 

80 

7.0 

4.0 
8.0 

1.0 

15 
0,12 

1.5 Total Power DiuiPlition @l T A = 26°C 
Derd above 2SoC 0.012 

MJE243 
MJE_ 
MJE263 
MJE2S4 

100 

100 

Operating and Storage Junction 
Temperature Range 

TJ,Tstg -65 to +150 

THERMAL CHARACTERISTICS 

henna eSlstance, Unction to ale 

ellstance, unction to Ambient 

FIGURE 1- POWER DERATING 
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1 .8 

1 

I'-... 0 
140 160 
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Unit 

Vdc 

Vd. 

Vd. 

Ad. 

Ad. 

w .... 
WIDe 

Watts 
W/oe 

De 

NPM 
MJE240, MJE241 
MJE243, MJE244 

PMP 
MJE250 thl1l MJE254 

4 AMPERE 

POWER TRANSISToRS 
COMPLEMENTARY SILICON 

80, 100 VOL TS 
15 WATTS 

K 

STYLE 1: 
PINt EMmER 

2. COlLECTOR 

3. """ 

NOTES: 
1. LEADS, TRUE POSITIONED WITHIN O.25mm (0.010) 

OIA TO DIM A & B AT MAXIMUM MATERIAl 
CONDITION. 

M 
~M ... ". MAlI 

• 10.80 11.04 0.425 0.435 

• 7.50 7.74 0.295 0.3,. 
C 2,42 2." 0.096 0.105 
D 0.51 0." 0.020 0.026 
F 2.93 '17 0.115 0.125 
G 2.32 2." O. 1 O. 7 
H 1.27 2.41 0.050 0.095 
J 0-" 0.63 0.015 0.026 

• 14.61 16.63 0.575 0.6 
M ,.TYP TYP 

3. 4.01 0.148 .158 
R 1,15 1.39 0.046 ~ 
S 0.64 0.88 0.025 '0.035 
U .69 .93 .1 
V t02 0.040 

CASE 77-05 

• 



MJE240, MJE241, MJE243, MJE244, NPN, 
MJE250 thru MJE254, PNP 

ELECTRICAL CHARACTERISTICS ITC - 25°C unl_ omOlWi .. noted) 

OFF CHARACTERISTICS 

Collector-Emitter SUltaining Voltage 
IIc = 10 mAde, Ie = 0) MJE240,MJE241, 

MJE250,MJE251,MJE252 

:::~~~~,,,:~~~~ 
Collector Cutoff Current 

IVce - SO Vde, IE = 0) MJE240,MJE241, 
MJE250,MJE251,MJE252 

IVce - 100 Vde, IE = 0) MJE243,MJE244, 
MJE253,MJE254, 

IVCE - SO Vde, IE = 0, TC = 125°C) MJE240,MJE241, 

IVCE - 100 Vde, IE - 0, TC = 125°C) 
MJE250,MJE251,MJE252, 

MJE243,MJE244 
MJE253,MJE254 

Emitter Cutoff Current 
IVBE = 7.0 Vde, IC = 0) 

ON CHARACTERISTICS 
DC Current Gain 

IIc - 200 mAde, VCE = 1.0 Vde) MJE240,MJE250 
MJE241,MJE251, 
MJE243,MJE253 

MJe244,~~~~~' I 
IIc - 1.0 Ade, VCE = 1.0 Vde) MJE241,MJE251, 

MJE243,MJE253 
IIc = 1.0Ade, VCE = 1.0 Vde) MJE252 f MJE244,MJE254 
IIc - 2.0 Ade, VCE - 1.0 Vde) MJE240,MJE250 

Collector-Emitter Saturation Voltage 
II C = 500 mAde, Ie = 50 mAde) All Types 
IIc = 1.0 Ade, IB = 100 mAde) MJE241,MJE251. f 

MJE243,MJE253 
IIc - 2.0 Ade, IS - 200 mAde) MJE24O, MJE260 

B ... Emitter Saturation Voltage 
IIc - 2.0 Ade, IS = 200 mAde) 

BI ... Emitter On Voltage 
IIc = 500 mAde, VCE - 1.0 Vdc) 

DYNAMIC CHARACTERISTICS 

Current..(iain - Bandwidth Product 
IIC = 100 mAde, VCE = 10 Vde, 'til, = 10 MHz) 

uutpu, CoplCitance 
IVCS - 10 Vdc, Ie = 0,' - 0.1 MHz) MJE24O/MJE244 

MJE250/MJE254 

FIGURE 2 - SWITCHING TIME TEST CIRCUIT 

RB 

51 

tr. tf !'::. 10 ns 

+30 V 
VCC 

RC 

SCOPE 

OUTY CYCLE = 1.0% -4 V 

RB and RC VARIED TO OBTAIN DESIRED CURRENT LEVELS 

01 MUST BE FAST RECOVERY TYPE .• g: 

500 

300 

200 

100 

]: 70 

~ 50 
;:: 

30 

20 

10 

7.0 
5. 0 

Symbol Min MOl< Unit 

VCEOIIUI) Vde 
SO -
100 -

Iceo 
- 0.1 ",Adc 

- 0.1 

- 0.1 mAde 

- 0.1 

lEBO pAde 
- 0.1 

hFE -
40 200 

40 120 
40 180 
25 -
20 -
15 -
10 -
15 -

VCEI .. " Vde 
- 0.3 
- 0.6 

- O.S 

VBEI .. ,) Vde 
- I.S 

VBElon) Vde 
- 1.5 

fT MHz 
40 -

Cob pF 
- 60 
- 70 

. FIGURE 3 - TURN-ON TIME 

TJ = 2SoC-f-
YCC'lOY - r-

1c/IS'11 _ r-
.... 1/ 

- t, r-
I'.... 'I, 

....... ...... 
~d1IVBEllff) = ro v ~ i""'-

F ;MJE2401MJE244 (NPliI 
1= - - -:MJE2501MJE254IPNPl 

MBOS300 USED ABOVE IB ~IOO rnA 
MS06100 USED BELOW IB ~IOo rnA 0.04 0.06 0.1 0.2 0.4 0.6 1.0 2.0 4.0 

FOR PNPTEST CIRCUIT, REVERSE ALL POLARITIES 
IC, COLLECTOR CURRENT lAMP) 
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MJE240, MJE241, MJE243, MJE244, NPN, 
MJE250 thru MJE254, PNP 

PIOURE 4 - THERMAL RESPONSE 

1.0 

~ 0.7 ;::::= 
z O. 5 

~ m 0.3 -
~c O. 
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~ 0.0 
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1 0.0 
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I I IIIII 
0.05 0.1 0.2 

I000010'' 
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=0 CURVES APPLY FOR POWER::: 

~ ~ -PULSE TRAIN SHOWN --= 
1 READ TIME At '1 

t2 
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FIGURE 5 - ACTIVE-REGION SAFE OPERATING AREA 

10 
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1.Dis, 
!==I=TJ = 150°C 

1"- .... 

,.. 
r0-
de 

.... t1lJb,.. 

t .. K~" 
II: 
'" 0.5 ::> -- 5.0 

BONDING WIRE LIMITED ms .. 
II: ---THERMALLY LIMITED II TC - 25°C 

~ .... 0.2 
O. 

ISINGLE PULSEI 
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1 ~~CURVES APPLY BELOW .... 
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~ 
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0.02 
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MJE243/MJE244~ MJE253/MJE254 
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FIGURE 6 - TURN-OFF TIME 
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IC. COLLECTOR CURRENT lAMP) 

There are two limitations on the power handling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate le.VeE limits of the tr~sistor 
that must be observed for reliable operation; i.e., the transistor 
must not be subjected to greater dissipation than the curves indicate. 

Thedataof FigureS is based on TJlpk) = 1SOOC; TC is variable 
depending on conditions. Second breakdown pulse limits are valid 
for duty cycle. to 10% provided T J(pkl'" 15o"C. T Jlpkl may be 
calculated from the data in Figure 4. At high case temperatures, 
thermal limitations will reduce the power that can be handled to 
values less than the limitations imposed bV second breakdown. 

FIGURE 7 - CAPACITANCE 
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MJE240, MJE241, MJE243, MJE244, NPN, 
MJE250 thru MJE254, PNP 

NPN 
MJE240 thru MJE244 

FIGURE 8 - OCtURRENT GAIN 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

PLASTIC MEDIUM POWER NPN 
SILICON TRANSISTOR 

... useful for high-voltage general purpose applications. 

• Suitable for Transformerless, Line-Operated Equipment 

• Thermopad Construction Provides High Power Dissipation Rating 
for High Reliability 

MAXIMUM RATINGS 

Rating Svmbol Value Unit 

Collector-Emitter Voltage VCEO 300 Vde 

Emitter·Base Voltage VEB 3.0 Vde 

Collector Current - Continuous IC 500 mAde 

Total Power Dissipation @ T C == 2SoC Po 20 Watts 
Derate above 25°C 0.16 WloC 

Operating and Storage Junction TJ, Tstg -65 to +150 °c 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case 

ELECTRICAL CHARACTERISTICS (TC = 250 C unless otherwise noted) 

I Characteristic I Svmbol t Min I Max I Unit 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining ·Voltage VCEOlsus) 300 - Vde 
IIC" 1.0mAde,IB"0) 

Collector Cutoff Current ICBO - 100 /lAde 
IVCB" 300 Vde, IE "0) 

Emitter Cutoff Current 
(VEB = 3.0 Vde, IC ~ 0) 

lEBO - 100 /lAde 

ON CHARACTERISTICS 

DC Currant Gain 
(lC = 50 mAde, VCE = 10 Vdc) 

MJE340 

0.5 AMPERE 

POWER TRANSISTOR 

NPN SILICON 

.NOTES: 

300 VOLTS 
2O!WATTS 

STYl.fl: 
PINt EMITTER 

2. COLlECTOR 
3. BASE 

1. LEADS, TRUE POStnoNEDWIlltlN 0.25mm 10.010) 
DIA TO DIM A a. B AT MAXIMUM MATERIAL 
CONOlTION. 

Ml ES 
DIM ... MAX lIN MAX 

• 10.80 11.04 ,.42, ..... 
• '.50 7.14 0.295 0.305 
C .42 2." 0.095 0.105 
D 051 0." '.020 '.026 
F 2.93 3.17 .11 0.125 
G 2.32 ... 0.091 0.097 
H 111 lootl "51) 0.095 
J M. '.63 0.015 O. , ,., , ., 0 
M 3"TYP 3"TYP 
Q .,. "', 0.148 0.158 

• 1.15 1.3. 0.046 0'" 
S 0 • o. 

93 , ., 
y 1.02 - .D40 -

CASE 77-05 



MJE340 

FIGURE 1 - POWER TEMPERATURE DERATING FIGURE 2 - "ON" VOLTAGES 
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FIGURE 3 - MJE340 
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There are two limitations on the power handling ability of a transistor: average junction temperature and second breakdown. Safe operating 
area curves indicate IC·VCE limits of the transistor that must be observed for reliable operation; i.e .• the transistor must not be subjected 
to greater lIissipation than the curves indicate. 

The data of Figure 3 is based on TJ(pk). = 150oC;TC is variable depending on conditions. Second·breakdown pulse limits are valid 
for duty cycles to 10% provided TJ(pk) S ISaCC. At high case temperatures. thermal limitations will reduce the power that can be handled to 
values 1_ than the limitations imposed bV second breakdown. 

FIGURE 4 - DC CURRENT GAIN 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

PLASTIC NPN SILICON 
MED.IUM-POWER TRANSISTORS 

... useful for medium voltage applications requiring high fT such as 
converters and extended range amplifiers. . 

MAXIMUM RATINGS 

Rating Symbol MJE341 MJE344 

COllector-Emitter Voltage VCEO 150 200 

Colleetor·Bas. Voltage VCB 175 200 

Emitter-Base Voltage VEB 3.0 5.0 

Collector Current - Continuous IC -----500-
Base Current Ie _250_ 

Total Power Dissipation @TC==250C Po 20 
Oerate above 250 C 0.16 

Operating and Storage Junction TJ.Tstg _-65 to +150_ 
T emperatu fe Range 

THERMAL CHARACTERISTICS 

Characteristic sYmbol Ma. 

Thermal Resistance, Junction to Case 8JC 6.25 

FIGURE 1 - ACTIVE·REGION SAFE OPERATING AREA 
1. a 

5 
500 .. 1-

'\. (III 

TJ = 1500C I \.1.0 .. 
2 

SECOMl BREA~DIWI LiMIT 
(alii 

I - - BOIIlINGWIRE LIMIT 
1\ 

-- - - TltERMAL LlMlTOTC-25"C 
de 

" 
0.0 I 

10 2D 30 4D III 100 

VeE. COLLEqllR.EMIJTER VOLTAGE (VOLTS) 
There are two limitations on the power handling abilitv of a 

transistor: aver. junction temperature and second bre,kdown. 
Safe operating area curves indicate Ie-VeE limits of the transistor 
that must be obsarveci'for reliable operation; i.e., the ~ransiltor 
mUlt not be subjected to greater diuipation than the curves indicate. 

The data of Figure 1 is baaed on T J(pkl = 15o"C; T C is 
v_iabfe depending on COnditions. Second breakdown pul.limits 
are vllid.for d~ty eyellS to 10% provided TJ.(pkl .;;; 15O"c. At 
high case temperatures, thermal limitations will reduce the power 
that can be handled to ValUIS 1_ than the limitations im~ by 
sacond breakdown. 
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Unit 

Vde 

Vde 

Vde 

mAde 

mAde 

Watts 
wl"c 

°c 

Unit 

°C/W 

MJE341 
MJE344 

0.5 AMPERE 

POWER TRANSISTORS 
NPN SILICON 

150-200 VOLTS 
20 WATTS 

K 

STYLE 1: 
PlN1.EMlmR 

2. COlLECTOR 
3. BASE 

NOTES: 
1. LEADS, TRUE POSITIONED WITHIN O.25mm (0.010) 

DIA TO DIM A' B AT MAXIMUM MATERIAL 
CONomoN. 

INCHES 
OIl ... MAX ... MAX 

• I." 11.04 0.'" 0A3S 

• 7.50 7.74 0.295 0.'" 
C 2A1 ,., O. 0.1 
D 0.51 0." 0.020 0.026 
F 2.93 3.17 0.115 '1 
G I 0 7 
H 1.27 2.41 • 0 
J ... 0." 0.015 .'" • 14.61 16.83 0.575 O. 
M IYP IYP . 
Q 4.01 .1 0 .. .. 1.1 1.30 O . 

. IIB O. 0 ... 
U .118 .93 .. " 0,156 

• 1.02 

CASE 77-05 

I 



MJE341, MJE344 

ELECTRICAL CHARACTERISTICS (TC = 25°C unless otherwise noted) 

Ch .. ~nic 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage 
(lC = 1.0 mAdc,lB = 0) MJE341 

MJE344 

Collector Cutoff Current 
(VCE = 150 Vdc, IB = 0) MJE341 

(VCE = 200 Vde,lB = 0) MJE344 

Collector Cutoff Current 
(VCB = 175 Vde, IE = 0) MJE341 

(VCB = 200 Vdc, IE = 0) MJE344 

Emitter Cutoff Current 
(VEB = 3.0 Vde, IC = 0) MJE341 

(VEB = 5.0 Vde, IC = 0) MJE344 

ON CHARACTERISTICS 

DC Current Gain 
(lc = 10 mAde, VCE = 10 Vde) MJE341 

(lC = 50 mAde, VCE = 10 Vde) MJE341 
MJE344 

(lC = 150 mAde, VCE = 10 Vdc) MJE341 

Collector-Emitter Saturation Voltage 
(lC = 50 mAde, IB = 5.0 mAde) MJES44 

(lc = 150 mAde,lB = 15 mAde) MJE341 

Base-Emitter On Voltege 
(lC = 50 mAdc, VCE = 10 Vde) 

DYNAMIC CHARACTERISTICS 

Current-Gain-Bandwidth Product 
(lC = 50 mAde, Vee = 25 Vde, f = 10 MHz) 

Output Capacitance 
(VCB = 20 Vde, IE = 0, f = 100 kHz) 

Small-Signal Current Gain 
(lC = 50 mAde, VCE = 10 Vde, f = 1.0 kHz) 

FIGURE 2 - DC CURRENT GAIN 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

PLASTIC MEDIUM POWER PNP 
SILICON TRANSISTOR 

· .. designed for use in line·operated applications such as low power, 
line·operated series pass and switching regulators requiring PNP 
capability. 

• High Collector· Emitter Sustaining Voltage -
VCEO(sus) = 300 Vde@ IC = 1.0 mAde 

• Excellent DC Current Gain -
hFE = 30·240 @ IC = 50 mAdc 

• Plastic Thermopad Packagel 

MAXIMUM RATINGS 

Rating .Svmbol 

Collector·Emitter Voltage VCEO 
Emitter·Base Voltage VEB 
Collector Current - Continuous IC 
Total Power Dissipation @ T C "" 25°C Po 

Derate above 25°C 

Operating and Storage Junc~ion T J,Tstg 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case 

Value Unit 

300 Vde 

3.0 Vde 

500 mAde 

20 Watts 
0.16 WloC 

-65 to +150 °c 

ELECTRICAL CHARACTERISTICS (TC = 250 C unless otherwise noted) 

I Characteristic I Symbol I Min I Max I Unit 

OFF 'CHARACTERISTICS 

Collector-Emitter Sustaining Voltage VCEO(sus) 300 - Vde 

(lC' 1.0 mAde, 'B = 0) 

Collector Cutoff Current 'CBO - 100 "Ade 
(VCB = 300 Vde, 'E = Ol 

Emitter Cutoff Current 'EBO - 100 "Ade 
(VEB = 3.0 Vde, 'C = 0) 

ON CHARACTERISTICS 

DC Current Gain 
(lC· 50 mAde, VCE = 10 Vde) 
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MJE350 

0.5 AMPERE 

POWER TRANSISTOR 
PNPSILICON 

NOTES: 

300 VOLTS 
20 WATTS 

K 

STYlE 1: 
PI~l. EMITTER 

2. COLlECTOR 
•. BASE 

,1. LEADS, TRUE POSmONED WITHIN O.25mm (0.0101 
DIA TO DIM fit &; B AT MAXIMUM MAU:R1Al 
CONDITION. 

'NCHES ... MIN MAlI ... 
• ,.,. 11.04 ..,. • • 1.50 7.74 O. 0.'" 

2.42 2." O. 0.105 
D 0.51 0." 0.020 O. 
F 2.93 3.17 0.115 '0., 

• 2.32 "" O.ll91 O. 
H 1.l1 ,.., .., 0."" 
J 0.39 0.63 .015 0.'" , 14.81 .... . , 0: 5 
M 3"m 3"m 

'.n ., ., 0.158 

• 1.15 1. .045 0.056 
S O. ... .... 0 ... 
U 193 0.146 , 
V 1." 

CASE 77-05 

• 



MJE350 

FIGURE I - DC CURRENT GAIN 
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There are two limitations on the power handling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate Ie - VeE limits of the transistor 
that must be observed for reliable operation; i.e., the transistor 
must not be subjected to greater dissipation than the curves indi
cate. 

Thedata of Figure 3 is based on TJ(pki = ISOoC; TC is variable 
depending on conditions. Second breakdown pulse limits are valid 
for duty cycl .. to 10% providad TJ(pki '" ISOoC. At high case 
temperatures, thermal limitations will reduce the power that can 
be handled to values less than the limitations imposed by second 
breakdown. 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

PLASTIC MEDIUM-POWER PNP 
SILICON TRANSISTOR 

· .. designed for use in general·purpose amplifiers and swi'tching 
circuits. Recommended for use in 5 to 10 Watt audio amplifiers uti· 
lizing complementary symmetry circuitry. 

• DC Current Gain - hFE = 25 (Min) @ IC = 1.0 Adc 

• Complementary to NPN MJE520 

MAXIMUM RATINGS 

Rating Symbol Valua Unit 

COllector-Emitter Voltage VCEO 30 Vdc 

Coliector·B ... Voltage VCB 30 Vdc 

Emitter-Base Voltage VEB 4.0 Vdc 

Collector Current - Continuous IC 3.0 Adc 

-Peak 7.0 

Base Current - Continuous IB 2.0 Adc 

Total PQwer Disaipation@Tc=250C Po 25 Wetts 
Derate above 25°C 0.2 WloC 

Operating and Storage Junction TJ, Tstg -65 to +150 °c 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case 

ELECTRICAL CHARACTERISTICS (TC = 250 C unless otherwise noted) 

Chl_teristic Svmbol I Min I Max I Unit 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage 11) 
(lC· 100 mAde, IB = 01 

VCEO(susl 30 - Vdc 

Collector-B_ Cutoff Current ICBO - 100 "Ade 
(VCB· 30 Vde, IE = 01 

Emitter-B_ Cutoff Current lEBO - 100 "Ade 
(VEB • 4.0 Vde, IC • 01 

ON CHARACTERISTICS 

DC Current Gain 
(lC= 1.0Ade, VCE -I,OVdcl 

(1) Pul .. Toot: Pul .. Width ~3DD "I, Duty Cyela ~2.D". 
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MJEl70 

3AMP.ERE 

POWER TRANSISTOR 

PNP SILICON 

NOTES: 

30 VOLTS 
25 WATTS 

STYlE 1: 
PlN1. EMITTER 

2. COlLeCTOA 
, BASE 

1. LEADS, TRUE POSmONED WITHIN O.25mm {0.010) 
CIA TO DIM A I. B AT MAXIMUM MATERIAL 
CONDITlON, 

INCItES 
DIM .. MAX ... IWI 
A 10 11.1M ..... • .436 • 7." 7.74 0>95 • C 2-" 2. ..... 0.105 

• 0.S1 .. .. ." • F 2.93 '" 0.115 0.12 
G 2.32 2AB '110' .. "" 
H 1.27 2A' '.050 ..... 
J .as .. " 0.015 .. '" • 14.81 16.63 ., .... 

3"TVP 3"TVP 
Q 3. ., 0.148 OJ.§L 

• 1.15 1. 0 .... • S ... .Il25 
U 3.89 193 "46 "55 
V '.02 .... 

CASEn·05 

• 



MJE370 

FIGURE 1 - ACTIVE·REGION SAFE OPERATING AREA 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

PLASTIC MEDIUM-POWER PNP 
SI LICON TRANSISTORS 

... designed for use in general-purpose amplifier and switching 
circuits. Recommended for use in 5 to 20 Watt audio amplifiers uti
lizing complementary symmetry circuitry . 

• DC Current Gain - hFE = 40 (Min) @ IC = 1.0 Adc 

• MJE371 is Complementary to NPN MJE521 

MAXIMUM RATINGS 

Rating Symbol Value Uni1 

Collector-Emitter Voltage VCEO 40 Vde 

Collector·ease Voltage VCB 40 Vde 

Emitter·ease Voltage VEB 4.0 Vde 

Collector Current :- Continuous IC 4.0 Ade 

-Peak 8.0 

Base Current - Continuous IB 2.0 Ade 

Total Power Oiuipation @ T C • 2SoC Po 40 Wattl 
Derate above 250 C 320 mW/oC 

Operating and Storage Junction 
Temperature Range 

TJ, Tsts -65 to +150 °c 

THERMAL CHARACTERISTICS 

Characteristic Max 

Thermal Resistanca. Junction to Case 3.12 

ELECTRICAL CHARACTERISTICS (TC = 25°C unle .. otherwise noted) 

I OIaracteristic I Symbol I Min I Max I Unit 

OFF CHARACTERISTICS 

COllector-Eminer Sustaining Voltage (1) VCEO(sus) 40 - Vde 
(lC = 100 mAde,lB = 0) 

Collector-Base Cutoff Current ICBO - 100 /lAde 
(Ve8 = 40 Vde, IE = 0) 

Emitter'-Base Cutoff Current lEBO - 100 /lAde 
(VEB = 4.0 Vde, IC = 0) 

ON CHARACTERISTICS 

DC Current Gain (1) 
(lC = 1.0 Ade, VCE = 1.0 Vde) 

(,) Pulse Test: Pulu WidthS 300 ILl Duty Cycle:::; 2.0%. 
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MJE371 

4 AMPERE 

POWER TRANSISTORS 
PNPSILICON 

s 

NOTES: 

40 VOLTS 
40 WATTS 

STYLE 1; 
PlN1.EMlffiR 

2. COLlECTOR 
3. BASE 

1. lEADS, TRUE POSITIONED. WITHIN O.25mm (0.010) 
IlIA TO DIM A Be 8 AT MAXIMUM MATERIAL 
CONDmON. 

II IIICHIS 
ON ... MAX liN MAX 

• 10.80 11.04 . ." 0 

• 7.SO 7.7 .". 0.305 
C 2,., 2. 0.105 
D 0.51 0." .020 O. 
F 233 3.11 .11 0.125 
G 2 2.88 0,091 0.1197 
H 1.7 lA, 0.010 0 .... 
J 0.63 0.015 O. 

• 14.61 '&.63 . 75 O . 
M ,.TVP 3"TVP 
Q 3.76 ." ., .. 0,158 
R 1.15 1.3. 0.00; O.os, 
I o. 0.88 0.025 0.036 
U "" 

.,,, 0.155 
V 1.02 0.040 

CASE 71-05 

• 



MJE371 

FIGURE 1 - ACTIVE-REGION SAFE OPERATING AREA 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

PLASTIC MEDIUM·POWER NPN 
SILICON TRANSISTOR 

· .. designed for use in general·purpose amplifier and switching 
circuits. Recommended for use in 5 to 10 Watt audio amplifiers uti· 
lizing complementary symmetry circuitry. 

• DC Current Gain - hFE = 25 (Mini @ IC = 1.0 Adc 

• Complementary to PNP MJE370 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector~Emitter Voltage VCEO 30 Vde 

Coliector·Base Voltage VCB 30 Vde 

En:aitter-Base Voltage VEB 4.0 Vde 

Collector Current - Continuous IC 3.0 Ade 

- Peak· 7.0 

Base Current - Continuous IB 2.0 Ade 

Total Power Dissipation @ T C = 2SoC Po 25 Watts 
Derate above 25°C 0.2 W/oC 

Operating and Storage Junction TJ. Tstg -65 to +150 °c 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case 

ELECTRICAL CHARACTERISTICS ITC = 2ScC unless otherwise noted) 

Characteristic I Symbol Min Max Unit 

OFF CHARACTERISTICS 

Coliector·Emitter Sustaining Voltage (1) 
(lC = 100 mAde. IB = 0) 

vCEOisus) 30 - Vde 

Collector-Base Cutoff Current ICBO - 100 /lAde 
(VCB = 30 Vde.IE = 01 

Emitter-Base Cutoff Current lEBO - 100 /lAde 
(VEB = 4.0 VdC. IC = 01 

ON CHARACTERISTICS 

I 
DC Current Gain (11 

(lC = 1.0 Ade. VCE = 1.0 Vde) 

(1) Pulse Test: Pulse Width ~ 300 Ill, Duty Cycle ~2.0". 
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MJE520 

3 AMPERE 

POWER TRANSISTOR 
NPN SILICON 

NOTES: 

30 VOLTS 
25 WATTS 

K 

STYlE 1: 
PIN 1. EMITTER 

2, COLlECTOR 
3. BASE 

1. LEADS, TRUE POSITIONED WITHIN 0.25mm (0.010) 
OIA TO DIM A It B AT MAXIMUM MATERIAL 
CONDITION. 

MILIII1mIIS 
~M ... MAX ... MAX 

• 10.80 11.04 0A25 0.435 

• 7.50 1.74 '295 0." 
C 2.42 2." 0." 0.105 
0 0.51 0." 0.020 0.026 
F 2." 3.17 0.115. 0.125 
G 2.48 0.091 0.1197 
H 1.21 2.41 0.010 0." 
J 0.39 0.63 0.015 0.025 
K 14.61 16.63 0.575 0.6&5 
M ,.",. ,.",. 
Q 3." <01 0.1. 0.1 

• 1.15 1.39 0.'" O. 
S 0." 0." 0.025 0.D35 
U 3 3.93 0.146 0.155 
V 1. 0.040 

CASE 77-05. 

• 



MJE520 

FIGURE 1 ACTIVE·REGION SAFE OPERATING AREA 
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The data of Figure 1 based on TJlpkl = 15O"C; TC is 
variable depending on conditions. Second breakdown pul. limits 
ara valid for duty cycl., to 10% provided (T Jpk) < 150°C. At 
high cas. tamperatures, thermal limitations will reduce the power 
that can be handled to values less than the limitations imposed by 
second breakdown. 

Thera are two limitations on the power handling ability of 8 
transistor: average junction temperature and second breakdown. 
Safe operating araB ClJrves indicate Ie - Vee limits of the transistor 
that must ba observed for reliable operation; i.e .• the transistor 
must not be subjected to greater dissipation than the curves indicate. 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

PLASTIC DARLINGTON COMPLEMENTARY 
SILICON POWER TRANSISTORS 

• ; . designed for general·purpose amplifier and low·speed switching 
applications. 

• High DC Current Gain -
hFE = 2000 (Typ) @ IC = 2.0 Adc 

• Monolithic Construction with Built·in Base·Emitter 
Resistors to Limit Leakage Muliplication 

• Choice of Packages -
MJE700 and MJEBOO series 
T0220AB, MJE700T and MJEBOOT 

MAXIMUM RATINGS 
MJE700,T MJE702 
MJE701 MJE703 
MJEBOO,T MJE802 

Rating Symbol MJEBOl MJE803 

Collector-Emitter Voltage VCEO 60 80 

Collector-Base Voltage VCS 60 80 

Emitter-Base Voltage VES 5.0 

Collector Current IC 4.0 

Base Current IS 0.' 

CASE 77 I TO-220 

Total Power Dissipation ~ T C "" 25°C Po 40 50 
Derate above 2SoC 0.32 0.40 

Operating and Storage Junction TJ, Tstg -55to +'50 
Temperature Range 

THERMAL CHARACTERISTICS 
Characteristic Symbol Max 

Thermal Resistance, Junction to Case ROJC 
CASE 77 3.'3 
TO-220 2.50 

FIGURE 1 - POWER DERATING 

0"", 

"'" .......... "'" .......... 

"'" TO·220AB 
0 

"'" r--.. 
TO·126 " ......... 

............ ='-......... ~ 
.~ 

0 ~ 
25 50 75 '00 '25 '50 

TC, CASE TEMPERATURE IDC) 
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Unit 

Vdc 

Vdc 

Vdc 

Adc 

Adc 

Watts 
W/oC 

°c 

Unit 

uC/W 

PHP 
MJE700,T 

thru 
MJE703 

NPH 
MJESOO,T • 

thl1l 
MJES03 

4.0 AMPERe 

DARLINGTON 
POWER TRANSISTORS 

COMPLEMENTARY SILICON 

1. , ... 
'" , .. 

40 WATT 
50 WATT 

~I 
-JL-J MJE700-703 

MJEBOO-803 

STYLE 1: 
PIN 1. EMmER 

2.COLJ.£CTOR 
18ASE 

., .. 
l.LEAP5.TRU£POSffiONEDWlTHlNO.UmmIO.o1Ol 

DlATODlMAlcBATMAXIMUMMo\lERht,L 
CO.'iDlTlON 

CASE 77-05 

MJE700T' 
MJEBOOT 

STYl.El: .. , .... 
, coo«mo 
"wm. 
'CO<U<TOR 

.",s 
1.1lNE1fiIOM!N(j~OTOtEIWICINGPE~ANSI 

Y1UM,\9It 
1CONtllOLUNGIlIIII(NSl(ItI:INCtt 
3.DIIIZIlEANESAZONEWIiEfI£o+.LlIlODYAItD 

I!AOIIIEl.lNIlTIESAREAWlWEO 

CASE 221A-04 
TO-220AB 



PNP MJE700,T thru MJE703 
NPN MJE800, T thru MJE803 

ELECTRICAL CHARACTERISTICS (TC = 25°C unless otherwise noted) 

I Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage (1) 

(lC = 50 mAde, 'B = 0) MJE700,T MJE701, MJE800,T MJE801 
MJE702, MJE703, MJE802, MJE803 

Collector Cutoff Current 
(VCE = 60 Vde, 'B = 01 MJE700,T MJE701, MJESOO,T, MJE801 
(VCE = 80 Vde, 'B = 0) MJE702, MJE703, MJE802, MJE803 

Collector Cutoff Current 

(VCB = Rated BVCEO, 'E = 0) 
(VCB = Rated BVCEO, 'E = 0, TC = 100°C) 

Emitter Cutoff Current 
(VBE = 5.0 Vde, IC = 0) 

ON CHARACTERISTICS 

DC C~rrent Gain (1) 
(lC = 1.5 Adc, VCE = 3.0 Vde) MJE7oo,T MJE702, MJE800,T MJE802 

(Ie = 2.0 Ade, VCE = 3.0 Vde) MJE701, MJE703, MJE801, MJE803 

(lC = 4.0 Ade, VCE = 3.0 Vde) All devices 
Collector-Emitter Saturation Voltage (1) 

(lC = 1.5 Ade, IS = 30 mAde) MJE700,T MJE702, MJE800,T MJEB02 
(lC = 2.0 Ade, 'B = 40 mAde) MJE701, MJE703, MJE801, MJE803 
(lC = 4.0 Ade, 'B = 40 mAde) All devices 

Base-Emitter On Voltage (1) 

(lC = 1.5 Adc, VCE = 3.0 Vde) MJE700,T MJE702, MJE800,T MJE802 
(lC = 2.0 Adc, VCE = 3.0 Vde) MJE701, MJE703, MJE801, MJE803 
(lC = 4.0 Ade, VCE = 3.0 Vdc) All devices 

DYNAMIC CHARACTERISTICS 

Small-Signal Current Gain 
(lC = 1.5 Ade, VCE = 3.0 Vde, f = 1.0 MHz) 

(1) Pulse Test: Pulse Width.;; 300 /lS, Duty Cycle';; 2.0%. 

FIGURE 2 - SWITCHING TIMES TEST CIRCUIT 

RB & AC VARIEO TO OBTAIN DESIRED CURRENT LEVElS 
0" MUST BE FAST RECOVERY TYPES. e.g., 

MBD5300 USED ABOVE 18 '" 100 mA 
MSD6100 USED BELOW 18 "" 100 mA 

Vee 
-]OV 

RC 

4. 01,. 

2. 0 
SCOPE 

Symbol Min Max Unit 

V(BR)CEO Vde 
60 -
BO -

ICEO /lAde 
- 100 

- 100 

'CBO /lAde 
- 100 
- 500 

'EBO - 2.0 mAde 

hFE -
750 -
750 -
100 -

VCE(sat) Vdc 
- 2.5 
- 2.8 
- 3.0 

VSE(on) Vde 
- 2.5 
- 2.5 
- 3.0 

FIGURE 3 - SWITCHING TIMES 

Vee' 30 V 
,c/IS'150 _ f-

"'- tl~ 
ISI"02 
TJ' 25°C 

'\ j..> .-'" I' r-- I-

V>< ~ r-... V ~ Il t, ...... r--.. 
0 

~ 1. 

~ 0 
~ O. 
o 
~ 

"' u 
~ o. 
in 
~ o. 
<i 0.0 

~ 0.0 
:t 
I- 0.0 .... 

tr,tt';;;10ns 
DUTY CYCLE" 1.0% 

0 

7 

5 
0' 0.5 

3 

2 
0.2 

0.1 
1 

7i-- 0.05 

5 
~ 0.01 

3 w:::: f-
1""" 

For td and tr• 0, is dlscanne~led 
and V2"O, Raand RCarevaried 
to obtamdasiredtest Cltrrents 

ForNPN test circuit. reverse diode, 
poIBritllHandinputpu(ses. 

0 

o. 6 

4 t...-
~I-- ............ o. 

---PNP 

O. 2 
---NPN 

0.04 0.06 0.1 

..... -
f"'-... 

0.2 

L 
tr~ 

,.... I- [7 

I' k'f-- r~@~:r'OI-' 
0.4 0.6 1.0 2.0 4.0 

IC, COLLECTOR CURRENT (AMP) 
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PNP MJE700,T thru MJE703 
NPN MJESOO,T thru MJES03 

FIGURE 5 - THERMAL RESPONSE (MJE700. 800 .erias) 
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FIGURE 6 - MJE700 .erias 
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There are two limitations on the power handling ability of 
a transistor: average junction temperature and second break
down. Safe operating area curves indicate Ie - VeE limits of the 
'transistor that must be observed for reliable operation; Le., the 
transistor must not be subjected to greater dissipation than the 
curves indicate. 

i 5. 
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FIGURE 8 - MJE700T 
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The data of Figures 6 8f1d 7 are based on TJ(pk) == 150°C; 
TC is variable .depending on conditions. Second breakdown pulse 
limits are valid for duty cycles to 10% provided TJ(pk) < 150°C. 
TJ(pk) may be calculated from the data in Figure 4 or 5. At high 
case temperatures, thermal limitations will reduce the power that 
can be handled to values less than the limitations imposed by 
second breakdown. 

FIGURE 9 - MJE800T 
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PNP MJE700,T thru MJE703 
NPN MJESOO,T thru MJES03 
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FIGURE 10 - DC CURRENT GAIN 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

Designer's Data Sheet 
NPN Silicon F!ower Transistor 
Switchmode III Series 

This transistor is designed for high-voltage. power switching in inductive circuits 
where RBSOA and breakdown voltage are critical. They are particularly suited for line
operated switchmode applications. 

Typical Applications: 
• Fluorescent Lamp Ballasts 
• Inverters 
• Solenoid and Relay Drivers 
• Motor Controls 
• Deflection Circuits 

Features: 
• High VCEV Capability (1800 Volts) 
• Low Saturation Voltage 
• 100·C Performance Specified for: 

Reverse-Biased SOA with Inductive Loads 
Switching Times with Inductive Loads 
Saturation Voltages 
Leakage Currents 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Emitter Voltage 

Emitter Base Voltage 

Collector Current - Continuous 
Peak(11 

Base Current - Continuous 
Peak(ll 

Total Power Dissipation (Iv TC ~ 25·C 
(Iv TC ~ 100·C 

Derate above 25·C 

Operating and Storage Junction Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case 

Maximum Lead Temperature for Soldering 
Purposes: 1/8" from Case for 5 Seconds 

(1) Pulse Test: Pulse Width = 5 ms, Duty Cycle",.,. 10%, 

SymbOl Value Unit 

VCEO(susl 900 Vdc 

VCEV 1800 Vdc 

VEB 9 Vdc 

IC 2 Adc 
ICM 5 

IB 1.5 Adc 
IBM 2.5 

Po 80 Watts 
32 

0.64 WFC 

TJ. Tstg -65 to +150 ·C 

Symbol Max Unit 

R8JC 1.56 ·CIW 

TL 275 ·C 

3-1006 

MJE1320 

POWER TRANSISTOR 
2 AMPERES 
900 VOLTS 
80 WATTS 

STYLE " 
PIN 1. BASE 

2. COlLECTOR 
3. EMITTER 
4. COLLECTOR 

NOlES: 
1. DIMENSIONING AND TOLERANCING PER ANSI 

Y'4.SM,l982. 
2. CONTllOlllNG DIMENSION: INCH. 
~ DIM Z DERNES A ZONE WHERE ALL BODY AND 

LEAD IRREGULARtTlES ARE AllOWED. 

OIl 

• • 
D 
F 
G 
H 
J 

L 

• 
R 

, 
U 

IIUIIETERS INCIt£S ... MAX 101. , .... 1075 0.570 
9." 10.28 0.380 <., 4.82 OlIO 
0.61 ... 0..,. 
3.61 3.73 0.142 
2.42 2." 0.'" 
2.80 3.93 0."0 
0.48 0" '0.018 

12.10 14.21 0.5 .. 
1.15 1.19 0 ... 
"3 5.33 0.190 
>S. 3." 0.100 
2.04 2.1. 0.000 
1.1 1.39 0 .... 
5.91 6.4, 135 
0.00 1.Z7 O.OX! 
1.1 0 ... 

2.04 

CASE 221A-04 
(TO-220AB) 

MAX 
0.820 
0.405 
0.190 
0.035 
0.147 
0.105 
O.lS5 
0.028 
0.'" 
0.055 
0.210 
0.120 
0.110 
0.055 
0.255 ,Il0l 
OlIO! 



MJE1320 

ELECTRICAL CHARACTERISTICS (TC = 25·C unless otherwise noted) 

I Characteristic I Symbol Min Typ Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage 
(lC = 50 mA, IB = 0) 

VCEO(sus) 900 - - Vdc 

Collector Cutoff Cu rrent ICEV mAdc 
(VCEV = Rated Value, VBE(off) = 1.5 Vdc) - - 0.25 
(VCEV = Rated Value, VBE(off) = 1.5 Vdc, TC = l00·C) - - 2.5 

Emitter Cutoff Current lEBO - - 0.25 mAdc 
(VEB = 9 Vdc, IC = 0) 

SECOND BREAKDOWN 

Second Breakdown Collector Current with base forward biased See Figure 13 

Clamped Inductive SOA with Base Reverse Biased See Figure 14 

ON CHARACTERISTICS(1) 

DC Current Gain (VCE = 5 Vdc) IC = 2Adc hFE 2.5 4.5 - -
IC=1Adc 3 7 - -

Collector-Emitter Saturation Voltage VCE(sat) Vdc 
(lC = 1 Adc, IB = 0.5 Adc) - 0.18 1 
(lc = 2 Adc, IB = 1 Adc) - 0.3 2.5 
(lC = 1 Adc, IB =0.5 Adc, TC = 100·C) - 0.3 1.5 

Base-Emitter Saturation Voltage VBE(sat) Vdc 
(lC = 1 Adc, IB = 0.5 Adc) - 0.2 1.5 
(IC = 2 Adc, IB = 1 Adc) - 0.9 2.8 
(lC = 1 Adc, IB = 0.5 Adc, TC = 100·C) - 0.15 1.5 

DYNAMIC CHARACTERISTICS 

Output Capacitance 
(VCB = 10 Vdc, IE = 0, ftest = 1 MHz) 

SWITCHING CHARACTERISTICS 

Resistive Load (Table 1) 

Delay Time td - 0.1 - !,-S 

Rise Time VCC = 250 Vdc, IC = 1 A Ir - 0.8 - !,-S 

Storage Time 
IBl = IB2 = 0.5 Adc 

4 tp = 25 !,-S, Duty Cycle'" 2% ts - - !,-S 

Fall Time tf - 0.8 - !,-S 

Inductive Load, Clamped (Table 2) 

Storage Time 
TC = tsv - 2.8 - !,-S 

Crossover Time 25·C tc - 2.2 - !,-S 

Storage Time 
IC = , A, Vclamp = 400 Vdc, 

tsv - 3.7 10.5 !,-s 
VBE(off) = 2 Vdc, IBl = 0.5 Adc TC = 

Crossover Time 100·C Ic - 3.5 10 !,-S 

Fall Time 

(1) Pulse Test: Pulse Width = 300 Jj.S, Duty Cycle:!$; 2%. 
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MJE1320 

TYPICAL STATIC CHARACTERISTICS 
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MJE1320 

TYPICAL DYNAMIC CHARACTERISTICS 
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Table 1. Resistive Load Switching 

Vin jf="'IV 

O~I-
Ir'" 15ns 

'Tektronix AM503 
P6302 or Equivalent 

Vee = 250 Vdc 
RL = 250 n 
Ie = 1 Adc 
IB = 0.5 Adc 

Vee = 250 Vdc 
RL = 250 n 
Ie = 1 Adc 

A 

IBI = 0.5 Adc. RBI = 22 n 
IB2 = 0.5 Adc. RB2 = 10 n 
For VBE(off) = 5 V RB2 = a n 

Note: Adjust - V to obtain desired VBE(off) at pOint A. 
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Table 2. Inductive Load Switching 

0.02 p.F 

+ 

-= 0.02 p.F rP.F 

+ f---...... --{ 

500 

50 

.-v ~IClpk) 

Lcoilllepk) 
T1 = Vee 

T1--1 f--+V 

OV~ --LG 

50 

T, adjusted to obtain le(pk) 

V(BRICEO 
L = '0 mH 
RB2 = "" 
Vee = 20 Volts 

"Tektronix 
P-6042 or 
Equivalent 

Inductive Switching 
L = ,., mH 
RS2 = 0 
Vee = 20 Volts 
RS, selected for desired IS1 

Scope - Tektronix 
7403 or 
Equivalent 

RBSOA 
L = 1'.1 mH 
RS2 = 0 
Vee = 20 Volts 

IC~ L 

, 
V '~CtE\(pPllk) - • h . 

VCE~ L.-

Re1 selected for desired IS1 

Note: Adjust - V to obtain desired VSE(off) at Point A. 

SAFE OPERATING AREA INFORMATION 

FORWARD BIAS 

There are two limitations on the power handling ability 
of a transistor: average junction temperature and second 
breakdown. Safe operating area curves indicate Ie-VCE 
limits of the transistor that must be observed for reliable 
operation; i.e., the transistor must not be subjected to 
greater dissipation than the curves indicate. 

The data of Figure 12 is based on TC = 25°C; TJ(pkl 
is variable depending on power level. Second breakdown 
pulse limits are valid for duty cycles to 10% but must be 
derated when TC "" 25°C. Second breakdown limitations 
do not derate the same as thermal limitations. Allowable 
current atthe voltages shown on Figure 12 may be found 
at any case temperature by using the appropriate curve 
on Figure 11. 

T J(pk) may be calculated from the data in Figure 14. 
At ,high case temperatures, thermal limitations will 

reduce the power that can be handled to values less than 
the limitations imposed by second breakdown. 

REVERSE BIAS 

For inductive loads, high voltage and high current must 
be sustained simultaneously during turn-off, in most 
cases, with the base-to-emitter junction reverse biased. 
Under these conditions the collector voltage must be held 
to a safe level at or below a specific value of 'collector 
current. This can be accomplished by several means such 
as active Clamping, RC snubbing, load line shaping, etC. 
The safe level for these devices is speCified as Reverse 
Bias Safe Operating Area and represents the voltage
current condition allowable during reverse biased turn
off. This rating is verified under clamped conditions so 
that the device is never subjected to an avalanche mode. 
Figure 13 gives the RBSOA characteristics. 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

SILICON 
MEDIUM-POWER TRANSISTORS 

· .. designed for use in power amplifier and switching applications. 

• High Collector Current -
IC= 15Adc 

• High DC Current Gain -
hFE = 10 (Min) @ IC = 15 Adc 

MAXIMUM RATINGS 

Rating Symbol 

Collector-Emitter Voltage VeEO 

COllector-Base Voltage VeB 

Emitter-Base Voltage VEB 

Collector Current-Continuous Ie 

Base Current IB 

Total Power Dissipation @ T C = 2SoC Po 
Derate above 25°C 

Operating and Storage Junction TJ. T stg 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristics 

Thermal Resistance, Junction to Case 

MJE1660 MJE1661 

40 60 

40 60 

5.0 

15 

5.0 

90 
0.72 

-65 to +150 

Max 

1.39 

FIGURE 1 - POWER TEMPERATURE DERATING eURVE 
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80 
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'" w 
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~ 10 

0 

"-...... 
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....... 
"-...... 

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

...... 
"-...... 

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

50 75 100 125 150 175 

TC. CASE TEMPERATURE (OCI 
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Unit 

Vdc 

Vdc 

Vdc 

Adc 

Adc 

Watts 
wloe 

°e 

NPH 

MJEl660,MJEl661 

15 AMPERE 

POWER TRANSISTORS 

SILICON 

40-60 VOLTS 
90 WATTS 

-Hif--D ~I--J 
--lG I-- R STYLE 2: :.:li PIN 1. EMITTER 
~=r e 2. COLLECTOR 

'T 3. BASE 

DIM 

A 
·s 

C 
D 
F 
G 
H 
J 
K 
M 
Q 

R 
U 
V 

MILLIMETERS INCHES 
MIN MAX MIN MAX 

16.13 16.38 0.635 0.645 
12.57 12.83 0.495 0.505. 
3.18 3.43 0.125 0.135 

. 1.09 1.24 0.043 0.049 
3.51 3.76 0.138 0.148 

4.22 BSC 0.166 BSC 
2.67 2.92 0.105 0.115 
0.B13 0.864 0.032 0.034 

15.11 16.38 0.595 0.645 
90 TYP 90 TYP 

4.70 4.95 0.185 0.195 
1.91 2.16 0.075 0.085 
6.22 6.48 0.245 0.255 
2.03 0.080 

CASE 90-05 
TO-22SAB 

When mounting the device, torque not 
to exceed 8.0 in.·lb. 

If lead bending is required. use suitable 
clamps or other supports between tran
sistor case and poLnt o~Jte:n~.~_ 

• 



MJE1660, MJE1661 NPN 

ELECTRICAL CHARACTERISTICS (TC; 25°C unless otherwise noted) 

I Characteristic Symbol Min Max Unit 

OFF CHARACTERISTICS 

Coliector·Emitter Sustaining Voltage (II 
VCEO(sus) Vde 

(lC = 200 mAde, Ie = 0) MJE1660 40 -
MJE1661 60 -

Collector Cutoff Current ICEO mAde 
(VCE = 30 Vde, Ie = 0) - 1.0 

Collector Cutoff Current ICES mAde 
(VCE = 40 Vde, VeE = 0) MJE1660 - 0.7 
(VCE = 60 Vde, VeE = 0) MJE1661 - 0.7 

Collector Cutoff Current Iceo mAde 
(Vce = 40 Vde, IE = 0) MJE1660 - 0.7 
(Vce = 60 Vde, IE = 0) MJE1661 - 0.7 

Emitter Cutoff Current IEeO mAde 
(VeE = 5.0 Vde, IE = 0) - 1.0 

ON CHARACTERISTICS 

DC Current Gain (1) hFE -
(lC = 5.0 Ade, VCE = 4.0 Vde) 20 100 
(IC = 15 Ade, VCE = 4.0 Vde) 10 -

Collector-Emitter Saturation Voltage (1) VCE(sat) Vde 
(lC = 15 Ade, Ie = 1.5 Ade) - 1.8 

Base·Emitter on Voltage (11 VeE(on) Vde 
(lC = 15 Ade, VCE = 4.0 Vde) - 2.5 

DYNAMIC CHARACTERISTICS 

Current-Gain-Bandwidth Product MHz 
(IC = 1.0 Ade, VCE = 10 Vde, 1= 1.0 MHz) 3.0 

Current Gain hIe 
Ade, VCE = 10 Vde, f = 1.0 kHz) 25 

0) Pulse Test: Pulse Width'5 300 J,lS. Duty Cycle'S 2.0%. 

