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VOLUME II 

This volume contains complete data sheets for 
Motorola-manufactured devices with EIA registered type 
numbers from 1 N5000 and 2N5000 and up, as well as 
those with 3N ... and 4N ... type numbers. Data sheets 
are in numerical sequence according to device type 
number except for those data sheets that cover several 
devices with different type numbers. The numerical