FIGURE 2 - DC SAFE OPERATING AREA 
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~ 10 
'" 5.0 
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8 o. 
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o. 
O. 
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1 

HJ = 150·C 

1--- -- -

---- Secondary Breakdown Limited ~ 
I--- MJE1291 

---- - Thermally limited. TC == 25 0 C Ir- MJE1661 

--- - Bonding Wire limited \ ~ 

MJE1290, MJE1660 

I II 
1.0 2.0 3.0 5.0 7.0 10 20 30 50 70 100 

VCE, COLLECTOR·EMITTER VOLTAGE {VOLTSI 
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The Safe Operating Area Curves indicate Ie-VeE limits below 
which the device will not enter secondary breakdown. Collector 
load lines for specific circuits must fall within the applicable Safe 
Area to avoid causing a catastrophic failure. To insure operation 
below the maximum T J. power·temperature derating must be ob· 
served for both steady state and pulse power conditions. 



MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

NPN SILICON HIGH-VOLTAGE TRANSISTOR 

· .. useful for general-purpose. high voltage applications requiring 
high fro 

• Collector-Emitter Sustaining Voltage -
VCEO(sus) = 350 Vdc (Min) @ IC = 2.5 mAde 

• DC Current Gain -
hFE = 40 (Min) @ IC = 100 mAde - MJE2361T 

• Current-Gain-Bandwidth Product -
fr = 10 MHz (Typ) @ IC = 50 mAde 

MAXIMUM RATINGS 

FIGURE 1 - POWER· TEMPERATURE DERATING CURVE 
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OIl 

• • c 
D , 
H 
J 

• L 

Il • T 

V 
Z 

MJE2360T 
MJE2361T 

0.5 AMPERE 
POWER TRANSISTORS 

NPN SILICON 

MIIJIIElfIIS .- MAX 
14.48 15.75 , .. 10.28 ... 
0 D.,. 
." .73 ,." , .. 
2.80 , .. 
0.46 71 

12. ,.27 
1.1 1 

• '" 1.15 I. 

lA' 
O. 1.27 
1.1 - ,. 

350 VOLTS 
30 WATTS 

.-
0.570 
0 
0.160 

0'" 
0.142 
O. 
0,110 
0.01 

500 .,.. 
0.190 
0.100 
0.Il10 
O. 

0 
0 

"""s· 
1, DMENSIONINGANDTOlEPANClNGf'ERAASI 

Vl4.5M.'t9B2. 
2.comOllINGDIMENSlON.IM:M. 
3.0MZ~FlNESAZONEWHEREALl8ODVAND 

LEADIRR£GUI.A~TlESAAE~O 

MAX 
0.620 
0 ... 
0.190 

0'" 
0.147 
0.105 
0.155 
0.028 
0.'" 
0'" 
0.210 
0,120 
0.110 

.'" 
0 

.050 

~JIOI 

SffiEI 
PlNll1ASE 

2-COu..EC~ 
3.EMlm:R 

'''''''''' 

CASE 221A-04 
TO-220AB 
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MJE2360T ,MJE2361T 

ELECTRICAL CHARACTERISTICS (TC = 25°C unless otherwise noted) 

Characteristic Symbol Min Typ Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage(1) VCEO(sus) 350 - - Vde 
IIc = 2.5 mAde, IS = 0) 

Collector Cutoff Current 'CEO - - 0.25 mAde 
IVCE = 250 Vde, IS = 0) 

Collector Cutoff Current ICEX - - 0.5 mAde 
(VCE = 375 Vde, VESloff) = 1.5 Vde) 

Collector Cutoff Current ICSO - - 0.1 mAde 
IVCS = 375 Vde, 'E = 0) 

Emitter Cutoff Current IESO - - 0.1 mAde 
IVSE = 5.0 Vde, IC = 0) 

ON CHARACTERISTICS II) 

DC Current Gain hFE -
(lC = 50 mAde, VCE = 10 Vdel MJE2360T 25 - 200 

MJE2361T 50 - 250 

IIc = 100 mAde, VCE = 10 Vde) MJE2360T 15 - -
MJE2361T 40 - -

Collector-Emitter Saturation Voltage VCE(sat) - - 1.5 Vde 
IIc = 100 mAde, IS = 10 mAde) 

Base-Emitter On Voltage VSElon) - - 1.0 Vde 
(lC = 100 mAde, VCE = 10 Vde) 

DYNAMIC CHARACTERISTICS 

Current-Gain-Bandwidth Product 'T - 10 - MHz 
(lc = 50 mAde, VCE = 10 Vde, I = 1.0 MHz) 

Output Capacitance Cob - 20 - pF 

(VCS = 100 Vde, IE = 0, I = 100 kHz) 

(1 )Pulse Test: Pulse Width -s; 300 J,J.s, Duty Cycle :s: 2.0%. 

FIGURE 2 - DC SAFE OPERATING AREA 

1.0 

0.5 
0:-

~ 0.3 
.... 
~ 0.2 --- Secondary Breakdown limited 

f\ a o. 
'" o .... 
~ 0.0 

80.0 

52 0,0 

0.0 

1 

--- B~nding Wire Limited 

5 

~I-Tl~OOIC 

1 I 
1.0 2.0 5.0 10 20 50 100 200 

) 

I 
VCE, COLLECTOR·EMITTER VOLTAGE, (VOLTSI 

500 1000 

The Safe Operating Area Curves indicate Ie-VeE limits below 
which the device will not enter secondary breakdown. Collector 
load lines for specific circuits must fall within the applicable Safe 
Area to avoid causing a catastrophic failure. To insure operation 
below the maximum T J. power-temperature derating must be ob
served for both steady state and pulse power conditions. 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

COMPLEMENTARY SI LICONI;'L,ASTIC 
POWER TRANSISTORS 

· .. for use as an output device in complementary audio amplifiers 
,!p to 35,Watts music power per channel: 

• High DC Current Gain - hFE = 25·1oo@ IC = 3.0 A 
• Choice of Packages - MJE2801, 2901 - TO·225AB 

, MJE2801T1- TO·220AB 

MAXIMUM RATINGS 

Rating Svmbol Value Unit 

Collector-Emitter Voltage' VCEO 60 Vde 

Coliector·B ... Voltage VCB 60 Vde 

E",itter-Base Voltage VEB 4.0 Vdc 

Collector Current IC 10 Ade 

ease Current IB 5.0 Ade 

Totil' Power Di .. ipation@ Te ,= 250e Pot Watts 

MJE2801 , 2901 90 
MJE2801T 75 

Derate .bOlla 2SoC 
MJE2801, 2901 0.72 wloe 
MJE2801T 0.6 

Operating and Storage Junction TJ, T stg -55 to +150 °c 
Temperature Range 

THERMAL CHARACTERISTICS 

Cha,act.istic Symbol M .. Unit 

Thermal Resistance, Junction to C •• °JC °CIW 
MJE2801, 2901 1.39 
MJE2801T 1.67 

tSafe Area Curv.s are indicated bV F igur. 1. 80th limits are applicable and must ba observed. 

ELECTRICAL CHARACTERISTICS ITC = 25°C unless otherWISe noted 1 

I Characteristic I Symbol I Min I Ma. I Unit 

OFF CHARACTERISTICS 

COllector-Emitter Breakdown Voltage (1) VU3R)CEO Vde 

(IC = 200 mAde, IB = 01 ·60 -
COllector-Cutoff. Current ICBO mAde 

(VCB = 60 Vde. IE =, 01 - 0,1 

(VCB = 60 Vde, IE = 0, TC = 150DcI - 2.0 

Emitter Cutoff Current lEBO mAde 

(VBE = 4.0 Vde, IC = 0) - 1.0 

ON CHARACTERISTICS 

DC Current Gain hFE -
IIC = 3.0 Ade, VeE' 2.0 Vdel 25 100 

Base·Emitter Voltage VBE Vde 

IIC' 3.0 Ade, VCE = 2.0 Vdcl - 1.4 

(1) Put .. Tat; Pul .. Width --.300 "'S. Duty Cyel. E;2.0%. 

NPH 
MJE2801, MJE2801 T 

PHP 
MJE2901 

10 AMPERE 

COMPLEMENTARY SILICON 
. POWER TRANSISTORS 

60VOl-TS 
75. 90 WATTS 

STYlE 2 
PIN 1 EMITTER 

2 COLLECTOR 
38ASE 

MJE2801 
MJE2901 

CASE 90-05 
TO·225AB 

'N 

I .. 
i 1 11 STYt.E1: . , 

" 
1 3. 141 , , 

0.1 1 ,n .. 
l,u, 0. , 
t. 
" 

" ., 
" 

""", 

I'IN 1. BASE 

'''''''CTOR 3,EIIIITmI 
tCOLI.ECTOR 

1. DfM(fjSIONINGANDTOLfMNaNG PEA ANSI 
Y1UM,11I2 

I.CONTllOLUNGDlMENSNJN:1H<:1I. 
3. 0lIl ZDEFINES AZOItfWHERE AU !IODYAMl 

LfADIIIII£G\JI.AIlIAREAI.1OWED. 

CASE 221A·04 
TO·220AB 

• 



MJE2801/MJE2801T NPN, MJE2901 PNP 
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There are two limitations on the power handling abilitv of a 
transistor: average junction ~emperature and second breakdown. 
Safe operating area curves indieete Ie . VeE limits of the transistor 
that must be observed for reliable operation; i.e., the transistor must 
not be subjected to greater dissipation than the curves indicate. 

The data of Figure 1 is based on T J(pk) = 150°C; T C is variable 
depending on conditions. Second breakdown pulse limits are valid 
for duty cycles to 10% provided T Jlpk' .;;; 150°C. At high case 
temperatures, thermal limitations will reduce the power that can be 
handled to values less than the limitations imposed bV second 
breakdown. 
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MOTOROLA 

- SEMICONDUCTOR ----
TECHNICAL DATA 

COMPLEMENTARY SILICON PLASTIC 
POWER TRANSISTORS 

designed for use in general-purpose amplifier and switching 
applications_ 

• DC Current Gain Specified to 10 Amperes 

• High Current Gain - Bandwidth Product -
fT = 2_0 MHz (Min) @ IC = 500 mAdc 

• Choice of Packages - MJE3055. MJE2955 - TO-225AB (TO-127) 
MJE3055T. MJE2955T - TO-220AB 

MAXIMUM RATINGS 

Rating 

COllector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current 

Base Current 

Total Power Dissipation @ T C = 25°C 
MJE3055. MJE2955 
MJE3055T. MJE2955T 
Derate above 25°C 

MJE3055. MJE2955 
MJE3055T. MJE2955T 

Operating and Storage Junction 

Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case 
MJE3055. MJE2955 
MJE3055T. MJE2955T 

Symbol 

VCEO 

VCS 

VES 

IC 

IS 

Pot 

T J.. T stg 

Symbol 

Value 

60 

70 

5.0 

10 

6.0 

90 
75 

0.72 
0.6 

-55\0 +150 

Ma. 

1.39 
1.67 

Unit 

Vdc 

Vdc 

Vdc 

Adc 

Adc 

Watts 

W/oC 

W/oC 

°c 

'Unit 

tSafe Area Curves are indicated by Figure 1. Both limits are applicable and must be observed. 

FIGURE 1 - ACTlVE·REGION SAFE OPERATING AREA 
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The da18 of F 'Iur. 1 15 biH.d on T J, pic I • ISOoC. T C " "a.,able depe"d,nl 0" concl, 
lIons S.tond br.akdo .... n put" I"",IS a,. lIiIIl'd for duty cycles to 10% p.Q",,;t.d TJ(Pkl 
.5 150°C AI hllh t.se temp •• a,u •• ,. lh •• mal lom,tal.on. w,1I 'aduc. Ih. power that can be 
handled to 1I.lu," tess than Iha Ilmltallons 'mposed by .acondl'>reakdOwn IS •• AN .'SA) 
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PNP 
MJE2955,MJE2955T 

NPN 
MJEl055,NUEl055T 

10 AMPERE 

COMPLEMENTARY SILICON 
POWER TRANSISTORS 

60 VOLTS 

75,90WATTS 

DIM 

'" , " ... ... 
,~ ,e 

, '" 

A 16.13 16.38 
• 12.5112.83 
C 3.18 3.43 
o 1.09 1.24 
F 3.51 3.1& 
G 4.22BSC 
H 2.67 2.92 
J 0 I 
K 15.11 16.38 
M TV. 
a 4.70 4,95 
A 1.91 2.16 
U &.22 6.48 
V 2. 

CASE 90-05 
TO-225AB 

""" I'IN1.8ASE 

''''"'''''' lEMlTTER 
"COWCTOII 

... " 12.7(1 14.27 
1.16 1 

, , 
", 

NOTES: 
I.IIlMENSlONIMiAhtlTOLfIIANCWGPERANSI 

Y'lUM.I98t 
2. CONTROLUNG DIMENSION: iNCH. 
lIllMZDmIIESAZONEWHEIlfAU.IIOOYANO 

ILlDIRIIEGUIAIIIlIESAllEALLOWEtI 

CASE 221A-04 
TO-220AB 

• 



MJE2955,MJE2955T,PNP,MJE3055,MJE3055T,NPN 

ELECTRICAL CHARACTERISTICS ITc = 2SoC unless otherwISe noted I 

I Ch.,.ctwistic Symbol Min Mox Unit 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage (1) VCEO(sus) Vde 

(lC = 200 mAde, la = 01 60 -

Collector Cutoff Current ICEO /JAde 

(VCE = 30 Vde,la = 01 - 700 

Collector Cutoff Current ICEX mAde 

(VeE = 70 Vde, VEa(offi = 1.5 Vdcl - 1.0 

(VeE = 70 Vdc, VEa(olfl = 1.5 Vdc, TC = lSOoCI - S.O 

Collector Cutoff Current Icao mAde 

(Vea = 70 Vdc, IE = 01 - 1.0 

(Vea = 70 Vde,IE = 0, TC = lSooCI - 10 

Emitter Cutoff Current IEaO mAde 

(VaE = 5,0 Vde, IC = 01 - S.O 

ON CHARACTERISTICS 

DC Current Gain U) hFE -
(Ie = 4.0 Ade, VCE = 4.0 Vdel 20 100 

(Ie = 10Ade, VeE = 4.0 Vdel 5.0 -

Collector-Emitter Saturation VOltage (1) VeE(,.tl Vde 

(Ie = 4.0 Ade, la = 0.4 Adci - 1.1 

(Ie = 10Ade,Ia = 3.3Adci - 8.0 

Base-Emitter On Voltage (1) VaE(onl Vde 

(lC = 4.0 Ade, VeE = 4.0 Vdel - 1.8 

DYNAMIC CHARACTERISTICS 

Current-Gain-Bandwidth Product 

(Ie = SOO mAde, VCE = 10 Vde, f = SOO kHzl 

(1)Pul .. Test: Pul,. Width ~300 ~s. Dutv Cycl. ~ 2.0%. 

FIGURE 2 - DC CURRENT GAIN FIGURE 3 - POWER DERATING 

300 

200 
z -~ 'DO 

z 
= " = 
u 

30 15 
-; 20 

90 

S 80 

~ 10 
z 
0 60 

~ \0 
ei 
c; 40 

;: 30 

"' 20 
f' 

I'" r-- " '" M\E3055 

" MJE2955 

r-.,... 
MJEJ05!iT -" JE2955T 

"""'" .~ ~ 
10 "' "'" '.0 '00 '1\ 
001 0.02 DOS 0 I 0.2 0.5 10 2.0 5.0 10 Te. CASE TEMPERATURE IOCl 

Ie. COLLECTOR CURRENT (AMP) 

MJE2955, 2955T FIGURE 4 - "ON" VOLTAGES MJE3055, 3055T 
0 

TJ = 25°C 

.6 

2 
k:;:: 

~ 

8 VBE(al)il1c/1a" 10 
....,::::::p 

~ 
VSEilVCE"J·DV 1/ • 
vJE(l" ~ le!'B ~ 10 

V - .-
o . 

0 
0.1 0.2 0.3 0.5 1.0 2.0 3.0 5.0 10 

Ie. CO~lECTDR CURRENT (AMP) 

3-1019 

1.4 

1.2 

-
_ 1.0 

~ 
2. 0.8 

~ 
~ 0.6 

> -> 0.4 

0.2 

o 
0.1 

T 
.... 

TJ = 250C 

I-f---+ 
VSElsatl@ leIla ~ 10 ,/ 

VBE@VeE = 2.0 v 

,/ 

VCE(SlI,i>lcIlS" 10 ~ 

0.2 0.3 0.5 1.0 2.0 3.0 

Ie. COLLECTOR CURRENT (AMP) 

150 

5.0 to 



MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

PLASTIC DARLINGTON COMPLEMENTARY 
SILICON ANNULAR POWER TRANSISTORS 

· .. designed for general-purpose amplifier and high-speed switching 
applications. 

• High DC Current Gain -
hFE = 2000 (Typ) @ Ie = 1.0 Adc 

• Collector-Emitter Sustaining Voltage -@ 10 mAdc 
VCEO(sus) = 40 Vdc (Min) - MJE3310/MJE3300 

= 60 Vdc (Min) -IMJE3301 

• Reverse Voltage Protection Diode 
• Pinout Compatible with TO-220 Package 

• Monolithic Construction with Built-In Base-Emitter Output 
Resistor 

• Thermopad II Construction With Hard Solder for High 
Reliability 

MAXIMUM RATINGS 

MJE3310 MJE3301 Rating Svmbol MJE3300 
Collector-Emitter Voltage VCEO 40 SO 

Collector-Base Voltage VCB 40 SO 

Emitter·Base Voltage VES . 5.0_ 

Collector Current Continuous IC . 4.0---
Peak S.O-

Base Current IS 100-

Total Power Dissipation@TC 25°C Po . 15-

Derate above 25°C -0.12--":'-' 

Total Power Dissipation @ TA 2SoC Po . 1.5-
Derate above 25°C -0.012-

Operating and Storage Junction TJ.Tstg - -65 to +150-
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resi"stance, Junction to Case 

Thermal Resistance, Junction to Ambient 

FIGURE 1 - POWER DERATING 
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I 
Unit 

Vdc 

Vdc 

Vdc 

Adc 

mAdc 

Watts 
wf'c 
Watts 
wf'c 
uc 

NPN 
MJE3300, MJE3301 

PNP 
MJE3310 

DARLINGTON 
4-AMPERE 

COMPLEMeNTARY SILICON 
POWER TRANSISTORS 

NOTES; 

4O,60VOLTS 
15 WATTS 

STYLE 1: 
PlN1,EMlmR 

2. COlLECTOR 
3. BASE 

1. LEADS, TRUE POSITIONED WITHIN O.25mm (0.010) 
DlA TO DIM A &. B AT MAXIMUM MATERIAL 
CONDmON . 

fIIWIIETERS INCItES 
DIM .., MAlI MIN MAlI 

• I.., 11.04 om • , 7." 7.74 0.295 ... 
C 2A1 2." O. 0.1 
D 0.1 ... 0.020 0.026 
F 2.93 3.17 0.115 0.125 

• 2.32 2 0 I 0.097 
H 117 2Al 0.050 0." 
J 0.39 0., 0.01 0.026 

• 14.61 "" 0.75 0.665 

• ,.TYP ,.TYP 
Q 3.76 <01 0.148 0.158 
R 1.15 1.39 0.045 0.065 
S 0." ... 0.DI5 • U , .. 0.145 0.1 
Y 1.02 .... 

CASE 77-05 

• 



MJE3300, MJE3301 NPN 
MJE3310 PNP 

ELECTRICAL CHARACTERISTICS (TC = 25°C unless otherwise noted.) 

I Cha,act.,istic I Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage (1) 
IIC = 10 mAde, IS = 0) MJE3310, MJE3300 

MJE3301 

Collector-Cutoff Current 
(VCE = 20 Vde, IS = 0) MJE3310, MJE3300 
(VCE = 30 Vde, IS = 0) MJE3301 
(VCE = 40 Vde, 18 - 0) 

Collector Cutoff Current 

(VCS = Rated VCEO{sus), 'E = 0) 
(VCS = Rated VCEO(sus), 'E = 0, TC = 100°C) 

Emitter Cutoff Current 
(V SE = 5.0 Vde, IC = 0) 

ON CHARACTERISTICS 

DC Current Gain 
IIc = 1.0 Ade, VCE = 2.0 Vde) 
IIc = 1.5 Ade, VCE = 2.0 Vde) 

Collector-Emitter Saturation Voltage 
IIc = 1.5 Ade, IS = 6.0 mAde) 

Base-Emitter Saturation Voltage 
IIc = 1.5 Ade, IS = 6.0 mAde) 

Base-Emitter On Voltage 
IIC = 1.5 Ade, VCE = 2.0 Vde) 

Output Diode Voltage Drop 
IIEC = 2.0 Ade) 

DYNAMIC CHARACTERISTICS 

Current-Gain - Bandwidth Product 
IIC= 1.0 Ade, VCE = 2.0 Vde) 

(1) Pulse Test: Pulse Width.; 300 /lS, Duty Cycle'; 2.0%. 

VCEO{sus) 

'CEO 

'CBO 

'EBO 

hFE 

VCE(s.t) 

VSE(s.t) 

VSE(on) 

VEC 

Min Max Unit 

Vde 
40 -
60 -
-

IlAde 
- 100 
- 100 

-
/lAde 

- 1.0 
- 100 

- 1.0 /lAde 

-
1000 -
750 -

- 1.5 Vde 

- 2.5 Vde 

- 2.5 Vde 

- 2.0 Vde 

FIGURE 2 - ACTIVE-REGION SAFE OPERATING AREA FIGURE 3 - TYPICAL DC CURRENT GAIN 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

NPN SILICON HIGH-VOLTAGE POWER TRANSISTORS 

... designed for use in line·operated equipment requiring high fT. 

• High DC Current Gain -
hFE = 40-160@ IC = 20 mAdc 

• Current·Gain-Bandwidth Product -
fT = 15 MHz IMin) @ IC = 10 mAdc 

• Low Output Capacitance -
Cob = 10 pF IMax) @f= 1.0 MHz 

MAXIMUM RATINGS 

Rating Symbol 

Collector-Emitter Voltage VCEO 
Collector-Base Voltage VCS 

Emitter-Base Voltage VES 
Collector Current Continuous IC 

i Base Current IS 

Total Power Dissipation @TC 25°C Po 
Derate above 2SoC 

,Operating and Storage Junction TJ,Tstg 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

hermal Resistance. Junction to Case 

MJE3439 MJE3440 

350 250 

450 350 

- 5.0 -
-0.3 -
_150_ 

- 15 -0.12 

--65to+150-

FIGURE 1 - POWER-TEMPERATURE DERATING CURVE' 
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~ 
~ 
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TC, CASE TEMPERATURE lOCI 

'3~1022 

Unit 

Vdc 

Vdc 

Vdc 

Adc 

mAde 

Watts 
WloC 

°c 

MJE3439 
MJE3440 

0.3 AMPERE 

POWER TRANSISTORS 
NPN SILICON 

S 

250-350 VOLTS 
15 WATTS 

~H K 

L 
--lLJ D 

GJj 
E3=1t STYL£I: 
M~ PlNI.EMlnER 

2. COllECTOR 
3. BASE 

NOTES: 
1. LEADS, TRUE POSITIONED WI1liIN O.25mm 10.010) 

orA TO DIM A &. B AT MAXIMUM MATERIAL 
CONDITION. 

MLlIMETIRS INCHES 

"'" ... MAX ... MAX 

• 10.80 11.04 0.425 0.435 

• 7." 7.74 ,.". ,. 
C ,., ,. OJ., 0.105 
D 0.51 ,. 0.020 
F '.93 3.11 0.115 0.125 
G '.32 , ... 0.091 '.1l97 
H 1.27 2.41 '-'50 0.095 
J OJ. '.63 0.015 .'" • 14.61 ,. 0.515 , ... 
M 3°TYP :l'TYP 
Q 3.76 <01 0.148 0.158 

• 1.15 1.39 ,.,.. '-'55 

• , ... , ... ,."" 0.035 
U 3." 3. 0.145 .155 
V 1." ,. 

CASE 77-05 



MJE3439, MJE3440 

ELECTRICAL CHARACTERISTICS (TC = 25°C unless otherwise noted) 

Characteristic I Symbol Min Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage VCEO(sus) Vde 
(lc = 5.0 mAde, IB = 0) MJE3439 350 -

(lc = 50 mAde, IB = 0) MJE3440 250 -
Collector Cutoff Current ICEO I'Ade 

(VCE = 300 Vde, IB = 0) MJE3439 - 20 

(VCE = 200 Vde, IB = 0) MJE3440 - 50 

Collector Cutoff Current ICEX I'Ade 
(VCE = 450 Vde, VEB(off) = 1.5 Vde) MJE3439 - 500 

(VCE = 300 Vde, VEB(off) = 1.5 Vde) MJE3440 - 500 

Collector Cutoff Current ICBO !LAde 
(VCB = 350 Vde, IE = 0) MJE3439 - 20 

(VCB = 250 Vde, IE = 0) MJE3440 - 20 

Emitter Cutoff Current lEBO - 20 I'Ade 
(VBE = 5.0 Vde, IC = 0) 

ON CHARACTERISTICS 

DC Current Gain hFE -
(lc = 2.0 mAde, VCE = 10 Vde) 30 -
IIc = 20 mAde, VCE = 10 Vde) 50 200 

Collector-Emitter Saturation Voltage VCE(satl - 0.5 Vde 
(I C = 50 mAde, I B = 4.0 mAde) 

Base-Emitter Saturation Voltage VBE(sat) - 1.3 Vde 
(I C = 50 mAde, I B = 4.0 mAde) 

Base-Emitter On Voltage VBE(on) - 0.8 Vde 
(lC = 50 mAde, VCE = 10 Vde) 

DYNAMIC CHARACTERISTICS 

Current-Gain-Bandwidth Product fT 15 - MHz 

IIC = 10 mAde, VCE = 10 Vde, I = 5.0 MHz) 

Output Capacitance Cob - 10 pF 

(VCB = 10 Vde, IE = 0, I = 1.0 MHz) 

Small·Signal Current Gain hie 25 - -
(lc = 5.0 mAde, VCE = 10 Vde, I = 1.0 kHz) 

FIGURE 2 - ACTlVE·REGION SAFE OPERATING AREA 

1.0 
0.7 
O.S 

ii: 0.3 
~ 0.2 
.... 
~ 0.1 
<r 0.07 a 0.05 
<r 0.03 
o 
~ 0.02 

_ 0.01 
2 0.007 
U O.OOS 
- 0.003 

0.002 

0.001 

,MJE3440 

MJE3439 

"-

The Safe Operating Area Curves indicate Ie-VeE limits below 
which the device will not enter secondary breakdown. Collector 
load lines for specific circuits must fall within the applicable Safe 
Area to avoid causing a catastrophic failure. To insure operation 
below the maximum T J. power·temperature derating must be ob~ 
served for both steady state and pulse power conditions. 
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VCE, COLLECTOR·EMIT1ER VOLTAGE (VOLTS) 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

HIGH-VOLTAGE - HIGH POWER TRANSISTORS 
· .. designed for use in high power audio amplifier applications and 
high voltage switching regulator circuits. 

• High Collector-Emitter Sustaining Voltage-

NPN PNP 
VCEO(sus) = 100 Vdc - MJE4340 MJE4350 

= 120Vdc - MJE4341 MJE4351 
= 140 Vdc - MJE4342 MJE4352 
= 160 Vdc - MJE4343 MJE4353 

• High DC Current Gain - @ IC = 8.0 Adc 
hFE = 35 (Typ) 

• Low Collector-Emitter Saturation Voltage -
VCE(sat) = 2.0 Vdc (Max) @ IC = 8.0 Adc 

MAXIMUM RATINGS 

Rating Symbol 
MJE4340 MJE4341 MJE4342 
MJE43&0 MJE4351 MJE4352 

Collector-Emitter Voltage Veeo 100 120 140 

Collector-Base Voltage Ves 100 120 140 

Emitter-Base Voltage Ves .. 7.0 

Collector Current Continuous Ie .. 16 
Peak (1) .. 20 

Sase Current Continous IS .. 5.0 

Total Device Dissipation Po • 125 
@Te=25°C 

Operating and Storage Junction TJ.Tstg -65 to +150 
Temperature Range 

THERMAL CHARACTERISTICS 

Char.Glen.tic 

Thermal Resistance. Junction to Case 

(1) Pulse Test: Pulse Width ~ 5.0 ",5, Duty Cycle ~10%. 

_ 3.5 

~ 30 

is 2.5 

f 
0; 2.0 .. 
is i 1.5 

... 1.0 

~ 
0.5 

FIGURE 1 - POWER DERATING 
REFERENCE: AMBIENT TEMPERATURE 

~ 
r-.... 

"-

'" "-"'\ 

" 25 50 75 100 125 150 
TA. AMBIENT TEMPERATURE (OC) 

MJE4343 
MJE4353 

160 

160 .. .. .. .. 
• 

3-1024 

Unit 

Vdc 

Vdc 

Vdc 

Adc 

Adc 

Watts 

°e 

MPH 
MJE4340 
MJE4341 
MJE4342 
MJOO43 

PHP 
MJOO50 
MJOOSI 
MJOOS2 
MJOOS3 

16 AMPERE 
POWER TRANSfSTORS 

COMPLEMENTARY SILICON 

DIM 
A 
B 
C 
0 
E 
G 
H 
J 
K 
L 
N 
0 

100-180 VOLTS 

, 

STYlE 1: 
1. BASE 
2. CO LLECTO R 
3. EMITTER 
4. COLLECTOR 

MILLIMETERS INCHES 
MIN MAX MIN 
20.32 21.08 O.BOO 
15.49 15.90 0.610 
4.19 5.08 0.165 
1.02 1.65 0.040 
1.35 1.65 0.053 
5.21 5.12 0.205 
2.41 3.20 0.095 
0.38 0.64 0.015 
12.10 15.49 0.500 
15.8B 16.51 0.625 
12.19 12.10 0.480 
4.04 4.22 0.159 

CASE 340-01 
TO-21BAC 

MAX 
0.830 
0.&26 
0.200 
0.065 
0.065 
0.225 
0.126 
0.025 
0.610 
0.650 
0.500 
0.166 

• 



MJE4340 thru MJE4343NPN, MJE4350 thru MJE4353PNP 

ELECTRICAL CHARACTERISTICS (TC = 25°C unless otherwise noted) 

I Characteristic I Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage (1) 
(IC = 200 mAde, Ie = 0) MJE4340, MJE4350 

MJE4341, MJE4351 
MJE4342, MJE4352 
MJE4343, MJE4353 

Collector-Emitter Cutoff Current 
(VCE = 50 Vdc, Ie = 0) MJE4340, MJE4350 
(VCE = 60 Vdc, Ie = 0) MJE4341, MJE4351 
(VCE = 70 Vdc, Ie = 0) MJE4342, MJE4352 
(VCE =80Vdc, Ie = 0) MJE4343, MJE4353 

Collector-Emitter Cutoff Current 
(VCE = Rated VCB, VEe(off) = 1.5 Vdc) 
(VCE = Rated VCB' VEB(off) =1.5 Vdc, TC = 150°C) 

Collector-Base Cutoff Current 
(VCB = Rated VCB' IE = 0) 

Emitter-Base Cutoff Current 
(VBE = 7.0 Vdc, IC = 0) 

ON CHARACTERISTICS (1) 

DC Current Gain 
(IC = 8.0 Adc, VCE = 2.0 Vdc) 
(IC = 16 Adc, VCE =4.0Vdc) 

Collector-Emitter Saturation Voltage 
(lC = 8.0 Adc, IB = 800 mAl 
(lC = 16 Adc, IB = 2.0 Adc) 

Base-Emitter Saturation Voltage 
(lC = 16 Adc, IB = 2.0 Adc) 

Base-Emitter On Voltage 
(lc = 16 Adc, VCE = 4.0 Vdc) 

DYNAMIC CHARACTERISTICS 

Current-Gain-8andwidth Product (2) 
(lC = 1.0 Adc, VCE = 20 Vdc, Itest = 0.5 MHz) 

Output Capacitance 
(VC8 = 10 Vdc, IE = 0, 1=0.1 MHz) 

(1) Pulse Test: Pulse WidthE;:; 3011 ,",S, Duty Cvcle~2.0%. 
(2) 'r = I hie! • Itest 

FIGURE 2 - SWITCHING TIMES TEST CIRCUIT 

VCC 
+30V 

t r, tf::;:;;10 ns 
Duty Cycle = 1.0% 

51 

Scope 

-4V 

VCEO(sus) 

ICEO 

ICEX 

ICBO 

lEBO 

hFE 

VeE(sat) 

V8E(sat) 

VBE(on) 

IT 

Cob 

3.0 

2.0 

1.0 

0.1 
.,. 0.5 
3 
~ 0.3 

S 0.2 

o. 1 

0.01 
RS and RC varied to obtain desired current levels 0.0 5 

D1 must be fast recovery type, eg: 0.03 

Min Max Unit 

Vdc 
100 -
120 -
140 -
160 -

/lAde 
- 750 
- 750 
- 750 
- 750 

mAde 
- 1.0 
- 5.0 

- 750 /lAde 

- 1.0 mAde 

-
15 35 (Typ) 
8.0 15 (Typ) 

Vdc 
- 2.0 
- 3.5 

- 3.9 Vdc 

- 3.9 Vdc 

1.0 - MHz 

- 800 pF 

FIGURE 3 - TYPICAL TURN-ON TIME 

Tj= 250C 
Iclla = 10 I /' VCP 30 V 

t, 

- "'"-""-td@VaElolII·5.0V 

MBD5300 used. above IB == 100 mA 
MSD6100 used below IB == 100 mA 

0.2 0.3 0.5 0.1 1.0 2.0 3.0 5.0 1.0 10 
IC. COLLECTOR CURRENT IAMPI 

Note: Reverse polarities to test PNP devices. 
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MJE4340 thru MJE4343.NPN, MJE~350 thruMJE4353PNP 

z 
:c ... .... 
as 
Iii! 
:= .... .... 
CI • 

TYPICAL CHARACTERISTICS 

FIGURE 4 - TURN-OFF TIME FIGURE I> - ON VOLTAGES 
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MJE4340 thru MJE4343NPN, MJE4350 thru MJE4353PNP 

FIGURE 9 - THERMAL RESPONSE 
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REVERSE BIAS 
For inductive loads, high voltage and high current must 

be sustained simultaneously during turn-off, in most 
cases, with the base to emitter junction reverse biased. 
Under these conditions the collector voltage must be held 
to a safe level at or below a specific value of collector 
current. This can be accomplished by several means such 
as active clamping, RC snubbing, load line shaping,-etc. 
The safe level for these devices is specified as Reverse 
Bias Safe Operating Area and represents the voltage
current conditions during reverse biased turn-off. This 
rating is verified under clamped conditions so that the 
device is never subjected to an avalanch!! mode. Figure 11 
gives RBSOA characteristics. 

There are two limitations on the power handling ability 
of a transistor: average junction temperature and second 
breakdown. Safe operating area curves indicate IC-VCE 
limits of the transistor that must be observed for reliable 
operation; i.e" the transistor must not be subjected to 
greater dissipation than the curves indicate. 

The data of Figure 10 is based on TC = 25°C; TJ(pk) is 
variable depending on power level. Second breakdown 
pulse limits are valid for duty cycles to 10% but must be 
derated when TC;;;' 25°C. Second breakdown limitations 
do not derate the same as thermal limitations. Allowable 
current at the voltages shown on Figure 10 may be found 
at any case temperature by using the appropriate curve 
on Figure 9. 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

NPN Silicon Power 
Darlington Transistors 

The MJE5740,41, 42 Darlington trllnsistors are designed for high-voltage power 
switching in inductive circuits. They are particularly suited for operation in applications 
such as: 
• Small Engine Ignition 
• SWitching Regulators 
• Inverters 
• Solenoid and Relay Drivers 
• .Motor Controls 

MAXIMUM RATINGS 

Rating Symbol MJE5740 MJE5741 MJE5742 Unit 

Collector-Emitter Voltage VCEO(sus) 

Collector-Emitter Voltage VCEV 

Emitter Base Voltage VEB 

Collector Current - Continuous IC 
-Peak(1) ICM 

Base Current - Continuous IB 
- Peak (1) IBM 

Total Power Dissipation @ T A = 25°C Po 
Derate above 25"<: 

Total Pow,;r Dissipation @ T C = 25°C Po 
Derate above 25°C 

Operating and .Storage Junction 
Temperature Range 

TJ, Tstg 

111 Pulse Test: Pulse Width = 5.ms, Duty Cycle = 10%. 
THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case 

Thermal Resistance, Junction to Ambient 

Maximum Lead Temperature for Soldering Purposes: 
1/8" from Case for 5 Seconds 

300 350 

600 700 

8 

8 
16 

2.5 
5 

2 
16 

BO 
640 

-65 to +150 

Symbol 

RIIJC 

R8JA 

TL 

ELECTRICAL CHARACTERISTICS (TC = 25°C unless otherwise noted.) 

I Characteristic 

OFF CHARACTERISTICS (2) 

Collector-Emitter Susta·ining Voltage MJE5740 
(lC = 50 mA, IB = 01 MJE5741 

MJE5742 

Collector Cutoff Current (VCEV = Rated Value, VBE(offl = 1.5 Vdcl 
(VCEV = Rated Value, VBE(off) = 1.5 Vdc, TC = 100'CI 

Emitter Cutoff Current (VEB = 8 Vdc, IC = 0) 

SECOND BREAKDOWN 

Second Breakdown Collector Currerit with Base Forward Biased 

Clamped Inductive SOA with Base Reverse Biased 

(2) Pulse· Test: Pulse Width = 300 "I, Duty Cycle = 2%. 

3-1028 

400 Vdc 

800 Vdc 

Vdc 

Adc 

Adc 

Watts 
mWrC 

Watts 
mWrC 

°c 

Max Unit 

1.56 °CIW 

62.5 °CIW 

275 °C 

Symbol 

VCEO(sus) 

ICEV 

lEBO 

Min 

300 
350 
400 

-
-
-

MJE5740 
MJE5741 
MJE5742 

POWER DARLINGTON 
TRANSISTORS 

8 AMPERES 
300, 350, 400 VOLTS 

aoWATTS 

CASE 221A-114 
TO·220AB 

Typ Max 

- -
- -
- -
- 1 
- 5 

- 75 

See Figure 8 

See Figure 7 

Unit 

Vdc 

mAde 

mAde 

(continued) 



~JE5740,~JE5741,~JE5742 

ELECTRICAL CHARACTERISTICS - continutild (TC = 25"C unless otherwise noted.) 

I Characteristic I Symbol I Min Typ Max Unit 

ON CHARACTERISTICS {11 

DC Current Gain (lC = 0.5 Adc, VCE = 5 Vdc) hFE 50 100 - -
(lc = 4 Adc, VCE = 5 Vdc) 200 400 -

Collector-Emitter Saturation Voltage VCE(sat) Vdc 
(lC = 4 Adc, IB = 0.2 Adc) - - 2 
(lC = 8 Adc, IB = 0.4 Adc) - - 3 
(lC = 4 Adc, IB = 0.2 Adc, T C· = 100"C) - - 2.2 

Base-Emitter Saturation Voltage VBE(sat) Vdc 
(lC = 4 Adc, IB = 0.2 Adc) - - 2.5 
(lC = 8 Adc, IB = 0.4 Adc) - - 3.5 
(lC = 4 Adc, IB = 0.2 Adc, TC = 1OO"C) - - 2.4 

Diode Forward Voltage (2) (IF = 5 Adc) Vf - - 2.5 Vdc 

SWITCHING CHARACTERISTICS 

Typical Resistive Load (Table 1) 

Delay Time td - 0.04 - !£S 

Rise Time (Vce = 250 Vdc, IC(pk) = 6 A tr - 0.5 - !£S 

Storage Time 
IB1 = IB2 = 0.25 A, tp = 25 !£S, 

ts - 8 - !£S Duty Cycle'" 1%) 

Fall Time tf - 2 - !£S 

Inductive Load, Clamped (Table 1) 

Voltage Storage Time (lC(pk) = 6 A, VCE(pk) = 250 Vdc tsv - 4 - !£S 

Crossover Time IB1 = 0.06 A, VBE(off) = 5 Vdc tc - 2 - !£S 

(1) Pulse Test: Pulse Width = 3001'5, Duty Cycle = 2%. 
(2) The internal Collector-ta-Emitter diode can eliminate the need for an external diode to clamp inductive loads. Tests have shown that the Forward 

Recovery Voltage IVf) of this diode is comparable to that of typical fast recovery rectifiers. 
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~JE5740, ~JE5741,~JE5742 

Table 1. Test Conditions for Dynamic Pai1'ormanca 

Reverse Bias Safe Operating Area and Inductive Switching 

NOTE 

JPWl 
DUTY CYCLE '" 10% 

Ir' If '" 10 ns 

0.001 p.F 

PW and Vee Adjusted for Ceslred Ie 
Rs AdJusted for Desired ISl 

COIL DATA: 
FERROXCUBE CORE #6656 
FULL BOBBIN (-16 TURNS) #16 

-VBE(off) 

GAP FOR 200 p.H/20 A 
leoH = 200 p.H 

Vee 

MR826' 

Output Wavaforms 

11 ADJUSTED TO 
OBTAIN IC 

Vctamp 

'SELECTED FOR,. 1 kV 

VCC = 30 V 
VCE(pk) = 250 Vdc 
IC(pk) = 6A 

TEST EQUIPMENT 
SCOPE - TEKTRONIX 
475 OR EQUIVALENT 

Resistive 
Switching 

+VCC 

-4V 

VCC = 250 V 
01 = 1 N5820 OR EQUIV. 

":ttJ 
Ir,lf< IOns 
DUTY CYCLE = 1% 
RB AND RC ADJUSTED 
FOR DESIRED IB AND IC 

OUTLINE DIMENSIONS 

~ 1. 
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w 1. 
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1. 
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ftnJE5740,ftnJE5741, ftnJE5742 

SAFE OPERATING AREA INFORMATION 

FORWARD BIAS 

There are two limitations on the power handling ability 
of a transistor: average junction temperature and second 
breakdown. Safe operating area curves indicate IC - VCE 
limits of the transistor that must be observed for reliable 
operation; i.e .• the transistor must not be subjected to 
greater dissipation than the curves indicate. 

The data of Figure 6 is based on TC = 25°C; T J(pk) is 
variable depending on power level. Second breakdown 
pulse limits are valid for duty cycles to 10% but must be 
derated when TC '" 25°C. Second breakdown limitations 
do not derate the same as thermal limitations. Allowable 
current at the voltages shown on Figure 6 may be found 
at any case temperature by using the appropriate curve 
on Figure 1. 

REVERSE BIAS 
For inductive loads. high voltage and high current must 

be sustained simultaneously during turn-off. in most 
cases. with the base to emitter junction reverse biased. 
Under these conditions the collector voltage must be held 
to a safe level at or below a specific value of collector 
current. This can be accomplished by several means such 
as active clamping. RC snubbing. load line shaping. etc. 
The safe level for these devices is specified as Reverse 
Bias Safe Operating Area and represents the voltage
current condition allowable during reverse biased turn
off. This rating is verified under clamped conditions so 
that the device is never subjected to an avalanche mode. 
Figure 7 gives the complete RBSOA characteristics. 

The Safe Operating Area figures shown in Figures 6 and 7 are specified ratings for these devices under the test conditions shown. 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

J)P~i~·Il(,I·~ J)ata ~heet 

SWITCH MODE SERIES 
PNP S!LlCONPOWER TRANSISTORS 

The MJE5850, MJE5851 and the MJE5852 transistors are 
designed for high-voltage, high-speed, power switching in inductive 
circuits where fall time is critical. They are particularly suited for line 
operated switchmode applications such as: 

• Switching Regulators 

• Inverters 

• Solenoid and Relay Drivers 

• Motor Controls 

• Oelfection Circuits 

Fast Turn-Off Times 
100 ns Inductive Fall Time @ 25°C (Typ) 
125 ns Inductive Crossover Time @ 25°C (Typ) 

Operating Temperature Range -65 to +150oC 

100°C Performance Specified for: 
Reversed 8iased SOA with Inductive Loads 
Switching Times with Inductive Loads 
Saturation Voltages 
Leakage Currents 

MAXIMUM RATINGS 

MJE 
Rating Symbol 5850 

Collector-Emitter Voltage VCEOlsus) 300 

Collector-Emitter Voltage VCEV 350 

Emitter Base Voltage VEB 

Collector Current - Continuous IC 
Peakll) ICM 

Base Current - Continuous 'B 
Peakll) 'BM 

Total Power Dis~ipation Po 
@TC=25°C 
Derate above 25°C 

MJE 
5851 

350 

400 

6.0 

8.0 
16 

4.0 
8.0 

80 

0.640 

Operating and Storage Junction TJ, Tstg -65 to 150 
Temperature Range 

THERMAL CHARACTERISTICS 

MJE 
5852 

400 

450 

Unit 

Vdc 

viic 

Vdc 

Adc 

Adc 

Watts 

W/oC 

°C 

Characteristic Symbol Max Unit 

Thermal ReSistance, JunctiQn to Case R6JC 1.25 °C/W 

Maximum Lead Temperature for Soldering TL 275 °C 
Purposes: 1 IS" from Case for 5 Seconds 

(1) Pulse Test: Pulse Width = 5 ms, Duty Cycle .;; 10%. 
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MJE5850 
MJE5851 
MJE5852 

8 AMPERE 

PNPSILICON 
POWER. TRANSISTORS 

300,350,400 VOLTS 
80 WATTS 

Designer's Data for 
"Worst Case" Conditions 

The Designers Data Sheet per· 
mits the design of most circuits 
entirely from the information pre· 
sented. Lim.it data - representing 
device characteristics boundaries -
are given to facilitate "worst case" 
design. 

NOTES: 
1. DlMENSIONING.AND TOLERANCING PER ANSI 

Y14.~.1112. 
2. CONTROWNG DIMENSION: INCH. 
3. ON Z DEANES A lOM: WHERE AU BODY AND 

lEAD IRfIEGULAllTES ARE AllOWED. 

... .. ... .. 
• , 1.15 

• '28 
C 
D 
F 18' 73 
D , ,.II 

" .... , , 
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• , '.19 , 

27 
V 1.1 .. 

0.570 

• , 
.,,, .... 
0.110 
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• 
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0.147 ., ., 
.'" .... , .., ." 
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STYLE 1: 
PfN1.iASE 

2.COU£CTOR 
3.EMrTTER 
• 00UfCT0I1 

CASE 221A-C14 
TO·220AB 

• 



MJE5850,MJE5851,MJE5852 

ELECTRICAL CHARACTERISTICS (TC = 25·C unless otherwise noted) 

I Cherecteriotic I Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage MJE5850 
(IC= 10 mA.18 =0) MJE5851 

MJE5852 

Collector Cutoff Current 
(VCEV = Rated Value. VBE(off) = 1.5 Vdc) 
(VCEV = Rated Value. VBE(off) = 1.5 Vdc. TC = loo·e) 

Collector Cutoff Current 
(VCE = Rated VCEV. RBE = 50 n. TC = loo·C) 

Emitter Cutoff Current 
(VEB = 6.0 Vde. IC = 0) 

SECOND BREAKDOWN 

Second Breakdown Collector Current with base forward biased 
Clamped Inductive SOA with base reverse biased 

'ON CHARACTERISTICS 

DC Current Gain 
(IC = 2.0 Ade. VCE = 5 Vdc) 
(IC = 5.0 Ade. VCE = 5 Vde) 

Collector-Emitter Saturation Voltage 
(lC = 4.0 Adc. IB = 1.0 Adc) 
(lC = 8.0 Ade. IB = 3.0 Adc) 
(IC = 4.0 Adc. 18 = 1.0 Ade. T C = loo·C) 

Base-Emitter Saturation Voltage 
(IC = 4.0 Adc. IB = 1.0 Adc) 
(IC = 4.0 Adc. IB = 1.0 Ade. T C = 100·e) 

DYNAMIC CHARACTERISTICS 

Output Capacitance 
(VCB = 10 Vde. IE = O. Itest = 1.0 kHz) 

SWITCHING CHARACTERISTICS 

Resistive Load (Table 1) 

Delay Time (VCC = 250 Vde. IC = 4.0 A. IBI = 1.0 A. 
Rise Time tp = 50 ps. Duty Cycle", 2%) 

Storage Time (VCC = 250 Vde. IC = 4.0 A. IBI = 1.0 A. 
Fall Time V BE(off) = 5 Vde. tp = 50 "s. Duty Cycle'" 2%) 

Inductive Load. Clamped (Table 1 ) 

Storage Ti me 

Crossover Time 
(lCM = 4A. VCEM = 250V.IBI = 1.0A. 

Fall Time 
VBE(off) = 5 Vde. T C = loo·C) 

Storage Ti me 
Crossover Time 

(ICM = 4 A. VCEM = 250 V. IBI = 1.0 A. 

Fall Time 
VBE(off) = 5 Vde. T C = 25·C) 

• Pulse Test: PW = 300 pS. Duty Cycle'" 2% 

VCEO(sus) 

ICEV 

ICER 

lEBO 

hFE 

VCE(sat) 

V8E(sat) 

Id 
tr 

ts 

tf 

tsv 

te 

tli 

tsv 

Ie 
tli 

3-1033 

Min 

300 
350 
400 

-
-
-

-

15 
5 

-
-
-

-
-

-
-
-
-

-
-
-
-
-
-

Typ 

-
-

-
-
-

-

See Figure 12 
See Figure 13 

-
-

-
-
-

-
-

0.025 

0.100 

0.60 

0.11 

0.8 

0.4 

0.1 

0.5 

0.125 

0.1 

Mex Unit 

Vdc 
-
-

mAde 
0.5 
2.5 

3.0 mAde 

1.0 mAde 

-
-
-

Vdc 
2.0 
5.0 
2.5 

Vde 
1.5 
1.5 

0.1 ps 

0.5 ps 

2.0 ps 

0.5 ps 

3.0 ps 

1.5 ps 

- ps 

- "s 
- pS 

- ps 



MJE5850,MJE5851,MJE5852 

TYPICAL ELECTRICAL CHARACTERISTICS 

FIGURE 1 - DC CURRENT GAIN 
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FIGURE 6 - COLLECTOR CUTOFF REGION 
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SWITCHING TIMES NOTE 

In resistive switching circuits, rise, fall, and storage 
times have been defined and apply to both current and 

'voltage waveforms since they are in phase. However, 
for inductive loads which are common to SWITCHMODE 
power supplies 'and hammer drivers. current and voltage 
waveforms are not in phase, Therefore, separate measure
ments must be made on each waveform to determine 
the total switching time. For this reason, the following 
new terms have been defined. 

tsv = Voltage Storage Time, 90% IS1 to 10 % VCEM 
trv = Voltage Rise Time, 10-90% VCEM 
tfi = Current Fall Time, 90-10% ICM 
tti = Current Tail, 10-2% ICM 
tc = Crossover Time, 10% VCEM ,to 10% ICM 

An anlarged portion of the inductive switching waveform 
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FIGURE 9 - TURN·ON SWITCHING TIMES 
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is shown in Figure 7 to aid on the visual identity of 
these terms. 

For' the designer, there is minimal switching loss 
during storage time and the predominant switching 
power losses occur during the crossovar interval and can 
be obtained using the standard aquation from AN-222A: 

PSWT = 1/2 Vcclc{tclf 
In general, trv + tfi '" tc. However, at lower test currents 
this relationship may not be valid. 

As is common with most switching transistors, resistive 
switching is specified at 25°C and has become a bench
mark for designers. However, for designers of high 
frequency converter circuits, the user orinented specifica
tions which make this a "SWITCHMODE" transistor are 
the inductive switching speeds (tc and tsv) which are 
guaranteed at 100°C. 
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The Safe Operating Area figures shown in Figures 12 and 13 .re 
specified for these devices under the test conditions shown. 

if 
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SAFE OPERATING AREA INFORMATION 

FORWARD BIAS 
There are two limitations on the power handling abllitv 

of a tranSistor: average junction temperature and second 
breakdown. Safe operating area curves indicate IC-VCE 
"mlts of the transistor that must be observed for reliable 
operation, I.e., the transistor must not be subjected to 
greater dissipation than the curves ind,cate. 

The data of Figure 12 IS based on TC = 250 C; TJ(pkl 
IS vaflab)e depending on power level. Second breakdown 
pulse limits are valid for duty cycles to 10% but must be 
derated when TC :;;, 250 C. Second breakdown limitations 
do not derate the same as thermal limitations. Allowable 
current at the voltages shown on Figure 12 may be found 
at any case temper ature by uSing the appropr late curve on 
FIgure 15. 

TJ(pkl may be calculated from the data In Figure 11. 
At hIgh case temperatures, thermal limItatIons will reduce 
the power that can be handled to values less than the 
limitations Imposed by second breakdown. 

REVERSE BIAS 

For inductive loads, high voltage and high current must 
be sustained simultaneously during turn-off, in most cases, 
with the base to emitter junction reverse biased. Under 
these conditions the collector voltage must be held to 
a safe level at or below a specific value of collector cur
rent. This can be accomplished by several means such as 
active clamping, RC snubbing, load line shaping, etc. The 
safe level for these devices is specified as Reverse Bias 
Safe Operating Area and represents the voltage·current 
condition allowable during reverse biased turn·off. This 
rating is verified under clamped conditions so that rtle 
device is never subjected to an avalanche mode. Figure 13 
gives the RBSOA characteristics. 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

SWITCHMODE SERIES 
NPN SILICON POWER TRANSISTORS 

The MJE8500 and MJE8501 transistors are designed for Iligh
voltage, high-speed" power switching in inductive circuits where fall 
time is critical. They are particularly suited for line operated switch
mode applications such as: 

• Switching Regulators 

• Inverters 

• Solenoid and Relay Drivers 

• Motor Controls 

• Deflection Circuits 

Fast Turn-Off Times 
300 ns Inductive Fall Time - 25°C (Typ) 
500 ns Inductive Crossover Time - 25°C (Typ) 
900 ns Inductive Storage Time - 25°C (Typ) 

Operating Temperature Range -65 to +1250 C 

lOOoC Performance Specified for: 
Reversed Biased SOA with Inductive Loads 
Switchiiig Times with Inductive Loads 
Saturation Voltages 
Leakage Currents 

MAXIMUM RATINGS 

Rating 'Symbol MJE8500 

Collector-Emitter Voltage VCEOlsusl '700 

Collector-Emitter Voltage VCEV 1200 

Emitter Base Voltage VES 8,0 

Collector Current - Continuous IC 2,5 
Peak 11 I ICM 5,0 

Base Current - Continuous IS 2,0 
Peak 111 ISM 4.0 

Total Power Dissipation @ T C '" 25°C Po 65 
@TC = lOOoC 17 

Derate above 25°C 0.65 

MJE8501 

800 

1400 

8,0 

2,5 
5,0 

2,0 
4.0 
65 
17 

0.65 

Operating and Storage Junction TJ, Tstg ~5 to +125 
Temperature Range 

THERMAL CHARACTERISTICS 
Characteristic Svmbol Max 

Thermal. Resistance, Junction to Case RBJC 1.54 

Maximum Lead Temperature ~or Soldering TL 275 
Purposes: lIS" from Case for 5 Seconds 

11 I Pulse Test: Puis. Width = 5 ms, Outy Cycle';; 10%. 

3-1038 

Unit 

Vdc 

Vdc 

Vdc 

Adc 

Adc 

Watts 

WloC 

°c 

Unit 

°CIW 

°c 

MJE8500 
MJE8501 

2.5 AMPERE 

NPN SILICON 
POWER TRANSISTORS 

700 and 800 VOLTS 
65 WATTS 

Designer's Data for 
"Worst Case" Conditions 

The Designers Data Sheet per· 
mits the design of most circuits 
entirely from the information pre· 
sented, Limit data - representing 
device characteristics boundaries -
are given to facilitate "worst case" 
design. 

3 

-, 
I.DlIiHSIOMIMGAMllOLEIlANCIMGI'BlMISI 

YM.5M.ll1Z, 
2. C<*TROWNG OIMENSK*: INCH. 
1 DlMZDERNESAZONEWHEREAU. IIODYAND 

WDIllEGUlAIIIlESAAEAI.I.OMO. 

CASE 221A-04 
T0-22OAB 
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ELECTRICAL CHARACTERISTICS ITC • 250 C unless otherwise noted) 

Characteristic I Symbol Min Typ Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage (Table 1) MJES500 VCEOlsus) 700 - - Vdc 
lic • 100 rnA, IS • 0) MJES501 800 - -

Collector Cutoff Current ICEV mAde 

IVCEV • Rated Value, VBEloffi • 1.5 Vdc) - - 0.25 
IVCEV • Rated Value, VBEloff) • 1.5 Vdc, TC • 1000 C) - - 5.0 

Collector Cutoff Current ICER - - 5.0 mAde 
IVCE· Rated VCEV, RBE· 50 fl, TC· lOOoC) 

Emitter Cutoff Current 
IVEB • 7.0 Vde, IC • 0) 

lEBO - - 1.0 mAde 

SECOND BREAKDOWN 

Second Breakdown Collector Current with base forward biased See Figure 12 

Clamped Inductive SOA with Base Reverse Biased See Figure 13 

ON CHARACTERISTICS II) 

DC Current Gain hFE 7.5 -
IIc • 0.5 Ade, V CE • 5.0 Vde) 

Collector-Emitter Saturation Voltage VCElsat) Vde 
IIc : 1.0 Ade, IB • 0.33 Ade) - - 2.0 
IIc • 2.5 Ade, IB • 1.0 Adcl - - 5.0 
IIc • 1.0 Adc, IB • 0.33 Adc, T C • loooC) - - 3.0 

Base-Emitter Saturation Voltage VBElsat) Vde 
IIc • 1.0 Ade, lB· 0.33 Ade) - - 1.5 
IIc • 1.0 Ade, IB ·0.33 Adc, TC = loooC) - - 1.5 

DYNAMIC CHARACTERISTICS 

Output Capacitance 
IVCB· 10 Vde, IE ·0, f test • 1.0 kHz) 

SWITCHING CHARACTERISTICS 

Resistive Load (Table 1) 

Delay Time td - 0.045 0.20 ~s 

Rise Time IVCC· 500 Vde, IC· 1.0 A, 
tr - 0.2 2.0 ", 

Storage Time 
IBI • 0.33 A;IVBEloff)· 5.0 Vde, tp· 50,.s, 

ts - 1.0 4.0 ,.s Duty Cycle';; 2.0%) 
Fall Time tf 0.5 2.0 ~s 

Inductive Load, Clamped (Table 1) 

Storage Time IIC· 1,0 Alpk), Vel amp ·500 Vde, lSI· 0.33 A, tsv - 1.3 4.0 ,.s 

Crossover Time VBEloff) • 5 Vde, TC • lOOoC) te - 0.6 2.0 ~s 

Storage Time 
IIC· 1.0 A(pk), Vclamp = 500 Vdc, IBI ·0.33 A, 

tsv - 0.9 - '" Crossover Time 
VBE(off) • 5 Vde, TC • 250 C) 

te - 0.5 - ,.s 

Fall Time tfi 0.3 ~s 

(1) Pulse Test: PW· 300 "s, Duty Cycle';; 2%. 
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FIGURE 7 - INDUCTIVE SWITCHING MEASUREMENTS 
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SWITCHING TIMES NOTE 

In resistive switching circuits. rise, fall, and storage 
times have been defined and apply to both current and 
voltage waveforms since they are in phase. However, 
for inductive loads which are common to SWITCHMODE 
power supplies and hammer drivers, current and voltage 
waveforms are not in phase. Therefore, separate measure
ments must be made on each waveform to determine 
the total switching time. For this reason, the following 
new terms have been defined. 

tsv ; Voltage Storage Time, 90% 181 to 10% VCE (pk) 
trv; Voltage Rise Time, 10-90% VCE (pk) 
tfi ; Current Fall Time, 90-10% IC 
tti ; Current Tail, 10-2% IC 

tc ; Crossover Time, 10% VCE (pk) to 10% IC 
An enlarged portion of the inductive switching waveforms 
is shown in Figure 7 to aid in the visual identity of these 
terms. 

For the designer, there is minimal switching loss 
during storage time and the predominant switching 
power losses occur during the crossover interval and 
can be obtained using the standard equation from AN-222: 

PSWT; 1/2 VCCIC(tc)f 
In general, trv + tfi "" tc' However, at lower test currents 
this relationship may not be valid . 

As is common with most switching transistors, resistive 
switching is specified at 250 C and has become a bench
mark for designers. However, for designers of high 
frequency converter Circuits, the user oriented specifica
tions which make this a "SWITCH MODE" transistor are 
the inductive switching speeds (tc and tsv ) which are 
guaranteed at 1000 C. 

TYPICAL RESISTIVE SWITCHING PERFORMANCE 
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TABLE 1 - TEST CONOITIONS FOR DYNAMIC PERFORMANCE 

RBSOA AND INDUCTIVE SWITCHING 
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A1I PNP - MJE210 
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t1 Adjusted to 

Obtain Ie 

t, "" LcOilllCpkl 

Vee 

t2 .., Lcoil (ICpk) 

Vclamp 

Test Equipment 

Scope - Tektronix 
415 or Equivalent 

RESISTIVE SWITCHING 

TURN ON TIME 

'Bl "djusted to 
obtain the forced 

hFE desired 

TURN OFF TIME 

Usa inductive Iwitching 

driver as the input to 
tha resistive teu circuit. 

Vee- 500 V 

RL-500n 

Pulse Width::: 10 J,ls 

RESISTIVE TEST CIRCUIT 
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FIGURE 12 - FORWARO BIAS SAFE OPERATING AREA 
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FIGURE 13 - RBSOA, REVERSE BIAS SWITCHING 
SAFE OPERATING AREA 
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r- -0 
~ ~ ~ ~ 1~ 1~ 1400 
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SAFE OPERATING AREA INFORMATION 

FORWARD BIAS 
There are two limitations on the power handling ab.l.ty 

01 a transistor: average junct.on temperature and second 
breakdown. Sale operating area curves indicate IC-VCE 
limits 01 the trans.stor that must be observed lor reliable 
operation; i.e., the transistor must not be subjected to 
greater dissipat.on than the curves indicate. 

The data 01 Figure 12 is based on TC = 250 C; TJ(pk) 
is variable depending on power level. Second breakdown 
pulse limits are valid lor duty cycles to 10% but must be 
derated when TC ;" 250 C. Second breakdown "mltations 
do not derate the same as thermal limitations. Allowab)e 
current at the voltages shown on Figure 12 may be lound 
at any case temperature by uSing the appropriate curve on 
Figure 14. 

T J(pkl may be calculated from the data in Figure 11. 
At high case temperatures, thermal limitations will reduce 
the power that can be handled to values less than the 
limitations imposed by second breakdown. 

REVERSE BIAS 

For inductive loads, high voltage and high current must 
be sustained simultaneously during turn-off, in most cases, 
with the base to emitter junction reverse biased. Under 
these conditions the collector voltage must be held to 
a sale level at or below a specific value of collector cur
rent. This can be accomplished by several means such as 
active clamping, RC snubbing, load line shaping, etc. The 
safe level for these devices is specified as Reverse Bias 
Safe Operating Area and represents the voltage-current 
condition allowable during reverse biased turn-off. This 
rating is verified under clamped conditions so that the 
device is never subjected to an avalanche mode. Figure 13 
gives the complete R BSOA characteristics. 

FIGURE 14 - POWER DERATING 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

SWITCHMODE SERIES 
NPN SILICON POWER TRANSISTORS 

The MJE8502 a.nd MJE8503 transistors are designed for high
voltage, high-speed, power switching in inductive circuits where fall 
time is critical. They are particularly suited for line operated switch
mode applications such as: 

• Switching Regulators 

• Inverters 

• Solenoid and Relay Drivers 

• Motor Controls 

• Deflection Circuits 

Fast Turn-Off Times 

150 ns Inductive Fall Time-250 C (Typ) 

400 ns Inductive Crossover Time-250 C (Typ) 

1200 ns Inductive Storage Time-250 C (Typ) 

Operating Temperature Range -65 to +1250 C 

lOOoC Performance Specified for: 
Reverse-Biased SOA with Inductive Loads 
Switching Times with Inductive Loads 
Saturation Voltages 
L k C ea age urrents 

MAXIMUM RATINGS 

Rating Symbol MJE8502 
Collector-Emitter Voltage VCEOlsusl' 700 
Collector.-Emitter Voltage VCEV 1200 
Emitter Base Voltage VEB 8.0 
Collector Current - Continuous IC 5.0 

Peak III ICM 10 
Base Current - Continuous IB 4.0 

Peak III IBM B.O 

Total Power Dissipation @ TC - 25°C Po SO 
@Tc = 100DC 21 

Derate above 25°C O.BO 

MJE8503 

800 
1400 

B.O 

5.0 
10 
4.0 
B.O 

SO 
21 

O.BO 

Operating and Storage Junction TJ, Tstg -65to+125 
Temperature Range 

THERMAL CHARACTERISTICS 
Characteristic Symbol Max 

Thermal Resistance. Junction to Case AOJC 1.25 
Maximum Lead Temperature for Soldering T~ 275 

Purposes: 1/S" from Case for 5 Seconds 
(11 Pulse Test: Pulse Width - 5 ms, Duty Cycle" 10%. 
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Unit 

Vdc 
Vdc 
Vdc 
Adc 

Adc 

Watts 

WI DC 
DC 

Unit 

DC/W 
DC 

MJE8502 
MJE8503 

5.0 AMPERE 

NPN SILICON 
POWER TRANSISTORS 

700 and 800 VOLTS 
80 WATTS 

Designer's Data for 
"Worst Case" Conditions 

The Designers Data Sheet per· 
mits the. design of most circuits 
entirely from the information pre· 
sented. Limit data - representing 
device characteristics boundaries -
are given to facilitate "worst case" 
design. 
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ELECTRICAL CHARACTERISTICS (TC = 25°C unless otherwise noted) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage (Table 1) MJE8502 
(ic=100mA,IS =0) MJE8503 

Collector Cutoff Current 
(VCEV = Rated Value, V8E(off) = 1.5 Vde) 
(VCEV = Rated Value, VSE(off) = 1.5 Vde, TC = 100°C) 

Collector Cutoff Current 
(VCE = Rated VCEV, RSE = 50 n, TC = 100°C) 

Emitter Cutoff Current 
(VE8 = 7.0 Vde, IC = 0) 

SECOND BREAKDOWN 

Second Breakdown Collector Current with base forward biased 

Clamped Inductive SOA with Base Reverse Biased 

ON CHARACTERISTICS (1) 

DC Current Gain' 
(lC = 1.0 Ade, V CE = 5,0 Vdc) 

Collector-Emitter Saturation Voltage 
(lC = 2.5 Adc, IS = 1.0 Ade) 
(lc = 5.0 Adc, IS = 2.0 Ade) 
(lC = 2.5 Adc, IS = 1.0 Ade, TC = 100°C) 

Base-Emitter Saturation Voltage 
(lC = 2.5 Adc, IS = 1.0 Adc) 
(lC = 2.5 Adc, IS = 1.0 Ade, T C = 100°C) 

DYNAMIC CHARACTERISTICS 

Output Capacitance 
(VCS = 10 Vde, IE = 0, f test = 1.0 kHz) 

SWITCHING CHARACTERISTICS 

Resistive Load (Table 1) 

Delay Time 
(VCC = 500 Vdc, IC = 2.5 A, 

Rise Time 
)81 = 1.0 A, VSE(off) = 5.0 Vdc, tp = 50,",., 

Storage Time Duty Cycle", 2.0%) 
Fall Time 

Inductive Load, Clamped (Table 1) 

Storage Time (lC = 2.5 A(pk), Vclamp = 500 Vdc, IS1 = 1.0 A, 
Crossover Time VSE(off) = 5 Vdc, TC ~ 100°C) 

Storage Time 
(lC = 2.5 A(pk), Vclamp = 500 Vdc, IS1 = 1.0 A, 

Crossover Time 
VSE(off) = 5 Vdc, TC = 2SoC) 

Fall Time 

(1) Pulse Test: PW - 300 !,S, Duty Cycle'" 2%. 
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Symbol 

VCEO(sus) 

ICEV 

ICER 

IESO 

hFE 

VCE(sat) 

VSE(sat) 

td 

tr 

ts 

tf 

tsv 

te 

tsv 

te 

tfi 

\ 

Min Typ Max Unit 

700 - - Vde 
800 - -

mAde 

- - 0.25 

- - 5.0 

- - 5.0 mAde 

- - 1.0 mAde 

See Figure 12 

See Figure 13 

7.5 

Vde 
2.0 

5.0 
3.0 

Vde 
1.5 
1.5 

- 0.040 0.20 ~s 

- 0.125 2.0 ~s 

- 1.2 4.0 ~s 

0.65 2.0 ~s 

- 1.6 5.0 ~s 

- 0.60 2.0 ~s 

- 1.2 - ~s 

- 0.4 - ~s 

0.15 ~s 
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TYPICAL ELECTRICAL CHARACTERISTICS 
FIGURE 1 - DC CURRENT GAIN 
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FIGURE 7 - INDUCTIVE SWITCHING MEASUREMENTS 
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SWITCHING TIMES NOTE 

In resistive switching circuits, rise, fall, and storage 
times have been defined and apply to both current and 
voltage waveforms since they are in phase. However, 
for inductive loads which are common to SWITCHMODE 
power supplies and hammer drivers, current and voltage 
waveforms are not in phase. Therefore, separate measure
ments must be made on each waveform to determine 
the total switching time. For this reason, the following 
new terms have been defined. 

tsv = Voltage Storage Time, 90% IB1 to 10% VCE(pk) 
trv = Voltage Rise Time, 10-90% VCE(pk) 
tfi = Current Fall Time, 90-10% IC 
tti = Current Tail, 10-2% IC 
tc = Crossover Time, 10% VCE(pk) to 10% IC 

An enlarged portion of the inductive switching waveforms 
is shown in Figure 7 to aid in the visual identity of these 

terms. 
For the designer, there is minimal switching loss 

during storage time and the predominant switching 
power losses occur during the crossover interval and 
can be obtained using the standard equation from AN-222: 

PSWT = 1/2 VCCIC(tc)f 
In general, trv + tfi "" tc. However, at lower test currents 
this relationship may not be valid . 

As is common with most switching transistors, resistive 
switching is specified at 250 C and has become a bench
mark for designers_ However, for designers of high 
frequency converter circuits, the user oriented specifica
tions which make this a "SWITCHMODE" transistor are 
the inductive switching speeds (tc and tsv ) which are 
guaranteed at lOOoC. 

TYPICAL RESISTIVE SWITCHING PERFORMANCE 
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TABLE 1 - TEST CONDITIDNS FDR DYNAMIC PERFDRMANCE 

VCEO(suI' . RBSOA AND INDUCTIVE SWITCHING RESISTIVE SWITCHING 

III 
Z 

1-0 
;:)-
o.!: zo -z 

8 
, PW Varied to Attain 

Ie'" 100mA 

LCOil = 80 mH Vee'" 10 V 

RCDi'''' 0.1 n 

r-.-----------~--_.------~~-o.15 

AII,Diodes - 1N4934 
AII"NPN - MJE200 

All PNP - MJE210 

Adjust Rl to obtain IB1 

For switching and RBSOA. R2::: 0 

For BVCEO{sus). R2 '" 00 

Leoit ~ 180 #oIH 

RcOII = 0.05 n 
Vee: 20 V 

47 n 

1= 250 Jl.F ~djust 
obtain 

R1 

VBE(offl = 5.0 V 

V clamp'" 500 V 

TURN ON TIME 

181 adlusted to 
obtain the forced 

hFE dellred 

TURN OFF TIME 
Use inductive switching 

drIver a. the mput to 
the '81111i1o'8 test Clrcu.t 

VCC=500V 

R L =200n 

Pulse Width"" 1 0 lot' 

INDUCTIVE TEST CIRCUIT OUTPUT WAVEFORMS RESISTIVE TEST CIRCUIT 
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FIGURE 11 - THERMAL RESPONSE 

l1 Adjusted to 
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Test Equipment 
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~ .... ,. 
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SAFE OPERATING AREA INFORMATION 

FIGURE 12 - FORWARD BIAS SAFE OPERATING AREA FORWARD BIAS 
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S 

BONOING WIRE LIMIT 
THERMAL LIMIT 
SECONO BREAKOOWN LIMIT 

50",-

1m, 

de 

There are two limitations on the power handling ability 
of a transistor:. average junction temperature and second 
breakdown. Safe operating area curves indicate IC-VCE 
limits of the tranmtor that must be observed for reliable 
operallon: i.e., the transistor must not be subjected to 
greater dissipation than the curves indicate. 

~0.01 
MJE8502 

The data of Figure 12 is based on TC = 250 C: TJ(pk) 
is vartable depending on power level. Second breakdown 
pulse limits are valid for duty cycles to 10% but must be 
derated when TC ;;. 250 C. Second breakdown limitations 
do not derate the same as thermal limitations. Allowable 
current at the voltages shown on Figure 12 may be found 
at any case temperature by uSing the appropriate curve on 
Figure 14. 

MJE8503,1'" 

10 20 50 100 200 500 1000 
VCE. COLLECTOR·EMITIER VOLTAGE (VOLTS, T J(pkl may be calculated from the data in Figure 11. 

FIGURE 13 - RBSOA. REVERSE BIAS SWITCHING 
SAFE OPERATING AREA 

At high case temperatures. thermal limitations will reduce 
the power that can be handled to values less than the 
limitations imposed by second breakdown. 

0 
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LIMIT IS 200 VO LTS LESS r- -
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For inductive loads. high voltage and high current must 
be sustained simultaneously during turn·off. in most cases. 
with the base to emitter junction reverse biased. Under 
these conditions the collector voltage must. be held to 
a safe level at or below a specific value of collector cur· 
rent. This can be accomplished by several means such as 
active clamping. RC snubbing. load line shaping. etc. The 
safe level for these devices is specified as Reverse Bias 
Safe Operating Area and represents the voltage·current 
condition allowable during reverse biased turn·off. This 
rating is veritred under clamped conditions so that the 
device is never subjected to an avalanche mode. Figure 13 
gives the complete R BSOA characteristics. 
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MOTOROLA 
- SEMICONDUCTOR 

TECHN!CAL DATA . 

HORIZONTAL DEFLECTION TRANSISTOR 

· .. specifically designed for use .in small screen black and white 
deflection circuits. 

• Co.I.lector·Emitter Voltage - VCEX = 1500 Volts 

• Glassivated Base·Coliector Junction 

• Switching Times with Inductive Loads -
tf;' 0.651ls (Typ) @ IC = 2.0 A 

MAXIMUM RATINGS 
Rating Symbol 

Collector~Emitter Voltage VCEO(sus) 
Collector-Emitter Voltage VCEX 
Emitter-Base Voltage VEBO 
Collector Current - Continuous IC 

Base C!Jrrent - Continuous IB 

Emitter Current - Continuous IE 

Total Power Dissipation@ TC "" 2SoC Po 
Derate above 25°C 

Operating and Storage Junction Temperature Range TJ. Tstg 

THERMAL CHARACTERISTICS 
Characteristic I Symbol 

Thermal Resistance, Junction to Case I A9JC 

FIGURE 1 - TEST CIRCUIT 

, ... 
Ii.OW 

.&OV 

Value 

750 

1500 

5.0 

2.5 

2.0 

4.5 

65 
0.65 

-65 to +125 

I Max 

I 1.54 

Cap..:LtOf ~.Iu .. In j.lF 
, .. I&,o1lllr.lIo wen 

'e 

MA9'8 
(t500 1/ 
Stl.c~d) 

I 
I 

10,,&011 

'e 
0.15 /Ii. 4.25 mH .003 j.lF 

1.5 2.18mH .000j.1F 

2.0 1.6mH .oos"F 

DRIVER TRANSFORMER tTl I 
Motorola pert numb •• 2508878:2 ... ·05-1/4" 1 ... ln_ """ iron 

0;;0 .. , PrIm • .., Induct_ - 39 mHo S~Ond.rv Indun.n~ -:2:2 mHo 
I. ....... Inductenc- with ",'rim • .., ltIortlld - 2.0 II-H. Prlm.ry 280 
tU"'1 *2. AWG .n .... '" wlr., Seo;ond • .., 11 tuml, #22, AWG 
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Unit 

Vdc 

Vdc 

Vdc 

Adc 

Adc 

Adc 

Watts 
W/DC 

°c 

Unit 

°C/W 

., , 

I-

F 

• L 

• 
• • T 

, 

MJE12007 

2.5 AMPERE 

NPN SILICON " 
POWER TRANSISTOR 

.. 
. 118 10 . 

." , D 
1 

... .71 

1500 VOLTS 
65 WATTS 

NOTES, 
I. DIMENSIONING AND TOLERANClNG PER ANSI 

V14.5M,1!1B2. 
2. CONTROlliNG DlMENSIOM: lNCI-I. 
~. DIM Z DEfINES /It ZONE wHERE ALL BODY AND 

lEAD IRReGULARITIES ARE AUOW£D. 

IIAX ... 
D"" 

.101 "118 
'IS D.035 

'" .147 
1 

. 110 .15 • STYlE 1: 
0.018 '.01.8 PIN 1. BASE 

,." 1U1 .. " .'" 2. COlLECTOR 
a.EMITTER 
4,COllECTOR 

'.1 1.38 

• 3. 
Z 

1. ., 
'.00 1J7 
1.6 -

2. 

, ... • 1 .210 
1 .,,, 

.110 

-
CASE 221A-04 

TO-220AB 

• 
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ELECTRICAL CHARACTERISTICS ITC = 250C unle .. otherwise notedl Char__ I SVmbol I Min 

OFF CHARACTERISTICS III 
Collector-Emitter Sl!staining Voltage VCEOI","I 750 

IIC = 50 mAde, 'B = 01 
Collector Cutoll Current 'CES -

IVCE = 1500 Vde, VBE = 01 

Emitter Cutoff Current 'EBO 
IVBE = 5.0 Vde, IC = 01 

ON CHARACTERISTICS 111 

Collector-Emitter Saturation Voltage VCElsatl -
'IC = 2.0 Adc, IB = 1.8 Adcl 

8ase~Emitter Saturation Voltage VBElsatl -
IIC = 2.0.Adc, 'B ='1.8 Adcl 

DYNAMIC CHARACTERISTICS 

Output Capacitance Cob -
IVCB = 10 Vdc, 'E = 0, 1= 0,1 MHzI 

Current Gain - Bandwidth Product 111 IT -
IIC = 0.1 Ade' V CE = 5.0 Vdc, l test = 1.0 MHzI 

SWITCHING CHARACTERISTICS 

Fall Time 
IIC = 2.0 Adc, 'Bl = 1.0 Adc, LB = 12 "HI 

111 Pulse Test: Pul .. Width .. 300 "s, Duty Cycle = 2%. 

FIGURE 2 - DC CURRENT GAIN 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

SWITCHMODE SERIES 
NPN SILICON POWER TRANSISTORS 

These devices are designed for high-voltage, high-speed power switch
ing inductive circuits where fall time is critical. They are particularly 
suited for 115 and 220 V SWITCH MODE applications such as 
Switching Regulators, Inverters, Motor Controls, Solenoid/Relay 
drivers and Deflection circu its_ 

SPECIFICATION FEATURES: 

• Reverse Biased SOA with Inductive Loads @ TC = 1000 C 
• Inductive Switching Matrix 0.5 to 1.5 Amp, 25 and 1000 C 

... tc@ 1 A, 1000 C is 290 ns (Typ). 
• 700 V Blocking Capability 
• SOA and Switching Applications Information. 

MAXIMUM RATINGS 

R_i", Symbol MJE13002 MJE13003 Unit 
COllector-Emitter Voltage VCEOlsus) 300 400 Vdc 
Collector-Emitter Voltage VCEV 600 700 Vdc 
Emitter Base Voltage VEBO 9 Vdc 
Collector Current - Continuous IC 1.5 Adc 

- Peak (1) ICM 3 
Base Current - Continuous IB 0.75 Adc 

-Peak (1) 'BM 1.5 
Emitter Current - Continuous IE 2.25 Adc 

- Peak (1) 'EM 4.5 
Total Power Oisslpation@TA = 25u C Po 1.4 Watts 

Derate aboyo 25°C 11.2 mWf'>C 
Total Power Oisslpation@TC=250C Po 40 Watt. 

Derate abcIyo 25°C 320 mW/oC 
Operating and Storage Junction TJ,Tstg -65 to +150 °c 
T omperature Range . 

THERMAL CHARACTERISTICS 

ChareCl~rillic Symbol Max Unit 
Thermal Flesl.tanca, Junction to Ca .. R9JC 3.12 °C/W 
Thermal Resistance, Junction to R9JA B9 °C/W 

Ambient 

Maximum Lead Temperature for TL 275 °c 
Soldering Purposes: lIB" from Case 
lor 5 Second. 

(1) PulsaTest: Pul .. Width - 5ms, Duty Cycle" 10%. 

Dasigner', Data for "Worst Case" Conditions 

The Designers Data Sheet permits the design of most circuits entirely 
from the information presented. Limit datA - reoresenting devic.e 
characteristics boundaries - are given to facilitate "worst case" 
design. 
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MJE13002 
MJE13003 

1.5 AMPERE 

NPN SILICON 
POWER TRANSISTORS 

300 and 400 VOL TS 
40 WATTS 

STYlE 1: 
PIN!. EMITTER 

2. COLLECTOR 
3. BASE 

NOlIS: 
1. LEADS, mUE POSITIONED WITHIN O.25mm (0.010\ 

OIA TO DIM A. & B AT MAXIMUM MATERIAl 
CONDITION. 

r.tWMmRS INCHES ... MIl MAX ... MAX 

• 10.., "'" OA25 0.'" • 7." 7.14 0.'" 0." 
C 2.42 2." "" 0.105 
D O.Sl 0." 0.02(1 0.026 
F 2.93 .17 o.m 0.125 
G 2.32 2." 0.091 0.097 
H 1.27 2.41 0.050 0.055 
J 0.39 0.63 0.015 0.25 

• 14.61 163 0.575 O. 
M 3"TVP 3"m 
Q 3.76 <" 0.148 0.158 

• 1.15 1.39 0.045 0.055 
S 0." 0." 0.025 0.'" 
U 3." .. , 0.145 0.155 
V 1.02 0."'" 

CASE 77-06 

• 



MJE13002.MJE13003 

ELECTRICAL CHARACTERISTICS (TC = 2SoC unl_ otherwloe noted.) 

Symbol Min Typ Ma. Unit 

OFF CHARACTERISTICS (1) 

Collector-Emitter Sustaining Voltage VCEO(lul) Vde 
(lC· 10 mA, IB ·0) MJEI3002 300 - -

. MJEI3003 400 - -
Collector Cutoff Current ICEV mAde 

(VCEV = Rated Value, VBE(off) = 1.5 Vde) - - 1 
(VCEV = Reted Value, VBE(off) = I.S Vde, TC = l000C) - - S 

Emitter Cutoff Current lEBO - - 1 mAde 
(VEB = 9 Vde, IC = 0) 

SECOND BREAKDOWN 

Second Breakdown Collector Current with baoe forward biased See Figure 11 

Clamped Inductive SOA with b ... reverse bi ... d See Figure 12 

ON CHARACTERISTICS (1) 

DC Current Gain hFE -
(lc = 0.5 Ade, VCE = 2 Vde) 8 - 40 
(lC = 1 Ade, VCE = 2 Vde) S - 25 

Collector-Emitter Saturation Voltage VCE(sati Vde 
(lC = 0.5 Ade,lB = 0.1 Ade) - - 0.5 
(lC = 1 Adc, IB = 0.25 Adc) - - 1 
(lc = 1.5 Adc, IB = 0.5 Adc) - - 3 
(lC = 1 Adc,IB = 0.25 Adc, TC = l000C) - - 1 

Baoe-Emitter Saturation Voltega VBE(sati Vdc 
(lC = 0.5 Adc, IB = 0.1 Adc) - - 1 
(lC = 1 Adc,IB = 0.25 Adc) - - 1.2 
(lC = 1 Adc, IB = 0.25 Adc, TC = loooC) - - 1.1 

DYNAMIC CHARACTERISTICS 

Current-Gain - Bandwidth Product fT 4 10 - MHz 
(lC = 100 mAde, VCE = 10 Vde, f = 1 MHz) 

Output Capecitance Cob - 21 - pF 
(VCB = 10 Vde, IE = 0, f = 0.1 MHz) 

SWITCHING CHARACTERISTICS 

Resistiva Load (Table I) 

DelavTime (VCC = 125 Vdc,IC = 1 A, ld - O.OS 0.1 I" 

RioeTlme IBI -IB2 = 0.2 A,tp -25" •• tr - 0.5 1 "S 
Storage Time Dutv Cvcle ~ 1%) ts - 2 4 "s 

Fall Time tf - 0.4 0.7 "S 
Inductive Load, Clamped (Table I, Figure 13) 

Storage Time (lC = 1 A, V clamp = 300 Vdc, tsv - 1.7 4 III 

Crossover Time IBI = 0.2 A, VBE(offl = 5 Vde, TC = 100oC) te - 0.29 0.75 III 

Fall Time tf! - 0.15 - I" 

(1) Pulse Test: PW = 300 "s, Duty Cycle <:2%. 
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FIGURE 1 - DC CURRENT GAIN 
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FIGURE 5 - COLLECTOR CUTOFF REGION 
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TABLE 1 - TEST CONDITIONS FOR DYNAMIC PERFORMANCE 

REVERSE BIAS SAFE OPERATING AREA AND INDUCTIVE SWITCHING 

5V 

R 
Duty Cycl. < 10% 
t,.tt< IOns 

NOTE 

0.001 "F 

PW end VCC Adjusted fo, oeslred Ie 
Ra AdJuoted for oeslred lal 

Coil Oatil: 
Ferroxcube Cor. #6656 
Full aobbln (-200 Turns) #20 

+6V 

IN4833 

33 IN4833 

- VaE(off) 

GAP for 30 mH/2A 

Lcou- 50 mH 

OUTPUT WAVEFORMS 

" Adjusted '0 
Obtain IC 

LeoH (ICpk' 
" ~ VCC 

Leoil (lCpk' 
t2.1111 Vclamp 

Vclamp 

Vcc- 20V 

Vclemp " 300 Vdc 

Test Equipment 
Scope·Tektron'ics 
475 or Equivalent 

RESISTIVE 
SWITCHING 

+126 V 

-4.0 V 

Vce- 125V 
Re= 12511 
01 - 1 N5820 or Equlv. 
Ra = 4711 

t r.11 < 10 n. 
Duty Cycl. - 1.0" 
RS and RC adjulted 
for desired IS and Ie 

FIGURE 7 - INDUCTIVE SWITCHING MEASUREMENTS TABLE 2 - TYPICAL INDUCTIVE SWITCHING PERFORMANCE 

IC~ Vclamp _ 
f---

....... ....... I 
,./ 90%Vclamp 1\90% IC 

IC TC tsv try tti tti tc 
AMP °c "" "" "" "" "" 
0.5 25 1.3 0.23 0.30 0.35 0.30 

100 1.6 0.26 0.30 0.40 0.36 

IC ........ --"" tN~ ~tfi-!-tti-

---. '-lc~ :--

1 25 1.5 0.10 0.14 0.05 0.16 
100 1.7 0.13 0.26 0.06 0.29 

1.5 25 1.8 0.07 0.10 0.05 0.16 

/ "- 100 3 0.08 0.22 0.08 0.28 

VCE 10%Vclamp 10% ...... 1-,... 
18-- 90% 181 

ICpK- 2%IC 
NOTE: All Data Recorded in the Inductive Switching Circuit in Table 1 

-- --\- -- --- -- -- -
~ ~ 

"""" 
TIME 

3-1055 



MJE13002.MJE13003 

SWITCHING TIMES NOTE 

In r';'istive switching circuits. rise. fall. and storage 
times have been defined and apply to both current and 
voltage waveforms since they are in phase. However. 
for inductive loads which are common to SWITCH MODE 
power supplies and hammer drivers. current and voltage 
waveforms are not in phase. Therefore. separate measure· 
ments must be made on each waveform to determine 
the total switching time. For this reason. the following 
new terms have been defined. 

tsv = Voltage Storage Time. gO% 181 to 10% Vclamp 
trv = Voltage Rise Time. 10-90% Vclamp 
tfi = Current Fall Time. 90-10% IC 
tti = Current Tail. 10-2% IC 
tc = Crossover Time. 10% Vclamp to 10% IC 

An enlarged portion of the inductive switching waveforms 

is shown in Figure 7 to aid in the visual identity of these 
terms. 

For the designer. there is minimal switching loss 
during storage time and the predominant switching 
power losses occur during the crossover interval and 
can be obtained using the standard equation from AN·222: 

PSWT = 1/2 VCc'C(tcl f 
In general. trv + tfi "" tc' However. at lower test currents 
this relationship may not be valid. 

As is common with most switching transistors. resistive 
switching is specified at 250 C and has become a bench· 
mark for designers. However. for designers of high 
frequency converter circuits. the user oriented specifica· 
tions which make this a "SWITCHMODE" transistor are 
the inductive switching speeds (tc and tsvl which are 
guaranteed at l00oC. 

RESISTIVE SWITCHING PERFORMANCE 

Z 

1 

0.7 
0.5 

j 0.3 

~ 0.2 
;:: 

1 

7 

o. 
0.0 
0.05 

0.03 

0.02 

FIGURE 8 - TURN·ON TIME 

VCC" lZ5 V 
ICilB" 5 

~I' 
TJ"Z50C 

~ 

::::: I---

Id@VBEloff)"5 ........... 

(h02 0.03 0.05 0.07 0.1 O.Z 0.3 0.5 0.7 10 

IC. COLLECTOR CURRENT lAMP) 

ZO 

] 
w 

" ;:: 

10 
7 

0.7 
0.5 

0.3 

O.Z 

o. 1 

...... 

FIGURE 9 - TURN'()FF TIME 

I. -
If 

O.OZ 0.03 0.05 0.07 0.1 O.Z 0.3 0.5 0.7 

IC. COLLECTOR CURRENT lAMP) 

Vcc =IZ5 v 

IC~~:~50C -

"-

FIGURE 10 - THERMAL RESPONSE 

~ 0.7 
N O.5 ... ::; 

1==0=0.5 

ffi ~ 0.3 
u;'" :i ~ 0.2 
"'... w 

~ 
t---

11== ~~ o. 
~ ~ 0.01 
:t ~O.05 
w .... 

~! 0.03 

~ 0.02 ... 

r== 
:;;..-

I---

1 0.0 
0.01 

I=0.z 

r-0.1 

0.05 

0.0 

-" 
0.01 f-Singl. Pulse 

I II 
O.OZ 0.03 0.05 

.... 
i---" c;;> 

~;... 

0.1 O.Z 0.3. 0.5 

ZOJC(t) = ,It I ROJC - ROJC - 3.1ZoCIW Max 

° CURVES ApPLY FliR POWER 
PULSE TRAIN SHOWN 
READ TIME AT 11 

TJlpk)-TC" Plpkl ROJCItI 

pFJUl 
t~j 

DUTY CYCLE. 0 = 11/1Z 

I I II I I 
10 20 50 100 zoo 500 1000 

I. TIME OR PULSE WIDTH 1m,) 

3-1056 



MJE13002,MJE13003 

The Safe Operating Are. figu ... shawn in Fi"" ... 11 and 12 a .. 
.... cifi.d .. tin .. for th_ devi_ under tho _ ccnditlons shawn. 

FIGURE 11 - FORWARD BIAS SAFE OPERATION AREA 
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SAFE OPERATING AREA INFORMATION 

FORWARD BIAS 
There are two limitations on the power handling ability 

of a transistor: average junction temperature and second 
breakdown. Safe operating area curves indicate IC-VCE 
limits of the transistor that must be observed for reliable 
operation; i.e., the transistor must not be subjected to 
greater dissipation than the curves indicate. 

The data of Figure 11 is based on TC = 250 C; TJ(pk) 
is variable depending on power level, Second breakdown 
pulse limits are valid for duty cycles to 10% but must be 
derated when TC ;;. 250 C. Second breakdown limitations 
do not derate the same as thermal limitations. Allowable 
current at the voltages shown on Figure 11 may be found 
at any case temperature by using the appropriate curve 
on Figure 13. 

TJ(pk) may be calculated from the data in Figure 10. 
At high case temperatures, thermal limitations will reduce 
.the power that can be handled to values less than the 
limitations imposed by second breakdown. 

REVERSE BIAS 
For inductive loads, high voltage and high current 

must be sustained simultaneously during turn·off, in 
most cases, with the base to emitter junction reverse 
biased. Under these conditions the collector voltage 
must be held to a safe level at or below a specific value of 
collector current. This can be accomplished by several 
means such as active clamping, RC snubbing, load line 
shaping, etc. The safe level for these devices is specified 

as Reverse Bias Safe Operating Area and represents the 
voltage·current conditions during reverse biased turn·off, 
This rating is verified under clamped conditions so that 
the device is never subjected to an avalanche mode. Figure 
12 gives RBSOA characteristics, 

FIGURE 13 - FORWARD BIAS POWER DERATING 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

• 

SWITCHMODE SERIES 
NPN SILICON POWER TRANSISTORS 

These devices are designed for high-voltage, high:Speed power switch
ing inductive circuits where fall time is critical. They are particularly 
suited for 115 and 220 V SWITCHMODE applications such as Switch
ing Regulator's, Inverters, Motor Controls, Solenoid I Relay drivers 
and Deflection circuits_ 

SPECIFICATION FEATURES: 

• VCEO(sus) 400 V and 300 V 

• Reverse Bias SOA with Inductive Loads @ T C = 1000 C 

• Inductive. Switching Matrix 2 to 4 Amp, 25 and 1000 C 
... tc@3A, 1000 C is 180 ns (Typ) 

• 700 V Blocking Capability 

• SOA and Switching Applications Information. 

MAXIMUM RATINGS 

Rating Symbol MJE13004 MJE13005 
Collector-Emitter Voltage VCEO(susl 300 400 
CQllector-Emitter Voltage VCEV 600 700 
Emitter Base Voltage VEBO 9 

Collector Current - Continuous IC 4 
-Peak (11 ICM 8 

Base Current - Continuous IB 2 
-Peak (II IBM 4 

Emitter Current - Continuous IE 6 
-Peak (II IEM 12 

Total ~ower Dissipation@TA - 25°C Po 2 
Derate above 250 C 16 

Total Power Dissipation@Tc=250 C Po 75 
Derate above 25°C 600 

Operating and Storage Junction T J,Tstg -65 to +150 
Temperature Range 

THERMAL CHARACTERISTICS 
Characteristic Symbol Max 

Thermal Resjstance~ Junction to Case RaJC 1.67 
Thermal Resistance, Junction to RaJA 62.5 

Ambient 

Maximum Lead Temperature for TL 275 
Soldering Purposes; 1/8" from Case 
for 5 Seconds 

(1 I Pulse Test: Puis. Width = 5 ms, Duty Cycle" 10%. 

Designer's Data for "Worst Case" Conditions 

Unit 

Vdc 
Vdc 
Vdc 
Adc 

Adc 

Adc 

Watts 
mW/oC 

Watts 
mW/oC 

°c 

Unit 

°C/W 
°C/W 

°c 

The Designers Data Sheet permits the design of most circuits entirely 
from the information presented. Limit data - reoresenting device 
characteristics boundaries -are given to facilitate"worst case" design. 
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MJE13004~ MJE13005 

ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted,) 

CharKteristic Symbol Min MI. Unit 

.OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage VCEO(sus) Vde 
(lC = 10 mAo IS = 0) MJEI3004 300 - -

MJEI3005 400 - -
Collector Cutoff Current ICEV mAde 

(VCEV = Rated Value. VSE(off) = 1.5 Vde) - - 1 
(VCEV = Rated Value. VSE(ofl) = 1.5 Vde. TC = 100°C) - - 5 

Emitter Cutoff Current IESO - - 1 mAde 
(VES = 9 Vde. IC = 0) 

SECONO BREAKOOWN 

Second Breakdown Collector Current with base forward biased See Figure 11 

Clamped Inductive SOA with Base Reverse Biased See Figure 12 

·ON CHARACTERISTICS 

DC Current Gain hFE -
(lC = 1 Adc. VCE = 5 Vdc) 10 - 60 
(lc = 2 Adc. VCE = 5 Vdc) 8 - 40 

Collector·Emitter Saturation Voltage VCE( .. t) Vde 
(lC = 1 Adc. IS = 0.2 Ade) - - 0.5 
(lC = 2 Adc.IS = 0.5 Ade) - - 0.6 
(lC = 4 Adc. IS = 1 Adc) - - 1 
(lC - 2 Adc. IS· 0.5 Ade. TC = 100°C) - - 1 

Base-Emitter Saturation Voltage VBE(sal) Vde 
(lC· 1 Ade, 18 - 0.2 Adc) - - 1.2 
(lC = 2 Ade. 18 = 0.5 Ade) - - 1.6 
(lC = 2 Adc. IB ·0.5 Adc. TC = 100°C) - - 1.5 

DYNAMIC CHARACTERISTICS 

Current-Gain - Bandwidth Product 'T 4 - - MHz 
(lc = 500 mAde, VCE = 10 Vde,' = 1 MHz) 

Output Capacitance Cob - 65 - pF 

(VCB ·10 Vde. IE = 0.' = 0.1 MHzl 

SWITCHING CHARACTERISTICS 

Resistive Load (Table 2) 

Delav Time (VCC = 125 Vdc,lC = 2 A, td - 0.025 0.1 1" 

Rise Time IBI = 182 = 0.4 A, tp = 251'5, Ir - 0.3 0.7 I'S 

Storage T j me DUIV Cvele .. 1 %) I, - 1.7 4 1" 

Fall Time I, - 0.4 0.9 I'S 

Induelive Load. Clamped (Table 2, Figure 13) 

Voltage Storage Time (lC = 2 A, Velamp = 300 Vdc. Isv - 0.9 4 1" 

Crossover Time IBI = 0.4 A, VBE(oll) = 5 Vdc. TC = 100°C) Ie - 0.32 0.9 JJS 

Fall Time Ifi - 0.16 - loiS 

·Pulse Test: Pulse WIdth = 300 JJS, DUlv Cvele = 2%. 
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FIGURE 1 - DC CURRENT GAIN 
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FIGURE 7 - INDUCTIVE SWITCHING MEASUREMENTS 
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TABLE 1 - TYPICAL INDUCTIVE SWITCHING PERFORMANCE 

IC TC Isv trv tfi tti t. 
AMP "c ns ns ns no ns 

2 25 600 70 100 BO lBO 
100 900 110 240 130 320 

3 25 650 60 140 60 200 
100 950 100 330 100 350 

4 25 550 70 160 100 220 
100 B50 110 350 160 390 

NOTE: All Oata recorded in the inductive Switching Circuit In Table 2. 

SWITCHING TIMES NOTE 

In resistive switching circuits, rise, fall, and storage 
times have been defined and apply to both current and 
voltage waveforms since they are in phase. However, 
for inductive loads which are common to SWITCH MODE 
power supplies and hammer drivers, current and voltage 
waveforms are not in phase. Therefore, separate measure· 
ments must be made on each waveform to determine 
the total switching time. For this reason, the following 
new terms have been defi ned. 

tsv = Voltage Storage Time, 90% IS1 to 10% Vclamp 
trY = Voltage Rise Time, 10-90% Vclamp 
tfi = Current Fall Time, 90-10% IC 
tti = Current Tail, 10-2% IC 
tc = Crossover Time, 10% Vclamp to 10% IC 

An enlarged portion of the inductive switching waveforms 
is shown in Figure 7 to aid in the visual identity of these 
terms. 

For the designer, there is minimal switching loss 
during storage time and the predominant switching 
power losses occur during the crossover interval and 
can be obtained using the standard equation from AN·222: 

PSWT = 1/2 V CClc(tcl f 
In general, trv + tfi = tc' However, at lower test currents 
this relationship may not be valid. 

As is common with most switching· transistors, resistive 
switching is specified at 250 C and has become a bench· 
mark for designers. However. for designers of high 
frequency converter circuits, the user oriented specifica· 
tions which make this a "SWITCH MODE" transistor are 
the inductive switching· speeds (tc and tsvl which are 
guaranteed at 1000 C. 

RESISTIVE SWITCHING PERFORMANCE 
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TABLE 2 - TEST CONDITIONS FOR DYNAMIC PERFORMANCE 

REVERSE BIAS SAFE OPERATING AREA AND INDUCTIVE SWITCHING 
RESISTIVE 

SWITCHING 

Duty Cycle < 10% 

1:"tt< 10nl 

NOTE 

O.OOII'F 

PW and V CC Adjusted for Desired Ie 
RB Adjusted for DOllred IBI 

Coil Data: 
Farro)(cube Cor. #6656 
Full Bobbin ( ..... 'S Turns) #16 

IN4933 

33 IN4933 

- VBE(off) 

GAP for 200 I'H/20A 

Leoil = 200 ",H 

OUTPUT WAVEFORMS 

tl Adjusted 10 
Obtain IC 

LCOiIIlCpk) 
tl ~ VCC 

LCOilllCpkl 
t2 ~ Vclamp 

VCC' 20 V 

Vclamp SO" 300 Vd~ 

Test Equipment 
Scope - Tektronix 
475 or Equivalent 

+125 V 

-4.0 V 

VCC·125V 
RC = 62!l 
01 = 1 N5820 or Equ'lv. 
RB = 22!l 

t r• 1f < 10 ns 
Dutv Cycle:; 1.0% 
RS and-RC adjusted 
for desired I B and Ie 

FIGURE 10 - TYPICAL THERMAL RESPONSE [Z8JCCtl] 
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The Safe Operating Area Figuras 11 and 12 are 

.... cified ratinge for til ... deyi ... under the test conditions shown. 
SAFE OPERATING AREA INFORMATION 

.. 
'" 5 ... 
~ 
= = 
~ 
= o 
t; 
w ... ... 
~ 

FIGURE 11 - FORWARD BIAS SAFE OPERATING AREA FORWARD BIAS 
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There are two limitations on the power handling ability 
of a transistor: average junction temperature and second 
breakdown. Safe operating area curves indicate IC-VCE 
limits of the transistor that must be observed for reliable 
operation; i.e., the transistor must not be subjected to 
greater dissipation than the curves indicate. 

The data of Figure 11 is based on TC = 250 C; TJ(pk) 
is variable depending on power level. Second breakdown 
pulse limits are valid for duty cycles to 10% but must be 
derated when TC ;;;. 250 C. Second breakdown limitations 
do not derate the same as thermal limitations. Allowable 
current at the voltages shown on Figure 11 may be found 
at any case temperature by using the appropriate curve 
on Figure 13. 

T J(pk) may be calculated from the data in Figure 10. 
At high case temperatures, thermal limitations will reduce 
the power that can be handled to values less than the 
limitations imposed by second breakdown. 

REVERSE BIAS 
For inductive loads, high voltage and high current 

must be sustained simultaneously during turn·off, in 
most cases, with the base to emitter junction reverse 
biased. Under these conditions the collector voltage 
must be held to a safe level at or below a specific value of 
collector current, This can be accomplished by several 
means such as active clamping, RC snubbing, load line 
shaping, etc. The safe level for these devices is specified 
as Reverse Bias Safe Operating Area and represents the 
voltage·current conditions during reverse biased turn·off. 
This rating is verified under clamped conditions so that 
the device is never subjected to an avalanche mode. Figure 
12 gives the complete RBSOA characteristics. 

FIGURE 13 - FORWARD BIAS POWER DERATING 
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MOTOROLA 

- SEMICONDUCTOR ----
TECHNICAL DATA 

SWITCHMODE SERIES 
NPN SILICON POWER TRANSISTORS 

The MJE13006 and MJE13007 are designed for high-voltage, 
high-speed power switching inductive circuits wher.e fall time is 
critical. They are particularly suited for 115 and 220 V switch
mode' applications such as Switching Regulators, I nverters, Motor 
Controls, Solenoid/Relay drivers and Deflection circuits. 

SPECIFICATION FEATURES: 

• VCEO(sus) 400 V and 300 V 

• Reverse Bias SOA with Inductive Loads @ T C = 1000C 

• Inductive Switching Matrix 3 to 8 Amp, 25 and 1000C 
... tc@ 5A, lOOoC is 136 ns (Typ). 

• 700 V Blocking Capability 

• SOA and Switching Applications Information. 

MAXIMUM RATINGS 
Rating Symbol MJE13006 MJE13007 

Collector-Emitter Voltage VCEOlsus 300 400 

Co.llector-Emitter Voltage VCEV 600 700 
Emitter Base Voltage VEBO ~ 

Collector Current Continuous IC 8 
-Peak(l) ICM 16 

Base Current - Continuous IB 4 
-Peak (1) IBM 8 

Emitter Current....; Continuous IE 12 
- Peek (1) IEM 24 

Total Pawer Dissipation@TA = 2SoC Po 2 
Darate above 250 C 16 

Total Pawar Oissipation@Tc ~ 250 C Po au 

Derate above 250 C 640 

Operating and Storage Junction TJ,T,tg -65 to +150 
Temperature Ranae 

THERMAL CHARACTERISTICS 
Characteristic Symbol MIx 

Thermal ROIlstence, Junction to Case R6JC 1.56 
Thermal Resistance. Junction to R6JA 62.6 

Ambient 

Maximum Lead Temperatura for TL 276 
Soldering Purposes: 1/6" from Case 
for 5 Second. 

(11 Pulse Test: Pul.e Width = 5 ml, Duty Cycle .. 10%. 

Unit 
Vdc 
Vdc 
Vdc 
Aac 

Adc 

Adc 

Walll 
mW/oC 

Watts 
mW;oC 

gc 

Unit 

°C/W 
. uC/W 

°c 

3-1064 

... 
• c 
• , 
• H 
J 

MJE13006 
MJE13007 

8 AMPERE 

NPN SILICON 
POWER TRANSISTORS 

300 and 400 VOLTS 
80 WATTS 

Designer's Data for 
"Worst Case" Conditions 

The Designers Data Sheet per· 
mits the design of most circuits 
entirely from the information pre· 
sented. Limit data - representing 
device characteristics boundaries -
are given to facilitate "worst case" 
design. 
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ELECTRICAL CHARACTERISTICS ITC: 25°C unle .. otherwise noted.) 

Characteristic 

.OFF CHARACTERISTICS 

Collector~Emitter Sustaining Voltage 
IIc: 10mA,ls:0) 

Collector Cutoff Current 
IVCEV : Rated Value, VSEloffl : 1.5 Vdc) 
IVCEV: Rated Value, VSEloff) : 1.5 Vdc, TC: l000C) 

Emitter Cutoff Current 
IVES : 9 Vde, IC: 0) 

SECOND BREAKDOWN 

Second Breakdown Collector Current with base forward biased 

Clamped Inductive SOA with aase Reverse aiased 

·ON CHARACTERISTICS 

DC Current Gain 
IIC: 2 Adc, VCE : 5 Vdc) 
IIc: 5 Ado, VCE: 5 Vdc) 

Collector-Emittar Saturation Voltaga 
IIC: 2 Adc, la: 0.4 Adc) 
lie: 5 Adc, la: 1 Adc) 
IIc : 8 Adc, la a 2 Ade) 
IIc = 5 Adc, la = 1 Adc, Tc = 100°C) 

a .... Emittar Saturation Voltage 
IIc = 2 Adc, la = 0.4 Adc) 
IIc = 5 Adc, IS = 1 Ade) 
IIc = 5 Adc, IS = 1 Adc, Te = 100°C) 

DYNAMIC CHARACTERISTICS 

Currant·Gain - aandwidth Product 
IIc = 500 mAde, VCE = 10 Vde, f = 1 MHz) 

Output Capacitance 
IVca ·10 Vde, IE = 0, f = 0.1 MHz) 

SWITCHING CHARACTERISTICS 

Resistive Load nable 1) 

Delay Time IVCC = 125 Vde, IC = 5 A, 

Rise Time lal = la2 = 1 A, tp = 25 /-IS, 

Storage Time Duty Cycle" 1 %) 

Fall Time 

Induetiv. Load, Clamped ITable I, Figure 13) 

Voltage Storage Time IIC = 5 A, Velamp = 300 Vdc, 

MJEI3006 
MJEI3007 

Crossover Time lal = 1 A, VaEloff) = 5 Vde, TC = l00oC) . -Pulse Test. Pulse W,dth - 300 /-IS, Duty Cycle - 2%. 
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Symbol 

VCEOlsus) 

ICEV 

IESO 

hFE 

VCElset) 

VSElsad 

fT 

Cob 

td 

tr 

ts 

tf 

t.v 

te 

Min 

300 
400 

-
-
-

8 
5 

-
-
-
-

-
-
-

4 

-

-
-
-
-

-

-

Typ 

-
-

-
-
-

Se. Figure 1 

See Figure 2 

-
-

-
-
-
-

-
-
-

-
110 

0.05 

0.8 

1 

0.15 

0.86 

0.14 

Max Unit 

Vdc 
-
-

mAde 
1 
5 

1 mAde 

-
60 
30 

Vde 
1 
2 
3 
3 

Vdc 
1.2 
1.6 
1.5 

- MHz 

- pF 

0.1 /-IS 

1.5 /-IS 

3 /-IS 

0.7 /-IS 

2.3 /-IS 

0.7 /-IS 
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FIGURE 1 - FORWARD BIAS SAFE OPERATING AREA 
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FIGURE 2 - REVERSE BIAS SWITCHING SAFE OPERATING AREA 
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The Safe Operating Area figures shown in Figures 1 and 2 If a specified ratings for these devices under the test conditions shown. 

0: 
<> 
t; 

O.B 

~ 0.6 

'" z 
!:;: 
~ 0.4 

~ 

~ 0.2 

FIGURE 3 - FORWARD BIAS POWER DERATING 

r:::-- t--
J'.,. r- r- SECONO BREAKOOWN 

DERATING 

i"- r-I-

" -I-~ 
f".-

THERMAL J'.,. DERATING 
........ 

..... 

f'.. 
f'..-

40 60 BO 100 120 140 

TC. CASE TEMPERATURE (DC) 

-

160 

There are two limitations on the power handling ability 
of a transistor: average junction temperature and second 
breakdown. Safe operating area curves indicate IC-VCE 
limits of the transistor that must be observed for reliable 
operation; i.e., the transistor must not be subjected to 
greater dissipation than the curves indicate. 

The data of Figure 1 is based on TC = 250 C; T J(pk) 
is variable depending on power level. Second breakdown 
pulse limits are valid for duty cycles to 10% but must be 
derated when TC ;;;. 250 C. Second breakdown limitations 
do not derate the same as thermal limitations. Allowable 
current at the voltages shown on Figure 1 may be found 
at any case temperature by using the appropriate curve on 
Figure 3. 

TJ(pk) may be calculated from the data in Figure 4. 
At high case temperatures, thermal limitations will reduce 
the power that can be handled to values less than the 
I imitations imposed by second breakdown. 

Use of reverse biased safe operating area data (Figure 2) 
is discussed in the applications information section. 

FIGURE 4 - TYPICAL THERMAL RESPONSE [ZOJC(t)] 
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TABLE 1 - TEST CONDITIONS FOR DYNAMIC PERFORMANCE 

REVERSE BIAS SAFE OPERATING AREA AND INDUCTIVE SWITCHING 
RESISTIVE 

gWITCHING 

Duty Cycle < 10% 

tr.tt< 10nl 

NOTE 

O.OOII'F 

PW and Vee Adjusted for O •• lred Ie 
RS Adjusted for D .. lred IBI 

IN4933 
+125 V 

Vclamp 

VSE(off) 

Coli Data: 
Ferro)(cube Cor. #6656 

Full Bobbin ' ..... '6 Turns) #16 

GAP for 200 I'H/20A 

Leoll = 200l'H 

VCC' 20V 

Vcl amp " 300 V 

VCC· 125 V 
RC = 25 n 
01:= lN5820 or Equiv. 

RB = Ion 

OUTPUT WAVEfORMS 

tl Adjusted to 
Obtain IC 

Lcoi! (lCM) 
tl ~ Vee 

Lcoil11cM) 

t2::::: Vclamp 

Test Equipment 
Scope - Tektronix 
415 or Equivalent 

t r • tf < 10 ns 
Duty Cycle;:: 1,0% 
RS and RC adjusted 
for desired I B and Ie 

APPLICATIONS INFORMATION FOR SWITCHMODE SPECIFICATIONS 

INTRODUCTION 

The primary considerations when selecting a power 
transistor for SWITCHMODE applications are voltage 
and current ratings, switching speed, and energy handling 
capability. In this section, these specifications will be 
discussed and related to the circuit examples illustrated 
in Table 2.(1) 

VOLTAGE REQUIREMENTS 

Both blocking voltage and sustaining voltage are 
important in SWITCHMODE applications. 

Circuits Band C in Table 2 illustrate applications 
that require high blocking voltage capability. In both 
circuits the switching transistor is subjected to voltages 
substantially higher than V CC after the device is com
pletely off (see load line diagrams at IC = Ileakage '" 0 
In. Table 2). The blocking capability at this point depends 
on the base to emitter conditions and the device junction 
temperature. Since the highest device capability occurs 
when the base to emitter junction is reverse biased 
(VCEV), this is the recommended and specified· use 

(1 ~ For detailed information on specific switching applications, 
see Motorola Application Notes AN-719,AN-73'fA.AN-767, 
and AN-752. 

condition. Maximum ICEV at rated V CEV is specified 
at a relatively low reverse bias (1.5 Volts) both at 250 C 
and 1000 C. Increasing the reverse bias will give some 
improvement in device blocking capability. 

The sustaining or active region voltage requirements 
in switching applications occur during turn-on and turn
off. If the load contains a sign ificant capacitive component, 
high current and voltage can exist simultaneously during 
turn-on and the pulsed forward bias SOA curves (Fig
ure 1) are the proper design limits. 

For inductive loads, high voltage and current must be 
sustained simultaneously during turn-off, in most cases, 
with the base to emitter junction reverse biased. Under 
these conditions the collector voltage must be 'held to a 
safe level at or below a specific value of collector current. 
This can be accomplished by several means such as active 
clamping, RC snubbing, load line shaping,etc. The safe 
level for these devices is specified as a Reverse Bias Safe 
Operating Area (Figure 2) which represents voltage
current conditions that can be sustained during reverse 
biased turn-off. This rating is verified under clamped 
conditions so that the device is never subjected to an 
avalanche mode. 

In the four application examples (Table 2) load lines 
are shown in relation to the pulsed forward and reverse 
biased SOA curves. 
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VOLTAGE REQUIREMENTS (continued) 

In circuits A and D, inductive reactance is clamped by 
the diodes shown. I n circuits Band C the voltage is 
clamped by the output rectifiers, however, the voltage 
induced in the primary leakage inductance is not clamped 
by these diodes and could be large enough to destroy the 
device. A snubber network or an additional clamp may 
be required to keep the turn·off load line within the 
Reverse Bias SOA curve. 

Load lines that fall within the pulsed forward biased 
SOA curve during turn-on and within the reverse bias 
SOA curve during turn-off are considered safe, with the 
following assumptions: 

(1) The device thermal limitations are not exceeded. 

(2) The turn-on time does not exceed 10 /.Is (see stan
darli Dulsed forward SOA curves in Figure 1). 

(3) The base drive conditions are within the specified 
limits shown on the Reverse Bias SOA curve 
(Figure 2). 

CURRENT REQUIREMENTS 
An efficient switching transistor must operate at the 

required current level with good fall time, high energy 

handling capability and low saturation voltage. On this 
data sheet, these parameters have been specified at 5 
amperes which represents typical design conHitions for 
these devices. The current drive requirements are usually 
dictated by the VCE(sat) specification because the maxi· 
mum saturation voltage is specified at a forced gain 
condition which must be duplicated or exceeded in the 
application to control the saturation voltage. 

SWITCHING REQUIREMENTS 
In many switching applications, a major portion of the 

transistor power dissipation occurs during the fall time 
(tfi)' For this reason considerable effort is usually devoted 
to reducing the fall time. The recommended way to 
accomplish this is to reverse bias the base·emitter junction 
during turn-off. The reverse biased switching character
istics for inductive loads are discussed in Figure 11 and 
Table 3 and resistive loads in Figures 13 and 14. Usually 
the inductive load component will be the dominant 
factor in SWITCHMODE applications and the inductive 
switching data will more closely represent the device 
performance in actual application. The inductive switch
ing characteristics are derived from the same circuit used 
to specify the reverse biased SOA curves, (See Table 1) 
providing correlation between test procedures and actual 
use conditions. 

RESISTIVE SWITCHING PERFORMANCE 

FIGURE 11 - TURN-ON TIME 
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FIGURE 13 - INDUCTIVE SWITCHING MEASUREMENTS 
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A 

B 

c 

o 

CIRCUIT 

SERIES SWITCHING 
REGULATOR 

RINGING CHOKE 
INVERTER 

PUSH-PULL 
INVERTER/CONVERTER 

TABLE 2 - APPLICATIONS EXAMPLES OF SWITCHING CIRCUITS 

LOAD LINE DIAGRAMS 

16A - - - - "\ Turn-On t Forward BI .. ) SOA 

V"""ton<10~. 
, Duty Cycl." 10% 

l: TC - 1ooo~ Po = 320OW~ 
~ " ' 

J SA ' 

Notes: 

Turn-Off (Raver. 81 •• l SOA 

1_5 V "VSE(Off)" 9.0 V 
Duty Cycle .. 1 D% 

--'---, 

700 VG) 

Collector Voltage 

CD MJE13007 Voltage Rating. (VCEO(sus) and VCEV) are Shown, 
MJE13006 Ratings are 100 V Lower. 

® See AN-569 for Pulse Power Derating Procedure, 

16A----, /Turn-On (Forward Bia,) SOA 

" to" < 10,",. 
\ ~ty~~"'o% 

~ TC s 100°C _PO = 3200W® 

~ " 300 V 
~ , 

Turn-Off (Reverse Bias) SOA U SA ---'----( 

/ 
1.5 V <; VBE(off) .. 9.0 V 

Notes: 

Duty Cvcle" 10% 
1--'----, 
IVCC + N(Vo) 
I + Leakage 

/ 400 V <DSPlke 700 V G) 

Vee + N(Ve ) Collector Voltage 

G) MJE13007 Voltage Rating. (VCEO(sus) and VCEV) Are Shown. 
MJE13006 Ratings Are 100 V Lower. 

(2) See AN-569 For Pulse Power Derating Procedure 

./ Turn-On {Forward Biasl SOA 
16A----"'\/ 'on" 10lls 

\ Duty Cycle" 1 0% 

~ TC = 100°C -\ \ Po _ 3200W ® gJ E 'Turn·Qff (Reverse Bias) SOA . a SA 1.5 V <; VBE(off)" 9.0 V 
v Duty Cycle ~ 10% 

III 0 ! 

SOLENOIO ORIVER 

j 
VCC 

. S~lenOld 

Collector VOltage 
Notas: 

<D MJE13007 Volta~e Rating. (VceO(,u.) end VCE:V) Are ShQwn. 
MJE13006 Aatings Are lCO V Lower. 

@) See AN-569 for Pulse Power Derating Procedure. 

Turn-On (Forward BiasI SOA 
16A- - _ .... .,\~ ton" 10 loLl 

\ Duty Cyc:le o!O; 10% 

TC' 100°C _, Po = 3200W ® 

~ \ , 300 V Turn-Off (Reverse Bias) SOA 

t SA 1.5 V .. VBE(offl .. 9.0 V 
<3 Duty Cvcle ~ 10% 

II 
~ 
'0 
{J 

700 V <D 

Notes: Collector Voltage 

(!) MJE13007 Voltage Ratings (VceO(sus) end VCEV) Are Shown, 
MJE13006 Ratings Are 100 V Lower. 

@ See AN-569 for Pulse Power Derating Procedure. 
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TABLE 3 - TYPICAL INDUCTIVE SWITCHING PERFORMANCE 

IC TC tsv trY tfl ttl t. 
AMP Dc no ns n. nl ns 

3 25 730 115 100 110 200 
100 1000 150 100 150 250 

5 25 600 60 23 4 85 
100 860 84 50 10 136 

8 25 650 25 26 4 42 
100 880 52 80 20 160 

NOTE: All Data recorded in the inductive Switching Circuit in Table 1. 

SWITCHING TIME NOTES 

In resistive switching circuits, rise, fall, and storage times 
have been defined and apply to both current and voltage 
waveforms since they are in phase. However, for inductive 
loads which are common to SWITCHMODE power 
supplies and hammer drivers, current and voltage wave· 
forms are not in phase. Therefore, separate measurements 
must be made on each waveform to determine the total 
switching time. For this reason, the following new terms 
have been defined. 

tsv = Voltage Storage Time, 90% IS1 to 10% VCEM 
trv = Voltage Rise Time, 10-90% VCEM 
tfi = Current Fall Time, 90-10% ICM 
tti = Current Tail, 10-2% ICM 
tc = Crossover Time, 10% VCEM to 10% ICM 

An enlarged portion of the turn·off waveforms is shown in 
Figure 13 to aid in the visual identity of these terms. 

For the designer, there is minimal switching loss during 
storage time and the predominant switching power losses 
occur during the crossover interval and· can be obtained 
using the standard equation from AN·222A: 

PSWT = 1/2 VCCIC(tc! f 
Typical inductive switching waveforms are shown in 
Figure 14. In general, trv + tfi "" tc. However, at lower 
test currents this relationship may not be valid. 

As is common with most switching transistors, resistive 
switching is specified at 2!PC and has become a benchmark 
for designers. However, for designers of high frequency 
converter circuits, the user oriented specifications which 
make this a "SWITCHMODE" transistor are the inductive 
switching speeds (tc and t sv ) which are guaranteed at 
1000 C. 
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- SEMICONDUCTOR 

TECHNICAL DATA 

SWITCHMODE SERIES 
NPN SILICON POWER TRANSISTORS 

The MJE13008 and MJE13009 are designed for high-voltage, 
high-speed power switching inductive circuits where fall time .is 
critical. They are particularly suited for 11.5 and 220 V .switch
mode applications such as Switching Regulators, Inverters, Motor 
Controls, Solenoid/Relay drivers and Deflection circuits. 

SPECIFICATION FEATURES: 

• VCEO(sus) 400 V and 300 V 

• Reverse Bias SOA with Inductive Loads @ T C = 1000C 

• Inductive Switching Matrix 3"to 12 Amp, 25 and 1000C 
... t c @8 A, 1000C is 1.20 ns (Typ). 

• 700 V Blocking Capability 

• SOA and Switching Applications Information. 

MAXIMUM RATINGS 

Rating ~mbol MJE13008 I MJE13009 
Collector-Emitter Voltage .VCEO(sus) 300 I 400 
Collector-Em itter Voltage VCEV 600 I 700 
Emitter Base Voltage VEBO 9 

Collector Current - Continuous IC 12 
- Peak (1) ICM 24 

Base Current - Continuous IB 6 
- Peak (1) IBM 12 

Emitter Current - Continuous IE 18 
-,Peak (1) . ' . 'IEM 3B 

Total Power Dissipation@TA = 25°0 Po 2 
Darate above 25QC 16 

Total Powe"Oissipation@Tc=250C Po 100 
Oe,ate above 25°C 800 

Operating and Storage Junction TJ,Tstg ~5to+150 

T empa,atu,e Range 
THERMAL CHARACTERISTICS 

Characteristic Symbol Mox 
Thermal Resistance, Junction to Case RaJC 1.25 
Thermal Resirtance, Junction to RaJA 62.5 

Ambient 

Maximum Lead Temperature for TL 275 
Soldering Purposes: l/S" from Case 
for 5 Seconds 

(1) Pulse Te.t: Pulse Width = 5 ms, Duty Cycle'; 10%. 
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Unit 
Vdc 

Vdc. 
Vdc 
Adc 

Adc 

Adc 

Watts 
mW/oC 

Watts 
mW/oC 

°c 

Unit 

°C/W 
°C/W 

°c 

• .. 
c 
D , 

MJE13008 
MJE13009 

12 AMPERE 

NPN SILICON 
POWER TRANSISTORS 

300 and 400 VOLTS 
100 WATTS 

Designer's Data for 
"Worst Case" Conditions 

The" Designers Data Sheet pe,
mits the design of most circuits 
entirely from the information pre
sented. Limit data - representing 
device characteristics boundaries -
are given to facilitate "worst case" 
design, 

NOTES, 
1. DIMENSIONING AND TOLERANCING PER ANSI 

YI4.5M,I882. 
2. CONTftOlUNG DIMENSION: INCH. 
3. DIM Z OERNES A ZONE Wl£RE All BODY AND 

lfAD IRREGUlARmES ARE ALLOWED. 

MAX ,. 15.75 0,.,. 0 .. ,." 0'" 0 .. 
< 0.' 0.' 

0 0 , ," ,'42 0.147 STYLE 1: ,.., .. '" 
.,,, PIN 1. BASE 

2 3 11 0.1 2. COllECTOR 
0" 18 3. EMITTER ,.,. ,4.21 0 .., 

<COllECT"" ,,' 1. 0 ... 0.'" 
6.33 "11 0.210 

2 ,M '01 0.120 
2.04 ,,. .. 0.110 
1.15 ,.11 .... 

,235 • 0 0 
1.15 0,'" 

2.04 OJl8O 

CASE 221A-04 
TO-220AB 

• 
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ELECTRICAL CHARACTERISTICS ITC = 25°C unless olherwise nOled.! 

Characteristic 

'OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage 
IIc = 10 mA, IB = 0) 

Collector Cutoff Current 

IVCEV = Raled Value, VBEloff) = 1.5 Vde) 
IVCEV = Raled Value, VBEloffi = 1.5 Vde, TC = 100°C) 

Emitter Cutoff Current 

IVEB = 9 Vdc, IC = 0) 

SECOND BREAKDOWN 

Second Breakdown Collector Current with base forward biased 

Clamped Inductive SOA with Base Reverse Biased 

'ON CHARACTERISTICS 

DC Current Gain 
IIc = 5 Ade, VCE = 5 Vde) 
IIC = 8 Ade, VCE = 5 Vde) 

Collector-Emitter Saturation Voltage 
IIc = 5 Ade, IB = lAde) 
IIc = 8 Ade,IB = 1.6 Adci 
IIc = 12 Ade, lB· 3 Adc) 
IIc = 8 Adc, IB = 1.6 Ade, TC = 100°C) 

Bale-Emitter Saturation Voltage 

IIc = 5 Adc, IB = 1 Ade) 
IIC = 8 Adc, IB - 1.6 Adc) 
IIc = 8 Ade, 18 = 1.6 Adc, TC = 100°C) 

DYNAMIC CHARACTERISTICS 

Current-Gain - Bandwidth Product 

IIc = 500 mAde, VCE = 10 Vde, f = 1 MHz) 

Output Capacitance 
IVCB . 10 Vde, IE = 0, 1= 0.1 MHz) 

SWITCHING CHARACTERISTICS 

Resistive load (Table 1) 

Delay Time IVCC = 125 Vde, IC = 8 A, 

Rise Time 181 = IB2 = 1.6 A, Ip = 251ls, 

Storage Time Duly Cycle .. 1 %) 

Fall Time 

Inductive Load, Clamped (Table 1, Figure 13) 

Voltage Storage Time IIC = 8 A, Vel.mp = 300 Vdc, 

MJE13008 
MJE13009 

Crollov., Time IBI • 1.6 A, VBEloff) = 6 Vde, TC· 100°C) . - = Pulse T.lt. Pulse WIdth - 300 Ill, DutY Cycle 2% . 
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Symbol 

VCEOlsus) 

ICEV 

lEBO 

hFE 

VCEls.l) 

VBEI •• I) 

IT 

Cob 

Id 

Ir 

Is 

If 

Is. 

Ie 

Min 

300 
400 

-
-
-

8 
6 

-
-
-
-

-
-
-

4 

-

-
-
-
-

-
-

Typ 

-
-

-
-

s •• Figur. 1 

S •• Figur. 2 

-.. 

-
-
-
-

-
-
-

-

180 

0.06 

0.45 

1.3 

0.2 

0.92 

0.12 

Max Unit 

Vde 
-
-

mAde 
1 
5 

1 mAde 

40 
30 

Vde 
1 

1.5 
3 
2 

Vde 
1.2 
1.6 
1.5 

- MHz 

- pF 

0.1 IlS 

1 IlS 

3 IlS 

0.7 IlS 

2.3 IlS 

0.7 ~s 
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FIGURE 1 - FORWARD BIAS SAFE 
OPERATING AREA 
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FIGURE 2 - R!VERSE BIAS SWITCHING SAFE 
OPERATING AREA 
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The Safe Operating Area figures shown in Figures 1 and 2 are specified ratings for these devices under the test conditions shown. 
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There are two limitations on the power handling ability 
of a transistor: average junction temperature and second 
breakdown. Safe operating area curves indicate IC~VCE 
limits of the transistor that must be observed for reliable 
operation; i.e., the transistor must not be subjected to 
greater dissipation than the curves indicate. 

The data of Figure 1 is based on TC = 250 C; T J (pk) 
is variable depending on power level. Second breakdown 
pulse limits are valid for duty cycles to 10% but must be 
derated when TC ;;. 250 C. Second breakdown limitations 
do not derate the same as thermal limitations. Allowable 
current at the voltages shown on Figure 1 may be found 
at any case temperature by using the appropriate curve on 
Figure 3. 

TJ(pk) may be calculated from the data in Figure 4. 
At high case temperatures, thermal limitations will reduce 
the power that can be handled to values less than the 
limitations imposed by second breakdown. 

Use of reverse biased safe operating area data (Figure 2) 
is discussed in the applications information section. 

FIGURE 4 - TYPICAL THERMAL RESPONSE [ZeJcltll 
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FIGURE 5 -DC CURRENT GAIN 
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FIGURE 9 - COLLECTOR CUTOFF REGION 
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TABLE 1 - TEST CONDITIONS FOR DYNAMIC PERFORMANCE 

REVERSE BIAS SAFE OPERATING AREA AND INDUCTIVE SWITCHING 
RESISTIVE 

SWITCHING 

5V 

R 
Duty Cycle 1Iii; 10% 

t r• tf <. 10 ns 

NOTE 

0.001 "F 

PW and Vee Adjusted for Oesired Ie 
R B Adjusted for ~.slr8d I B 1 

tN4933 

33 tN4933 

- VBE(off) 

Vclamp 

l.se'ected for ~ 1 kV 
5.1k 

51 \.1 

+125 V 

-4.0 V 

Coil Data: 
Ferroxcube Core #6656 

Full Bobbin 1,",,:16 Turns) #16 

,GAP:·for 200 IlH/20A 

Leoil = 200 lotH 

Vee = 20 V 

V clamp = .3,00 Vdc 

VCC=12SV 

RC = 15 n 
01 "" fN5820 or Equlv 

RB.= 5.6 n 

tf Clamped OUTPUT WAVEFORMS 

~ 
o 
II. 
w 

Ie 
11 Adjusted to 
Obtain Ie 

Test Equipment 

: Leoil (teM) 

'I ~ Vee 
. Scope - Tektronix 

475 or Equivalent 

Ii; 
w ... 

VeE 
Leod (teM I 

'2 ~ Velamp 
t r . tf < 10 ns 
Duty Cycle =< 1.0" 
RS and RC adjusted 
for deSired Ie and IC 

APPLICATIONS INFORMATION FOR SWITCHMODE SPECIFICATIONS 

INTRODUCTION 

The primary considerations when selecting a power 
transistor for SWITCH MODE applications are voltage 
and current ratings, switching speed, and energy handling 
capability. In this section, these specifications will be 
discussed and related to the circuit examples illustrated 
in Table 2.(1) 

VOLTAGE REOUIREMENTS 

Both blocking voltage and sustaining voltage are 
important in SW.ITCHMODE applications. 

Circuits Band C in Table 2 illustrate applications 
that require high blocking vOltage capability. In both 
circuits the switching transistor is subjected to voltages 
substantially higher than - VCC after the device is com· 
pletely off (see load line diagrams at IC = "eakage '" 0 
in Table 2). The blocking capability at this point depends 
on the base to emitter conditions and the device junction 
temperature. Since the highest device capability occurs 
when the base to emitter junction is reverse biased 
(VCEVI. this is ·the recommended and specified use 

(1) For detailed infor~ation ,on specific switching applications, 
see Motorola Application Notes An"719, AN-737A, AN-752, 
AN-767. 

condition. Maximum 'CEV at rated VCEV is specified 
at a relatively low reverse bias (1.5 Volts) both al 250 C 
and lOOoC. Increasing the reverse bias will give some 
improvement in device blocking capability. 

The sustaining or active region voHage req",irements 
in switching applications occur during turn-on and turn
off. If the load contains a significant capacitive component, 
high current and voltage can exist simultaneously during 
turn·on and the pulsed forward bias SOA ~urves (Fig· 
ure 1) are the proper design limits. 

For inductive loads, high voltage and current must be 
sustained simultaneously during turn·off, in most cases, 
with the base to emitter junction reverse biased. Under 
these conditions the collector voltage must be held to a 
safe level at or below a specific value of collector current. 
This can be accompl ished by several means such as active 
clamping, RC snubbing, load line shaping, etc. The safe 
level for these devices is specified as a Reverse Bias Safe 
Operating Area (Figure 2) which represents voltage· 
current conditions that can be sustained during reverse 
biased turn·off. This rating is verified under clamped 
conditions so that the device is never subjected to an 
avalanche mode. 

In the four application examples (Table 2) load lines 
are shown in relation to the pulsed forward and reverse 
biased SOA curves. 
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VOLTAGE REQUIREMENTS (continued) 

I n circuits A and 0, inductive reactance is clamped by 
the diodes shown. In circuits Band C the voltage is 
clamped by the output r!!Ctifiers, however, the voltage 
induced in the primary leakage inductance is not clamped 
by these diodes and could be large enough to destroy the 
device. A snubber network or an additional clamp may 
be required to keep the turn-off load line within the 
Reverse Bias SOA curve. 

Load lines that fall within the pulsed forward biased 
SOA curve during turn-on and within the reverse bias 
SOA curve during turn-off are considered safe, with the 
following assumptions: 

(1) The device thermal limitations are not exceeded. 
(2) The turn-on time does not exceed 10 /JS (see stan

dard pulsed forward SOA curves in Figure 1). 

(3) The base drive conditions are within the specified 
limits shown on the Reverse Bias SOA curve 
(Figure 2), 

CURRENT REQUIREMENTS 

An efficient switching transistor must operate at the 
required current level with good fall time, high energy 

handling capability and low saturation voltage. On this 
data sheet, these parameters have been specified at B 
amperes which represents typical design conditions for 
these devices. The current drive requirements are usually 
dictated by the V CE (sat) specification because the maxi
mum saturation voltage is specified at a forced gain 
condition which must be duplicated or exceeded in the 
application to control the saturation voltage. 

SWITCHING REQUIREMENTS 

In many switching applications, a major portion of the 
transistor power dissipation occurs during the fall time 
(tfi)' For this reason considerable effort is usually devoted 
to reducing the fall time. The recommended way to 
accomplish this is to reverse bias the base-emitter junction 
during turn-off. The reverse biased switching character· 
istics for inductive loads are discussed in Figure 11 and 
Table 3 and resistive loads in Figures 13 and 14. Usually 
the inductive load component will be the dominant 
factor in SWITCHMODE applications and the inductive 
switching data will more closely represent the device 
performance in actual application. The inductive switch
ing characteristics are derived from the same circuit used 
to specify the reverse biased SOA curves, (See Table 1) 
providing correlation between test procedures and actual 
use conditions. 

RESISTIVE SWITCHING PERFORMANCE 

FIGURE 11 - TURN-ON TIME 
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FIGURE 13 - INDUCTIVE SWITCHING MEASUREMENTS 
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c 

o 

CIRCUIT 

SERIES SWITCHING 
REGULATOR 

RINGING CHOKE 
INVERTER 

PUSH-PULL 
INVERTER/CONVERTER 

TABLE 2 - APPLICATIONS EXAMPLES OF SWITCHING CIRCUITS 

LOAD LINE DIAGRAMS 

24A - - -. - "\ Turn-On (Forward BI.s) SOA 

~ ton'" 10lls 
\ Duty Cycle'" 10% 

l:Tc·l00oe~ PO'c4000W@ 
! \. a 12A ',-<350 V . Turn-Off (Reverse Bias) SOA 

1.5 V .. VBE(off) .. 9.0 V 
Duty Cycle'" 10% B 

~ 
(j 
o 

1 
___ -L_-. 

700 v(j) 

Collector Voltage 
Notes: 

CD MJE13009 Voltage Ratings (VCEO(sus) and VCEV) are shown, 
MJE13008 Ratings are 100 V Lower. 

® See AN-669 for Puis. Power Derating Procedure. 

Notes: 
Collector VOltage 

<D MJE13009 Voltage Ratings (VCEO(sus) and VCEV) are shown, 
MJE 13008 Ratings are 100 V Lower. 

® See AN-569 For Pulse Power Oeratlng Procedure 

./ Turn-On (Forward Bias) SOA 
24A--- -,/ ton ~ 10,.,s 

\ Duty CYcle'" 10% 

~ Te = 1000e-', Po = 4000 W@ [P ~ , .350V Turn-Off (Reverse Bias) SOA a 12A "'-..... 1.5V""VSE(Off) "'9.0V 
V Turn-On I DutY Cycle ~ 10% 

veC>e+---i\\\' 0 j i / 
+ 

SOLENOID DRIVER 

"'SoJenold ) 

Vee 

Collector Voltage 

Notes: 
CD MJE13009 Voltage Ratings (VCEO(sus) and VCEV) are shown, 

MJE1300a Ratings are 100 V Lower. 

® See AN·569 for Pulse Power Derating Procedure. 

Turn-On (Forward Bias) SOA 
24A- - - - .."............- ton ~ 10 IJS 

\ Duty Cycle ~ 10% 

TC·=.1000~~\ p.O= 4000W ® 
~ \, 360 V Turn-Off (Reverse Bias) SOA 

t 1.5 V .. VBEloff) .. 9.0 V 
c3 DutY Cycle 110;; 10% 

e 
~ 
o 
o 

.' 400 V (!) 700 V (j) 

Notes: Collector Voltage 

<!) MJE.13009 Voltage Ratings (VCEO(sus) and VCEV) are shown, 
MJE1~OOa Ratings are 100 V Lower. 

<Z> Se. AN-569 for Pul.e Power Derating Procedure. 
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TABLE 3 - TYPICAL INDUCTIVE SWITCHING PERFORMANCE 

IC TC tsv trY lfi tti t. 
AMP °c ns no ns ns ns 

3 25 770 100 150 200 240 

100 1000 230 160 200 320 

5 25 630 72 26 10 100 
100 820 100 55 30 180 

8 25 720 55 27 2 77 
100 920 70 50 8 120 

12 25 640 20 17 2 41 
100 800 32 24 4 54 

NOTE: All Data recorded In the inductive Switching Circuit In Tabla 1. 

SWITCHING TIME NOTES 

In resistive switching circuits, rise, fall, and storage times 
have been defined and apply to both current and voltage 
waveforms since they are in phase. However, for inductive 
loads which are common to SWITCHMODE power 
supplies and hammer drivers, current and voltage wave· 
forms are not in phase. Therefore, separate measurements 
must be made on each waveform to determine the total 
switching time. For this reason, the following new terms 
have been defined. 

tsv = Voltage Storage Time, 90% lSI to 10% VCEM 
trv = Voltage Rise Time, 10-90% VCEM 
tfi = Current Fall Time, 90-10% ICM 
tti = Current Tail, 10-2% ICM 
tc = Crossover Time, 10% VCEM to 10% ICM 

An enlarged portion of the turn·off waveforms is shown in 
Figure 13 to aid in the visual identity of these terms. 

For the designer, there is minimal switching loss during 
storage time and the predominant switching power losses 
occur during the crossover interval and can be obtained 
using the standard equation from AN-222: 

PSWT= 1/2 Vcclc(td f 
Typical inductive switching waveforms are shown in 
Figure 14. In general, trv + tfi "" tc' However, at lower 
test currents this relationship may not be valid. 

As is common with most switching transistors, resistive 
switching is specified at 2 !PC and has become a benchmark 
for designers. However, for designers of high frequency 
converter circuits, the user oriented specifications which 
make this a "SWITCHMODE" transistor are the inductive 
switching speeds (t c and t sv ) which are guaranteed at 
lOOoC. 
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TECHNICAL DATA 

SWITCHMODE II SERIES 
NPN SIUCON POWER TRANSISTORS 

The MJE13070 and MJE13071 transistors are designed for high
voltage, high-speed, power switching in inductive circuits where fall 
time is critical. They are particularly suited for line-operated switch
mode applications such as: 

• Switching Regulators 

• Inverters 

• Solenoid and Relay Drivers 

• Motor Controls 

• Deflection Circuits 

Fast Turn-Off Times 
100 ris Inductive Fall Time @ 25°C (Typ) 
150 ns Inductive Crossover Time @ 25°C (Typ) 
400 ns Inductive Storage Time @ 25°C (Typ) 

Operating Temperature Range -65 to +150oC 

100°C Performance Specified for: 
Reverse-Biased SOA with Inductive Loads 
Switching Times with Inductive Loads 
Saturation Voltages 
Leakage Currents 

MAXIMUM RATINGS 

Rating Svmbol MJE13070 MJE13071 

Collector-Emitter Voltage VCEO(sus) 

Collector-Emitter Voltage 

Emitter Base Voltage 

Collector Current - Continuous 
- Peak (1) 

Base Current - Continuous 
-Peak(1) 

Total Power Dissipation @ Te = 25°C 
@ TC ~ 100°C 

Derate above 25°C 

Operating and Storage Junction 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance. Junction to Case 

Maximum Lead Temperature for Soldering 
Purposes: 1/8" from Case for 5 Seconds 

VCEV 

VES 

IC 
ICM 

IS 
IBM 

PD 

TJ, Ts1g 

400 450 

650 750 

6.0 

5.0 
B.O 

2.0 
4.0 

SO 
32 

0.64 

-65 to +150 

Symbol Max 

R8JC 1.56 

TL 275 

(1) Pulse Test: Pulse Width ~ 5 ms, Duty Cycle ::;;;:; 10%. 

Unit 

Vdc 

Vdc 

Vdc 

Adc 

Adc 

Watts 

W/OC 

°C 

Unit 

°C/W 

°c 

: 

MJE13070 
MJE13071 

& AMPERE 

NPN SILICON 
POWER TRANSISTORS 

400 AND 460 VOLTS 
80 WATTS 

Designer's Data for 
"Worst Case" Conditions 

The Designer's Data Sheet permits 
the design of most circuits entirely from 

, the information pr"esented. limit data 
- r'epresenting device characteristics' 
boundaries - are given to facilitate 
"worst case" design. 

... lIN 

• ,. .. ,." 
8 ... 10.28 
C <07 ." 
D ... 0." 
F 1 3. 
G '.66 
H 2.80 3.93 
J 0 0.71 

• 12.10 1<27 
L 1.15 1. 
N ... 0" 
Q ,.84 ." R ,.01 '" S 1.15 '''' T 5., GA7 
U 0 ... 1.21 
Y 1.15 
Z 2.04 

NOTES: 
1. DIMENSIONING AND TOLERANCING PER ANSI 

Y'4.5M,l!B2. 
2. CONTROLUNG DIMENSION: INCH. 
;:1, DIM Z DEFINES A ZONE WHERE All BOOY AND 

lEAD IRREGULARITIES ARE. AllOWED. 

INCItES 
lIN MAX 
0.510 0.620 
0.'" 0." 
0,1111 0.190 
D.~ 0.035 
0.142 0.147 
0.095 0.105 
0.110 0.155 
0.018 • 
0." ... , 
0.'" O. 
0.190 0.210 
0.100 0.120 
0." 0.110 
0 ... 0.'" 
0235 0.255 
0 ... .". ..,.. ... 
CASE 221A-04 

TO-220A8 

STYLE 1: 
PIN 1. BASE 

2. COlLECTOR 
lEMlmR 
4.CDUECTOA 

• 
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ELECTRICAL CHARACTERISTICS (TC; 25°C unless otherwise noted) 

Characteristic 

OFF CHARACTERISTICS (1) 

Collector-Emitter Sustaining Voltage (Table 1) 
(IC; 100 rnA, IS; 0) MJE13070 

MJEI3071 

Collector Cutoff Current 
(VCEV; Rated Value, VSE(off); 1.5 Vde) 
(VCEV; Rated Value, VeE(off); 1.5Vde, TC; 100°C) 

Collector Cutoff Current 
(VCE; Rated VCEV, RSE ; 50 n, TC; 100°C) 

Emitter Cutoff Cu)"rent 
(VEe; 6.0 Vde, IC ; 0) 

SECOND BREAKDOWN 

Second Breakdown Collector Current with Base Forward Biased 

Clamped Inductive SOA with Base Reverse Biased 

ON CHARACTERISTICS (1) 

DC Current Gain 
(lC; 3.0 Ade, VCE; 5.0 Vde 

Collector-Emitter Saturation Voltage 
(IC; 3.0 Ade, IS; 0.6 Ade) 
(IC; 5.0 Ade, 18; 1.0 Ade) 
(lC; 3.0 Ade, IB; 0.6 Ade, TC; 100°C) 

Base-Emitter Saturation Voltage 
(IC; 3.0 Ade, IS ; 0.6 Ade) 
(lC; 3.0 Ade, IS ; 0.6 Ade, T C; 100°C) 

DYNAMIC CHARACTERISTICS 

Output Capacitance 
(VCS; 10 Vde, IE; 0, ftest ; 1.0 kHz) 

SWITCHING CHARACTERISTICS 

Resistive Load (Table 1 ) 

Delay Time 
Rise Time 

(VCC; 250 Vde, IC; 3.0 Ade, 
IS 1 ; 0.4 Ade, tp ; 30 ~s, 

Storage Time . 
Fall Time 

Duty Cycle ';;;2%, VSE(off); 5.0 Vdc) 

Inductive Load, Clamped (Table 1) 

Storage Time 

Crossover Time (lC(pk); 3.0 A, 
Fall Time lSI; 0.4 Ade, 
Storage Time VeE(offl; 5.0 Vdc, 
Crossover Time VCE(pk); 250 V) 
Fall Time 

(11 Pulse Test: PW - 300 IJ,s. Duty Cycle ~2%. 

Pf=~ 
Ie 

(TJ; 100°C) 

(TJ; 25°C) 

VCEO(sus) 

ICEV 

ICER 

IEeO 

hFE 

VCE(sat) 

VeE(sat) 

td 

tr 
ts 
tf 

tsv 
te 

tfi 

tsv 
te 

tfi 
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Vdc 
400 - -
450 - -

mAde 
- - 0.5 
- - 2.5 

- - 3.0 mAde 

- - 1.0 mAde 

See Figure 12 

See Figure 13 

B.O - - -

Vde 
- - 1.0 
- - 3.0 
- - 2.0 

Vde 
- - 1.5 
- - 1.5 

- 0.03 0.05 ~s 

- 0.10 0.40 
- 0.40 1.50 

0.175 0.50 

- 0.70 2.0 ~s 

- 0.28 0.50 
- 0.15 0.30 
- 0.40 -

- 0.15 -
- 0.10 -
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TYPICAL ELECTRICAL CHARACTERISTICS 

FIGUAE 1 - DC CURRENl GAIN 
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TABLE 1 - TEST CONDITIONS FOR DYNAMIC PERFORMANCE 

VCED(susl RBSOA AND INDUCTIVE SWITCHING RESISTIVE SWITCHING 

002.F 100 j'V ~11V 

1 H P 2141 " 1 ' J 2N6191 or :~Utll. 
20 '" 

0 ~ 10,uF 

~-35J.J 
RBI TURN ON TIME 

-t'OV~' 

'-' tjA ,.@r: 20 ., 
0...f"""L l Z 

... 0 

p.f"' 
:::1-

---~r Go!: 1.0,l.lF 'Sl adjusted to 
ZQ 50 

V 2N5337 
obtei" the forced 

-Z ' - hFE desired Q 

I ~ U TURN OFF TIME 
PW V.r'ed to A ftein 500 Us. inductive switching 
IC=100mA 

100 b-v driver ., the input to 

.,.. the r.si,tive ten circuit . 

Adjust RS1 to obtain IS1 

For switching and RBSOA. R2 '" 0 

For BVCEO(sus), R2 :: DO 

... ., 
-w Leoil : )80 j.lH 

VCC~ 250V :::1:::1 LeoH '" 80 mH Vee = 10'V Vel amp - 250 V U ... Rcoil '" O.7fl 
Aeoil : OOSH RL : 83Jl 

!c Vee: 20 'V RS1 adjusted tD attain desired IS1 
Pulse Width : 10"s 

U> 

INDUCTIVE TEST CIRCUIT OUTPUT WAVEFORMS RESISTIVE TEST CIRCUIT 

11 Adjusted to 

'e l Obtain Ie 

'r1£ 
., ... 

~. 
r 1 '£;1\ " ~'.m.'d RL 

:5 , I jReoi' I, "'" LcoUllCpkl 1. ~ ~ vee U 
lN4937 I I vee II: 1--,,- "r--y Input or I I LCDii 

t2'" LCOilIlCpk) 

Iii 
S_ Above for Equivalent L J 

ve.~ Detailed Condition, VClamP. X- i- Vee 
Vc1amp 

W ... Vcl.",o 
2 ~bRs~b ---- -, Te't EquiDrnent 

Scope - Tektronix 
0.1 n T,me 1--'2~ 

475 or Equivalent 

FIGURE 7 - INDUCTIVE SWITCHING MEASUREMENTS FIGURE 8 - PEAK REVERSE CURRENT 
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SWITCHING TI~ES NOTE 

In res,st,ve switching circuits, rise, fall, and storage 
times have been defined and apply to both current and 

·.voltage waveforms since they are in phase. However, 
for inductive loads which are common to SWITCHMODE 
power supplies and hammer drivers, current and voltage 
waveforms are not in phase. Therefore, separate measure· 
ments must be made on each waveform to determine 
the total switching time. For this reason, the following 
new terms have been defined. 

tsv = Voltage Storage Time, 90% 181 to 10% Vclamp 
trv = Voltage Rise Time, 10-90% Vclamp 
tfi = Current Fall Time, 90-10% IC 
tti = Current Tail, 10 -2% IC 
tc = Crossover Time, 10% Vclamp to 10% IC 

An enlarged portion of the inductive switching waveforms 

.is shown in Figure 7 to aid in the visual identity of these 
terms. 

For the designer; there is minimal switching loss 
during storage time and the predominant switching 
power losses occur during the crossover interval and 
can be obtained using the standard equation from AN-222: 

PSWT = 1/2 VCCICltclf 
In general, trv + tfi "" tc' However, at lower test currents 
this relationship. may not be valid. 

As is common with most switching transistors, resistive 
switching is specified at 250 C and has become a bench
mark for designers. However, for designers of high 
frequency converter circuits, the user oriented specifica
tions which make this a "SWITCH MODE" transistor are 
the inductive switching speeds (Ie and tsvl which are 
guaranteed at 1000C. 

INDUCTIVE SWITCHING 
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The W. Op •• ting Ar .. figures shown in Figu,.12 and 13 ar. 
specifi .. for th .. devices under the test conditions shown. 

FIGURE 12 - MAXIMUM FORWARD BIAS 
SAFE OPERATING AREA 
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FIGURE 13 - MAXIMUM RATED REVERSE BIAS 
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SAFE OPERATING AREA INFORMATION 

FORWARD BIAS 
There are two limitations on the power handling ability 

of a transistor: average junction temperature and second 
breakdown. Safe operating area curves indicate IC-VCE 
Ifmits of the transistor that must be observed for reliable 
operation; i.e., the transistor must not be subjected to 
greater dissipation than the curves indicate. 

The data of Figure 12 is based on TC = 250 C; TJ(pk) 
is variable depending on power level. Second breakdown 
pulse limits are valid for duty cycles to 10% but must be 
derated when TC ;;. 250 C. Second breakdown limitations 
do not derate the same as thermal limitations. Allowable 
current at the voltages shown on Figure 12 may be found 
at any case temperature by using the appropriate curve 
on Figure 14. 

T J(pk) may be calculated from the data in Figure ". 
At high case temperatures, thermal limitations will reduce 
the power that can be handled to values less than the 
limitations imposed by second breakdown. 

REVERSE BIAS 
For inductive loads, high voltage and high current 

must be sustained simultaneously during turn-off, in 
most cases, with the base to emitter junction reverse 
biased. Under these conditions the collector voltage 
must be held to a safe level at or below a specific value of 
collector current. This can be accomplished by several 
means such as active clamping, RC snubbing, load line 
shaping, etc. The safe level for these devices is specifiefl 

as Reverse Bias Safe Operating Area and represents the 
voltage-current conditions during reverse biased turn-off. 
This rating is verified under clamped conditions so that 
the device is never subjected to an avalanche mode. Figure 
13 gives RBSOA characteristics. 

FIGURE 14 - POWER DERATING 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

COMPLEMENTARY SILICON PLASTIC 
POWER TRANSISTORS 

· .. designed for use as high-frequency drivers in audio amplifiers. 

• DC Current Gain Specified to 4.0 Amperes 
hFE = 40(Min) @ IC = 3.0 Adc 

= 20(Min) @ IC = 4.0Adc 

• Collector-Emitter Sustaining Voltage -
VCEO(sus) = 120 Vdc (MinI - MJE1502B. MJE15029 

= 150 Vdc (Minl- MJE15030. MJE15031 

• High Current Gain - Bandwidth Product 
t-r = 30MHz (Min) @ IC = 500 mAdc 

• TO-220AB Compact Package 

• TO-66 Leadform Also Available 

MAXIMUM RATINGS 
MJE15028 MJE1S030 

Rating Symbol MJE15029 MJE15031 

Collector-Emitter Voltage VCEO 120 150 

Collector-Ba •• Voltage VCB 120 160 

Emitter~Base Voltage VEB .. .5.0 

Collector Current Continuous IC .. 8.0 
Peak .. 16 

Base Current IB .. 2.0 

Total Power Dissipation Po 
@TC=250C .. 50 
Derate above 25°C .. 0.40 

Total Power Dissipation Po 
@TA=250C .. 2.0 
Derate above 25°C .. 0,016 

Operating and Storage Junction TJ. T.tg 

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

Temperature Range _ -65 to +150----II THERMAL CHARACTERISTOCS 
Characteristic I Symbol I Max I 

Thermal Resistance. Junction to Case I ROJC 2.5 I 
Thermal Resistance. Junction to Ambient I ROJA 62.5 I 

FIGURE 1 - POWER OERATING 
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Unit 

Vdc 

Vdc 

Vdc 

Adc 

Adc 

Watts 
W/oC 

Watts 
wfDc 

°c 

Unit 

°CIW 

°CM 

NPN 

MJE15028 
MJE15030 

PNP 

MJE15029 
MJE15031 

8 AMPERE 

POWER TRANSISTORS 
COMPLEMENTARY SILICON 

MWI1fTIIIS 

120-150 VOLTS 
50 WATTS 

NOTES: 
1. DIMENSIONING AND TOLERANCING PER ANSI 

Y14.5M,1982. 
2. CONTROlllNG DIMENSION: INCH. 
3. DIM Z OERNES A ZONE WHERE AU. BODY AND 

LEAD IRREGUlARmES ARE AlLOW€D. 

INCHES 
11M ... .... ... .... 
• 14048 1&.75 

• .. " " ... C <07 4.82 
D 0.64 0.88 

3.61 173 
G 2.4l .. , 
" 2., 3.93 
J 0.46 0.71 

• 12.70 14.27 
L 1.15 1.39 

• 4. 
Q 2 1 

2.04 2.79 
S 1.15 1.3 • , 

" .. , 
U o. 1.27 
V 1.15 
Z '04 

0"0 0.620 
0.380 0.'" 
0.160 0.190 

02S 0'" 
0.142 0.147 
0.095 0.105 
0.110 0.155 
0.018 o . 
o. 0.562 
0 0 
0.1 0.210 
0.100 0.120 
0.380 0.110 
0.045 0.055 
0.235 0.255 
o. o. 
0.045 

CASE 221A-04 

TO-220AB 

smEl: 
PIN 1. BASE 

2. COLLECTOR 
3.EMlmR 
4. COLUCTOR 

• 



NPN MJE15028,MJE15030 
PNP MJE15029,MJE15031 

ELECTRICAL CHARACTERISTICS (TC· 250 C unleu othtrwl. noted) 
I Ch ..... 'illic I Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage (1) 
(lC = 10 mAde, IS = 0) MJEI502S, MJEI5029 

MJEI5030, MJE15031 

Collector CUloff Current 
(Vce = 120 Vde,lS = 0) MJEI5028, MJEI5029 
(VCE = 150 Vde,lS = 0) MJE15030, MJEI5031 

Colloctor Cutoff Current 
(VCS = 120 Vde,le = 0) MJEI5028, MJE15029 

(VCS = 150 Vde,lE = 0) MJEI5030, MJEI5031 

Emitter Cutoff Current 
(VSE = 5.0 Vd., IC = 0) 

ON CHARACTERISTICS 11) 

DC Current Gain 
(lC = 0.1 Ade, VCE = 2.0 Vd.) 
(lc = 2.0 Ado, VCE = 2.0 Vde) 
(lc = 3.0 Ade, VCE = 2.0 Vd.) 
(lc = 4.0 Ade, VCE = 2.0 Vd.) 

DC Current Gain Linearity 
IVCE From 2.0V to 2OV,IC From O.IA.o 3A) 
(NPN TO PNP) 

Collector-Emitter Saturation Voltage 
(lC = 1.0 Ad., IS = 0.1 Ade) 

Base-Emitter On Voltage 
IIc = 1.0 Ado, VCE = 2.0 Vd.) 

DYNAMIC CHARACTERISTICS 

Current Gain - Bandwidth Product (21 
lie = 500 mAde, VCE = 10 Vd., f.est = 10 MHz) 

11 )Pulse Tes.: Pulse Width .. 300 /tS. Duty Cycle .. 2.0%. 

121fT = I hfe I • fte .. 

VCEO(suI) 

ICEO 

ICSO 

IESO 

hFE 

hFE 

VCElsatl 

VBElonl 

FIGURE 2 - THERMAL RESPONSE 
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NPN MJE15028,MJE15030 
PNP MJE15029,MJE15031 
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FIGURE 3 - FORWARO BIAS 
SAFE OPERATING AREA 
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FIGURE 4 - REVERSE·BIAS SWITCHING 
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FIGURE 6 - SMALL-8IGNAL CURRENT GAIN 

=""- ~ 
......... ~ 

""r-.. VCP 10V ts ~NP IC = 0.5 A 
TC = 250C NPN'" l'. 

" ~~ 

There .re two IImltationl on the power handllnglblllly of. 
transistor: overegl junction tamperature and aacond breakdown. 
Safe cipei'eting .... CUMI Indicate IC - VCE limits of tho tran· 
slstor thlt mUlt be observed for relllbil _ration. I •••• tho transistor 
must not be IUbjoctad to g_r dlaiPltlon than tho CUMIIlndlcata. 

The data of Flgurel 3 end 4 il band on TJ(Pkl-1&OoC; TC is 
v.rllble d_nding on conditions. Second bre.kdown pul .. limits 
are vllld for duly cycllI to 10% provided TJ(pkl < ,6QOC. TJ(pk) 
may be calculatad from'the data In Figure 2. At high COlI tampera· 
tuftS. thermal limitations will reduce thlpowerthatcenbehancllad 
to .alull len thin the IImitotions imposed by lICond breakdown. 

1000 

500 

--

20 

10 
1.5 

t-... 

r-.. 

3.0 

FIGURE 5 - CAPACITANCES 

Cib (NPN) 
Cib (PNP) 

r--
r-

Cob (PNP) 

Cob (NPN!' 

IU 
5.0 7.0 10 30 50 100 150 

VR. REVERSE VOLTAGE (VOLTS) 

FIGURE 7 - CURRENT GAIN·BANOWIDTH PRODUCT 

~ 100 

~ 90 
t; 
:::0 
g 
II: 
:z: 
5 60 

~ z 50 

~ 
z 

~ 
IE 
w 
II: 
II: 

B 1 

0 

0 

.t:' 0 

..... 
~ 

./ -~ .......... 

(P~~ 
....... 

(NPN) "-i'" f'., 
\ '\ 

\ 

1\ 

0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 0.1 0.2 0.5 1.0 2.0 5.0 10 

f. FREQUENCY. MHz Ic. COLLeCTOR CURRENT (AMP)' 

3-1088 



NPN MJE15028.MJE15030 
PNP MJE15029.MJE15031 

lK 

500 

z 
3200 
~ 150 
:; 100 
a 
'" 70 
~ 50 

~ 30 

20 

10 
0.1 

1.6 

g 1.2 
o 
~ 1.0 ... 
~ 
~ 0.6 
,: 

o. 2 

I. 0 

o. 5 

O. 2 

~ 
~ o. 1 
;::: 

5 0.0 

0.0 

0.0 

3 

2 

0.0 1 

0.1 

0.1 

FIGURE 8 - DC CURRENT GAIN 

NPH - MJE1&028 MJE16030 

Vce- 2.0 V 

TJ = 150°C 

TJ = 25°C -~ 
TJ = -55°C 

IX 
1\ 

0.2 0.5 1.0 2.0 5.0 
IC. COLLECTOR CURRENT IAMPI 

10 

lK 

500 

z 
~ 200 .... z ... 
~ 100 
::0 

'" '" '" 50 

~ 
20 

10 

PHP - MJE 1&028 MJE 115031 

VCe-2V 

I--I-TJ= 1500C 

~ 
TJ = 25°C r--~ 

TJ = -55°C 

~ 

0.1 0.2 0.5 1.0 2.0 5.0 
IC. COLLECTOR CURRENT lAMP! 

FIGURE 9 - "ON" VOLTAGE 

NPH PNP 

TJ=250C 
1.8 

~ 
1.4 

'" 2 

VSElsa'I@ Ic/lS = 10 I-- I 

w 1.0 
'" '" ~ 0.8 
0 
> 

-r-- ~SElsati @ IcllS = 10 - / 
V~Elrnil @,Vf~; 2.0 VI / 

VCE(sa'i = Iclla - 20 V i,...- .... 
Iclis =10 

>' 
0.4 

VCElsatl@ICIIS- 20 II 
~~ VS~lsali ~ IC) IS t= 20 ,L" ,,-

Icils-l0 

0.2 0.5 1.0 2.0 5.0 10 0.1 0.2 0.5 1.0 2.0 5.0 

IC. COLLECTOR CURRENT IAMPI 
IC. COLLECTOR CURRENT lAMP) 

FIGURE 10 - TURN-ON TIMES FIGURE 11 - TURN-OFF TIMES 

VCC = 80 V 
IC liS - 10 

, ...... -. TJ = 25°C 

" :-.... I"-- 'dINPN. PNPI 

....... ',IPNP) 
i""- r-,r-, 

10 

5.0 

3.0 

2.0 

'" .3 1.0 
~ 

VCC = 80 V 
Ic/IS-l0.IS1- 182 
Is INPNI TJ=25OC 

- ...... 
~ - ....... 

i--."IPNPI ..... 
;::: 

0.5 

YNPjl 

0.2 

....... 
~ I-- IIIN~ 

0.1 I -,... 
0.2 0.5 1.0 2.0 5.0 10 0.1 0.2 0.3 0.5 2.0 5.0 

IC. COLLECTOR CURRENT IAMPI IC. COLLECTOR CURRENT (AMPI 

3-1089 

10 

10 

10 



MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

Designer's Data Sheet 

SWITCHMODE III SERIES 
NPN SILICON POWER TRANSISTORS 

Thesetransistors are designed for high-voltage, high-speed 
switching of inductive circuits where fa" time and RBSOA are 
critical. They are particularly well-suited for line-operated switch
mode applications. 

The MJE16004and MJH16004 are high-gain versions of the 
MJEl6002 and MJH16002 for applications where drive current 
is limited. 

Typical Applications:. 

• Switching Regulators 

• High Resolution Deflection Circuits 

• Inverters 

• Motor Drives 

• Fast Switching Speeds 
50 ns Inductive Fa" Time @ 75°C (Typ) 
70 ns Crossover Time @ 75°C (Typ) 

• 100°C Performance Specified for: 
Reverse-Biased SOA 
Inductive Switching Times 
Saturation Voltages 
leakage 'Currents 

MAXIMUM RATINGS 

Rating Symbol 

Collector-Emitter Voltage VCEO(sus) 

Collector-Emitter Voltage VCEV 

Emitter-Base Voltage VEB 

Collector Current - Continuous IC 
-Peak(l) ICM 

Base Current - Continuous IB 
- Peak(l) IBM 

Total Power Dissipation@Tc= 25°0 Po 
@TC= lOOo·C 

Derate above T C = 25°C 

Operating and Storage Junction TJ, Tstg 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol 

Thermal Resistance. Junction to Case R8JC 

Lead Temperature for Soldering lL 
Purposes: 1 IS" from Case for 
5 Seconds 

(t) Pulse Test: Pulse Width = 5 ms, Duty Cycle';; 10%. 

MJE1800~1 MJH16002 
MJE18004 MJH16004 

450 

S50 

6.0 

5.0 
10 

4.0 
8.0 

80 

I 
100 

32 40 
0.64 0.8 

-65 to +150 

Max 

1.56 I 1.25 

275 

Designer's Data for 'Worst Case" Conditic~,"s 

Unit 

Vdc 

Vdc 

Vdc 

Adc 

Adc 

Watts 

W/oC 

°c 

Unit 

°C/W 

°c 

The Designer's Data Sheet permits the design of most circuits entirely from the infor
mation presented. Limit data - representin.g device characteristics boundaries - are 
given to facilitate "worst ,case" design. 
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MJEl6002 
MJEl6004 
MJHl6002 
MJHl6004 

5.0 AMPERE 

NPN SILICON 
POWER TRANSISTORS 

460 VOLTS 
so and 100 WATTS 

MJE18002 
MJE18004 

S1"r'U:', 
1'fN1.8ASE 

''''''''''' """" 4. COLlECTOR 

."' •. 1.aMENSIONINGNIOfOlEAANC1ItGPeAANSl 
V\4.5M.1912 

1.ct»mQ.IJoIGDlM£HSKW:INCIi. 
lOlMZQERNESo\ZONEMfIIEALLBOOYO\ND 

\£AD IIIfIEGUlAIIII'ES Nt: ALLOWED. 

CASE 221A-04 
TO-220AB 

MJH16002 
MJH18004 

STYlE 1: 
I. lASE 
2. COLLECTOR 
3. EMITTER 
4. COLLECTOR 

MIlliMETERS IflCHES 

CASE 340-01 
TO-218AC 

OIM 
A 

• • • 
E 

• 
H , 
K 
L 

• Q 

.IM 
20.32 
15.49 
4.19 .. , 
,>5 
5.21 
2.41 
OJ. 
12.70 
15.88 
12.19 .... 

.AX .,. MAX 

" .. 0.800 0.830 
15.90 D.610 .. " , .. 0.165 O.2flO .. , 0 ... ... , 
U, 0 ... 0", 
5.72 OJOS 0.225 
3.1ll 0'" 0.126 
D.64 0.015 D.o25 
15.49 0.500 D.81D 
16.51 DJ21i 0'" 
12.70 0.480 0.500 
4.22 0.158 D.l. 

... ... ... , 
, ,. , 
, . , 



MJE16002,MJE16004,MJH16002,MJH16004 

ELECTRICAL CHARACTERISTICS (TC = 25°C unless otherwise noted) 

I Characteriatic I Symbol Min Typ Max Unit 

OFF CHARACTERISTICS (1) 

Collector-Emitter Sustaining Voltage (Table 2) VeEO(sus) 450 - - Vde 
(IC = 100 mA, la = 0) 

Collector Cutoff Current ICEV mAde 
(VCEV = 850 Vde, VaE(off) = 1.5 Vdc) - - 0.25 
(VCEV = 850 Vde, VaE(off) = 1.5 Vdc, T C = 100°C} - - 1.5 

Collector Cutoff Current ICER - - 2.5 mAde 
(VCE = 850 Vde, RaE = 50 n, T C = 100°C) 

Emitter Cutoff Current lEaD - - 1.0 mAde 
(VEa = 6.0 Vdc, IC = 0) 

SECOND BREAKDOWN 

Second areakdown Collector Current with aase Forward aiased See Figure 17 or 18 

Clamped Inductive SOA with aase Reverse_a_ia_s_ed ______ -'-____ -L. ___ '-__ S_ee_F..:ig_u_re_'_9 ______ -' 

ON CHARACTERISTICS (1) 

Collector-Emitter Saturation Voltage 
(IC = 1.5 Adc, la = 0.2 Ade) MJEI6oo2/MJHI6002 
(IC = 1.5 Adc, la = 0.15 Ade) MJEI6004/MJHI6004 
(IC = 3.0 Adc, la = 0.4 Ade) MJEI6oo2/MJHI6002 
(IC = 3.0 Ade, la = 0.3 Ade) MJEI6004/MJHI6004 
(lC = 3.0 Ade, la = 0.4 Ade. 

TC= 100°C) MJE16oo2lMJH16oo2 
(IC = 3.0 Ade, la = 0.3 Ade. 

Te= 100°C) MJEI6004/MJHI6004 

Base-Emitter Saturation Voltage 
(lC = 3.0 Ade, la = 0.4 Ade) MJEI6002lMJHI6oo2 
(lC = 3.0 Ade, la = 0.3 Ade) MJEI6004/MJHI6004 
(IC = 3.0 Ade, la = 0.4 Ade, 

TC= 100°C) MJEI6oo2/MJHI6002 
(lC = 3.0 Ade, la = 0.3 Ade, 

TC= l000C) MJEI6004/MJHI6004 

OC Current Gain 
(lc = 5.0 Adc, VCE = 5.0 Vde) MJEI6oo2/MJHI6002 

MJEI6004/MJHI6004 

DYNAMIC CHARACTERISTICS 

Output Capacitance 
(Vca = 10 Vde, IE = 0, ftest = 1.0 kHz) 

SWITCHING CHARACTERISTICS 

Raaiative Load (Table 1 ) MJE16002/MJH16002 

OelayTime 
(lC = 3.0 Ade. 

Rise Time (182 = 0.8 Adc, 
Storage Time 

VCC = 250 Vde, 
Ra2 = 8.0 n) 

Fall Time 
lal = 0.4 Adc, 

Storage Time PW= 30 "s. 

Fall Time 
Duty Cycle ';;2.0%) (VaE(off) = 5.0 Vdc) 

Re.iative Load (Table 1 ) MJE16004/MJH16004 

Delay Time 
(lC = 3.0 Ade, 

Rise Time 
Storage Time 

VCC = 250 Vde, 

Fall Time 
lal = 0.3 Ade. 

Storage Time 
PW= 30 "s, 

Fall Time 
Duty Cycle ';;2.0%) 

(1) Pulse Test PVV - 300 .us, Duty Cycle ~2%. 

Ie 
°111= 1St 

(la2 = 0.6 Adc, 
Ra2 = 8.0 n) 

(VaE(off) = 5.0 Vdc) 

VCE(sat) 

VaE(sat) 

hFE 

td 
tr 
ts 
tf 
ts 
'If 

Id 
tr 
ts 
tf 
ts 
tf 
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Vde 
- - 1.0 
- - 1.0 
- - 2.5 
- - 2.5 

- - 2.5 

- - 2.5 

Vde 
- - 1.5 
- - 1.5 

- - 1.5 

- - 1.5 

-
5.0 - -
7.0 - -

- 30 100 ns 

- 100 300 
- 1000 3000 

- 60 300 
- 400 -
- 130 -

- 30 100 ns 
- 130 300 
- 800 2700 

- 80 350 
250 
60 



MJE16002,MJE16004,MJH16002,MJH16004 

SWITCHING CHARACTERISTICS (continued) 

Characteristics 

Inductive Load (Table 2) MJE16002/MJH16002 

Storage Time 
Fall Time (lC; 3.0 Adc. (TJ; 100°C) 
Crossover Time IBI ; 0.4 Ade. 
Storage Time VBE(off) ; 5.0 Vde. 
Fall Time VCE(pk) ; 400 Vde) (TJ= 150°C) 
Crossover Time 

Inductive Load (Table 2) MJE16004/MJH16004 

Storage Time 
Fall Time (IC ; 3.0 Ade. 
Crossover Time IBI ; 0.3 Ade. 
Storage Time VBE(off); 5.0 Vde. 
Fall Time VCE(pk) ; 400 Vde) 
Crossover Time 

(1) Pulse Test: PIN - 300 J.£S. Duty Cycle-:S;;;;2%. 

Ie 
'/If = lSI 

(TJ; l000C) 

(Tj= 150°C) 

Symbol 

tov 
tfi 
te 
tov 
tfi 
te 

lov 
Ifi 
te 
lov 
Ifi 
Ie 

Min Typ Max Unit 

- 500 1600 no 
- 100 200 

120 250 
- 600 -
- 120 -
- 160 -

- 400 1300 no 
- 80 150 

90 200 
450 

- 100 -
- 110 -

FIGURE 1 - DC CURRENT GAIN FIGURE 2 - COLLECTOR SATURATION REGION 
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MJE16002,MJE16004,MJH16002,MJH16004 

TYPICAL STATIC CHARACTERISTICS (continued) 

FIGURE & - COLLECTOR CUTOFF REGION 
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FIGURE 6 - CAPACITANCE 
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MJE16002,MJE16004,MJH16002,MJH16004 

TYPICAL DYNAMIC CHARACTERISTICS (continued) 
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TYPICAL ELECTRICAL CHARACTERISTICS 

FIGURE 13 - INDUCTIVE SWITCHING MEASUREMENTS FIGURE 14 - PEAK REVERSE BASE CURRENT 
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TYPICAL ELECTRICAL CHARACTERISTICS (continued) 

FIGURE 16 - THERMAL RESPONSE (MJH16002 and MJH16004) 
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MJE16002, MJE16004, MJH16002, MJH16004 

SAFE OPERATING AREA INFORMATION 

FORWARD BIAS 
Ther.e are two limitations on the power handling ability 

of a transistor: average junction temperature and second 
breakdown. Safe operating area curves indicate IC-VCE 
limits of the transistor that must be observed for reliable 
operation; i.e., the transistor must not be subjected to 
greater dissipation than the curves indicate. 

The data of Figures 17 and 18 are based on TC = 25°C; 
TJ(pk) is variable depending on power leve.1. Second 
breakdown pulse limits are valid for duty cycles to 10% 
but must be derated when TC;;' 25°C. Second breakdown 
limitations do not derate the same as thermal limitations. 
Allowable current at the voltages shown on Figures 17 
and 18 may be found at any case temperature by using 
the appropriate curve on Figure 20. 

T J(pk) may be calculated from the data in Figures 15 or 
16. At high case temperatures, thermal limitations will 

reduce the power that can be handled to values less than 
the limitations imposed by second breakdown. 

REVERSE BIAS 
For inductive loads, high voltage and high current 

must be sustained simultaneousl during turn-off, in most 
cases, with the base-to-emitter junction reverse biased. 
Under these conditions the collector voltage must be held 
to a safe level at or below a specific value of collector 
current. This can be accomplished by several means such 
as active clamping, RC snubbing, load line shaping, etc. 
The safe level for these devices is specified as Reverse 
8ias Safe Operating Area and represents the voltage-cur
rent condition allowable putting reverse biased turn-off. 
This rating is verified under clamped conditions so that 
the device is never subjected to an avalanche mode. Figure 
19 gives the RBSOA characteristics. 

TABLE 1 - RESISTIVE LOAD SWITCHING 

Vin ~"V 
OV 

~ 1,<;;15 no 

-Tektronix 
P·6042 or 
Equivalent 

tel and t, 

Vee = 250Vdc 
RL = 83 n 
le= 3.0Adc 
IB= 0.3 Adc 

OV 

=-35JI 

50 

J&,v 
OV 

. -5 V 

Vee = 250 
RL = 83 n 
le= 3.0Adc 

'IB lW T. ;::::f!I::: i L::J RL 

-=- Vee l 
IBI = 0.3 Ado RBI = 33 n 
IB2 = 0.6 Adc RB2 = B.O n 
For VBE(off) = 5.0 V RB2 = 0 0 

A 

'Nole: Adjusl -V 10 oblain desi,ed VBE(off) al Point A. 
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T 1 _ Lcoil (lCpk} 

VCC 

T 1 adjusted to obtain 'C(pk} 

IVCEO 
L; 10mH 
R12; oc 

VCC ; 20 Volt. 

*Tektronix 
P··S0420r 
Equivalent 

tav 

TAILE 2 -.INDUCTIVE LOAD SWITCHING 

o 

=-35lf 

50 

Tl-1 I--+V 
OV~ -
-~ 

A (Olf--fet-of 

50 

Inductive Switching 
L;200~H 

RB2;0 
VCC ; 20 Volts 

20 

lO~F 

+ ... --...... ---{ fP' 500 

RBSOA 
L; 200~H 
RB2;0 
VCC ; 20 Volts 

-v 

A 

~IClpk} 

IC~ '---

VCElpk}--h 

VCE~ L-

RB 1 selected for desired 'B 1 RBI selected for desired 'Bl 

Scope· Tektronix 
7403 or 
Equivalent Note: Adjust -V to obtain desired VIElo.f} at Point A. 

TYPICAL INDUCTIVE SWITCHING WAVEFORMS 

'Clpk}; 3.0 Amps 
'Bl ;0.3 Amp 
VBE(oll}; 5.0 Volts 
VCE(pk}; 300 Volts 
TC; 25°C 
Time Base::: 
20 ns/em 

IC(pk} ; 3.0 Amps 
'Bl ; 0.3 Amp 
VBE(off}; 5.0 Volts 
VCE(pk}; 300 Volts 
TC; 25°C 
Time Base::;: 
20 no/em 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

D~signer(s Data Sheet 
NPN Silicon Power Transistors 
S""itc~mode III Series 

', .. ,' . ",\i:"," 

These tran!listors !Ire designed for high-voltage, high-speed, power switching in induc
tive circuits wl1er~ fall time is critical. They are particularly suited for line-operated 
sW,itchmo~e .ppl!i:ations. 

• Switching Regulators 
• Inverters ' 
• Solenoid and Relay Drivers 
• Motor Controls 
• Deflection Circuits 
• Fast Turn-Off Times 

150 ns Inductive Fall Time: 25°C (Typ) 
150 ns Inductive Crossover Time: 25°C (Typ) 
500 ns Inductive Storage Time: 25°C (Typ) 

• Operating Temperature Range: - 65 to + 150°C 
• 100°C Performance Specified for: 

Reverse-Biased SOA with Inductive Loads 
Switching Times with Inductive Loads 
Saturation Voltages 
Leakage Currents 

MAXIMUM RATINGS 

Rating Symbol 
MJE16032 
MJH16032 

Collector-Emitter Voltage VCEO(sus) 750 

MJE16032 
MJE16034 

MJH16032 
MJH16034 

POWER TRANSISTORS 
3 AMPERES 

750 and 850 VOLTS 
80 and 125 WATTS 

I. CASE 221A-04 
(TO-220AB) 

• ~~SE340-01 
(TO-218AC) 

MJE16034 Unit 
MJH16034 

850 Vdc 

Collector-Emitter Voltage VCEV 1500 Vdc 

Emitter Base Voltage VEB 9 

Collector Current - Continuous IC 3 
-Peak(1) ICM 6 

Base Current - Continuous IB 2 
- Peak(1) IBM 4 

Operating and Storage Junction Temperature Range TJ, Tstg -65to +150 

MJEl6032 MJH16032 
MJE16034 . MJH16034 

Total Power Dissipation @TC = + 25°C Po 80 125 
@TC = + 100°C 32 50 

Derate abeve 25°C 0.64 1 

'Designer's Data for "Worst Case" Conditions 

The'Designer's Data Sheet permits the design of most circuits entirely from the infor
mation presented. Limit data - representing device characteristics boundaries - are 
given to facilitate "worst c.ase" design. 
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MJE16032, MJE16034, MJH16032, MJH16034 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Case R6JC 1.56 I 1 °CIW 

Maximum Lead Temperature for Soldering TL 275 °C 
Purposes: 1/8" from Case for 5 Seconds 

(1) Pulse Test: Pulse Width =' 5 rns, Duty Cycle .s; 10%. 

ELECTRICAL CHARACTERISTICS (TC = 25°C unless otherwise noted) 

I Characteristic I Symbol Min Typ Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage VCEO(sus) - - Vdc 
(Table 2) MJE16032, MJH16032 750 - -
(lC = 100 mA, IB = 0) MJE16034, MJH16034 850 

Collector Cutoff Current ICEV mAde 
(VCEV = Rated Value, VBE(off) = 1.5 Vdc) - 0.005 0.25 
(VCEV = Rated Value, VBE(off) = 1.5 Vdc, TC = 100°C) - 0.020 2.5 

Collector Cutoff Current ICER - 0.020 2.5 mAde 
(VCE = Rated VCEV, RBE = 50 n, TC = 100°C) 

Emitter Cutoff Current lEBO - 0.002 0.25 mAde 
(VEB = 9 Vdc, IC = 0) 

SECOND BREAKDOWN 

Second Breakdown Collector Current with base forward biased See Figure 15 

Clamped Inductive SOA with Base Reverse Biased See Figure 17 

ON CHARACTERISTICS(1) 

DC Current Gain (VCE = 5 Vdc) IC = 0.5 Adc hFE 10 15 - -
IC = 3 Adc 4 7 - -

Collector-Emitter Saturation Voltage VCE(sat) Vdc 
(lC = 1 Adc, IB = 0.33 Adc) - 0.15 1 
(lc = 3 Adc, IB = 1 Adc) - 1 2.5 
(lC = 1 Adc, IB = 0.33 Adc, TC = 100°C) - 0.5 1.5 

Base-Emitter Saturation Voltage VBE(sat) Vdc 
(lC = 1 Adc, IB = 0.33 Adc) - O.B 1.5 
(lC = 1 Adc, IB = 0.33 Adc, TC = 100°C) - 0.7 1.5 

DYNAMIC CHARACTERISTICS 

Output Capacitance 
(VCB = 10 Vdc, IE = 0, ftest = 1 MHz) 

SWITCHING CHARACTERISTICS 

Resistive load (Table 1) 

Delay Time td - 0.06 0.2 p.s 

Rise Time (VCC = 400 Vdc, IC = 2 A Ir - 0.15 1 p.s 

Storage Time 
IBI = 333 mA, VBE(off) = 5 Vdc, 

ts - 1.5 2 tp = 50 p.s, Duty Cycle'" 2%) p.s 

Fall Time tf - 0.15 1.5 ,... 
Inductive load, Clamped (Table 2) 

Storage Time 
TC = 100°C Isv - 0.5 1.5 !J.S 

Crossover Time 
(lC = 2 A, V clamp = 400 Vdc, tc - 0.2 1 I'S 

Storage Time VBE(off) = 5 Vdc, tsv - 0.5 - I's 

Crossover Time IBI =333 mAl 
TC = 25°C tc - 0.15 - ,... 

Fall Time Ifi - 0.15 - ,... 
(1) Pulse Test: PW = 300 J.Ls, Duty Cycle ~ 2%. 
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MJE16032, MJE16034, MJH16032, MJH16034 

TYPICAL STATIC CHARACTERISTICS 
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MJE16032, MJE16034, MJH16032, MJH16034 

TYPICAL DYNAMIC CHARACTERISTICS 
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SAFE OPERATING AREA INFORMATION 
FORWARD BIAS 

There are two limitations on the power handling ability 
of a transistor: average junction temperature and second 
breakdown. Safe operating area curves indicate Ie-VCE 
limits of the transistor that must be observed for reliable 
operation; i.e., the transistor must not be subjected to 
greater dissipation than the curves indicate. 

The data of Figure 15 is based on TC = 25°C; TJ(pk) 
is variable depending on power level. Second breakdown 
pulse limits are valid for duty cycles to 10% but must be 
derated when TC ;;. 25°C. Second breakdown limitations 
do not derate the same as thermal limitations. Allowable 
current at the voltages shown on Figure 15 may be found 
at any case temperature by using the appropriate curve 
on Figure 17. 

TJ(pk) may be calculated from the data in Figure 18. 
At high case temperatures, thermal limitations will re-
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duce the power that can be handled to values less than 
the limitations imposed by second breakdown. 

REVERSE BIAS 

For inductive loads, high voltage and high current must 
be sustained simultaneously during turn-off, in most 
cases, with the base-to-emitter junction reverse biased. 
Under these conditions the collector voltage must be held 
to a safe level at or below a specific value of collector 
current. This can be accomplished by several means such 
as active clamping, RC snubbing, load line shaping, etc. 
The safe level for these devices is specified as Reverse 
Bias Safe Operating Area and represents the voltage
current condition allowable during reverse biased turn
off. This rating is verified under clamped conditions so 
that the device is never subjected to an avalanche mode. 
Figure 16 gives the RBSOA characteristics. 
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Table 1. Resistive Load Switching 
+Vdc=IIVdc 

Vee = 400 Vdc 
Rl = 200 n 
Ie = 2 Adc 
IB = 0.33 Adc 

3-1103 

OV i I 
=-35VU + 

50 

Vee = 400 
Rl = 200 n 
Ie = 2 Adc 

W"F 

-v 

IBI = 0.3 Adc, RBI = 33 n 
For VBEoff = 5 V. RB2 = 0 n 

A 

Note: Adjust - V to obtain desired VBEloffl at point A. 
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Table 2. Inductive Load Switching 

Leoil (lepkl 
Tl = vee 

Tl.,..j I-+V 

OV~ --- U=-v 

50 

A (~---fl~-r 

50 

T 1 adjusted to obtain le(pkl 

V(BR)CEO 
L = 10 mH 

RB2 = '" 
Vee = 20 Volts 

Inductive Switching 
L=200",H 
RB2 = 0 
Vee = 20 Volts 

+ 

0.02 ",F 

20 

10~ 

-:'0'02"'Ff 1 ,.F 
+ -

500 

,RBI selected for desired IBI 

*Tektronix 
AM503 
P6302 or Equivalent 

Scope - Tektronix 
7403 or 
Equivalent 
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A 

RB2 

-v ~.lC(pkl 

RBSOA 
L=200",H 
RS2 = 0 
Vee = 20 Volts 

IC~ '--

VCE(Pkl-··h 

VCE~ L-

RSI selected for desired IBI 

Note: Adjust - V to obtain desired VSE(offl at Point A. 
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NOTES: 
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2. CONTROWNG DIMENSION: tNOi. 
3. DIM Z DEFNS A ZONE WHERE ALL BODY -'ND 

LEAD IRREGULARITIES ARE ALLOWED. 
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• 
0.1 

" .1 
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STYLE 1: 
PIN 1. BASE 

2.COUfCTOO 
3. EMITtER 
4-COLLECTOR 

CASE 221A-04 
ITO-220ABI 
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DIll 
A 
B 
C 
D 
E 
G 
H 
J 
K 
L 
N 
Q 

K 

__ --.l 
G--Ljl-D 

MII.UMfTERS INCHES 
MIN MAX MIl 
10.32 21.08 0.800 
15.49 15.90 0.610 
4.19 5.08 0.165 
1.02 1.65 0.040 
1.35 1.65 0.053 
5.21 5.72 0.205 
2.41 310 0.096 
0.38 0.64 0.015 

12.70 15.49 0.500 
15.88 16.51 0.&25 
12.19 12.70 0.490 
4.04 4.22 0.159 

CASE 340-01 
(TO-218ACI 

MAX 
0.830 
0.626 
0.2011 
0.065 
0.065 
0.225 
0.126 
0.025 
0.610 
0.&50 
0.500 
0.166 
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- SEMICONDUCTOR 

TECHNICAL DATA 

Designer's Data Sheet 
NPN Silicon Power Transistors 
Switch mode III Series 

These transistors are designed for high-voltage, high-speed, power switching in 
inductive circuits where fall time is critical. They are particularly suited for line
operated switchmode applications. 

Typical Applications: 
• Switching Regulators 
• Inverters 
• Solenoid and Relay Drivers 
• Motor Controls 
• Deflection Circuits 
• Fast Turn-Off Times 

10 ns Inductive Fall Time -100'C (Typ) 
80 ns Inductive Crossover Time -100'C (Typ) 

900 ns Inductive Storage Time -100'C (Typ) 
• Operating Temperature Range - 65 to + 150'C 
• 100'C Performance Specified for: 

Reverse-Biased SOA with Inductive Loads 
Switching Times with Inductive Loads 
Saturation Voltages 
Leakage Currents 

MAXIMUM RATINGS 

MJE16080 
MJE16081 

POWER TRANSISTORS 
8 AMPERES 

400 and 450 VOLTS 
80 WATTS 

CASE 221A-04 
(TO-220AB) 

Rating Symbol MJE16080 MJE16081 Unit 

Collector-Emitter Voltage VCEO(sus) 400 450 

Collector-Emitter Voltage VCEV 800 850 

Emitter Base Voltage VEB 9 

Collector Current - Continuous IC 8 
Peak(1) ICM 16 

Base Current - Continuous IB 4 
Peak(1) IBM 8 

Total Power Dissipation @ TC = 25'C PD 80 
@TC = 100'C 32 

Derate above 25"C 0.64 

Operating and Storage Junction Temperature Range TJ, Tstg -65 to 150 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance, Junction to Case ROJC 1.56 

Maximum Lead Temperature for Soldering TL 275 
Purposes: 1/S" from Case for 5 Seconds 

(1) Pulse Test: Pulse Width = 5 ms, Duty Cycle :!O;. 10%. 

Designer's Data for "Worst Case" Conditions 

The Designer's Data Sheet permits the design of most circuits entirely from the infor· 
mation presented. limit data - representing device characteristics boundaries - are 
given to facilitate "worst _case" design. 
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ELECTRICAL CHARACTERISTICS (TC = 25·C unless otherwise noted) 

I Characteristic I Symbol Min Typ Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage (Table 1) MJEl6080 VCEO(sus) 400 - - Vdc 
(lC = 100 mA, IB = 0) MJE16081 450 - -

Collector Cutoff Current ICEV mAde 
(VCEV = Rated Value, VBE(off) = 1.5 Vdc) - 0.020 0.25 
(VCEV = Rated Value, VBE(off) = 1.5 Vdc, TC = 100·C) - - 2.5 

Emitter Cutoff Current lEBO - 0.05 50 !lAdc 
(VEB = 9 Vdc, IC = 0) 

SECOND BREAKDOWN 

Second Breakdown Collector Current with base forward biased See Figure 13 

Clamped Inductive SOA with Base Reverse Biased See Figure 14 

ON CHARACTERISTICS(l) 

DC Current Gain (VCE = 5 Vdc) IC = 1.0 Adc hFE 15 25 - -
IC = 8 Adc 5 10 - .-

Collector-Emitter Saturation Voltage VCE(sat) Vdc 
(Ie = 2 Adc, Is = 0.25 Adc) - 0.2 0.5 
(lC = 5 Adc, IB = 0.625 Adc) - 0.4 1.2 
(lC = 8 Adc, IB = 1.6 Adc) - 0.6 1.5 
(lC = 5 Adc, IB = 0.625 Adc, T C = 100·C) - 0.5 1.5 

Base-Emitter Saturation Voltage VBE(sat) Vdc 
(lC = 2 Adc, IB = 0.25 Adc) - 0.9 1.2 
(lC = 5 Adc, IB = 0.625 Adc) - 1 1.5 
(IC = 5 Adc, IB = 0.625 Adc, T C = 100·C) - 1 1.5 

DYNAMIC CHARACTERISTICS 

Output Capacitance 
(VCB = 10 Vdc, IE = 0, ftest = 1 MHz) 

SWITCHING CHARACTERISTICS 

Resistive Load (Table 1) 

Delay Time td - 0.07 0.15 !,-S 

Rise Time (VCC = 125 Vdc, IC = 5 A tr - 0.03 0.08 !,-s 

Storage Time 
IBl = IB2 = 0.625 Adc 

0.5 2 tp = 25 !£S, Duty Cycle'" 2%) ts - !£S 

Fall Time tf - 0.2 0.5 !,-S 

Inductive Load, Clamped (Table Z) 

Storage Time 

Crossover Time 
(lC = 5 A, V clamp = 350 Vdc, 

Storage Time VBE(off) = 5 Vdc, IBl = 0.625 Adc) tsv - 0.90 2 !£S 

Crossover Time 
TC = 100·C 

tc - 0.08 0.20 !£S 

Fall Time tfi - 0.Q1 0.10 !£S 

(1) Pulse Test: PW = 300 p,S, Duty Cycle :5; 2%. 
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TYPICAL STATIC CHARACTERISTICS 
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TYPICAL DYNAMIC CHARACTERISTICS 
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GUARANTEED SAFE OPERATING AREA LIMITS 
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SAFE OPERATING AREA INFORMATION 

FORWARD BIAS 

There are two limitations on the power handling ability 
of a transistor: average junction temperature and second 
bre.akdown. Safe operating area curves indicate Ie-VCE 
limits of the transistor that must be observed for reliable 
operation; i.e., the transistor must not be subjected to 
greater dissipation than the curves indicate. 

The data of Figure 13 is based on TC = 25'C; TJlpk) 
is variable depending on power level. Second breakdown 
pulse limits are valid for duty cycles to 10% but must be 
derated when TC '" 25'C. Second breakdown limitations 
do not derate the same as thermal limitations. Allowable 
current atthe voltages shown on Figure 13 may be found 
at any case temperature by using the appropriate curve 
on Figure 16. 

T Jlpk) may be calculated from the data in Figure 15. 
At high case temperatures, thermal limitations will re-

duce the power that can be handled to values less than 
the limitations imposed by second breakdown. 

REVERSE BIAS 

For inductive loads, high voltage and high current must 
be sustained simultaneously during turn-off, in most 
cases, with the base-to-emitter junction reverse biased. 
Under these conditions the collector voltage must be held 
to a safe level at or below a specific value of collector 
current. This can be accomplished by several means such 
as active clamping, flC snubbing, load line shaping, etc. 
The safe level for these devices is specified as Reverse 
Bias Safe Operating Area and represents the voltage
current condition allowable during reverse biased turn
off. This rating is verified under clamped conditions so 
that the device is never subjected to an avalanche mode. 
Figure 14 gives the RBSOAcharacteristics. 
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Table 1. Resistive Load Switching 

ld and tr 

*Tekt{onix AM503 
P6302 or Equivalent 

Vee = 125 Vdc 
RL = 25 n 
Ie = 5 Adc 
IS = 0.625 Adc 

3-1111 

Vee = 125 
RL = 25 n 
Ie = 5 Adc 

lSI = 0.625 Adc. RSI = 18 n 
IB2 = 0.625 Adc. RB2 = 8 n 
For VBE(offl = 5 V RB2 = 0 n 

A 

Note: Adjust - V to obtain desired VBE(offl at point A. 



MJE16080, MJE16081 

Table 2. Inductive Load Switching 

0.02,u 

+ 

.... 0.02I'Ff l,u 

+ 11---.... ---<. 

500 

50 

A l ()j--f4J+---f 

Lcoilllepk) 
T1 ~ Vee 

T1 adjusted to obtain IClpk) 

V(BR)CEO 
L = 10 mH 
RB2 = co 
Vee = 20 Volts 

Inductive Switching 
L=200/LH 
RB2 = 0 
Vee = 20 Volts 

RBSOA 
L= 200 I'H 
RB2 = 0 
Vec = 20 Volts 

-v 

A 

~ICIPk) 

IC~ L. 

. VCElpk) -a. h 
VCE~ L 

RB1 selected for desired IB1 RBI selected for desired IB1 
'Tektronix 
P·6042 or 
Equivalent 

Scope - Tektronix 
7403 or 
Equivalent 

Note: Adjust - V to obtain desired VBE(ofl) at Point A. 

NOTES: 

CASE 221A·04 
(TO·220AB) 

STYLE 1: 
PIN 1. BASE 

2. COlLECTOR 
3.E~rrn:R 
4. COlLECTOA 

1. DIMENSIONING AND TOlERANCING PER ANSI 
Yl4.5M,lBB2. 

2. CONTROWNG DIMENSION: INCH. 
3. DIM Z DEf1NeS A ZONE WHERE All BODY AND 

LEAD IRREGULARmES ARE ALLOWED. 
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MOTOROLA 

• SEMICONDUCTOR ----
TECHNICAL DATA 

DARLINGTON COMPLEMENTARY 
SILICON POWER TRANSISTORS 

· .. designed for general-purpose amplifier and low-speed switch
ing motor control applications. 

• Similar to the Popular NPN 2N6282. 2N6283. 2N6284 and the 
PNP 2N6285. 2N6286. 2N6287 

• Rugged RBSOA Characteristics 

• Monolithic Construction with Built-In Collector-Emitter Diode 

MAXIMUM RATINGS 

MJH6282 MJH6283 MJH6284 
Rating Symbol MJH8285 MJH6286 MJH6287 

Collector-Emitter Voltage VCEO 60 80 100 

Collector-Base Voltage VCB 60 80 100 

Emitter-Base Voltage VEB 5.0 

Collector Current - Continuous IC 20 
Peak 40 

Base Current IB 0.5 

Total Device Dissipation @:. Po 
TC = 25°C 160 

Derate above 25°C 1.28 

Operating and Storage Junction TJ.Tstg -65to +150 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case 

FIGURE 1 - POWER DERATING 

U> 

a 16 

140 

!;i: 120 
~ 
~ 100 

~ 80 
iii 
~ 60 
~ 
~ 40 

rP 20 

~ 

25 

'" "'-
l'\. 

"\ 

'" I'-. 

'" 50 75 100 125 150 175 200 
TC. CASE TEMPERATURE lOCI 
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Unit 

Vdc 

Vdc 

Vdc 

Adc 

Adc 

Watts 

wrc 

°c 

NPH 
MJH6282 
MJH6283 
MJH6284 

PHP 
MJH6285 
MJH6286 
MJH6287 

DARLINGTON 
20 AMPERE 

COMPLEMENTARY SILICON 
POWER TRANSISTORS 

DIM 
A 
B 
c 
D 

G 
H 

K 

N 
0. 

60.80.100 VOLTS 
160 WATTS 

STYLE 1: 
PIN 1. BASE 

2. COllECTOR 
3. EMmER 
4. COLLECTOR 

CASE 340-01 
TO-218AC 

• 



MJH6282, MJH6283, MJH6284 NPN 
MJH6285, MJH6286, MJH6287 PNP 

ELECTRICAL CHARACTERISTICS (TC = 25·C unless otherwise noted) 

I Chracteristic 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage 
(Ie = 0.1 Adc, Ie = 0) MJH6282, MJH6285 

MJH6283, MJH6286 
MJH6284, MJH6287 

Collector Cutoff Current 
(VCE = 30 Vdc, Ie =0) MJ H6282, MJ H6285 
(VCE = 40 Vdc, Ie = 0) MJH6283, MJH6286 
(VCE = 50 Vdc, Ie = 0) MJH6284, MJH6287 

Collector Cutoff Current 
(VCE = Rated Vce, VeE(off) = 1.5 Vdc) 
(VCE = Rated Vee, VeEJoff) = 1.5 Vdc, TC = 150·C) 

Emitter Cutoff Current 
(VeE = 5.0 Vdc."IC = 0) 

ON CHARACTERISTICS (1) 

DC Current Gain 
(lC = 10 Adc, VCE = 3.0 Vdc) 
(lc = 20 Adc, VCE = 3.0 Vdc) 

Collector-Emitter Saturation Voltage 
(lC = 10 Adc, Ie = 40 mAdc) 
(lC = 20 Adc, Ie = 200 mAdc) 

Base-Emitter On Voltage 
(lC = 10 Adc, VeE = 3.0 Vdc) 

Base-Emitter Saturation Voltage 
(lC = 20 Adc, Ie = 200 mAdc) 

DYNAMIC CHARACTERISTICS 

Magnitude of Common Emitter Small-Signal Short-Circuit 
Forward Current Transfer Ratio 

(lC = 10 Adc, VCE = 3.0 Vdc, f = 1.0 MHz) 

Output Capacitance 
(Vce = 10 Vdc, IE = 0, f = 0.1 MHz) 

Small-Signal Current Gain 
(lC = 10 Adc, VCE = 3.0 Vdc, f = 1.0 kHz) 

SWITCHING CHARACTERISTICS 

Resistive Load 

Delay Time 

Rise Time VCC = 30 Vdc, IC = 10 Adc 

Storage Time 
lel = le2 = 100 rnA 
Duty Cycle = 1.0% 

Fall Time 

(1) Pulse test: Pulse Width == 300 IJ.S, Duty Cycle = 2.0"/0. 

FIGURE 2 - SWITCHING TIMES TEST CIRCUIT 

RS &. RC VARIED TO OBTAIN DESIRED CURRENT LEVELS 
D,. MUST BE FAST RECOVERY TYPES, e.g.: 

MB05300 USeD ABOVE 'e = 100 rnA 
MSD6100 USED BELOW 'e '" 100 rnA . 

V2 

~'rTT" V, 
APPROX __ 

-S.DV! I 25 #-5 

+4.0 V 

Vee 
-30 V 

Re 

MJH6282, 83, 84 
MJH6285, 86, 87 

SCOPE 

Base 

tr• tf.e;: 10 ns 
DUTY CYCLE = 1.0% 

for td and tr• 0, is disconnected 
andV2==O 

For NPN test circuit reverse diode and voltage polarities. 
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Symbol Min Max Unit 

VCEO(sus) Vdc 
60 -
80 -
100 -

ICEO mAdc 
- 1.0 
- 1.0 
- 1.0 

ICEX mAdc 
- 0:5 
- 5.0 

IEeO - 2.0 mAdc 

hFE -
750 18,000 
100 -

VCE!sat) Vdc 
- 2.0 
- 3.0 

VeE(on) - 2.8 Vdc 

VeE!sat) - 4.0 Vdc "" 

Ihfel 4.0 - MHz 

Cob pF 
- 400 
- 600 

hfe 300 - -

Typical 

Symbol NPN PNP Unit 

td 0.1 0.1 I's 

tr 0.3 0.3 

ts 1.0 1.0 

tf 3.5 2.0 

FIGURE 3 - DARUNGTON SCHEMATIC 

NPN 
MJH6282 
MJH6283 
MJH6284 

Collector 

--, 
.-----+-. I 

I 

: Base 

I 
I 
I 
I __ .J 

Emitter 

PNP 
MJH6285 
MJH6286 
MJH6287 

Collector 

--, 
.-----+-. I 

I 
I 
I 
I 
I 
I 
I __ .J 

Emitter 



MJH6282, MJH6283, MJH6284 NPN 
MJH6285, MJH6286, MJH6287 PNP 
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~ o. 
~_ o. 

7~D'0.5 

wO 
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~ N O. 
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~ ~ O. 
in'" 
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IF==:0.05 

> Z 0.0 -« 
g~ 0.05 

7 FO.02 

~ ~ 0.03 I.--' .-K 0.01 

0.02 I--- SINGLE PULSE 

I II 

FIGURE 4 - THERMAL RESPONSE 

r--
"'" 

P!IUl 

~I r9Jclti = rltl R9JC : ~ 
t2-- R9JC = 0.78°CNV Max 

DUTY CYCLE. D' I1/t2 D CURVES APPLY FOR POWER 
PULSE TRAIN SHOWN 

II II I l 
READ TIME At tl 

'11 TJ(pkl - TC' P(pkl R;IJ(;(tl' J 0.01 
0.01 0.02 0.Q3 0.05 0.1 0.2 0.3 0.5 1.0 2.0 3.0 5.0 10 20 30 50 100 200 300 500 1000 

~ 
~ 
I-

i 
:::> 
u 

'" 12 
~ 
0 u 
.Y 

I, T!ME (ms) 

FBSOA, FORWARD BIAS SAFE OPERATING AREA 

FIGURE 5 - MJH6282, MJH6285 FIGURE 6 - MJH6283, MJH6286 

50~m~~~rnl:m 
20 -- ..... ' 

10 
~E 

0.5 ms 0.1 rns fC 
'" 1.0 ms ~ 

5.0 r= 5.0ms l-

de ~ 2.0 :::> u 

50~~~~~~~~~~~~ I-- 0.1 ms 20 
~-0.5ms 

10§ 1.0ms ~ ....... 
5.0 F 5.0ms 

de 

2.0~::j:::j:m+==t=+l~~ 
1.0 '" § 
0.5 ~ 

I- TJ 15D"C 0 
0.2 u 

__ S£CONDIIlEAKDOWNUMITED .Y 

1.0~. 
0.5Sffi 

f-- TJ 150"C 
0.2I-H-+-iTrTT"'--t--+--H--t'tffi 

0.1 =-----= ~~~~~~l ~:~T~~~~~TC· 25°C ;:: 

0.05 F==t==t=t= ~ I NG l E PU lSE 

2.0 5.0 10 20 50 100 

VCE,COLLECTOR-EMITTERVOLTAGE (VOLTSI VCE, COLLECTOR·EMITTERVOLTAGE (VOLTSI 

FIGURE 8 - MAXIMUM RBSOA, REVERSE BIAS 
SAFE OPERATING AREA 

FORWARD BIAS 

FIGURE 7 - MJH6284, MJH6287 

5°~iIII ~-O.lms 
20 

~ ~- O.5ms 

'" 10 E 1.0mS~"><~~~111 ~ 5.0~ f= 5.0ms i r=:j=t-+:j::i::~,'de 
a 2.0r=+--=r::J:++rtl===t~f-=f~~~ 

a: 1.0 f!llrn~~11111 ~ 05 

8 r- TJ 150"C 

.y 0.2 rf--+_-..!:-.2''::''",I't,T,,-,,-,,-,,+,-.,-iUf--''+H-' f-f--f-\t1 

0.1 E. =-----= ~~~~~~L~::~T~~I~~~TC 25"C ~~ 
0.05 F=F=f=f::f?INGLf PULSE 

2.0 5.0 10 20 50 100 

VCE, COLLECTOR-EMITTER VOLTAGE (VOLTSI 

~ 40 I....~+--t----+-

There are two limitations on the power handling abil
ity of a transistor: average junction temperature and 
second breakdown. Safe operating area curves indicate 
IC VCE limits of the transistor that must be observed 
for reliable operation; i.e., the transistor must not be 
subjected to greater dissipation than the curves indi
cate. 

~ 
I-

~ 30r---+--~~~~~~--t---+--+--~ 
:::> 
u 

'" § 20r---+--+--..~~~~-~r-~~-~+--~ 
~ 
~ 10~--+--+-~~~~~::~~:::t::~t--~ 

w w ~ ~ ~ 00 ~ 110 

The data of Figure 5, 6 and 7 is based on T J(pk) = 

150'C; TC is variable depending on conditions. Second 
breakdown pulse limits are valid for duty cycles to 10% 
provided T J(pk) .. 150'C. T J(pk) may be calculated from 
the data in Figure 4. At high case temperatures, thermal 
limitations will reduce the power that can be handled 
to values less than the limitations imposed by second 
breakdown. VCE, COLLECTOR-EMITTER VOLTAGE (VOLTSI 
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MJH6282, MJH6283, MJH6284 NPN 
MJH6285, MJH6286, MJH6287 PNP 

FIGURE.9 ~ DC CURRENT GAIN 
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FIGURE 10 - COLLECTOR SATURATION REGION 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 
........... ~------------~. 

COMPLEMENTARY DARLINGTON 
SILICON POWER TRANSISTORS 

. designed for use as general purpose amplifiers, low frequency 
switching and motor control applications. 

• High DC Current Gain @ 10 Adc - hFE = 400 Min (All Types) 

• Collector-Emitter Sustaining Voltage 
VCEO(sus) = 150 Vdc (Min) - MJHll018, 17 

= 200 Vdc (Min) - MJH11020, 19 
= 250 Vdc (Min) - MJHll022, 21 

• Low Collector-Emitter Saturation Voltage 
VCE(sat) = 1.2 V (Typ) @ IC = 5.0 A 

= 1.8 V (Typ) @ IC = 10 A 

• Monolithic Construction 

MAXIMUM RATINGS 

Rating Symbol 

Collector-Emitter Voltage VCEO 

Collector-Base Voltage VCS 

Emitter-Base Voltage VES 

Collector Current - Continuous IC 
- Peak (1) 

Base Current IS 

Total Device Dissipation @ T C = 25°C PD 
Derate Above 25°C 

11018 
11017 

150 

150 

MJH 

11020 
11019 

200 

200 

5.0 

15 
30 

0.5 

150 
1.2 

Operating and Storage Junction TJ, Tstg -65 to +150 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case 

(1) Pulse Test Pulse Width = 5.0 ms, Duty Cycle";; 10% 

FIGURE 1 - POWER DERATING 
160 
~ ""'-0 

"-
0 

"-., 

0 "" "'" 0 

l"-.. 
~ 

"-i'... 
20 ~ ~ ~ 1~ 1m 140 

Tc, CASE TEMPERATURE 1°C) 

11022 
11021 

250 

250 

160 
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Unit 

Vdc 

Vdc 

Vdc 

Adc 

Adc 

Watts 
W/OC 

°c 

PNP NPN 
NUHll017 NUHll018 
NUHll019 NUHll020 
NUHll021 NUHll022 

15 AMPERE 

DARLINGTON 
POWER TRANSISTORS 

COMPLEMENTARY SILICON 

DIM 
A 
B 
C 
D 
E 
G 
H 
J 
K 
l 
N 
Q 

150,200,250 VOLTS 
150 WATTS 

STYLE 1: 
PIN 1. BASE 

2. COLLECTOR 
3. EMITTER 
4. COLLECTOR 

MILLIMETERS ~~ Mil MAX AX 
20.32 21.08 ~ 
15.49 15.90. 0.626 
4.19 5.08 0.165 
1.02 1.65 0.040 
1.35 1.65 0.053 
5.21 5.72 0.205 
2.41 3.20 0.095 
0.38 0.64 0.015 

12.70 15.49 0.500 
15.88 16.51 0.625 
12.19 12.70 0.480 
4.04 4.22 0.159 

CASE 340·01 
(TO·218ACI 

0.200 
0.065 
0.065 
0.225 
0.126 
0.025 
0.610 
0.650 
0.500 
0.166 



MJH11017, MJH11019, MJH11021 PNP 
MJH11018, MJH11020, MJH11022 NPN 

ELECTRICAL CHARACTERISTICS (TC = 25°C Unless Otherwise Noted) 

.. LI ____________________ ~ __ C_h_a_r_ac_t_e_ri_._ti_C. ________________________ -L __ S~ym __ b_o_I __ L_ __ M_i._n~_L __ M __ ._x __ ~ __ U_n_it __ ~ 
OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage (1) VCEO(sus) 
(IC = 0.1 Ade. la = 0) MJH11017. MJH11018 150 -

MJH11019. MJH11020 200 -
MJH11021. MJH11022 250 -

Collector Cutoff Current ICEO 
(VCE = 75 Vde; la = 0) MJH11017. MJH11018 - 1.0 
(VCE = 100 Vde. la = 0) MJH11019. MJH11020 - 1.0 
(VCE = 125 Vde. la = 0) MJH11021. MJH11022 - 1.0 

Collector Cutoff Current ICEV 
(VCE = Rated Vca. VaE(off) = 1.5 Vdc) - 0.5 
(VCE = Rated Vca. VaE(off) = 1.5 Vdc. TJ = 150°C) - 5.0 

Emitter Cutoff Current IEaO - 2.0 
IVaE = 5.0 Vdc. IC = 0) 

ON CHARACTERISTICS (1) 

DC Current Gain hFE 
(lC = 10 Adc. VCE = 5.0 Vde) 400 15.000 
IIC = 15 Adc. VCE = 5.0 Vde) 100 -

Collector-Emitter Saturation Voltage VCElsat) 
lie = 10 Ade. la = 100 rnA) - 2.5 
lie = 15 Adc. la = 150 rnA) - 4.0 

Base-Emitter On Voltage VaElon) - 2.8 
lie = 10 A. VCE = 5.0 Vde) 

Base-Emitter Saturation Voltage VaElsat) - 3.8 
(lc = 15 Ade. la = 150 rnA) 

DYNAMIC CHARACTERISTICS 

Magnitude of Common Emitter Small-Signal Short Circuit [hIe) 3.0 -
Forward Current Transfer Ratio 

lie = 10 Ade. VCE = 3.0 Vdc. I = 1.0 MHz) 

Output Capacitance Cob 
IVca = 10 Vdc. IE = O. I = 0.1 MHz) 

MJH11018. MJH11020. MJH11022 - 400 
MJH11017. MJH11019. MJH11021 - 600 

Small-Signal Current Gain hIe 100 -

(Ie = 10 Adc. VeE = 3.0 Vdc. I = 1.0 kHz) 
-

SWITCHING CHARACTERISTICS 

Typical 
Characteristics Symbol 

NPN PNP 

DelayTime td 150 75 

Rise Time IVee = 100 V. IC = 10 A. la = 100 rnA Ir 1.2 0.5 
--

Storage Time VaEloff) = 5.0 V) ISee Figure 2) Is 44 2.7 ._-
Fall Time II 2.5 2.5 

~1) Pulse Test Pulse WIdth - 300 pS. Duty Cycle· 20°0 

FIGURE 2 - SWITCHING TIMES TEST CIRCUIT 

RS &. RC varied to obtain desired current levels 
01. must be fast recovery types. e.g.: 

MaD5300 used above la = 100 rnA 
MSD6100 used below la = 100 rnA 

t r. tf"';;; 10 ns 

V2 

APPROX-J---- ]-
+12 6 __________ 51 

V1 
APPROX--
-8.0 V f----+--25 ~s 

+4.0V 

Vec 
100 V 

Re Scope 

For td and t r. D1 is disconnected 
and V2 = 0 

Duly Cycle = 1.0% For NPN test circuit. reverse diode and voltage polarities. 
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MJH11017, MJH11019, MJH11021 PNP 
MJH11018, MJH11020, MJH11022 NPN 

FIGURE 3 - THERMAL RESPONSE 
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t. TIMElms) 
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There are two limitations on the power handling ability 
of a transistor: average jwnction temperature and second 
breakdown. Safe operating area curves indicate IC-VCE 
limits of the transistor that must be observed for reliable 
operation; i.e., the transistor must not be subjected to 
greater dissipation than the curves indicate. 
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I\\. IC/ISI ;. 50 
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VSEloff): 0-5.0 V \,,\: 
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The data of Figure 4 is based on TJ(pk) : 150°C; TC 
is variable depending on conditions. Second breakdown 
pulse limits are valid for duty cyclesto 10% provided TJ(pk) 
.;; 150°C. TJlpk) may be calculated from the data in Fig
ure 3. At high case temperatures, thermal limitations will 
reduce the power that can be handled to values less than 
the limitations imposed by second breakdown. 

REVERSE BIAS 

For inductive loads, high voltage and high current must 
be sustained simultaneously during turn-off, in most cases, 
with the base to emitter junction reverse biased. Under 
these conditions the collector voltage must be held to a 
safe leve) at or below a specific value of collector current. 
This can be accomplished by severa) means such as ac
tive clamping, RC snubbing, load line shaping, etc. The 
safe level for these devices is specified as Reverse Bias 
Safe Operating Area and represents the voltage-current 
conditions during reverse biased turn-off. This rating is 
verified under clamped conditions so that the device is 
never subjected to an avalanche mode. Figure 5 gives 
RBSOA characteristics. 

o 20 60 100 140 180 220 260 
VCE, COLLECTOR·EMITTER VOLTAGE (VOLTS) 
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MJH11017, MJH11019, MJH11021 PN~ 
MJH11018, MJH11020, MJH11022 NPN 

FIGURE 6 - DC CURRENT GAIN 
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MJH11017, MJH11019, MJH11021 PNP 
MJH11018, MJH11020, MJH11022 NPN 

FIGURE 9 - DARLINGTON SCHEMATIC 
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MJH13090 
MJM13091 

See Page 3·816 

MJHl6002 
MJH16004 

See Page 3·1090 

MJH16002A 
See Page 3·866 

MJHl6006 
MJH16008 

See Page 3·874 

MJH16006A 
See Page 3·882 

MJHl6010; 
MJHl6012 

See Page 3·890 

MJH16010A 
See Page 3·898 

MJH16018 
See Page 3·914 

MJH16032 
MJH16034 

See Page 3·1098 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

NPN SILICON ANNULAR TRANSISTORS 

designed for com"'ementary symmetry audio circuits to 1 0 
Watts output. 

• Low Coliector·Emitter Saturation Voltage -
VCE(sat) = 0.5 Vdc (Max) @ IC = 1.0 Adc 

• Complements to PNP MPS·U51 and MPS·U51A 

• Uniwatt Package for Excellent Thermal Properties -
1.0 Watt @ T A = 25°C 

MAXIMUM RATINGS 

Rating Symbol MPS·UOI MPS·UOIA 

Coliector·Emitter Voltage VCEO 30 40 

Collector·Base Voltage VCB 40 50 

Emitter-Base Voltage VEB 5.0 

Collector Current - Continuous IC 2.0 

Total Power Dissipation @ T A = 25°C Po 1.0 
Derate above 2SoC 8.0 

Total Power Dissipation @ T C = 25°C Po 10 
Derate above 2SoC 80: 

Operating and Storage Junction TJ,Tstg -55 to +150 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance, Junction to Case R8JC 12.5 

Thermal Resistance, Junction to Ambient R8JAll) 125 

(1) R6JA is measured with the device soldered into a tvplcal printed circuit board. 

Unit 

Vdc 

Vdc 

Vdc 

Adc 

Watt 
mWloC 

Watts 
mWfOC 

°c 

Unit 

°C/W 

°CIW 

Uniwatt packages can be To-5 lead formed bV adding -5 to the device title and tab formed for 
flush mounting bV adding -1 to the device title. 
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MPS-UOI 
MPS-U01A 

NPN SILICON 
AUDIO TRANSISTORS 

r--- A -

'ff" Ca- l 

~ -f ,c 1 • B C 

1 2 3 =t, 
D·- - __ L1 
~smEI: --II-J 

N PIN I. EMlmR 
2. BASE 
3. COLLECTOR 

(COLLECTOR CONNECTED TO TAB) 
NOTE: 

1. LEADS WITHIN 0.15 mm(o.o06) TOTAL OF TRUE 
POSITION AT CASE. AT MAXIMUM MATERIAL 
CONDITION. 

MlWMmRS INCHES 
DIM MIN MAX MIN MAX 
A 9.14 9.53 0.360 0.375 
B 6.60 7.24 0.260 0.285 
C 5.41 5.66 0.213 0.223 
0 0.38 0.53 0.Q15 0.021 
F 3.18 3.33 0.125 0.131 
G 2.548SC 0.100 BSC 
H 3.94 4.19 0.155 0.165 
J 0.36 0.41 0.014 0.016 
K 11.83 12.70 0.458 0.500 
L 24.58 25.53 0.968 1.005 
N 5.08BSC 0.200 BSe 
Q 2.39 2.69 0.094 0.106 
R 1.14 1.4(1 0.045 0.055 

CASE 152-02 

• 



MPS-U01,MPS-U01A 

ELECTRICAL CHARACTERISTICS IT A " 25~C un.less ot.~eiwise noted} 

z 
;;: 
'" .... 
~ 
'" ~ 
u 
c 

~ 

. Characteristic 

OFF CHARACTERISTICS 

Collectqr-Emitter Breakdown Voltage (11 

IiC·· 10 mAde, 18" O) 

Collector-Base Breakdown Voltage 
IIC" 100 ~Ade, IE "O} 

Emitter-Base Breakdown Voltage 
liE " 100 ~Ade, IC " O} 

Collector Cutoff Current 
IVCB' 30 Vde, IE "O} 

IVCB' 40 Vde, Ie "O} 

Emitter Cutoff Current 
IVBE '.3.0 Vde, IC' O} 

ON CHARACTERISTlCS(I} 

DC Current Gain 

IIC' 10 mAde, VCE ' 1.0 Vde} 

(Ie 0= 100 mAde, VeE "i. 1.0 Vdc) 

lic' 1.0 Ade, VCE " 1.0 Vde} 

Collector-Emitter'Saturation Voltage 
IIC" 1.0 Adc; IS "0.1 Ade} 

Base-Emitter On Voltage 
IiC " 1.0 Ade, VCE ".1.0 Vde} 

DYNAMIC CHARACTERISTICS 

Current-Gain-Bandwidth Product 

IIC" 50 mAde, Vce " 10 Vde,'" 20 MHz} 

Output. Capacitance 
IVCB' 10 Vde, Ie "0,'" 1.0 MHd 

(1)Putse Test: Pulse Width $300 /Js, Duty Cvcle~2.0%. 

FIGURE 1 - DC CURRENT GAIN 
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There are two limitations on the power handling ability of a tran
sistor: junction temperature and secondary breakdown. Safe 
operating area curves indicate IC-VCE limits of the transistor that 
must be observed for reliable operation; i.e .• the transistor must 
not be subjected to greater dissipation than the curves indicate. 

The data of Figure 3 is based on TJ(pkl = IS00C; TC is variable 
depending on conditions. At high case temperatures, thermal 
limitations will reduce the power that can be handled to values 
less than the limitations imposed by secondary breakdown. 



MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

NPN SILICON ANNULAR 
AMPLIFIER TRANSISTOR 

designed for general-purpose, high-voltage amplifier and 
driver appl ications_ 

• High Power Dissipation - PD = 10 W @TC= 250 C 

• Complement to PNP MPS-U52 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage VCEO 40 Vdc 

CoUeelar- Base Volta~e VCB 60 Vdc 

Emitter-Base VoHag:e VEB 5.0 Vdc 

Collector Current - Continuous IC 800 mAde 

Total Power Dissipation@ T A = 25~C PD 1.0 Watt 

Derate above 2S"C 8.0 mWrC 

Total Power Dissipation@ T C '" 2S"C PD 10 Wans 

De rate above 25 "c 80 mW/"C 

Operating and Storage Junction TJ • Ts1g -55 to .150 ·C 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Thermal ReSistance, Junction to Case R8JC 12.5 ·C/W 

Thermal ReSistance, Junction to Ambient R8JA 125 C/W 

ELECTRICAL CHARACTERISTICS (T ~ ~ 2S-C lJnless otherWl~e noted) c= Characteristic Symbol Min Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage VIBR)CEO Vdc 
(Ie = 1. 0 mAde, Ie = 0) 40 

Collector-Base Breakdown Voltage 
VIBR)CBO 

Vdc 
(IC = 100"Adc, IE = 0) 60 

Collector CutoCi Current ICBO nAdc 
(VCB = 40 Vdc, IE = 0) - 100 

ON CHARACTERISTICS 

DC Current Gain hFE 
(IC'" 10 mAde, VeE = 10 Vde) 50 

(Ie'" 150 mAde, VCE : 10Vdcr 50 300 

(IC '" 500 mAde, V CE = 10 Vde) 30 

Collector-Emitter Saturation Voltage VCE(sat) Vdc 
(IC = 150 mAde, 18 = 15 mAde) 0.4 

Base-Emitter Saturation Voltage VSE(sat) Vdc 
(IC '" 150 mAde, IB = 15 mAde) 1.3 

DYNAMIC CHARACTERISTICS 

Current-Gain-Bandwidth Product IT MHz 
(Ie.: 20 mAde, VeE = 20 Vde, i = 100 MHz 100 

Output Capacitance Cob pF 
(V CD = 10 Vdc, IE = 0, 1= 100 kHz) 20 
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MPS-U02 

NPN SILICON 
AMPLIFIER TRANSISTOR 

,.1 
c 

.~l C:tG smEl: ...JI-J 
PIN1.EMlnER 

N 2.8ASE 
3. COLLECTOR 

(COLLECTOR CONNECTED TO TA8) 

NOTE: 
1. LEADS WITHIN 0.15 mm(0.006) TOTAL OF TRUE 

POSITION AT CASE, AT MAXIMUM MATERIAL 
CONDITION. 

MlLUMETERS INCHES 
DIM MIN MAX MIN MAX 

-+- ~.14 9.53 0.360 0.375 
B ",.;;0 7.24 0.260 0.285 
C 5.41 5.66 0.213 0.223 
D 0.36 0.53 0.D15 0.021 
F 3.18 3.33 0.125 0.131 
G 2.54 BSC 0.100 8SC 
H 3.94 4.19 0.155 0.165 
J 0.36 0.41 0.014 0.016 
K 11.63 12.70 0.458 0.500 
L 24.58 25.53 0.968 ·'.006 
N 5.088SC 0.200 BSC 
Q 2.39 2.69 0.094 0.106 
R 1.14 1.40 0.045 0.055 

CASE 152-02 

• 



MPS-U02 

FIGURE 1 - NORMALIZED DC CURRENT GAIN 

0.9 

~ o 0.8 
~ 
w 
to 

; 0.7 
o 
> 

~ ~ 0.6 

W 

~ ::l 0.5 
> 

0.4 

0.1 1.0 10 100 

0.1 

IC. COLLECTOR CURRENT (rnA) 

FIGURE 3 -BASE·EMITTER VOLTAGE 
versus COLLECTOR CURRENT 

'/ 

/"" 

......... ~ 

1.0 10 100 

IC. COLLECTOR CURRENT (rnA) 

1.0 A 

1.0 A 

FIGURE 5 - CURRENT·GAIN·BANDWIDTH PRODUCT 
versus COLLECTOR CURRENT 

1000 
x 
~ 700 >-
'-' 
'" 0 
<> 500 '" 0-
X 
>-
0 

3: 
0 300 z .. ... 
z 
;( 

200 to 
>-
~ 

V VCE=20V 

" 
V 

\ 
/ 

'" '" B 
.t= 100 

V 
1.0 10 100 LOA 

lC. COLLECTOR CURRENT (rnA) 

FIGURE 2 - COLLECTOR·EMITTER 
SATURATION VOLTAGE versus BASE CURRENT 

1.0 ,-,-rrl ", II "rm III 11----r-rTl'OTllnrlll--'-TTT'TTTTIT--r-rTTITm 
0.9 f--i- Ie = 10 rnA -++I-H-l1Uf+l-!l--+-+++I+I+I+--+-+lr++HII 

::; 1!! 0.81--+--f"'if+tI+l+-+-t-+H 100 rnA -HH-H+l*+--+-+-++H+H 

!:: g 0.7 t--+-HIttIt!t-+-H-HlfHt--l-lt 250 rnA -1\rt-l-+HHtH 
:E-
~ ~ 0.6 500 rnA 
o~ \V E c: O.51--+---Hif+tI+l+-+-t-+I-HHI--i-+H-l1-l1+-*+t-+++Hl 
-'> 
8~ 0.4 ~ 
-:~ 
.! ~ 0.3 t--++I"ttIt!t-+-H-HtPl--l-++fittHt--I-+Httttl 
t>-
> ;li 0.2 t--++lfHiH+t-+-H-HtHl-'~-+++t+Hl"'-od:-I-+Httttl 

O.II-++++++~"' ....... +-+++++++I--i""'--l"'I+1f+Hf-+-+-+l+HfH 

0.1 1.0 10 100 

lB. BASE CURRENT (rnA) 

FIGURE 4 - CAPACITANCE versus VOL TAGE 
50 

30 

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

1'\ 
-........... ....... \ Cib 

7.0 
,.......... 

-:--~ot 
5.0 I 

0.1 1.0 10 100 
REVERSE VOLTAGE (VOLTS) 

FIGURE 6- ACTIVE REGION DC SAFE OPERATING AREA 
2.0 

11.0 

>-
~ 0.7 

~ 0.5 
<.> 

'" o 

~ 0.3 

2 
9 0.2 

0.1 

-
-

1.0 

i'-

" '\ 
'" t-- - - - Thermal limitation 

'" t-- -- Secondary Breakdown limitation 

1 J l II II " I ~ 
2.0 3.0 5.0 1.0 10 20 30 50 

VCE. COLLECTOR·EMITTER VOLTAGE (VOLTS) 

3-1126 



MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

NPN SILICON ANNULAR 
HIGH VOLTAGE AMPLIFIER TRANSISTORS 

· .. designed for horizontal drive applications, high,voltage linear 
amplifiers, and high-voltage transistor regulators. 

• High Collector-Emitter Breakdown Voltage -
V(BR)CEO = 180 Vdc (Min) @ IC = 1 mAdc - MPS-U04 

• Low Collector-Emitter Saturation Voltage -
VCE(sat) = 0.5 Vdc (Max) @ IC = 200 mAdc 

• High Power Dissipation -
PD = 10 W @ T C = 250 C 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current 

Total Power Dissipation @ T A - 2SoC 
Derate Above 2SoC 

Total Power Dissipation@Tc = 2SoC 
Derate Above 2SoC 

Operating and Storage Junction 
Temperature Range 

Solder Temperature, 1/16" From Case 
for 10 Seconds 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Ambient 

Thermal Resistance. Junction to Case 

Symbol MPS-U03 MPS·U04 

VCEO 120 180 

VCB 120 180 

VE8 5 

'C 1 

Po 1 
8 

Po 10 
80 

TJ, Tstg -55 to +150 

- 260 

Symbol Max 

RaJA 125 

RaJC 12.5 

3-1127 

Unit 

Vdc 

Vdc 

Vdc 

Adc 

Watts 
mW/oC 

Watts 
mW/oC 

°c 

°c 

Unit 

°CiW 
uCiW 

D 

NOTE: 

Mps·U03 
Mps·U04 

NPN SILICON 
AMPLIFIER 

TRANSISTORS 

,.1 
C 

1. LEADS WITHIN 0.15 mmIO.006) TOTAL OF TRUE 
POSITION AT CASE, AT MAXIMUM MATERIAL 
CONDITION. 

MlLUMfTERS INCHES 
DIM MIN MAX MIN MAX 
A 9.14 9.53 0.360 0.375 
B 6.60 7.24 0.260 0.285 
C 5.41 5.66 0.213 0.223 
0 0.38 0.53 0.015 0.021 
F 3.18 3.33 0.125 0.131 
G 2.54 BSC 0.100 BSC 
H 3.94 4.19 0.155 0.165 
J 0.38 0.41 0.014 0,016 
K 11.63 12.70 0.458 0.500 
L 24.58 25.53 0.968 1.005 
N 5.08 BSC 0.200 BSC 
Q 2.38 2.69 0.094 0.106 
R 1.14 1.40 0.045 0.065 

CASE 152-02 

• 



MPS~U03 , MPS-U04 

ELECTRICAL CHARACTERISTICS (TA = 25°C unl ... otherwise noted) 

I Characteristic Svmbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage V(BR)CeO 
(lC = 1.0 mAde, IB = 0) MPS-U03 

MPS-U04 

Collector-Base Breakdown Voltage 
V(BR)CBO 

(lC = 100 /lAde, Ie = 0) MPS-U03 
MPS-U04 

Emitter-Base Breakdown Voltage 
V(BR)EBO 

(IE = 100 /lAde, IC = 0) 

Collector Cutoff Current ICBO 
(VCB = 100 Vae, IE = 0) MPS-U03 
(VCB = 150 Vde, IE = 0) MPS-U04 

ON CHARACTERISTICS (1) 

DC Current Gain hFE 
(lC = 10 mAde, Vce = 10 Vde) 

Collector-Emitter Saturation Voltage VCe(s't) 
(lC = 200 mAde, IB = 20 mAde) 

~ase-Emitter On Voltage VBE(on) 
(lC = 200 mAde, V CE = 1.0 Vde) 

DYNAMIC CHARACTERISTICS 

Current-Gain-Bandwidth Product IT 
(lC = 50 mAde, Vce = 20 Vde, I = 20 MHz) 

Output Capacitance Cob 
(VCB = 10 Vde, Ie = 0, I ~ 100 kHz) 

Input Capacitance Cib 
(VBE = 0.5 Vde, IC = 0, I = 100 kHz) 

(1) Pulse Test: Pulse W,dth.;; 300 /lS, Duty Cycle';; 2.0%. 

TYPICAL CHARACTERISTICS 

FIGURE 1 - CURRENT -GAIN - BANDWIDTH PRODUCT 
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MPS-U03, MPS-U04 

TYPICAL CHARACTERISTICS (Continued) 
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MPS-U03, MPS-U04 
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FIGURE 10 - ACTIVE REGION SAFE'()pERATING AREA There are two limitations on the power handling ability 
of a transistor: average junction temperature and second 
breakdown. Safe operating a~ea curves indicate IC-VCE 
limits of the transistor that must be observed for reliable 
operation; i.e .. the transistor must not be subjected to 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

NPN SILICON ANNULAR 
AMPLIFIER TRANSISTORS 

· .. designed for general·purpose, high·voltage amplifier and driver 
applications. 

• High Coliector·Emitter Breakdown Voltage -
V(BR)CEO = 60 Vde (Min) @ IC = 1.0 mAde - MPS-U05 

80 Vdc (Min) @ IC = 1.0 mAdc - MPS-U06 

• High Power Dissipation - PD = lOW @ TC = 250 C 

• Complements to PNP MPS-U55 and MPS-U56 

MAXIMUM RATINGS 
Rating Symbol MPs-uosl MPS·U06 

Collector-Emitter Voltage VCEO 60 I 80 

Collector-Base Voltage VCB 60 j 80 
Emitter-Base Voltage VEB 4.0 
Collector Current - Continuous IC 2.0 

Total Power Dissipation@ T A"" 2SoC' Po 1.0 
Derate above 2SoC 8.0 

Total Power Dissipation@ TC = 250C Po 10 
Derate above 25°C 80 

Operating and Storage Junction TJ, Tstg -55 to +150 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance. Junction to Case ROJC 12.5 

Thermal Resistance, Junction to Ambient ROJA 125 

3-1131 

Unit 

. Vdc 

Vdc 

Vdc 

Adc 

Watt 
mW/oC 

Watts 
mW/oC 

°c 

Unit 

°C/W 

°C/W 

F 

D 

NOTE: 

Mps·U05 
Mps·U06 

NPN SILICON 
AMPLIFIER TRANSISTORS 

,.1 
c 

A 

1. LEADS WITHIN 0.15 mmIO.006J TOTAL OF TRUE 
POSITION AT CASE, AT MAXIMUM MATERIAL 
CONDITION. 

MilliMETERS INCHES 
DIM MIN MAX MIN MAX 
A 9.14 9.53 0.360 0.375 
8 6.60 7.24 0.260 0.285 
C 5.41 5.66 0.213 0.223 
D 0.38 0.53 0.015 0.021 
F 3.18 3.33 0.125 0.131 
G 2.54 sse 0.100 sse 
H 3.94 4.19 0.155 0.165 
J 0.38 0.41 0.014 0.016 
K 11.63 12.70 0.458 0.500 
L 2~58 25.53 0.968 1.1105 
N 6.OBBSC 0.200BSC 
Q 2.39 2.69 0.094 0.106 
R 1.14 1.40 0.045 0.055 

CASE 152-02 

• 



MPS-U05, MPS-U06 

ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 

I Characteristic I Symbol I Min Typ Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
(lC = 1.0 mAde,lB = 0) MPS-U05 

MPS-U06 

Emitter-Base Breakdown Voltage 
(IE = 100 "Ade, IC = 0) 

Collector Cutoff Current 
(VCB = 40 Vde, IE = 0) MPS-U05 
(VCB = 60 Vde, IE = 0) MPS-U06 

ON CHARACTERISTICS 

DC Current Gain (1) 
(lC = 50 mAde, VCE = 1.0 Vde) 
(lC = 250 mAde, VCE = 1.0 Vde) 
(I C = 500 mAde, V CE = 1.0 Vde) 

Coltector·Emitter Saturation Voltage(1) 

(lC = 250 mAde, IB = 10 mAde) 
(lC = 250 mAde, IB = 25 mAde) 

Base-Emitter On Voltage (1) 
(lC = 250 mAde, VCE = 5.0 Vdcl 

SMALL-5IGNAL CHARACTERISTICS 

Current-Gain-Bandwidth Product (1 ~ 
,IiC = .2~0 mAde, VCE = 5.0 Vde, f = 100 MHz) 

Output Capacitance 
(VCB = 10 Vde, IE = 0, f = 100 kHz) 

(l)Pulse Test: Pulse Width ~300 /Js; Duty Cycle ~2.0%. 
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There are two limitations on the power handling ability of a 
transistor: junction temperature and, second breakdown. Safe 
operating area curves indicate Ie - VeE limits of the transistor that 
must be observed for reliable operation; i.e., the transistor must 
not be subjected to greater dissipation than the curves indicate. 
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The data of Figure 3 is based on TJ(pk) = 1500 C; TC is variable 
depending on conditions. At high case temperatures, thermal 
limitations will reduce the power that can be handled to values less 
than the limitations imposed by second! breakdown .. 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

NPN SILICON ANNULAR 
AMPLIFIER TRANSISTOR 

... designed for general-purpose, high-voltage amplifier and driver 
applications. 

• High Collector-Emitter Breakdown Voltage -

V(BR)CEO = 100 Vdc (Min) @ IC = 1.0 mAdc 

• High Power Dissipation - PD = 10 W@ TC = 2SoC 

• Complement to PNP MPS-US7 

MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage VCEO 100 

Collector-Base Voltage VCB 100 
Emitter-Base Voltage VEB 4.0 
Collector Current - Continuous IC 2.0 
Total Power Dissipaton. @ T A == 2SoC Po 1.0 

Derate above 2SoC 8.0 

Total Power Dissipaton@TC = 25°C Po 10 
Derate above 2SoC 80 

Operating and Storage Junction TJ,Tstg -55 to +150 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance, Junction to Case R9JC 12.5 

Thermal Resistance. Junction to Ambient R9JA 125 

3-1133 

Unit 

Vdc 
Vdc 

Vdc 
Adc 

Watt 
mW/oC 

Watts 
mW/oC 

°c 

Unit 

°CIW 
°C/W 

o 

NOTE: 

MPS-U07 

NPN SILICON 
AMPLIFIER TRANSISTOR 

"I c 

._U 
1--1 G I--- STYLE 1: .JI--J 
I----L N ~N i: ~~~~R 

3. COLLECTOR 
(COLLECTOR CONNECTED TO TABI 

1. LfAOS WITHIN 0.15 mm(O.OO6I TOTAL Of TRUE 
POSITION AT CASE, AT MAXIMUM MATERIAL 
CONDITION. 

MlWMETlRS INCHES 
DIM MIN MAX MIN MAX 
A 9.14 9.53 0.360 0.375 
B 6.60 7.24 0.260 0.2115 
C 5.41 5.66 0.213 0.223 
D 0.38 0.53 0.015 0.021 
f 3.18 3.33 0.125 0.131 
G 2.54 SSC 0.100 SSC 
H 3.94 4.19 0.155 0.165 
J 0.36 0.41 0.014 0,016 
K 11.63 12.70 0.458 0.500 
L 24.58 25.53 0.966 1.005 
N 5.08 SSC' 0.200BSC 
Q 2.39 2.69 0.094 0.106 
R 1.14 1.40 0.045 0.055 

CASE 152-02 

• 



MPS-U07 

ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 

Ch • .-ristic 

OFF CHARACTERISTICS 

Colleetor·Emitter Breakdown Voltage' (1) 
(lC = 1.0 mAde, IB = 0) 

Emitter·Base Breakdown Voltage 
(IE = 100 "Ade, IC = 01 

Collector Cutoff Current 
(VCB = 80 Vde, IE = 01 

ON CHARACTERISTICS 

DC Current Gain (11 
(lC = 50 mAde, VCE = 1.0 Vdel 
(I C = 250 mAde, V CE = 1.0 Vdel 
(lC = 500 mAde, VCE = 1.0 Vdcl 

Coliector·Emitter Saturation Voltage 111 
(lC = 250 mAde, IB = 10 mAde) 
(lC = 250 mAde, IB = 25 mAdc) 

Base·Emitter On Voltage (1) 
(lC = 250 mAde, VCE = 5.0 Vde) 

SMALL-5IGNAL CHARACTERISTICS 

Current·Gain-Bandwidth Product 111 
IIc = 250 mAdc, VCE = 5.0 Vdc, f = 100 MHz) 

Output Capacitance 
(VCB = 10 Vde, IE = 0, f = 100 kHz) 

(1 )Pulse Test: Pulse Width ~300 IJs, Duty Cycle '5: 2.0%. 

FIGURE 1 - DC CURRENT GAIN 
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There are two limitations on the powar handling abilitv of .a 
transistor: junction I temperature and second breakdown. Safe 
oparating area curves indicate IC - VCE limits of the transistor that 
must be observed for reliable operation; i.e., the transistor must 
not be subjilcted to greater dissipation than the curves indicate. 
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The data of Figure 3 is based on T J(pk) = 1500 c; T C is variable 
depending on conditions. At high case temperatures, thermal 
limitations will reduce the power that can be handled to values less 
than the limitations imposed by secondbreakdown. 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

NPN SILICON ANNULAR TRANSISTOR 

· .. designed for high·voltage video and luminance output stages in 
TV receivers. 

• High Collector·Emitter Breakdown Voltage -
V(BR)CEO = 300 Vdc (Min) @ IC = 1.0 mAde 

• Low Coliector·Emitter Saturation Voltage -
VCE(sat) = 0.75 Vdc (Max) @ IC = 30 mAde 

• Low Coliector·Base Capacitance -
Ccb = 3.0 pF (Max) @ VCB = 20 Vdc 

MAXIMUM RATINGS 

Rating Symbol 

Collector-Emitter Voltage VCEO 

Collector-Base Voltage VCR 

Emitter-Base Voltage VEB 
Collector Current - Continuous IC 

Total Power Dissipation @ T A = 2SoC Po 
Derate above 2SoC 

Total Power Dissipation @TC= 2_SoC. Po 
Derate above 2SoC 

Value 

300 

300 

6.0 

0.5 

1.0 
8.0 

10 
80 

Operating and Storage Junction Temperature Range TJ.Tstg -55'0+150 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resi9tance, Junction to Case R9JC 12.5 

Thermal Resistance, Junction to Ambient ReJAtll 125 

(1) R6JA is measured with the device soldered into a typical printed circuit board. 
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Unit 

Vdc 

Vdc 

Vdc 

Adc 

Watt 
mW/oC 

Watts 
mWfDC 

°c 

Unit 

°C/W 

°C/W 

D 

NOTE: 

MPS-U10 

NPN SILICON 
HIGH VOLTAGE 

AMPLIFIER 
TRANSISTOR 

,.1 
c 

1. LEAOS WITHIN 0.15 mmtO.OO6I TOTAL Of TRUE 
POSITION AT CASE. AT MAXIMUM MATERIAL 
CONOITION 

MIlLIMETERS INCHES 
DIM MIN MAX MIN MAX 
A 9.14 9.53 0.360 0.375 
B 6.60 724 0.260 0.285 
C 5.41 5.66 0.213 0.223 
D 0.38 0.53 O.ot5 0.021 
F 3.18 3.33 0.125 0.131 
G 2.54BSC 0.100 BSC 
H 3.94 ~19 0.155 0.155 
J 0.36 0.41 0.014 0.016 
K 11.63 12.70 0.458 0.500 
L 24.58 25.53 0.968 1.005 
N 5.08 BSC 0.200BSC 
Q 2.39 2.69 0.094 0.106 
R 1.14 1.40 0.045 0.055 

CASE 152·02 

• 



MPS-U10 

ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 

Characteristics 

OFF CHARACTERISTICs' 

. Collector-Emitter Breakdown Voltage (1) 

(I C = 1.0 mAde, I B = 0) 

Collector-Base Breakdown Voltage 
(lC = 100l'Ade, IE = 0) 

Emitter-Base Breakdown Voltage 
(IE = 100 I'Ade, IC = 0) 

Collector Cutoff Current 
(VCB = 200 Vde, IE = 0) 

Emitter Cutoff Current ,. 
(VBE = 6.0 Vde, IC ",0) 

ON CHARACTERISTICS 

DC Current Gain '. 

(lC = 1.0 mAdc, VCE = 10 Vdc) 

(lC = 10 mAde, VCE = 10 Vdc) 

(IC = 30 mAde, VCE = 10 Vdc) 

Collector-Emitter Saturation Voltage 
(lc=30mAdc, IB = 3.0 r,nAdc) 

Base-E mitter On Voltage 
(lC = 30 mAde, VCE = 10 Vdc) 

DYNAMIC CHARACTERISTICS 

Current-Gain-Bandwidth Product (1) 
(lC =.10 mAde, VCE = 20 Vdc, I = 100 MHz) 

Coliector~Base Capacitance 
(VCB = 20 Vdc, IE = 0, I = 1.0 MHz) 

(1)Pulse Test: Pulse Width ~300 I.Ls, Duty CycleS 2%. 
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Symbol Min Max Unit 

V(BR)CEO 300 - Vde 
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Area to avoid causing a catastrophic failure. To insure operation 
below the maximum T J. power-temperature derating must be ob
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

NPN SILICON DARLINGTON 
AMPLIFIER TRANSISTOR 

· .. designed for amplifier and driver applications. 

• High DC Current Gain -
hFE = 25,000 (Min) @ IC = 200 mAde 

15,000 (Min) @ IC = 500 mAde 

• Coliector·Emitter Breakdown Voltage -

V(BR)CES = 40 Vdc (Min) @ IC = 100 p.Adc 

• Low Coliector·Emitter Saturation Voltage -
VCE(sat) = 1.5 Vdc @ IC = 1.0 Adc 

• Monolithic Construction for High Reliability 

• Complement to PNP MPS·U95 

MAXIMUM RATINGS 

Rating Symbol Value 

Collector~Emitter Voltage VCEOll) 40 

Collector-Emitter Voltage VCES 40 

Collector-Base Voltage VCB 50 

Emitter-Base Voltage VEB 12 

Collector Current IC 2.0 

Total Power Dissipation @ T A = 2SoC Po 1.0 
Derate above 2SoC 8.0 

Total Povwr Dissipation@ TC = 25°C Po 10 
Derate above 2SoC 80. 

Operating and Storage Junction TJ,Tstg -55 to +150 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance. Junction to Ambient ROJA 125 

Thermal Resistance, Junction to Case ROJC 12.5 

(1) Due to the monolithic construction of this device, breakdown voltages of both 

Unit 

Vdc 

Vdc 

Vdc 

Vdc 

Adc 

Watt 
mW/oC 

Watts 
mW/oC 

°c 

Unit 

°C/W 

°C/W 

transistor elements are identical. V(B'VCES is tested in lieu of V(BR)CEO in order to 
avoid errors caused by noise pickup. he voltage measured dUring the V(BR)CES 
test is the V(BR)CEO of the output transistor. 
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Mps·U45 

NPNSILICON 
DARLINGTON 
TRANSISTOR 

,.1 
c 

t-- A-

t B - j 

~ I~' ~ 
1 2 • 

D- f- __ lJ 
t±N STYLE I: 

~N1.EMlmR 
2. BASE 
3. COLLECTOR 

'nf' 
-.Jl-J 

(COLLECTOR CONNECTED TO TAB' 

NOTE: 
1. LEADS WITHIN 0.15 mm(O.OO6) TOTAL OF TRUE 

POSITION AT CASE, AT MAXIMUM MATERIAL 
CONDITION. 

MlLlIolETERS INCHES 
DIM MIN MAX MIN MAX 
A 9.14 9.53 0.360 0.375 
B 6.66 7.24 0.266 0.285 
C 5.41 5.66 0.213 0.223 
D 0.38 0.53 0.015 0.021 
F 3.18 3.33 0.125 0.131 
G 2.54 BSC 0.100 BSC 
H 3.94 4.19 0.155 0.165 
J 0.36 0.41 0.014 0.016 
K 11.63 12.70 0.458 0.500 
L 24.58 25.53 0.968 1.1105 
N 5.08 BSC 0.200 BSC 
Q 2.39 2.69 0.094 0.106 
R 1.14 1.40 0.045 0.055 

CASE 152·02 

• 



MPS-U45 

ELECTRICAL CHARACTERISTICS IT A = 25°C unless otherwise noted) 

I Characteristic I Symbol Min Typ Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage V(BR)CES 40 - - Vde 
IIc = 100 /LAde, VBE = 0) 

Collector-Base Breakdown Voltage V(BR)CBO 50 - - Vde 
IIc = 100 /LAde, IE = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO 12 - - Vde 
liE = 10 /LAde, IC = 0) 

Collector Cutol,1 Current ICBO - - 100 nAde 
IVCB = 30 Vde, IE = 0) 

Emitter Cutoff Current lEBO - - 100 nAde 
(VEB = 10 Vde, IC = 0) 

ON CHARACTERISTICS(1) 

DC Current Gain hFE -
IIc = 200 mAde, VCE = 5,0 Vde) 25,000 65,000 150,000 

IIc = 500 mAde, VCE = 5,0 Vde) 15,000 35,000 -
(IC = 1.0 Ade, VCE = 5.0 Vde) 4,000 12,000 -

Collector-Emitter Saturation Voltage VCElsat) - 1.2 1.5 Vde 
II C = 1.0 Ade, I B = 2.0 mAde) 

Base-Emitter Saturation Voltage VBE(sat) - 1.85 2.0 Vde 
IIc = 1.0 Ade, IB = 2.0 mAde) 

Base-Emitter On Voltage VBElon) - 1.7 2.0 Vde 
IIc = 1.0 Ade, VCE = 5.0 Vde) 

DYNAMIC CHARACTERISTICS 

Small-5ignal Current Gain 11) 1.0 3.2 
IIC = 200 mAde, VCE = 5.0 Vde, I = 100 MHz) 

Collector Base CapaCitance 2.5 6.0 pF 
(VCB = 10 Vde, IE = 0, I = 1.0 MHz) 

(1 )Pulse Test: Pulse Width ~ 300 fJs, Duty Cycle ~ 2.0%. 

Un;watt darlington transistors can be used in any number of low power applications. such as relay drivers, motor control and as general 
purpose amplifiers. As an audio amplifier these devices, when used as a complementary pair, can drive 3.5 watts into a 3.2 ohm speaker using 
a 14 volt supply with less than one per cent distortion. Because of the high gain the base drive requirement is as low as 1 mA in th is application. 
They are also useful as power drivers for high current application such as voltage regulators. 
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MPS-U45, 

FIGURE 1 - DC CURRENT GAIN 
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There are two limitations on the power handling ability of • 
transistor: junction temperature and" seCondi breakdown. Safe 
operating area curves indicate IC":"VCE "limits of the transistor that 
must be ob.rved for reliable operation; i.e., the transistor must not 
be subjected to greater dissipation than the curves indicate. 

The data of Figure 5 is based onTJ(pk) = 150oC; TC is variable 
depending on conditions. At high case temperatures, thermal limi· 
tations will reduce the power that can be handled to values less 
than the limitations imposed by second. breakdown. 
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MOTOROLA 
I SEMICONDUCTOR 

TECHNICAL DATA 

PNP SILICON ANNULAR TRANSISTORS 

· .. designed for complementary symmetry audio circuits to 5 Watts 
output. 

• Excellent Current Gain Linearity - 1.0 mAdc to 1.0 Adc 

• Low Collector-Emitter Saturation Voltage -
VCE(sat) = 0.7 Vdc (Max) @ IC = 1.0 Adc 

• Complements to NPN MPS-UOl and MPS-U01A 

• Uniwatt Package for Excellent Thermal Properties -
1.0 Watt@TA = 250 C 

MAXIMUM RATINGS 

Rating Symbol MPS-US1 MPS-US1A 

Collector-Emitter Voltage VCEO 30 40 

Collector-Base Voltage VCB 40 50 

Emitter-Base Voltage VEB 5.0 

Collector Current - Continuous IC 2.0 

Total Power Dissipation @ T A = 2SoC PD 1.0 
Derate above 25°C B.O 

Total Power Dissipation @ T C - 2SoC PD 10 
Derate above 25°C 80 

Operating and Storage Junction TJ,Tstg -55 to +150 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Svmbol Max 

Thermal Resistance, Junction to Case ROJC 12;5 

Thermal Resistance, Junction to Ambient ROJA 125 

3-1141 

Unit 

Vdc 

Vdc 

Vdc 

Adc 

Watt 
mWloC 

Watts 
mWloC 

°c 

Unit 

°CIW 

°CIW 

F--....... 

Mps·USI 
MPS-US1A 

PNP SILICON 
AUDIO TRANSISTORS 

,.1 
c 

-A-

'ITf" 
ta- l 

~ 
I • 3 

o- f-

t± STYLE 1: --I~J 
N PIN1.EMlffiR 

2. BASE 
3. COLLECTOR 

ICOLLECTOR CONNECTEO TO TABI 
NOTE: 

1. LEADS WITHIN 0.15 mmlO.OO6I TOTAL Of TRUE 
POSITION AT CASE, AT MAXIMUM MATERIAL 
CONDITION. 

MIWME1ERS INCHES 
DIM MIN MAX MIN MAX 
A 9.14 9.53 0.360 0.3lS 
B 6.60 7.24 0.260 0.285 
C 5.41 5.66 0.213 0.223 
D 0.38 0.53 0.015 0.021 
f 3.1S 3.33 0.125 0.131 
G 2.54 BSe 0.100 sse 
H 3.94 4.19 0.155 0.165 
J 0.36 0.41 0.014 0.016 
K 11.63 12.70 0.458 0.5110 
L 24.58 25.53 0.!i68 1.005 
N 5.OS8SC 0.200 BSC 
Q 2.36 2.69 0.094 0.106 
R 1.14 1.40 0.045 0.055 

CASE 152-02 

• 



MPS-U51.MPS-U51A 
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ELECTRICAL CHARACTERISTICS ITA = 25°C unl ... otherwise noted) 

Characteristic 

OFF CHAlIACTERISTICS 

Collector·Erriitter Breakdo~n Voltage 
(lC = 1.0 mAde, IB = 0) 

Collector-Base Breakdown Voltage 
Ilc = 100 "Ade, IE = Ol 

Emitter-Base Breakdown Voltage 

(IE = 100 "Ade, IC = 0) 

Collector Cu'toff Current 
IVea" 30 Vde" IE = 0) 

IVCB = 40 Vde, IE = 0) 

Emitter Cutoff Current 
IVBE = 3,0 Vde, IC = 0) 

ON CHARACTERISTICSI1l 

DC Current Gain 
(lC = 10mAde, VCE = 1,0 Vde) 

IIC = 100 mAde, VCE = 1,0 Vde) 

ftc = 1,0 Ade, VCE = 1,0 Vde) 

Collector-Emitter Saturation Voltage 
(lC = 1.0 Ade, IB = 0,1 Ade) 

Base-Emitter On Voltage 
(lC = 1.0 AdO, VCE = 1,0 Vde) 

DYNAMIC CHARACTERISTICS 

l,;urrent-Gain Bandwidth Product 
(lC = 50 mAde, VCE = 10 Vde, I = 20 MHz) 

Output Capacitance 
(VCB = 10 Vde, IE = 0, I = 100 kHd 

(,1lPulse Test: Pulse Width S 300 JjS, Duty Cycle ~ 2.0%. 

FIGURE 1 - DC CURRENT GAIN 
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ICBO JlAdc 
MPS·U51 - 0,1 
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lEBO - 0,1 JJ.Adc 
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IT 50 MHz 
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FIGURE 2 - "ON" VOLTAGES 
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must be observed for relia~le operation; i.e,., ~he transistor must 
not be subjected to greater dissipation than the curves indicate. 

The data of Figure 3 is based on TJ(pk) = 1500C; TC is variable 
depending on conditions. At high case temperatures,' thermal 
limitations will reduce the power that can be handled to values 
less than the limitations imposed by second breakdown. 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

PNP SILICON ANNULAR TRANSISTOR 

... designed for general-purpose amplifier and driver applications. 

• Complement to NPN MPS-U02 

MAXIMUM RATINGS 

Rating 

Culietlor-Elllltlec Vultal!,C 

Cullectur- Base VoltJ.l:\e 

EnlitlE."r-Basc VultagE' 

Cullettol' Current.- Cuntllluuu5 

Total Power Dissipation@- T A ;: 2S''C 

Dt'rate above 2ST 

Total Power Dissipation (!!I TC :: 25'(; 

Derate above 25°C 

OPf;'ratinl:\ and Storage JUllctlOJl 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Reslst.u)('E', JunctlOn to Case 

Symbol 

VCEO 

VCB 

YEB 

IC 

PD 

PD 

T J , TS"lt!,11l 

Symbol 

RtJJC 
----------------~----

Thermal Resistanl'e, JunetlUll tu Ambienl RUJA 1\1 

Value 

40 

60 

5.0 

1.5 

1.0 

8.0 

10 

80 

-55 to +150 

Max 

12.5 

125 

ELECTRICAL CHARACTERISTICS (T" = 25°C ul1le~<, otht'r ... ;~e r1otpd) 

Characteristic 

OFF CHARACTERISTICS 
Collector-Emitter Breakdown VoltJ.ge 

(Ie = 1.0 mAd!.:, 18 = 0) 

Symbol Min Max 

40 

Unit 

Vd, 

Vdt 

Vdc 

Ad< 

Watt 

mW/"C 

Watts 

mW/oC 

'c 

Unit 

'c/w 

c/w 

U£:J 

Vdl' 

Vdc 

!lAd!: 

Coilector-Ba!)e Breakdown Volta~e V(BR)CBO 

~_(~IC~=_IOO __ P_A_d_'._I~E~= __ O) __________ . ______________ ~--_60--~----~--__ --~ 
Culle!.:tor Cutoff Currellt ICBO 

(VCB = 40 Vde, IE = 0) 

ON CHARACTERISTICS (2) 

DC Current Gaill 
(IC'" 10 mAdl', VCE = 10 Vde) 

(IC" 150 mAde, VeE" 10 Vdt,) 

(Ie = 500 mAde, VCE '" 10 Vde) 

Collector-Emitter Satur.ttion Voltage 
(Ie = 150 mAde, IB" 15 mAde) 

Base-Emitter SaturatiOn Voltage 
(IC" 150 mAde, IB'" 15 mAde) 

DYNAMIC CHARACTERISTICS 
Current-Gain Bandwidth Product (2) 

(Ie = 20 mAde, VCE = 20 Vdc, C = 100 MHz 

Output Capacitance 
(Ve8 " 10 Vdc, IE = 0, ! = 100 kHz.) 

VCE(sat) 

VBE(S;lt) 

50 

50 

30 

100 

100 

300 

0.4 

1.3 

24 

(1) R8J A is measured with device soldered mto a tYPlcal prmted Circuit board 

(2) Pulse Test: Pulse WidthS300 jjS, Duty CycleS2. 0% 
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Vdt 

Vde 

MHz 

pF 

D 

NOTE: 

Mps·US2 

PNPSILICON 
AMPLIFIER TRANSISTOR 

,.1 
C 

1. lEADS WITHIN 0.15 mm(O.OO6) TOTAL OF TRUE 
POSITION AT CAS.E. AT MAXIMUM MATERIAL 
CONOITION. 

ftlLUMETERS INCHES 
111M MIN MAX MIN MAX 
A 9.14 9.53 0.360 0.375 
B 6.60 7.24 0.260 0185 
C 5.41 5.66 0113 0.223 
D 0.38 0.53 0.015 0.021 
F 3.18 3.33 0.125 0.131 
G 2.54SSC 0.100 SSC 
H 3.94 4.19 0.155 0.165 
J 0.36 0.41 0.014 0.016 
K 11.63 12.70 0.4511 0.500 
L 24.58 25.53 0.968 1.005 
N 5.08 SSC 0.200 SSC 
Q 2.39 2.69 0.094 0.106 
R 1.14 1.40 0.045 0.056 

CASE 152-02 

• 



MPS-U52 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

PNP SILICON ANNULAR 
AMPLIFIER TRANSISTORS 

· .. designed for general-purpose, high-voltage amplifier and driver 
applications. 

• High Collector-Emitter Breakdown Voltage -
V(BR)CEO = 60 Vdc (Min) @ IC = 1.0 mAdc - MPS-U55 

80 Vdc (Min) @ IC = 1.0 mAdc - MPS-U56 

• High Power Dissipation - PD = 10 W@ TC = 250 C 

• Complements to NPN MPS-U05 and MPS-U06 

MAXIMUM RATINGS 
Rating SYI1Ibol MPS-U55 I MPS·U56 Unit 

Collector·Emitter Voltage VCEO 60 I 80 Vdc 

Collector-Base Voltage VC:R 60 J 80 Vdc 

Emitter-Base Voltage VES 4.0 Vdc 

Collector Current - Continuous IC 2.0 Adc 

Total Power Dissipation @ T A ::;: 25°C PD 1.0 Watt 
Derate above 2SoC 8.0 mW/oC 

Total Power Dissipation @ TC = 2SoC PD 10 Watts 
Derate above 25°C 80 mW/oC 

Operating and Storage Junction TJ,Tstg -55 to +150 °c 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Svmbol Max Unit 

Thermal Resistance, Junction to Ambient ROJAlll 125 °CIW 

Thermal Resistance, Junction to Case ROJC 12.5 °C/W 

(1) R6JA is measured with the device soldered into a typical printed circuit board, 
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MPS-U55 
MPS-U56 

PNP SILICON 
AMPLIFIER TRANSISTORS 

e 
B 

c 

r-- A_ 

'----. Ca- l 'fi' fvt, 

~'l lYe 
~ 
, .. 

~ 0-

d. smEl: ....II.-J 
PINI.EMlrnR 

2. BASE 
3. COLLECTOR 

ICOLLECTOR CONNECTED TO TAe} 

NOTE: 
1. LEADS WI1HIN 0.15 mmIO.OO6} TOTAL Of TRUE 

POSITION AT CASE, AT MAXIMUM MATERIAL 
CONOmON. 

MlWMETERS INC HES 
DIM MIN MAX MN MAX 
A 9.14 9.53 0.360 0.375 
B 6.60 7.24 0.280 0.285 
C .5.41 5.66 0.213 0.223 
0 0.38 0.53 0.015 0.021 
F 3.18 3.33 0.125 0.11 
G 2.54 esc 0.100 esc 
H 3.94 4.19 0.155 0.165 
J 0.36 0.41 0.014 0.016 
K 11.83 12.70 0.458 0.5/10 
L 2458 21;.53 0.968 1.006 
N ~08 esc 0.200 esc 
Q 2.39 2.69 0.094 0.106 
R 1.14 1.40 0.045 0.055 

CASE 152-02 

• 



MPS-U55, MPS-U56 

ELECTRICAL CHARACTERISTICS (T A = 250C unless otherwise noted) 

I a.-iItIc I Symbal I Min Typ Unit 

OFF CHARACTERISTICS 

Collector-Emitter' Breakdown VOltage(( 1)· 
(lc -1.0 mAde.IB = 0) MPS-U55 

MPS-U56 

Emitter-B_ Breakdown Voltage 
(IE • l00"Ade, IC = 0) 

Collector Cutoff Currant 
(VCB = 40 Vd.:. lEe 0) MPS-U55 
(Vce· 60 Vdc.IE = 0) MPS-U56 

ON CHARACTERISTICS 

DC Current Gain (1) 
(lC = 50 mAde. VCE = 1.0 Vde) 
(lC = 250 mAde, VCE = 1.0 Vde) 
(lC = 500 mAde, VCE = 1.0 Vde) 

Collector-Emitter Saturation Voltage( 1) 

(lC = 250 mAde, Ie = 10 mAde) 
(IC = 250 mAde, IB = 25 mAde) 

Base-Emitter On Voltage (1) 

(lC = 250 mAde, VCE = 5.0 Vde) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain-Bandwidth ·Product (1) 
(lC = 250 mAde, VCE = 5.0 Vde, f = 100 MHz) 

Output Capacitance 
(VCB = 10 Vde, IE = 0, f = 100 kHz) 

(1)Pulse Test: Pulse Width ~300.us, Duty Cycle S;2.0%. 

FIGURE 1 - DC CURRENT GAIN 
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There ara two limitations on tha power handlinll ability of a 
transistor: junction temperatura and second breakdown. Safa 
Operating arae eurves indicate IC - VCE limits of the transistor that 
must be observed for raliabl. Operation; i ..... tha transistor must 
not be Subjected to !lr8ater dissipation than the eurves indicate. 

V(BR)CEO Vde 
60 - -
60 - -

V(BR)EBO 4.0 - - Vde 

ICBO nAde 
- - 100 
- - 100 

hFE -
80 160 -
50 130 -
- 80 -

VCE(satl Vde 
- 0.22 0.5 
- 0.15 -

VBE(on) - 0.78 1.2 Vde 

t,- 50 100 - MHz 

Cob - 10 15 pF 

FIGURE 2 - "ON" VOLTAGES 
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Th. data of Figur. 3 is based onTJ(pk) = 1500 C; TC is variable 
depending on conditions. At high case temperatures, thermal 
limitations will reduce the power that can be handled to values 1_ 
than the limitations imposed by second breakdown. 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

PNP SI LICON ANNULAR 
AMPLIFIER TRANSISTOR 

· .. designed for general-purpose, high-voltage amplifier and driver 
applications. 

• High Collector-Emitter Breakdown Voltage -
V(BR)CEO = 100 Vdc (Min) @ IC = 1.0 mAdc 

• High Power Dissipation - PD = 10 W@TC = 250 C 

• Complement to NPN MPS-U07 

MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage VCEO 100 

Collector-Base Voltage VCB 100 

Emitter-Base Voltage VEB 4.0 

Collector Current - Continuous IC 2.0 

lotal Power Dissipation @I T A - 25°C Po 1.0 
Derate above 2SoC 8.0 

Total Power Dissipation I@TC = 2SoC Po 10 
Derate above 2SoC 80 

Operating and Storage Junction TJ.Tstg -55 to +150 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance. Junction to Case ROJC 12.5 

Thermal Resistance, Junction to Ambient ROJA 125 

3-1147 

Unit 

Vdc 

Vdc 

Vdc 

Adc 

Watt 
mW!oC 

Watts 
mW!OC 

°c 

Unit 

°C!W 

°C!W 

MPS-US7 

AMPLIFIER TRANSISTOR 

PNP SILICON 

c 

-A~ 

F~ [B- I 'flf" ~ ~' 1 I ' 2 , II L 0 
D- -~ t:J: STYLE 1: --II--J 

N PIN1.EMITIER 
2. BASE 
3. COLLECTOR 

ICOLLECTOR CONNECTEO TO TAB} 

NOTE: 
1. LEAOS WITHIN 0.15 mmIO.OII6} TOTAL OF TRUE 

POSITION AT CASE. AT MAXIMUM MATERIAL 
CONDITION. 

MILUMETERS INCHES 
DIM MIN MAX MIN MAX 
A 9.14 9.53 0.360 0.375 
B 6.60 7.24 0.260 0.2B5 
C 5.41 5.66 0.213 0.223 
D 0.38 0.53 0.015 0.021 
F 3.18 3.33 0.125 0.131 
G 2.54BSC 0.100 BSC 
H 3.94 4.19 0.155 0.165 
J 0.38 0.41 0.014 0.016 
K 11.53 12.70 0.458 0.500 
L 24.58 25.53 0.968 1.005 
N 5.08BSC 0.200 BSC 
Q 2.39 2.69 0.094 O.IOB 
R 1.14 1.4() 0.045 0.055 

CASE 152-02 

• 

II 



MPS-U57 

ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 

I Ch.ract .... istic I Svmbol I Min TVp . M.,. Unit 

OFF CHARACTERISTICS 

Collector-Eminer Breakdown Voltage (1) 
(lC = 1.0 mAde, IB = 0) 

Emitter-Base Breakdown Voltage 
IIC = 100 "Ade, IE .. = 0) . 

Collector Cutoff Current 
IVCB = 40 Vde, IE = 0) 

ON CHARACTERISTICS (1) 

OC Current Gain 
(lC = 50 mAde, VCE = 1.0 Vde) 
(lC = 250 mAde, VCE = 1.0 Vdc) 
(lC = 500 mAde, VCE = 1.0 Vde) 

Collector-Emitter Saturation Voltage 
(lC = 250 mAdc,lB = 10 mAdc) 
(lC = 250 mAdc,lB = 25 mAde) 

Base-Emitter On Voltage 
(lC = 250 mAde, VCE = 5.0 Vdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain-Bandwidth Product (1) 
IIc = 250 mAde, VCE = 5.0 Vdc, f = 100 MHz) 

Output Capacitance 
(VCB = 10 Vdc, Ie = 0, f = 100 kHz) 

(1) Pulse Test: Pulse Width .. 300"s, Duty Cycle .. 2.0%. 

FIGURE 1 - DC CURRENT GAIN 
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Ther. are two limitations on the power handling ability of a 
transistor: junction I temperature and second breakdown. Safe 
oparating area curvOslndicatelc - Vce limits of the transistor that 
must be observed for reliable operation; i.e., the transistor must 
not be subjected to greater dissipation than the curves indicate. 
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The data of Figure 3 is besed on TJ(pk) = 1500 C; TC is variable 
depending on conditions. At high case temperatures, thermal 
limitations will reduce the power that can be handled to values less 
than the limitations imposed bV second breakdown. 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

PNP SILICON ANNULAR TRANSISTOR 

designed for general-purpose applications requiring high break
down voltages, low saturation voltages and low capacitance. 

• Complement to NPN Type MPS-Ul0 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage VCEO 300 Vdo 

Collector-Base Voltage VCS 300 Vdo 

Emitter-Base Voltage VES 5.0 Vdo 

Collector Current Continuous 'e 500 mAde 

Total PoweriDissipation@TA '" 25°C Po 1.0 Watt 
Derate above 25°C 8.0 mW/oC 

Total Power,Dissipation@Tc"'250C Po 10 Watts 
Derate above 25°C 80 mWfOC 

Operating and Storage Junction TJ.Tstg -55 to +150 DC 

Temperature Range 

THERMAL CHARACTERISTICS 

Charac:teristic 

Thermal Aesistance, Junction to Case 

Thermal Resistance, Junction to Ambient 

ELECTRICAL CHARACTERISTICS (TA '" 25°C unless otherWise noted) 

Characteristic I Symbol I Min Mox Unit 

OFF CHARACTERISTICS 

Collector Emitter Breakdown VOltage(2) V(BR/CEO Vdo 
(Ie = 1.0 mAdc, 18" 0) 300 

Collector-Base Breakdown Voltage V(BR/CBO Vdo 
(lc" 100 ~Adc, 'E ,,0) 300 

Emitter-Base Breakdown Voltage V(BR/EBO Vdo 
(IE '" 10~Adc, IC" 0) 5.0 

Collector Cutoff Current 'CBO ",Adc 

(VCB" 200 Vdc, 'E "'0) 0.2 

Emitter Cutoff Current leBO /.lAde 

(VSE =: 3_0 Vdc, IC ,,0) 0.1 

ON CHA.RACTERISTICS 

DC Current Gain (2) hFE 
(lc:: 1.0mAdc, VeE" 10Vdc) 25 

(Ie = 10mAde, VCE = 10 Vdc) 30 

UC=30mAdc, VCE = lOVdc) 30 

Collector-Emitter Saturation Voltage VCE(sat) Vdo 
(lC" 20mAdc, 'B" 2.0 mAdcl 0.75 

Base-Emitter Saturation Voltage V8Elsat) 0.9 Vdo 
(lC" 20mAdc, 18" 2.0 mAdc) 

DYNAMIC CHARACTERISTICS 

Current-Gain-·Bandwidth Product (2) 'T 60 MH, 

(lC " 10 mAdc, VCE = 20 Vdc, f" 100 MHz) 

Collector· Base Capacitance Cob pF 

(VeB" 20 Vdc, Ie =0, f" 1.0 MHz) 8.0 

(1) ROJA is measured with the device soldered into a typical printed circuit board. 

(2) Pulse Test: Pulse Width" 300 I'S, Duty Cycle" 2.0%. 
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NOTE: 

MPS-U60 

PNP SILICON 
HIGH VOLTAGE 
TRANSISTOR 

"I c 

1 2 3 

_jJ 
1--1 G i-- STYlE 1: 
~N PIN1.EMlmR 

2. BASE 
3. COllECTOR 

ICOLLECTOR CONNECTED TO TAB/ 

1. LEADS WITHIN 0.15 mmIO.006/ TOTAL OF TRUE 
POSITION AT CASE, AT MAXIMUM MATERIAL 
CONDITION. 

MIWMETERS INCHES 
DIM MIN MAX MIN MAX 
A 9.14 9.53 0.360 0.375 
B 6.60 7.24 0.260 0.285 
C 5.41 5.66 0.213 0.223 
D 0.38 0.53 0.015 0.021 
F 3.18 3.33 0.125 0.131 
G 2.54BSC 0.100 BSe 
H 3.94 4.19 0.155 0.165 
J 0.38 0.41 0.014 0.016 
K 11.63 12.70 0.458 0.500 
L 24.58 25.53 0.968 1.005 
N 5.06BSC 0.200 Bse 
Q 2.38 2.69 0.094 0.106 
R 1.14 1.40 0.045 0.055 

CASE 152-02 

• 



MPS-U60 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

PNP SILICON DARLINGTON 
AMPLIFIER TRANSISTOR 

· .. designed for amplifier and driver applications. 

• High DC Current Gain -
hFE = 25,000 (Min) @ IC = 200 mAdc 

15,000 (Min) @ IC = 500 mAdc 

• Coliector·Emitter Breakdown Voltage -
V(BR)CES = 40 Vdc (Min) @ IC = 100/lAdc 

• Low Collector-Emitter Saturation Voltage -
VCE(sat) = 1.5 Vdc@ IC = 1.0 Adc 

• Monolithic Construction for High Reliability 

• Complement to NPN MPS-U45 

MAXIMUM RATINGS 

Rating Symbol Value 

i Collector-Emitter Voltage VCEO(1) 40 

Collector-E-mitter-VoltaQti VCES 40 

Collector-Base Voltage VCB 50 

EmittEr-Base Voltage VEB 10 
Collector Current -Continuous IC 2.0 
Total Power Dissipation @ T A :::; 25°C PD 1.0 

Derate above 2SoC 8.0 

Total Power Dissipation @ T C "" 25°C PD 10 
Derate above 2SoC 80 

Operating and Storage Junction 
Temperature Range 

TJ,Tstg -55 to +150 

THERMAL CHARACTERISTICS 

Characteristic Symbol Ma. 

Thermal Resistance, Junction to Ambient ReJAI21 125 
Thermal Resistance, Junction to Case 8JC 12.5 

Unit 

Vdc 

Vdc 

Vdc 

Vdc 

Adc 

Watt 
mW/oC 

Watts 
mW/oC 

DC 

Unit 

°CIW 

°C/W 

(1) Due to the monolithic construction of this device, breakdown voltages of both 
transistor elements are identical, V(B,¥CES is tested in lieu of ViBR)CEO in order to 
avoid errors caused by noise pickup. he voltage measured dUring the V(BR)CES 
lesl is Ihe V(BR)CEO of Ihe OUI~UI Iransislor. .. .. 

(21 R6JA is measured with the devIce soldered Into a typIcal printed CirCUit board. 
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NOTE: 

MPS-U95 

PNP SILICON 
DARLINGTON 
TRANSISTOR 

~ 
i~G~ STYLE 1 
~N ~NI.EMImR 

2. BASE 
3. COLLECTOR 

ICOLLECTOR CONNECTED TO TABI 

I. LEADS WITHIN 0.15 mm10.0061 TOTAL Of TRUE 
POSITION AT CASE, AT MAXIMUM MATERIAL 
CONDITION. 

MILUMETERS INCHES 
DIM MIN MAX MIN MAX 
A 9.14 9.53 0.360 0.375 
8 a6ll 7.24 0.260 0.285 
C 5.41 5.66 0.213 0.223 
D 0.38 0.53 0.015 0.021 
F 3.18 3.33 0.125 0.131 
G 2.548SC O.II1OBSC 
H 3.94 4.19 0.155 0.155 
J 0.36 0.41 0.014 0.016 
K 11.63 12.70 0.458 0.5110 
L 2~58 25.53 0.968 1.1105 
N 5.OBBSC 0.2IIOBSC 
Q 2.39 2.69 0.094 0.106 
R 1.14 1.40 0.045 0.055 

CASE 152-02 

• 



MPS-U95 

ELECTRICAL CHARACTERISTICS IT A = 25°C unless otherwise noted) 

Characteristic Symbol Min Typ Max Unit 

OFF CHARACTERISTICS 

Collector·Emitter Breakdown Voltage V(BR)CES 40 - - Vde 
(lC = 100 "Ade, VBE = 0) 

ColI~tor·Base Breakdown Voltage V(BR)CBO 50 - - Vde 
(lC = 100 "Ade, IE = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO 10 .- - Vde 
(IE = 10 "Ade, IC = 0) 

Collector Cutoff Current ICBO - - 100 nAdc 
(VCB = 30 Vde, IE = 0) 

Emitter Cutoff Current lEBO - - 100 nAde 
(VEB = 8.0 Vde, IC ,,0) 

ON CHARACTERISTlCS(l) 

DC Current Gain hFE -
(I e = 200 mAde, V CE = 5.0 Vd~) 25,000 43,000 150,000 

(Ie = 500 mAde, VCE = 5.0 Vde) 15,000 41,000 -

(Ie = 1.0 Ade, VCE = 5.0 Vde) 4,000 35,000 -
·Collector-Emitter Saturation Voltage VCE(sat) - 1.0 1.5 Vde 

(Ie = 1.0 Ade, IS = 2.0 mAde) 

Base-Emitter Saturation Voltage VSE(sat) - 1.85 2.0 Vde 
(Ie =1.0 Ade, IS = 2.0 mAde) 

Base-Emitter On Vol,age VSE(on) - 1.7 2.0 Vde 
(Ie = 1.0 Ade, VCE = 5.0 Vde) 

DYNAMIC CHARACTERISTICS 

Small-Signal Current Gain (1) Ihlel 0.5 1.6 - -
(Ie = 200 mAde, VCE" 5.0 Vde, I = 100 MHz) 

Collector Base Capacitance eeb - 2.5 12 pF 
(VCB" 10 Vde, IE" 0, I" 1.0 MHz) 

(1 )Pulse ~est: Pulse Width ~300 J.I.~. Quty Cycle SO 2.0%. 

Uniwatt Darlington transistors can be used in any number of low power applications, such as relay drivers, motor control and as general purpose amplifiers. As an 
audio amplifier these devices, when used as a complementary pair, can drive 3.5 watts into a 3.2 ohm speaker using a 14 volt supply with less than one percent 
distortion. Because of the high gain the base drive requirement is as low as 1 rnA in this application. They are also useful as power drivers for high current application 
such as voltage regulators. 
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MPS-U95 
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There are two limitations on the power handling ability of a 
transistor: junction temperature and second breakdown. Safe 
operating areB curves indicate Ie-VeE limits of the transistor that 
must be observed for reliable operation; i.e., the transistor must not 
be subjected to greater dissipation than the curves indicate. 

The data of Figure 5 is based on TJ(pk) = 150°C; TC is variable 
depending on conditions. At high case temperatures, thermal limi
tations will reduce the power that can be handled to values less 
than the limitations imposed bV second. breakdown. 



MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

I 

COMPLEMENTARY SILICON PLASTIC 
POWER TRANSISTORS 

... designed for use in general purpose amplifier and switching 
applications. Compact TO·220 AB package. TO·66 leadform also 
available. 

MAXIMUM RATINGS 

Collector-Emitter Voltage 

Collector-Bafe Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 
Peak Peak 

Base Current 

Total Power ~issipation 
@TC~25 C 
Derate above 2SoC 

Total Power Dissipation 
@TA = 2SoC 

Derate above 2SoC 

UncJamped Inductive Load 
Energy (See Note 31 

Operating and Storage Junction 
Temperature Range 

Sym~ 

VCEO 

Vce 

VEe 

'e 

'. PD 

PD 

E 

TJ. Tst9 

THERMAL CHARACTERISTICS 

Chlfacutristic 

Thermal Resistance, Junction to Case 

Thermal ReSistance, Junction to Ambient 

TIP29 
TIP30 

40 

40 .. 5.0 .. 1.0 .. 3.0 .. 0.' .. 30 .. 0.24 

.. 2.0 .. 0.016 .. 32 

.. ~510 +150 

Symbol M .. 

I ReJC I 4.167 

I R9JA I 62.5 

ELECTRICAL CHARACTERISTICS fTC'" 26°C unless otherwise noted) 

Ch.rKttlristic I SYmbol I Min 
OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage (11 TlP29. TIP30 VCI:OIsus) 40 
IIC '" 30 mAdc. IB = 0) TlP29A. TIP30A 60 

TlP29B. TIP30B 80 
TlP29C. TIP30C 100 

Collector Cutoff Current ICED 
(VeE = 30 Vdc, 18 '" 0\ TIP29. TIP2QA. TIP30. TlP30A -
(VCE '" 60 Vdc, Ie = OJ TIP29B. TIP29C. TIP30B, TIP30C -

Collector Cutoff Current ICES 
(VCE.= 40 Vdc, VEa = 0) TIP29, TIP30 -
(VCE" 60 Vdc, VEa = 0) TIP29A, TIP3DA -
(VeE = 80 Vdc, VEB = 0) TIP29B, TlP30B -
(VCE" 100 Vdc, VEa = 0) TIP29C, TIP30C -

Emitter Cutoff Current lEBO 
(VBe = 5.0 Vdc, IC = 0) 

ON CHARACTERISTICS (11 

DC Current Gain hFE 
tiC = 0.2 Adc, VCE .. 4.0 Vdcl 40 
IIc = 1.0 Adc, VCE" 4.0 Vdcl 15 

Collector-Emitter Saturation Voltage VCElsatl 
(lC "'.0 Ack:,IB = 125 mAdel 

Bes.Emitter On Voltage veE Ion) 
IIc = 1.0 Adc, VCE .. 4.0 Vdc) 

DYNAMIC CHARACTERISTICS 

Current Gain - Bandwidth Product (2) 'T 3.0 
fie = 200 mAde, Vee = 10 Vdc, 'test'" 1 MHz) 

TIP29C 
TIP30C Unit 

100 Vd. 

100 Vd. .. Vd. .. Ad. .. .. Adc .. Watts .. WIDe 

.. Watts .. WIDe .. mJ 

.. °e 

Unit 

I °elW 
°CIW 

I Mo. I Uni1 

- Vd. 
-
-
-

mAdc 
0,3 
0.3 

"Adc 
200 
200 
200 
200 

1.0 mAdc 

-
-
75 

0.7 Vd. 

1.3 Vdc 

- MHz 

I Smell-Signal Current Gain hi 20 -
(Ie =0.2 Adc. Vce = 10 Vdc, f = 1 kHz) 

(1) Pulse Test: Pulse Width" 300 lAS, DutY Cvcle " 2.0%. 
(2) fT slnfe l • f test 

(3) This rating based on testing with lC'" 20mH, ABE= 100n, VCC= 10V,IC'" 1.8A, P.A.F. "" 10 Hz, 
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I 

MPH 
TlP29 

TlP29A 
TIP29B 
TlP29C 

1 AMPERE 

PHP 
TlP30 
TlP30A 
TIP30B 
TlP30C 

POWER TRANSISTORS 
COMPLEMENTARY SILICON 

40-60-80·100 VOLTS 
30 WATTS 

, 
OB ZF 
:B::-r LL ... -f uJ 

fJ~ i· L_ 

V_ 

G- l-
r-I--D - N_ 

NOTES: 
1. DIMENSiONING AND TOLERANCING PER ANSI 

Y14.5M,1982. 
2. CONTROUING DIMENSION: INCH. 
3. DIM Z DEANES A ZONE WHERE ALL BODY AND 

LEAD IRREGUl.ARITlES ARf AllOWED. 

Ml1IIEIIIIS ...... 
DOl .. .... .. MAX 

• 14.48 15.75 0.570 0.620 

• '.66 10.28 0.380 0." 
C 4.07 4.82 0.160 0.190 
D 0.64 ,.. 11.025 0,035 
F .61 .13 0.142 0.147 STYLE 1: 
G to, 2.66 0.005 0.105 PIN 1. BASE 
H 2.0> 3.93 0.110 0.155 2. COLLECTOR 
J 0.46 0.71 0.018 0.028 lEMlmA • 12.70 14.27 0.070 .'" 4.COUE.CTOR 
L 1.15 1. 0.045 0.056 

• 4.83 5.33 0.190 0.210 
Q 2.54 J.04 0.100 0.120 

• 204 2.79 0."" 110 
S 1.15 1.39 0.045 0.056 
T . ., .., 0.235 .255 
U 0.00 1.27 ... 0.050 
V 1.15 0.045 

2.04 0."" 

CASE 221A·04 
TO·220AB 

• 



TIP29, TIP29A, TIP29B, TIP29C, NPN, TIP30, TlP30A, TIP30B, TIP30C, PNP 
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FIGURE 1 - DC CURRENT GAIN 
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FIGURE 3 - SWITCHING TIME EQUIVALENT CIRCUIT 

TURN·ON PULSE 
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I 

V 10 0 t- - - - - V In o--"oNI..--,...--i 
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-4.0 V 
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----1 12 I---
TURN·OFF PULSE 

OUTY CYCLE. 2.0% 
AP1'ROX -9.0 V 

RB and RC VARIED TO OBTAIN 
DESIRED CURRENT LEVELS. 

FIGURE 5 - ACTIVE REGION SAFE OPERATING AREA 
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FIGURE 2 - TURN-OFF TIME 
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FIGURE 4 - TURN-ON TIME 
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There are two limitations on the power handling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate Ie-VeE operation; i.e .• the 
transistor must not be subjected to greater dis~ipation than the 
curves indicate. 

The data of Figure 5 is based on TJ(pk) = ISOoC; TC is variable 
depending on conditions. Second breakdown pulse limits are valid 
for duty cycles to 10% provided TJ(Pk) .. ISOoC. At high case 
temperatures, thermal limitations will reduce the power that can 
be handled to values less than the limitations imposed by second 
breakdown. 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

COMPLEMENTARY SILICON PLASTIC 
POWER TRANSISTORS 

designed for use in general purpose amplifier and switching 
applications. 

II 

• Collector· Emitter Saturation Voltage -
VCE(sat) = 1.2 Vdc (Max) @ IC = 3.0 Adc 

• Collector· Emitter Sustaining Voltage -
VCEO(sus) = 40 Vdc (Min) - TlP31, TIP 32 

= 60Vdc (Min) - TIP31A, TlP32A 
= 80 Vdc (Min) - TlP31B, TlP~2B 
= 100 Vdc (Min) - TIP31C, TIP32C 

• High Current Gain - Bandwidth Product 
fT = 3.0 MHz (Min) @ IC = 500 mAdc 

• Compact TO·220 AB Package 

• TO·66 Leadform Also Available 

"MAXIMUM RATINGS 

TIP31 TlP31A TlP31B TlP31C 
Rating Symbol TlP32 TlP32A TIP32B TlP32C 

Cdllector-Emitter Voltage VeEO 40 60 80 100 

Collector-Base Voltage Vee 40 60 80 100 

Emitter-Base Voltage VEe 5.0 

Collector Current' Continuous Ie . 3.0 
Peak 5.0 

Base Current Ie 1.0 

Total Power Dissipation Po 
@Te=250 e . 40 
Derate above 2SoC 0.32 

Total Power Dissipation Po 
@TA=2soe . 2.0 
Derate above 2SoC 0.016 

Unclamped Inductive E . 32 

Load Energy (1) 

Operating and Storage Junction TJ.Tslg - -651o +150 -Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance, Junction to Caie RaJC 3.125 

Thermal Resistance, Junction to Ambient RaJA 62.5 

(1) Ie = 1.8 A. L ~ 20 mH, P.R.F. = 10 Hz, Vee = 10 V, RBE = 100 n. 
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Unit 

Vdc 

Vdc 

Vdc 

Adc' 

Adc 

Watts 
w/oe 

Watts 
w/oe 

mJ 

°e 

Unit 

°elw 

°eIW 

MPH 
nP31 
nP3IA 
TIP3IB 
nP3IC 

3 AMPERE 

PHP 
nP32 
nP32A 
nP32B 
nP32C 

POWER TRANSISTORS 
COMPLEMENTARY SILICON 

40·60-80·100 VOLTS 
40 WATTS 

F ~=-o B r--

:~:j . :D!'1 
LL "'-4 fJ 1· 

K 

~ 
L_ 

v_ 

0- t--
t-~D 

_NI---
NOTES: 

1. DIMENSIONING AND TOLERANCING PeR ANSI 
Y14.5M,l982. 

2. CONTROLUNG DIMENSION: INCH. 
3. DIM Z OEFINES A lOME WHERE ALL BODY AND 

LEAD IRREGUlMT1ES ARE ALlOW£D. 

I ... ... .... 
• ,u. ,." 0.570 • .620 
B ... 10.28 '.301 .... 

4. <8, 0.160 ., .. 
D .... .... • .1l25 '.035 
F ,., 173 .'42 0.147 STYLE 1: 
G '.42 , ... ..... .'06 PIN 1. BASE 
H ,.80 193 0.110 0.155 2. COlLECTOR 
J .... '71 0.01 ..,. 

lEMrrTER • 12.10 ,.,7 ..... '.562 4. COllECTOR 
L 1.15 , .... 0':055 

• <13 5.33 ., .. 21' 
Q ,.54 3.04 .'00 0.1211 

• , .. 79 .. 0.110 

• 1.15 1. .. 
T 5.97 "7 • '2$ 
U '.27 .IIlO . .... 
Y 1.15 .... 
Z .. ..... 

CASE 221A-04 
TO·220AB 

• 



TIP31, TIP31A, TIP31B, TIP31C, NPN, TIP32, TIP32A, TIP32B, TIP32C, ~NP 

ELECTRICAL CHARACTERISTICS ITC = 25°C unlen otherwise noted I 

I Chlroctlriltic I Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage III TIP31, TIP32 
(lC ·30 mAde, 18.01 TIP31A, TIP32A 

TIP31B, TIP32B 
TIP31C, TIP32C 

Collector Cutoff Current 
IVCE • 30 Vde, 18 = 01 TIP31, TIP31A, TIP32, TIP32A 
IVCE = 60 Vde, 18 = 01 TIP31B, TIP31C, TIP32B, TIP32C 

Collector Cutoff Current 
IVCE = 40 Vde, VEB = In TIP31, TIP32 
IVCE = 60 Vde, VEB = 01 TIP31 A, TlP32A 
IVCE = 80 Vde, VEB = 01 TlP31 B, TIP32B 
IVCE = 100 Vdc, VEB = 01 TlP31 C, TIP32C 

Emitter Cutoff Current 
IVBE = 5.0 Vdc, IC = 01 

ON CHARACTERISTICS (1) 

DC Current Gain 
(lC = 1.0 Ade, VCE = 4.0 Vdel 
IIC = 3.0 Ade, VCE = 4.0 Vdel 

Collector-Emitter Saturation Voltage 
IIC = 3.0 Adc, I B = 375 mAdel 

Base-Emitter On Voltage 
IIC = 3.0 Ade, VCE = 4.0 Vdcl 

DYNAMIC CHARACTERISTICS 

Current Gain - Bandwidth Product 121 
IIC = 500 mAde, VCE = 10 Vde, fte" = 1 MHzl 

Small-Signal Current Gain 
IIC = 0.5 Adc, VCE = 10 Vde, f = 1 kHzl 

(1) Pulse Te,,: Pulse Width'" 300 115, Duty Cycle'" 2.0%. 
121 'T= Ih'elefte5t 

VCEOllusl 

ICEO 

ICES 

lEBO 

hFE 

VCElsatl 

VBElonl 

'T 

Ihle.1 

TC TA 
FIGURE 1 - POWER DERATING 
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FIGURE 2 - SWITCHING TIME EQUIVALENT CIRCUIT FIGURE 3 - TURN·ON TIME 
1. 0 

Unit 

Vde 

mAde 
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mAde 

-

Vde 

Vdc 
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-

TURN·ON PULSE 
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ICIIB = 10 -

I 
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APPROX --1 '3 r- Cjd« C,b 

+11 V I I II .;7.0 ns 
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--f '1 I-
TURN·OFF PULSE 
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RB and RC VARIED TO OBTAINI DESIRED CURRENT LEVELS. 
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TIP31, TlP31 A, TlP31B, TIP31C, NPN, TIP32, TIP32A, ,TIP32B, TIP32C, PNP 

FIGURE 4 - THERMAL RESPONSE 
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FIGURE 6 - TURN-OFF TIME 
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There are two limitations on the power handling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate IC·VCE limits of the transistor 
that must be observed for reliable operation; i.e., the transistor 
must not be subjected to greater dissipation than the curves indicate. 

The data of Figure 5 is based on TJlpk) = 1500 C; TC is variable 
depending on conditions. Second breakdown pulse limits are valid 
for duty cycles to 10% provided TJ(pk)<;;; 1500 C. TJlpk) may be 
calculated from the data in Figure 4. At high case temperatures, 
thermal limitations will reduce the power that can be handled to 
values less than the limitations imposed by second breakdown. 

FIGURE 7 - CAPACITANCE 
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TIP31, TIP31A, TlP31B, TIP31C, NPN, TIP32, TIP32A, TIP32B, TIP32C, PNP 

FIGURE 8 - DC CURRENT GAIN 
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FIGURE 10 - "ON" VOLTAGES 
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g 2. 0 

o 
? 
~ 1. 6 

; 
o 

~ 1. 

~ 

2 

~ a: O. 
.... 

S 

§ 
~ o. 4 

~. 

> 0 
1.0 

+2. S 
G 
;; +2. 0 

.§. +1. 
~ 
~ +1. 
G 
ffi +0. 

8 
w 
~ -0. 

S 

0 

5 

0 

5 

~ -1 
~ 

.0 

r5 -1 .S 
.... 
>" -2 .0 

~ -2. 5 

TJ=250 C 

IC=0.3A 1.0A 3.0A 

\ 

\ r-.. 
~ f'. 

I-
2.0 S.O 10 20 50 100 200 500 1000 

IS. CASE CURRENT (mA) 

FIGURE 11 - TEMPERATURE COEFFICIENTS 

"APPLIES fOR ICils ~hfEI2 
TJ = -S50C TO +IS0oC 

If V 
"OVC FOR VCE(~t) ,/ 

V-
V 

OVS fOR VBE ..- -
I 

0.003 0.005 0.01 0.02 0.05 0.1 0.2 0.3 0.5 1.0 2.0 3.0 

IC. COLLECTOR CURRENT (AMP) 
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MOTOROLA 

- SEMICONDUCTOR -----1 
TECHNICAL DATA 

I 

COMPLEMENTARY SILICON 
HIGH-POWER TRANSISTORS 

· .. for general-purpose power amplifie·r a nd swi~ching applications. 

• 10 A Collector Current 

• Low Leakage Current - ICEO = 0.7 mA @ 30 and 60 V 

• Excellent dc Gain - hFE = 40 Typ @ 3.0 A 

• High Current Gain Bandwidth Product - hfe = 3.0 min @ IC = 
0.5 A, f = 1.0 MHz 

MAXIMUM RATINGS 

Rating Symbol 
TIP33 TIP33A TIP33B TIP33C 
TIP34 TIP34A TlP34B TIP34C 

Unit 

Collector-Emitter Voltage VCEO 40V 60V 60V 100V Vde 

Collector-Base Voltage VCS 40V 60V SOV l00V Vde 

Emitter-Base Voltage VES 5.0 Vde 

Collector Current Continuous IC 10 Ade 
Peak(l) 15 

Base Current Contino~s IS 3.0 Ade 

Total Power Dissipation Po SO Watts 
@TC=25'C 
Derate above 25°C 0.64 W/'C 

Operating and Storage Junction TJ,Tstg -65 to +150 'C 
Temperature Range 

THERMAL CHARACTERISTICS 

Characterinc I Symbol Max I Unit I 
I Thermal Resistance, Junction to Case 1.56 I 'C/W I 
I Junction-To-Free-Air Thermal Resistance 35.7 I 'C/W I 

IIIIIIIIIII r-(_1)_p_U_I.e_T_e_~_:_p_UI_se_W __ id_th_=_'_0_m_s_,_o_ut_y_c_ye_,e_~_'_0_%_. __________________________ , 
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FIGURE 1 - DC CURRENT GAIN 
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MPH PHP 
TIP33 
nP33A 
TIP33B 
TIP33C 

TIP34 
nP34A 
TIP34B 
TIP34C 

10 AMPERE 
COMPLEMENTARY SILICON 

POWER TRANSISTORS 

DIM 
A 
8 
C 
0 
E 
G 
H 
J 
K 
L 
N 
Q 

40-100 VOLTS 
SO WAITS 

K 

. __ ---.l 
G--Ljl-o 

STYLE L 
,. BASE 
2. COLLECTOR 
3. EMITTER 
4. COLLECTOR 

MILLIMETERS INCHES 
MIN MAX MIN 
20.32 21.0B O.BOO 
15.49 15.90 0.610 
4.19 5.0B 0.165 
1.02 1.65 0.040 
1.35 1.65 0.053 
5.21 5.72 0.205 
2.41 3.20 0.095 
0.3B 0.84 0.015 
12.70 15.49 0.500 
15.B8 16.51 0~25 

12.19 12.70 0.4BO 
4.04 4.22 0.159 

CASE 340-01 
TO-21SAC 

MAX 
0.B30 
0.626 
0.200 
0.065 
0.065 
0.225 
0.126 
0.025 
0.610 
0.650 
0.500 
0.166 

• 



TIP33. TIP33A. TIP33B. TIP33C. TIP34. TIP34A. TIP34B. TIP34C 

ELECTRICAL CHARACTERISTICS (TC; 25°C unless otherwise noted) 

I Characteristic I Symbol Min Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage (1) 
(IC ; 30 mA. IB ; 0) TlP33, TIP34 

TIP33A, TlP34A 
TIP33B, TlP34B 
TlP33C, TlP34C 

Collector-Emitter Cutoff Current 
(VCE; 30 V, IB; 0) TIP33, TIP33A, TIP34, TIP34A 
(VCE; 60 V, IB; 0) TIP33B, TlP33C, TlP34B, TIP34C 

Collector-Emitter Cutoff Current 
(VCE; Rated VCEO, VEB; 0) 

Emitter-Base Cutoff Current 
(VEB; 5.0 V, IC; 0) 

ON CHARACTERISTICS (1) 

DC Current Gain 
(IC; 1.0 A, VCE; 4.0 V) 
(IC; 3.0 A, VCE; 4.0 V, 

Collector-Emitter Saturation Voltage 
(IC ; 3.0 A, IB; 0.3 A) 
(lC; lOA, IB ; 2.5 A) 

Base-Emitter On Voltage 
(IC; 3.0 A, VCE; 4.0 V) 
(IC; 10 A, VCE; 4.0 V) 

DYNAMIC CHARACTERISTICS 

Small-Signal Current Gain 
(IC; 0.5 A, VCE; 10 V, I ; 1.0 kHz) 

Current-Gain-Bandwidth Product (2) 
(lC; 0.5 A, VCE; 10 V, I; 1.0 MHz, 

(1) Pulse Test: Pulse Width = 300 I-ls. Duty Cycle .:s;;;2.0%. 
(2, IT; (hlel' 'te.t 

FIGURE 2 - MAXIMUM RATED FORWARD BIAS 
SAFE OPERATING AREA 

~ 
! 15 
!2! 10 

... 
1.0ms 

300 ", 

TJP33 
~ 5.0 
~ 3.0 
13 2.0 

Secondary Breakdown limit 
_. - Bonding Wire limit 
----Thermal limit 

de 
TJP34 , 

- 10 m. 

TIP33A ~ 1.0 

5§ 
TJP34A c TC; 25°C 
TIP33B 
TIP34B 

~o. 

0.2 

O. 1 
1.0 

TIP33C 
TIP34C 

2.0 3.0 5.0 7.0 10 20 30 50 70 100 
VCE, COLLECTOR·EMlnER VOLTAGE (VOLTS) 

FORWARD BIAS 
The Forward Bias Safe Operating Area represents 

the voltage and current conditions these devices can 
withstand during forward bias. The data is based on TC = 
25°C; TJ(pk) is variable depending on power level. Second 
breakdown pulse limits are valid for duty cycles to 10%, 
and must be derated thermally for TC > 25°C. 
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VCEO(sus) Vdc 
40 

'" ~ 
~ 
!;; 
~ 
a 
'" <> 
13 
~ 
<> .., 
.!d> 

-
60 -
80 -
100 -

ICEO mA 
- 0.7 
- 0.7 

ICES - 0.4 mA 

lEBO - 1.0 mA 

hFE -
40 -
20 100 

VCE(sat, Vdc 
- 1.0 
- 4.0 

VBE(on) Vdc 
- 1.6 
- 3.0 

hIe 20 - -

IT 3.0 - MHz 

FIGURE 3 - MAXIMUM RATED REVERSE BIAS 
SAFE OPERATING AREA 

20 

L; Joo "H I I 
-

IC/IB;;' 5.0 
VBE(off); 0 to 5.0 V _ , TC; 100°C 

15 

10 """" 
5.0 TIP3~_ 

TIP~4 
TIP33~""", 
TJP3tA 

TIP33~_ 
TIP3tB 

TJP33~_ 
TIP3jC 

o 
o 20 40 60 80 100 

VCE, COLLECTOR EMlnER VOLTAGE (VOLTS) 

REVERSE BIAS 
The Reverse Bias Safe Operating Area represents 

the voltage and current conditions these devicescan with
stand during reverse biased turn-off. This rating is verified 
under clamped conditions so the device is never subjected 
to an avalanche mode. 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

COMPLEMENTARY SILICON 
HIGH-POWER TRANSISTORS 

· .. for general-purpose power amplifier and switching applications. 

• 25 A Collector Current 

• Low Leakage Current - ICEO = 1.0 mA @ 30 and 60 V 

• Excellent dc Gain - hFE = 40 Typ @ 15 A 

• High Current Gain Bandwidth Product - (hfe = 3.0 min @ IC = 
1.0A,f= 1.0MHz 

MAXIMUM RATINGS 

Rating 
TIP35 TIP35A TIP35B 

Symbol 
TIP36 TlP36A TIP36B 

Collector-Emitter Voltage VCEO 40V 60V BOV 

Collector-Base Voltage Vce 40V 60V BOV 

Emitter-Base Voltage VEB 5.0 

Collector Current Continuous IC 25 
Peak 11) 40 

Base Current Continous IB 5.0 

Total Power Dissipation Po 125 
@Tc o25'C 
Derate above 25°C 1.0 

Operating and Storage Junction TJ,Tstg -65 to +150 
Temperature Range 

Unclamped Inductive Load Ese 90 

THERMAL CHARACTERISTICS 

Characteristic Symbol 

Thermal Resistance, Junction to Case ROJC 

Junction-To-Free-Air Thermal Resistance ROJA 

(1) Pulse Test: Pulse Width::: 10 ms, Duty Cycle ~1 0%. 

FIGURE 1 - POWER DERATING 

125 

iii 100 S 
!. 
z 
0 

~ 
~ 
2i 

'" 3: 
0 ... 
rE. 

75 

50 

25 

o 
o 

1""-

25 

1""-
~ 

1""-
1"'-

1""-
1""-

1""-
1""-

1""-
50 75. 100 125 150 

TC, CASE TEMPERATURE 1°C) 

TIP35C 
TIP36C 

100V 

100V 

Ma. 

1.0 

35.7 

175 

3-116~ 

Unit 

Vdc 

Vdc 

Vdc 

Adc 

Adc 

Watts 

W/oC 

'c 

mJ 

Unit 

°C/W 

°C/W 

I 
I 
I 

NPN PNP 
nP35 

TIP35A 
nP35B 
nP35C 

TIP36 
TIP36A 
TIP36B 
TIP36C 

25 AMPERE 
COMPLEMENTARY SILICON 

POWER TRANSISTORS 

DIM 
A 
8 
C 
D 
E 
G 
H 
J 
K 
L 
N 
Q 

40~100VOLTS 
125 WATTS 

STYLE 1: 
1. BASE 
2. COLLECTOR 
3. EMITTER 
4. COLLECTOR 

MILLIMETERS INCHES 
MIN MAX MIN MAX 
20.32 21.0B 0.800 0.830 
15.49 15.90 0.610 0.628 
4.19 5.08 0.165 0.200 
1.02 1.65 0.040 D,065 
1.35· 1.65 0,053 0.065 
5,21 5.72 0.205 0.225 
2.41 3.20 0,095 0,128 
0,38 0.64 0.015 0.025 
12.70 15.49 0.500 0,610 
15.88 16.51 0.625 0,650 
12.19 12.70 0.480 0.500 
4.04 4.22 0.159 0.166 

CASE 340-01 
TO-218AC 

• 



TIP35, TIP35A, TIP358, TIP35C,NPN, TIP36, TIP36A, TIP368, TIP36C,PNP 

ELECTRICAL CHARACTERISTICS (TC; 25°C unless otherwise noted) 

I Characteristic I Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage (1) 
(IC; 30 mA.IB; 0) TIP35. TIP36 

TIP35A. TIP36A 
TlP35B. TIP36B 
TIP35C. TIP36C 

Collector-Emitter Cutoff Current 
(VCE; 30 V. IB; 0) TIP35. TIP35A. TIP36. TIP36A 
(VCE; 60 V. IB; 0) TIP35B. TIP35C. TIP36B. TIP36C 

Collector-Emitter Cutoff Current 
(VCE; Rated VCEO. VEB; 0) 

Emitter-Base Cutoff Current 
(VEB ; 5.0 V. IC ; 0) 

ON CHARACTERISTICS (1) 

DC Current Gain 
(lc; 1.5 A. VCE; 4.0 V) 
(IC; 15 A. VCE ; 4.0 V) 

Collector-Emitter Saturation Voltage 
(IC; 15 A. IB; 1.5 A) 
(lc ; 25 A. IB ; 5.0 A) 

Base-Emitter On Voltage 
(IC; 15 A. VCE ; 4.0 V) 
(IC; 25 A. VCE; 4.0 V) 

DYNAMIC CHARACTERISTICS 

Small-Signal Current Gain 
(IC; 1.0 A. VCE; 10 V. I; 1.0 kHz) 

Current-Gain-Bandwidth Product (2) 
(IC; 1.0 A. VCE; 10V. I; 1.0 MHz) 

(1) Pulse Test: Pulse Width = 300 P.s, Duty Cycle ~2.0%. 

121 fT = [hfel' ftest 

FIGURE 2 - SWITCHING TIME EQUIVALENT 
TEST CIRCUITS 

TURN'()NTIME VCC -30V 

RL 3.0 
+2.0 V I 

o=!l-- 10 
TO SCOPE 

1,,,jW11.0V 
RB tr":; 20 ns 

20n5 \ I 

-I ,- 10 to 100 ps 

DUTY CYCLE '" 2.0~'o 

TURN'()FF TIME VCC -30 V 

VCEO(sus) 

ICEO 

ICES 

lEBO 

hFE 

VCE(sat) 

VBE(on) 

hie 

IT 

2.0 

1.0 

0.7 
05 

1 0.3 

" 0.2 ;::: 
...... 

0.1 

0.07 

0.05 

0.Q3 

0.02 

Min Max Unit 

Vde 
40 -
60 -
80 -
100 -

rnA 
- 1.0 
- 1.0 

- 0.7 mA 

- 1.0 mA 

-
25 -
15 75 

Vdc 
- 1.B 
- 4.0 

Vde 
- 2.0 
- 4.0 

25 - -

3.0 - MHz 

FIGURE 3 - TURN-ON TIME 

TJ '" 25°C 
IC/IB = 10 ..L.. 
VCC = 30 V 
VBEloffi = 2 V 

~, 
/' 

-", -
IPNP) E ~ td-r:. INPN) 

:-t---I. 

llJl 
0.3 0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 20 30 

FOR CURVES OF FIGURES 3 & 4. RB & RLARE VARIED. 
INPUT LEVELS ARE APPROXIMATELY AS SHOWN. 
FOR NPN. REVERSE ALL POLARITIES. 

IC. COLLECTOR CURRENT lAMPE RES) 

3-1163 



TIP35, T1P35A,TIP358, T1P35C,NPN, TIP36, TIP36A, TIP368, TIP36C,PNP 

~ 

10 
7. 

5.0 
0::: 

3. 

1. 

0 

0 

~ 1.0 
i= O. 

O. 

O. 

O. 

O. 

7 

5 

3 

1 

1 

~ 

FIGURE 4 - TURN-OFF TIME 

IPNP} TJ"250 C _ 
INPN VCC -30V= 

ICilB" 10 -- IBl"'B1 -- ts 

....... 
ts .. ~ .... I'-

~ .. ' ,/ 

It "- -- "- .... 

\. 
0.3 0.5 0.7 1.0 1.0 3.0 5.0 7.0 10 10 30 

IC. COLLECTOR CURRENT lAMPE RES} 

FORWARD BIAS 
There are two limitations on the power handling ability 

of a transistor: average junction temperature and second 
breakdown. Safe operating area curves indicate IC-VCE 
limits of the transistor that must be observed for reliable 
operation; i.e .• the transistor must not be subjected to 
greater dissipation than the curves indicate. 

The data of Figure 6 is based on TC = 25°C; T J(pk) is 
variable depending on power level. Second breakdown 
pulse limits are valid for duty cycles to 10% but must be 
derated when TC;;' 25°C. Second breakdown limitations 
do not derate the same as thermal limitations. 

REVERSE BIAS 
For inductive loads. high voltage and high current must 

be sustained simultaneously during turn-off. in most 
cases. with the base to emitter junction reverse biased. 
Under these conditions the collector voltage must be held 
to a safe level at or below a specific value of collector 
current. This can be accomplished by several means such 
as active clamping. RC snubbing. load line shaping. etc. 
The safe level for these devices is specified as Reverse 
Bias Safe Operating Area and represents the voltage
current conditions during reverse biased turn-off. This 
rating is verified under clamped conditions so that the 
device is never subjected to an avalanche mode. Figure 7 
gives RBSOA characteristics. 
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~ 100 
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FIGURE 5 - DC CURRENT GAIN 

,..-
VCE - 4.0 V 
TJ 25°C 

PNP ~ ,... -NPN 

0.1 0.2 0.5 1.0 2.0 5.0 1.0 20 50 100 
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50 
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~ 20 
::;; 
5- 10 
>--i 5.0 

13 
a: 2.0 

ti 
~ ~.~ 
u 0.3 
- 0.2 

Ie. COLLECTOR CURRENT (AMPS) 

FIGURE 6 - MAXIMUM RATED FORWARD BIAS 
SAFE OPERATING AREA 

...-- -- -- TC = 25°C 

= =300~s :::: '= 1.0 ms ~~ 

10ms 
de ~ 

TlP35 & 36 

Secondary Breakdown 

- Thermal limit TIP 35A. 36A - Bonding Wire limit TIP35B.36B 

o 
1.0 

TIP35C. 36C 
2.0 3.0 5.0 7.0 10 20 30 50 70 100 

40 

30 

~ 
::;; 

25 5-
>--

i 20 

13 
'" 15 co 

~ 10 
8 
£? 5.0 

VCE. COLLECTOR-EMITIER VOLTAGE (VOLTS) 

FIGURE 7 - MAXIMUM RATED REVERSE BIAS 
SAFE OPERATING AREA 

f--- TJ';; 100°C 
TIP35C ;:;; 
TIP36C 

TlP35B _ 
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~:~~~:-
~:~~~ -

10 20 30 40 50 60 70 80 90 100 
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TIP36, TIP36A, TIP368, TIP36C,NPN, TIP36, TIP36A, TIP368, TIP36C,PNP 

Input 
50 

NOTES: 

FIGURE 8 - INDUCTIVE LOAD SWITCHING 

TEST CIRCUIT 

~ tw=6.0ms 
I I (See Note B) 

5.0V - _I I 
Input 
Voltage 0 

I I I I.---t-- lOOms __ 

I I 

Collector 0 I 
Current I I I 

-3.0A- -:- - I-I
I I 

-IOV 

Collector 
Voltage 

V(BR)CER _1 - -

't 

VCE Monitor 

L1 

(See Note A) 

TUT 
L2 

(See Note A) 

VCC= 10V -

Rs= 0.1 1I 

-1-
I 

VOLTAGE AND CURRENT WAVEFORMS 

Ie Monitor 

A. L 1 and L2 are 10 mHo 0.11 n. Chicago Standard Transformer Corporation C·2688, or equivalent. 
B. Input pulse width is increased until 'eM = -3.0 A. 
C. For NPN, reverse all polarities. 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

COMPLEMENTARY SILICON PLASTIC 
POWER TRANSISTORS 

... designed for use in general purpose amplifier and switching 
applications. ' 

• Collector· Emitter Saturation Voltage -
VCE(sat) = 1.5 Vdc (Max) @ Ic = 6.0 Adc 

• Collector-Emitter Sustaining Voltage -
VCEO(sus) = 40 Vdc (Min) - TIP41, TlP42 

= 60 Vdc (Min) - TIP41 A, TIP42A 
= 80 Vdc (Min) - TIP41 B, TIP42B 
= 100 Vdc (Min) - TlP41C, TIP42C 

• High Current Gain - Bandwidth Product 
fT = 3.0 MHz (Min) @ IC = 500 mAdc 

• Compact TO-220 1A8 Package 

• TO-66 Leadform Also Available 

*MAXIMUM RATINGS 

TIP41 TlP41A TIP41B TIP41C 
Rating Symbol TIP42 TIP42A TIP42B TIP42C 

Collector-Emitter Voltage VCEO 40 60 80 100 

Coliector·Ba .. Voltage VCB 40 60 80 100 

Emitter-Base Voltage VEB . 5.0 

Collector Current - Continuous IC 6 . 
Peak 10 

Base Current IB 2.0 

Total Power Dissipation PD 
@TC = 250 C 65 
Derate above 2SoC 0.52 

Total Power Dissipation PD 
@TA=250 C . 2.0 

Derate above 250 C . 0.Q16 

Unclamped Inductive E 62.5 
Load Energy (1) 

Operating ~nd Storage Junction TJ.T,tg - -65 to +150 -
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance, Junction to Case ReJC 1.92 

Therma' Resistance, Junction to Ambient ReJA 62.5 

(1) Ie = 2.5 A,L = 20 mHo P.R.F. = 10 Hz. Vee = 10V; RBE = 100 n. 
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Unit 

Vdc 

Vdc 

Vdc 

Adc 

Adc 

Watts 
W/oC 

Watts 
W/oC 

mJ 

°c 

Unit 

°C/W 

°C/W 

NPH 
TIP41 

TlP41A 
TlP41B 
TlP41C 

PHP 
TIP42 

TIP42A 
TIP42B 
TIP42C 

6 AMPERE 
POWER TRANSISTORS 

COMPLEMENTARY SILICON 

40-60-80-100 VOLTS 
65 WATTS 

STYLE l' 
PIN 1. BASE 

2. COLLECTOR 
3. EMITTER 
4. COLLECTOR 

NOTES: 
1. DIMENSIONING AND TOlERANCING PER ANSI 

Y14.5M.l!1B2. 
2. CONTROlUNG DIMENSION: INCH. 
~. DIM Z DERNES A ZONE WHERE All BODY AND 

LEAD IRREGULARITIES ARE ALLOWED . 

.. 
• 8 
C 

• F 
J. 
H 
J 

• l 
H 
Q 

R 

• T 
U 
V 
Z 

... ... ... 
'l,lL 15.15 0.510 0,620 

." 10.28 0,380 0,,," 

<" 4.0, 0.160 0.190 
0." 0, 0,025 0,,", .. , 173 .,,' 0.147 
2." 2," 0, 0.105 
2." 3.9, 0.110 .", 
0.46 0.71 0.018 0,028 

, .10 ,<" ,50) 0.562 
1.15 1.38 0 .... 0 ... <8, ." .,., 0.210 
.51 .,Ol 0.120 
2.0< .,. 0.000 0.110 
1.15 , ... .... 0'" 
U7 ., 0,255 
.Ol , 0 0, 
1.1 0,,", 

,.0< 0,"" 

CASE 221A-C14 
TO-22DAB 

• 



TIP41, TIP41A, TIP41B, TIP41C, NPN, TIP42, TlP42A, TIP42B, TlP42C, PNP 

ELECTRICAL CHARACTERISTICS (TC = 250 C unle.sotherwlse noted) 

I Chensotorlsti. I Symbol Min Mex 

OFF CHARACTERISTICS 

Collector-Emitter Susteining Voltage (1) TIP41, TlP42 VCEO(sus) 40 -
(lC = 30 mAde, IB = 0) TIP41A, TlP42A 60 -

TIP41B, TIP42B 80 -
TlP41C,TlP42C 100 -

Collector Cutoff Current ICED 
(VCE = 30 Vde, IB z 0) TIP41, TIP41A, TlP42, TIP42A - 0.7 
(VCE = 60 Vde, IB = 0) TIP41B, TlP41C, TIP42B, TIP42C - 0,7 

Collector Cutoff Current ICES 
(VCE = 40 Vde, VEB = 0) TlP41 , TlP42 - 400 
(VCE = 60 Vde, VEB = 0) . TlP41A, TIP42A - 400 
(VCE = 80 Vde, VEB = 0) TIP41B, TlP42B - 400 
(VCE = 100 Vdc, VEB = 0) TIP41C, TlP42C - 400 

Emitter Cutoff Current lEBO 1.0 
(V BE = 5.0 Vdc, IC = 0) 

ON CHARACTERISTICS (1) 

DC Current Gain hFE 
(lC = 0.3 Ade, VCE = 4.0 Vde) 30 -
(lC = 3.0 Ade, VCE = 4.0 Vde) 15 75 

Collector-Emitter Saturation Voltage VCE(sat) - 1.5 
(lC = 6.0 Ade, IB = 600 mAde) 

Base-Emitter On Voltage VSE(on) - 2.0 
(lC = 6.0 Ade, VCE = 4.0 Vde) 

DYNAMIC CHARACTERISTICS 

Current Gain - Bandwidth Product (2) fT 3.0 -
(IC = 500 mAde, VCE = 10 Vde, f test = 1 MHz) 

Small-Signal Current Gain Ihfe l 20 -
(lC = 0.5 Ade, VCE = 10 Vde, I = 1 kHz) 

(1) Pulse Test: Pulsewidth" 300 I's;Duty Cycle" 2.0%. 
(2) IT = Ihfel • f test 

TA TC FIGURE 1 - POWER DERATING 
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FIGURE 2 - SWITCHING TIME TEST CIRCUIT 
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-= 

SCOPE 
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MBD5300 USED ABOVE IB ~100 rnA 
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FIGURE 3 - TURN-ON TIME 
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TIP41, TIP41A, TIP41B, TIP41C, NPN, TIP42, TIP42A, TIP42B, TIP42C, PNP 

FIGURE 4 - THERMAL RESPONSE 

DUTY CYCLE. o· 11fl2 
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FIGURE 5 - ACTIVE-REGION SAFE OPERATING AREA 

0 

I 5.0 

t; 3.0 

~ 2.0 
:> 
'" a: 1.0 o 

~ _ 0.5 
o 
'" ~ 0.3 

0.2 

o. 1 

...... 
..... 

l-t-- TJ • 150°C 

" --- SECOND BREAKDOWN LTD - BONDING WIRE LTD 
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FIGURE 6 - TURN-OFF TIME 

TJ = 25°C 

There are two limitations on the power ha~dling ab,ility of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate IC·VCE limits of the transistor 
that must be observed for reliable op~ration; i.e., the transistor 
must not be subJected to greater dissipation than, the curves indicate. 

The data of Figure 5 is based on T J(pk) = 1S00C; T C is variable 
depending on t;onditions. Second breakdown pulse limits are valid 
for duty cycles to 10% provided TJ(pk)';; 150°C. TJ(pk) may be 
calculated from the data in Figure 4. At hIgh case temperatures, 
thermal limitations will reduce the power that can be handled to 
values less than the limitations imposed by second breakdown. 

FIGURE 7 - CAPACITANCE 
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TlP41, TIP41A, TIP41B, TIP41C, NPN, TIP42, TIP42A, TIP42B, TIP42C, PNP 
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FIGURE 8 - DC CURRENT GAIN 

VCE~2.0V 

TF IS00C -
f= 2SoC 

~ 

-SSOC 1--"- ~ 
I"'-

0.06 0.1 0.2 0.3 0.4 0.6 1.0 2.0 4.0 6.0 

2.0 

1.6 

~ 
o 1.2 
2: 
w 

'" ~ is 0.8 
> 
:> 

0.4 

0 

IC, COLLECTOR CURRENT lAMP) 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

HIGH VOLTAGE NPN SILICON POWER TRANSISTORS 

• .. designed for line operated audio output amplifier. Switch mode 
power supply drivers and other switching applications.· 

• 250 V to 400 V (Min) - VCEO(sus) 

• 1 A Rated Collector Current 

• Popular TO·220 Plastic Package 

• TO·66 Leadform Available 

MAXIMUM RATINGS 

Rating Symbol TIP47 I TlP48 I TlP49 I TlP50 

Collector·Emitter Voltage VCEO· 250 I 300 I 350 I 400 

Collector·Ba .. Voltage VCB 350 I 400 I 450 I 500 
Emitter-8ase Voltage VEB - 5.0 • 
Collector Current Continuous IC ... 1.0 ~ 

Peak ... 2.0 ~ 

Base Current IB ... 0.6 ~ 

Tafal Power Dissipation Po 
@Te=250e 4 40 • Derate above 25° C 4 0.32 ~ 

Total Power Dissipation Po 
@TA=250C .... 2.0 ~ 

Derate above 25° C ... 0.016 • 
Unclamped I ndueling Load E ... 20 • 

Energy (See Figure 8) 

Operating and Storage Junction TJ.T stg _-65'0+150_ 
Temperature Range 

THERMAL CHARACTERISTICS 

FIGURE 1- PO'i,lER DERATING 
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0 ""-.......... r--..... " TC 

............. -.!..A 

""" 
0 

.... :---..... -" .............. ~ 
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Unit 

Vdc 

Vdc 

Vdc 

Adc 

Adc 

Watts 
wloe 

Watts 
wloe 

mJ 

°e 

TIP47 
TIP49 

TIP48 
TIP50 

1.0 AMPERE. 

POWER TRANSISTORS 
NPN SILICON 

2&0-300·360-400 VOLTS 
40 WATTS 

NOTES: 

STYLE 1: 
PIN 1. BASE 

2.COUECTOR 
3. EMmER 
4. COLLECTQft 

1. DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M.1982. 

2. CONTROlUNG DIMENSION: INCH. 
3. OIM Z OERNES A ZONE WHERE 'ALl BODY ANO 

LEAD IRftEGUlARIllES ARE ALLOWED. 
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TIP47, TIP48, TlP49, TIP50 NPN 

ELECTRICAL CHARACTERISTICS (TC = 25°C unle .. otherwise noted) 

Chlll'"",oristic I Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage (1) TIP47 
(lC = 30 mAde, IB = 0) TIP48 

TlP49 
TIP50 

COllector Cutoff Current 
(VCE = 150 Vde, IB = 0) . TIP47 
(VCE = 200 Vde, IB = Ol TIP48 
(VCE = 250 Vde, IB = 0) TIP49 
(VCE = 300 Vde, 'B = 0) TIP50 

Collector Cutoff Current 
(VCE = 350 Vdc, VBE = 0) TIP47 
(VCE = 400 Vde, VBE = 0) TIP48 
(VCE = 450 Vde, VBE = 0) TIP49 
(VCE = 500 Vde, VBE = 0) TIP50 

Emitter Cutoff Current 
(VBE = 5.0 Vde, IC = 0) 

ON CHARACTERISTICS (1) 

DC Current Gain 
(lC = 0.3 Adc, VCE = 10 Vde) 
(lc = 1.0 Ade, VCE = 10 Vde) 

COllector-Emitter Saturation Voltage 
(lC = 1.0 Adc, IB = 0.2 Adc) 

Base-Emitter On Voltage 
(lC = 1.0 Ade, VCE = 10 Vdc) 

DYNAMIC CHARACTERISTICS 

Current Gain - Bandwidth Product 
(lC = 0.2 Ade, VCE = 10 Vdc, 1= 2.0 MHz) 

Small-Signal Current Gain 
(lC = 0.2 Ade, VCE = 10 Vde, f = 1.0 kHz) 

(1) Pulse Test: Pulsewidth .;;; 300 j,lS, Duty Cyel.';;; 2.0%. 

fiGURE 2 - SWITCHING TIME eQUIVALENT CIRCUIT 
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TIP41, TIP48, TlP49, TIP~ONPN 

FIGURE 4 - THERMAL RESPONSE 
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FIGURE 6 - TURN-OFF TIME 
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There are two limitations on the power handling ability of a 
transistor: average junction temperature and second' breakdown. 
Safe operating area curves indicate le·VeE limits of the transistor 
that must be observed for reliable operation; i.e., the transistor 
must not be subjected to greater dissipation than the curves indicate. 

The data of Figure 5 is based on T J(pk) = 150°C; T C is variable 
depending on conditions. Second breakdown pulse limits are valid 
for duty eyeleslo 10% provided TJ(pk) "'150oC_ TJ(pkl may be 
calculated from the data in Figure 4. At high' case temperatures, 
thermal limitations will reduce the power that can be handled to 
values less than the limitations imposed by second breakdown. 

FIGURE 7 - TEMPERATURE COEFFICIENTS 
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TIP47, TlP48, TIP49, TIP50 NPN 

FIGURE 8 - INDUCTIVE LOAD SWITCHING 
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Note A: Input pulse width is increased until 'eM = 0.63 A. 

FIGURE 9 - DC CURRENT GAIN 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

" 

PLASTIC MEDIUM-POWER 
COMPLEMENTARY SILICON TRANSISTORS 

· .. designed for general-purpose amplifier and low-speed switching 
applications. , 

• High DC Current Gain -
hFE =,,2500 (Typ) @ IC = 4.0 Adc 

• Collecto~-Emitter Sustaining Voltage - @ 30 mAdc 
VCEO(sus) = 60 Vdc (Min) - TlPl00. TIP105 

= BO Vdc (Min) - TIP10l. TIP106 
= 100 Vdc (Min) - TIP102, TIP107 

• Low Collector-Emitter Saturation Voltage -
V CE(sat) = 2.0 Vdc (Max) @ IC = 3.0 Adc 

= 2.5 Vdc (Max) @ IC = B.O Adc 

• Monolithic Construction with Built-In Base-Emitter 
Shunt Resistors 

.' TO-220AB. Compact Package 
• TO-66 Leadform Also Available 

*MAXIMUM RATINGS 
TIP100. TIP10l, TIP10Z, 

Rating Symbol TIP105 T1Pl06 TIP107 

Collector-Emitte,r Voltage VeEO 60 80 100 

Collector-Ba.e Voltage VeB 60 80 100 
Emitter-B .. e Voltage VEB . 5.0 

Collector Current Continuous 8.0 
Peak, IC 15 

Base Current 'B 1.0 

Total Power Oissipation@ Te = 25°C Po 80 
Perate above 25°C -0.64 

Unclamped Inductive Load Energy (1) E 30 . 
Total Powa, Oi •• ipation'@ TA = 250 e Po 2.0 

Derate above 25°C -0.016-' 

Operating and Storage Junction TJ, Tstg ---'"" ~65 to +150-
Temperature Range 

THERMAL CHARACTERISTICS 
Chafacteristics Symbol Max 

Thermal Resistance, Junction to Case R8JC 1.56 

Thermal Aesistance, Junction to Ambient R8JA 62,5 

(1) IC = 1.1 A, L = 50 mH, P.R.F. = 10 Hz, Vce = 20 V, RBE = 100 n. 
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FIGURE 1 - POWER DERATING 
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Unit 

Vdc 

Vdc 

Vdc 

Adc 

Adc 

Watts 
wloe 

mJ 

Watts 
wfOc 

°c 

Unit 

°CIW 
°CIW 

NPN 
llPl00 
llPl0l 
llPl02 

PNP 
llPl05 
llPl06 
llPl07 

DARLINGTON 
8 AMPERE 

COMPLEMENTARY SILICON 
POWER TRANSISTORS 

60-80-100 VOLTS 

NOTES: 

80 WATTS 

STYlE 1: 
PIN 1. BASE 

2. COLLECTOR .,"""" 
4. COLLECTOR 

1. DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M,1982. 

2. CONTROLLING DIMENSION: INCH. 
3. DIM Z DEANES A ZONE WHERE ALL BODY AND 

lEAD IRREGUlARITIES ARE ALLOWED. 
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TIP100, TIP101, TIP102 NPN/TIP105, TIP106, TIP107 PNP 

ELECTRICAL CHARACTERISTICS (TC = 250 C unless otherwise noted) 

Characteristic Symbol Min Max 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage (1) VCEO(sus) 
(Ie = 30 mAdc, Is = 0) TIP100, TlPl05 60 -

TlPl0l, TIP106 80 -
TIP102, TlPl07 100 -

Collector Cutoff Current ICEO 
(VCE = 30 Vdc, IS = 0) TlPl00, TIP105 - 50 
(VCE = 40 Vdc, IS = 0) TIP10l, TIP106 - 50 
(VCE = 50 Vdc, IS = 0) TIP102, TIP107 - 50 

Collector Cuttoff Current leBO 
(VCS = 60 Vde, IE = 0) TlPl00, TIP105 - 50 
(VCS = 80 Vde, IE = 0) TIP10l, TIP106 - 50 
(Ves = 1.00 Vde, IE = 0) TIP102, TIP107 - 50 

Emitter Cutoff Current lEBO - 8.0 
(VBE = 5.0 Vdc, Ie = 0) 

ON·CHARACTERISTICS (1) 

DC Current Gain hFE 
(lC = 3.0 Adc, V CE = 4.0 Vde) 1000 20,000 
(lC = 8.0 Ade, VCE = 4.0 Vde) 200 -

Collector-Emitter Saturation Voltage VCE(sat) 
(IC = 3.0 Ade, IS = S.O mAdc) - 2.0 
(lC = 8.0 Ade, IB = 80 mAde) - 2.5 

Base-Emitter On Voltage VSE(on) 
(lC = 8.0 Ade, V CE = 4.0 Vde) - 2.8 

DYNAMIC CHARACTERISTICS 

Small--5ignal Current Gain Ihle I 
(lC = 3.0 Adc, VCE = 4.0 Vdc, I = 1.0 MHz) 4.0 -

Output Capacitance Cob 
(VCB = 10 Vdc, IE = 0, f = 0.1 MHz) TIP105, TIP10S, TIP107 - 300 

TIP100, TIP10l, TlPl02 - 200 

(1) Pulse Test: Pulse Width .. 300 !JS, Duty Cycle .. 2%. 

FIGURE 2 - SWITCHING TIMES TEST CIRCUIT FIGURE 3 - SWITCHING TIMES 
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TIP100, TlP101, TIP102 NPN/TIP105, TIP106, TlP107 PNP 

20 

10 

~ 5.0 
>-
~ 2.0 

a 1.0 

'" ~ 0.5 

_ 0.2 
o 
<.> 
!::i O. I 

0.05 

0.02 
1.0 

FIGURE 4 - THERMAL RESPONSE 
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There are two limitations on the power handling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate Ie - VeE limits of the tran
sistor that must be observed for reliable operation; i.e., the transistor 
must not be subjected to greater dissipation than the CUNes indicate. 

The data of Figure 5 is based on T J(pk) =; 1SOoC; T C is variable 
depending on conditions. Second breakdown pulse limits are valid 
for duty cycles to 10% provided TJ(pkl < 150°C. TJ(pkl may be 
calculated from the data in Figure 4 .. At high case temperatures, 
thermal limitations will reduce the power 'that can be handled to 
values less than the limitations imposed by second breakdown 

FIGURE 6 - SMALL-SIGNAL CURRENT GAIN FIGURE 7 - CAPACITANCE 
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TIP100, TlP101, TIP102 NPN/TIP105, TIP106, TIP107 PNP 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

PLASTIC MEDIUM·POWER 
COMPLEMENTARY SILICON TRANSISTORS 

· .. designed for general·purpose amplifier and low·speed switching 
appl ications. 

• High DC Current Gain -
. hFE = 2500 (Typ) @ IC = 1.0 Adc 

• Collector· Emitter Sustaining Voltage - @ 30 mAdc 
VCEO(sus) = 60 Vdc (Min) - TlPll0, TIPl15 

= 80 Vdc(Min) - TIPlll, TIPl16 
= 100 Vdc (Min) - TIP112, TlP117 

• Low Collector· Emitter Saturation Voltage -
VCE(sat) = 2.5 Vdc (Max) @ IC = 2;0 Adc 

• Monolithic Construction with Built·ln Base·Emitter 
Shunt Resistors 

• TO·220AB Compact Package 
• TO-66 Leadform Also Available 

*MAXIMUM RATINGS 

TIPI10, TIP111, 
Rating Svmbol TIP115 TlP116 

Collector-Emitter Voltage VCEO 60 86 

Collector-Base Voltage VCB 60 80 

EmitterRBase Voltage VEB 4 S.O 

Collector Current Continuous IC ... 2.0 
Peak 4 4.0 

TIP112, 
TIP117 

100 

100 

• 
• .. 

Unit 

Vdc 

Vdc 

Vdc 

Adc 

Base Current IB • SO • mAde 

Total Power Dissipation @ T C - 2SoC Po .. SO • 
Derate above 2SoC .. 0.4 .. 

Total Power Dissipation @ T A = 2SoC Po 4 2.0 • 
Derate above 2SoC ~0.016_ 

Unclamped Inductive E ~25 .. 
Load Energy - Figure 13 

Operating and Storage Junction, TJ, Tstg _~5to+1S0-

THERMAL CHARACTERISTICS 

FIGURE 1 - POWER DERATING 
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DARLINGTON 
2 AMPERE 

COMPLEMENTARY SILICON 
POWER TRANSISTORS 

60-80-100 VOLTS 
50 WATTS 

NOTES, 
1. DtMENSIONING AND lOl£RANClNG PER ANSI 

Y14.5M,19B2. 
2. CONTROWNG DIMENSION: INCH. 
3. DIM Z DEFlNES A ZONE WHERE All SOOY AND 

LEAD IRIIEGUlARmES ARE AUDWED. 
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TIPll0, TIPlll, TIPl12, NPN, TIPl15, TIPl16, TIPl17, PNP 

ELECTRICAL CHARACTERISTICS ITc ~ 250 C unle .. otherwise noted) 

I Characteristic I Symbol 

OFF CHARACTERISTICS 

Coliector·Emitter Sustaining Voltage (1) 
(lc = 30 mAde, IS = 0) TIPll0, TlPl15 

TIPlll, TIP116 
TIPl12, TIPl17 

Collector Cutoll Current 
(VCE = 30 Vde, IS = 0) TlPll0, TIPl15 
(VCE = 40 Vde, IS ~ 0) TIPlll, TIPl16 
(VCE = 50 Vde. IS eO) TIP112, TIPl17 

Collector Cutoff Current 
(VCS = 60 Vde, IE = 0) TlPll0, TlPl15 
(VCS = SO Vde, IE = 0) TlPlll, TIPl16 
(VCS = 100 Vde, IE = 0) TIPl12, TIPl17 

Emitter Cutoff Current 
(VSE = 5.0 Vde, Ie = 0) 

ON CHARACTERISTICS (1) 

DC Current Gain 
(lc = 1.0 Ade, VCE = 4.0 Vde) 
(lC = 2.0 Ade. VCE = 4.0 Vde) 

Collector-Emitter Saturation Voltage 

(lc = 2.0 Ade, IS = 8.0 mAde) 

Base-Emitter On Voltage 
(lC = 2.0 Ade, VCE = 4.0 Vde) 

DVNAMIC CHARACTERISTICS 

Small-5ignal Current Gain 
(lC = 0.75 Ade, VCE = 10 Vdc, I = 1.0 MHz) 

Output Capacitance 
(VCS = 10 Vde, IE = 0, I = 0.1 MHz) TIP115, TlP116, TIP117 

TIPll0, TlPll1, TIP112 

(1) Pulse Test: Pulse Width .. 300 I'S, Duty Cvele .. 2%. 

FIGURE 2 - SWITCHING TIMES TEST CIRCUIT 

AS & RC VARIED TO OBTAIN DESIRED CURRENT lEVELS 
0,. MUST BE FAST RECOVERY TYPES, e,g., 

MBD!ilOO USED ABOVE 18 '" 100 mA 
MS06100 USED BELOW Is,. 100 rnA 
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TIP110, TlP111, TIP112,NPN, TIP115, TIP116,TIP117, PNP 
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There are two limitations on the power handling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves mdicate Ie - VeE limits of the tran
sistor that must be observed for reliable operation; I.e., the transistor 
must not be subjected to grea~er dissipation than the curves indic~te. 

The data of Figures 5 and 6 is based on TJ(pkl = 150°C; TC is 
variable c;lepending on conditions. Second bre,akdown pulse limits 
are valid for i:ij,ty evcles to 10% provided TJ(';kl <150°C. T J(pkl 
may becalc'ulated from the data in Figure 4. At high case tempera· 
tures, thermal limitations will reduce the power that can be handled 
to .value,s tess th~n t~e limitations imposed bV second breakdown. 
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MOTOROLA 
I SEMICONDUCTOR 

TECHNICAL DATA 

PLASTIC MEDIUM-POWER 
COMPLEMENTARY SILICON TRANSISTORS 

· .. designed for general-purpose amplifier and low-speed switching 
appl ications. 

• High DC Current Gain -
hFE = 2500 (Typ) @ IC = 4.0 Adc 

• Collector-Emitter Sustaining Voltage - @ 100 mAdc 
VCEO(sus) = 60 Vdc (Min) - TIP120, TIP125 

= 80 Vdc (Min) - TIP121, TIP126 
= 100 Vdc (Min) - TIP122, TIP127 

• Low Collector-Emitter Saturation Voltage -
VCE(sat) = 2.0 Vdc (Max) @ IC=3.0 Adc 

= 4.0 Vdc (Max) @ IC = 5.0 Adc 
• Monolithic Construction with Built:ln Base-Emitter 

Shunt Resistors 

• TO-220AB Compact Package 

• TO-66 Leadform Also Available 

*MAXIMUM RATINGS 

Rating Svmbol 
TIPl20, TIP121, 
TlP125 TIP126 

Collector-Emitter Voltage VCEO 60 80 

Collector-Base Voltage VeB 60 80 

Emitter-Base Voltage VEB • 5.0 
Collector Current Continuous • 5.0 

Peak Ie .. 8.0 

Base Current 'B • 120 

Total Power Dissipation @ T C = 2SoC 
Po • 65 

Oerata above 25°C • 0.52 

Total Power Dissipation @ T A = 25°C - 2.0 
Derate above 250 e Po - 0.Q16 

Unclamped Inductive 
E 50 Load Energy (11 • 

TIP122, 
TlP127 

100 

100 

• 
• 
• 
• 
• 
• 
• .. 
• 

Operating and Storage Junction, 
TJ. T stg --65 to +150 _ 

Temperature Range 

THERMAL CHARACTERISTICS 

Characteristics 

Thermal Resistance, Junction to Case 

Thermal Resistance. Junction to Ambient 

(llIC = 1 A, L = 100 mH, P.R.F. = 10 Hz, Vee = 20 V, RBE = 100 n. 
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Unit 

Vde 

Vde 

Vde 

Ade 

mAde 

Watts 
wl"e 

Watts 
wl"e 

mJ 

°e 

NPH 
TIP120 
TIP121 
TIP122 

PHP 
TIP125 
TIP126 
TIP127 

DARLINGTON 
5AMPERE 

COMPLEMENTARY SILICON 
POWER TRANSISTORS 

60-80-100 VOLTS 
65 WATTS 

NOTES: 
1. DIMENSIONING AND TOLERANClNG PER ANSI 

Yl4.5M,l982. 

STYLE 1: 

2. CONTROlUNG DIMENSION: INCH. 
3. DIM Z DEFINES A ZONE WHERE All 800Y AND 

LEAD IRREGUlARITIES ARE AlLOWED. 

.......,... INCHES 
DII 

• • • D , 
• J 

• L 

• Q 

T 

Y 

... , .... 15.75 0.57 .... 10.28 0 

<" 0.1 .. ... 0.025 
.61 0.142 

> '.eo .DOS ., ., 0.110 
0.46 0.71 0.01 

12.70 14.21 D. 
1.15 1 D. 
4.B3 0.1 

" 0.100 , ... D. 
1.15 1 0'" 

7 DJ35 
1.27 OJ,,,, 

1.15 0 ... 

" 
CASE 221A-lI4 

TO-220AB 

0 
0'" 

.190 
0'" 
0.147 
0.105 
0.155 
D. 

0.21 
0.120 
0.110 
0.016 
0'" 
D.DIO 

D.OIII 

PIN 1. BASE 
2. COllECTOR 
J.EMlmR 
4. COlLECTOR 

• 



TIP120, TIP121,TIP122, NP~, TlP125, TIP126, TIP127, PNP 

ELECTRICAL CHARACTERISTICS (TC = 250 C unle .. otherwise noted) 

I Characteristic I Symbol Min Max 

OFF CHARACTERISTICS 

Coliector·Emltter Sustaining Voltage (1) VCEO(sus) 
(lC = 100 mAdc; IS = 0) TIP120, TlP125 60 -

TIP121, TlP126 80 -
TIP122, TIP127 100 -

Collector Cutoll Current ICEO 
(VeE = 30 Vde, IS = 0) TIP120, TIP125 - 0.5 
(VCE = 40 Vde, IS = 0) TIP121, TIP126 - 0.5 
(VCE = 50 Vde, IS = 0) TIP122, TIP127 - 0.5 

Collector Cutoff Currant ICSO 
(VCB = 60 Vdc, IE = 0) TIP120, TlP125 - 0.2 
(VCB,= 80 Vde, IE = 0) TIP121, TIP126 - 0.2 
(VCB = 100 Vdc, IE;' 0) TIP122, TIP127 - 0.2 

Emitter Cutoff Current 
(VBE = 5.0 Vdc, IC = 0)' 

lEBO - 2.0 

ON CHARACTERISTICS (1) 
DC Current Gain hFE 

(lC = 0.5 Ade, VCE = 3.0 Vde) 1000 -
IIC • 3.0 Adc, V CE = 3.0 Vde) 1000 -

Coliector·Emitter Saturation Voltage 
VCE(satl 

(lC = 3.0 Ade,IB = 12 mAde) - 2.0 
(lC = 5.0 Ade, IB = 20 mAde) - 4.0 

S ... ·Emitter On Voltage VBE(on) 
(lC = 3.0 Ade, VCE = 3.0 Vde) - 2.5 

DYNAMIC CHARACTERISTICS 

Small-5lgnal Current Gain Ihle l 
(lc = 3.0 Ade, VCE = 4.0 Vde, I = 1.0 MHz) 4.0 -

Output Capacitance Cob 
(VCB = 10 Vde, IE = 0, I = 0.1 MHz) TIP125, TIP126, TIP127 - 300 

TIP120, TiP121, TlP122 - 200 

(1) Pulse Test: Puis. Width .. 300 /loS, Duty Cycle .. 2%. 

FIGURE 2 - SWITCHING TIMES TEST CIRCUIT FIGURE 3 - SWITCHING TIMES 

v, 

R8 & ftc VARIEO TO OBTAIN DESIRED-CURRENT lEVELS 
0,. MUST BE FAST RECOYERY TYPES,. e.g., 

MB05300 USED ABOVE 18 '" 100 mA 
MS0610D USED BElOW 18 .. 100 mA 
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TIP120, TIP121, TIP122, NPN, TlP125, TIP126, TlP127, PNP 

FIGURE 4 - THERMAL RESPONSE 
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There are two limitations on the power handling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate Ie -,.- VeE limits of the tran
sistor that must be observed for reliable operation; i.e., the transistor 
must not be subjected to greater dissipation than the curves indicate. 

The data of Figure 5 is based on T J(pk) = 150°C; T C is variabl e 
depending on conditions. Second breakdown pulse limits are valid 
for duty cycles to 10% provided TJ(pk) < 150oC. TJ(pk) may be 
calculated from the data in Figure 4. At high case temperatures, 
thermal limitations will reduce the power that can be handled to 

values less than the limitations imposed by second breakdown 

~ 

w 
u 
z 

300 

200 

~ 100 
U 
~ 
j 70 

50 

30 

FIGURE 7 - CAPACITANCE 

F: -- '- ........ 

......, ..... I 
Cob 

C,\ 

. ~ 

r----PNP 
-- -NPN I i I I,! 

0.1 0.2 0.5 1.0 2.0 5.0 10 

VR. REVERSE VOLTAGE [VOLTS) 

T~~j510J 

r>-
..... 

20 50 100 



TIP120, TIP121, TIP122, NPN, TIP125, TIP126, TIP127, PNP 
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MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

DARLINGTON COMPLEMENTARY 
SILICON POWER TRANSISTORS 

· .. designed for general-purpose amplifier and low frequency 

switching applications. 

• High DC Current Gain - Min hFE = 1000 @ IC = 5 A, VCE = 4 V 

• Collector-Emitter Sustaining Voltage - @ 30 mA 

VCEO(sus) = 60 Vdc (Min) - TIP140, TIP145 
80 Vdc (Min) - TIP141, TIP146 

100 Vdc (Min) - TIP142, TIP147 

• Monolithic Construction with Built-In Base-Emitter Shunt Resistor 

MAXIMUM RATINGS 

TIP140 TIP141 TIP142 
Rating Symbol TIP145 TIP146 TIP147 Unit 

Collector· Emitter Voltage VCEO 60 80 100 Vdc 

Collector-Base Voltage VCB 60 80 100 Vdc 

Emitter-Base Voltage VEB 5.0 Vdc 

Collector Current - Continuous IC 10 Adc 
Peak (I) 15 

Base Current - Continuous IB 0.5 Adc 

Total Device Dissipation Po 125 Watts 
@TC= 25°C 

Operating and Storage Junction TJ,Tslg -6510 +150 °C 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Case ReJC 1.0 °C/W 

Thermal Resistance. Case to Ambient ROJA 35.7 °C/W 

(1) 5 ms, ~10% Duty Cycle 

DARLINGTON SCHEMATICS 

COLLECTOR COLLECTOR NPN 

T1P140 
TIPI41 
TIPI42 

r------ --, 
PNP 

TIPI45 
TIPI46 
TIPI47 

r------ --, 

BASE 

I 
I 
I 

,..-----4>--, I 
I 
I 
I 
I 
I 

I I 
1 ....... >/VI._"'Wv-+...J I 1... _________ ...J 

EMITIER 

BASE 

I 
I 
I 

,..-----4>--, I 
I 
I 
I 
I 
I 
I 
I 

__ ...J 

EMITIER 
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NPH 
TIPI40 
TIP141 
TIP142 

PHP 
TIP145 
TIP146 
TIP147 

10 AMPERE 
DARLINGTON 

COMPLEMENTARY SILICON 
POWER TRANSISTORS 

DIM 
A 
8 
C 
0 
E 
G 
H 

J 
K 

L 
N 
n 

60-100 VOLTS 
125WATIS 

K 

- -~ 
G--Ljl-D 

STYLE 1: 
1. BASE 
2. COLLECTOR 
3. EMITTER 
4. COLLECTOR 

MILLIMETERS INCHES 
MIN MAX MIN MAX 
20.32 21.08 0.800 0.830 
15.49 15.90 0.610 0.626 
4.19 5.08 0.165 0.200 
1.02 1.65 0.040 0.065 
1.35 1.65 0.053 0.065 
5.21 5.72 0.205 0.225 
2.41 3.20 0.095 0.126 
0.38 0.64 0.015 0.025 
12.70 15.49 0.500 0.610 
15.88 16.51 0.625 0.650 
12.19 12.70 0.4BO 0.500 
3.94 4.19 0.155 0.165 

CASE 340-01 
TO-218AC 

• 



TIP140, TIP141, TIP142 NPN, TIP145, TIP146, TIP147 PNP 

.. 

ELECTRICAL CHARACTERISTICS (TC = 25°C unless otherwise noted) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage (1) 
(lC : 30 rnA, IS = 0) TIP140, TIP145 

TIP141, TlP146 
TIP142, TIP147 

Collector Cutoff Current 
(VCE = 30 Vdc, IS = 0) TIP140, TIP145 
(VCE = 40 Vdc, IS = 0) TIP141, TIP146 
(VCE = 50 Vdc, IS = 0) TIPI42, TIP147 

Collector Cutoff Current 
(VCS = 60 V, IE = 0) TIPI40, TlP145 
(VCS = 80 V, IE: 0) TlP141, TIP146 
(VCS = 100 V, IE = 0) TIP142, TIP147 

Emitter Cutoff Current VSE = 5,0 V 

ON CHARACTERISTICS (1) 

DC Current Gain 
(lC = 5,0 A, VCE = 4.0 V) 
(lc: lOA, VCE = 4.0 V) 

Collector-Emitter Saturation Voltage 
IIC: 5,0 A, IS: 10 rnA) 
(lc : lOA, IS = 40 rnA) 

Base-Emitter Saturation Voltage 
(IC : lOA, IS : 40 rnA) 

Sase-Emitter On Voltage 
(IC: lOA, VCE = 4.0 Vdc) 

SWITCHING CHARACTERISTICS 

Resistive Load (See Figure 1) 

Delay Time 
(VCC = 30 V, IC = 5.0 A. 

Rise Time 
IS = 20 rnA, Duty Cycle'; 2,0%, 

Storage Time 

Fall Time 
lSI = IS2, RC & RS Varied, TJ = 25°C) 

(1) Pulse Test: Pulse Width:: 300 JJs, Duty Cvcle ~ 2.0%. 

FIGURE 1 - SWITCHING TIMES TEST CIRCUIT 

V2 

Re & RC VARIED TO OBTAIN DESIRED CURRENT lEVElS 
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TIP140, TIP141, TIP142 NPN, TIP145, TIP146, TIP147 PNP 
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TIP140. TIP141. TIP142 NPN. TIP145. TIP146~ TIP147 PNP 

ACTIVE-REGION SAFE OPERATING AREA 
curves indicate. There are two limitations on the power handling ability of a 

transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate IC-VCE limits of the 
transistor that must be observed for reliable op~ration; i.e., the 
transistor must not be-subjected to greater dissipation than the 

The data of Figure 6 is based on TJ(pk)' IS00C; TC is variable 
depending on conditions. At high case temperatures, thermal 
limitations will reduce the power that can be handled to values 
less than the limitations im'posed by second breakdown. 

FIGURE 6 - ACTIVE-REGION SAFE OPERATING AREA 
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MOTOROLA 
• SEMICONDUCTOR 

TECHNICAL DATA 

COMPLEMENTARY SILICON POWER TRANSISTORS 

· .. designed for general-purpose switching and amplifier 
applications. 

• DC Current Gain - hFE = 20-70 @ IC = 4.0 Adc 

• Collector-Emitter Saturation Voltage - VCE(sat) = 1.1 Vdc (Max) 
@ IC= 4.0Adc 

• Excellent Safe Operating Area 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage VCEO 60 Vdc 

Collector-Emitter Voltage VCER 70 Vdc 

Collector-Base Voltage VCB 100 Vdc 

Emitter-Base Voltage VEB 7.0 Vdc 

Collector Current - Continuous IC 15 Adc 

Base Current IB 7.0 Adc 

Total Power Dissipation @ TC = 25°C Po 90 Watts 
Derate above 25°C 0.72 W/oC 

Operating and Storage Junction TJ,Tstg -65 to +150 °C 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Thermal Resistance. Junction to Case R6JC 1.39 °C/W 

Thermal Resistance. Junction to Ambient R6JA 35.7 °C/W 

FIGURE 1 - DC CURRENT GAIN 

100 0 

VCE = 4.0 V 
TJ = 25°C 

- -- I 
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---TIP2955 
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IC, COLLECTOR CURRENT (AMP) 
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NPN 
TIPlOSS 

PNP 
TIP29SS 

15 AMPERE 
POWER TRANSISTORS 

COMPLEMENTARY SILICON 

DIM 
A 
B 
C 
D 
E 
G 
H 
J 
K 
L 
N 
Q 

60 VOLTS 
90 WATTS 

, 

STYLE 1: 
1. BASE 
2. COLLECTOR 
3. EMITTER 
4. COLLECTOR 

MILLIMETERS INCHES 
MIN MAX MIN MAX 
20.32 21.08 0.800 0.830 
15.49 15.90 0.610 0.626 
4.19 5.0B 0.165 0.200 
1.02 1.65 0.040 0.065 
1.35 1.65 0.053 0.065 
5.21 5.72 0.205 0.225 
2.41 3.20 0.095 0.126 
0.38 0.64 0.015 0.025 
12.70 15.49 0.500 0.610 
15.88 16.51 0.625 0.650 
12.19 12.70 0.480 0.500 
4.04 4.22 0.159 0.166 

CAS!: 340-01 
(TO-218AC) 

• 



TIP305~NPN.TIP2955PNP 

ELECTRICAL CHARACTERISTICS (TC: 25°C unless otherwise noted) 

I Characteristic I Symbol Min Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage (1) 
(lC: 30 mAde. 'B : 0) 

Collector Cutoff Current 
(VCE: 70 Vdc. RBE: 100 Ohms) 

Collector Cutoff Current 
(VCE: 30 Vdc. 'B: 0) 

Collector Cutoff Current 

(VCE: 100 Vdc. VBE(off): 1.5 Vdc) 

Emitter Cutoff Current 
(VBE: 7.0 Vdc., IC: 0) 

ON CHARACTERISTICS (1) 

DC Current Gain 
(lC: 4,0 Adc. VCE: 4,0 Vdc) 
(IC: 10 Adc. VCE: 4,0 Vdc) 

Collector~Emitter Saturation Voltage 
(lC: 4,0 Adc. 'B: 400 mAde) 
(IC: 10 Adc. 'B: 3,3 Adc) 

Base-Emitter On Voltage 
(IC: 4,0 Adc. VCE : 4,0 Vdc) 

SECOND BREAKDOWN 

Second Breakdown Collector Cu'rrent with Base Forward Biased 
(VCE: 30 Vdc. t: 1,0 s; Nonrepetiti",,) 

DYNAMIC CHARACTERISTICS 

Current Gain-Bandwidth Product 
(lC: 0,5 Adc. VCE: 10 Vdc. f: 1,0 MHz) 

SmalH:;ignal Current Gain 
(VCE : 4,0 Vdc. IC: 1,0 Adc. f: 1,0 kHz) 

(1) Pulse Test Pulse Width = 300 P.s, Duty Cycle ~2.0%. 
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- 5.0 mAde 

- 5.0 mAde 

-
20 70 
5,0 -

Vdc 
- 1,1 
- 3,0 

- 1.8 Vdc 

2,5 - MHz 

15 - kHz 

Note: For additional deSign curves, refer to electrical characteristics curves of 2N3055. 
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FIGURE 2 - MAXIMUM RATED FORWARD BIAS 
SAFE OPERATING AREA 

LOrn?' 300 
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, , 

'" 
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s 
There are two limitations on the power handling ability 

of a transistor: average junction temperature and second 
breakdown, Safe operating area curves indicate IC-VCE 
limits of the transistor that must be observed for reliable 
operation; i.e,. the transistor must not be subjected to 
greater dissipation than the curves indicate, 

The data of Figure 2 'is based on TC = 25°C; TJ(pk) is 
variable depending on power level. Second breakdown 
pulse limits are valid for duty cycles to 10% but must be . 
derated for temperature, 

VCE. COLLECTOR·EMITTER VOLTAGE (VOLTS) 
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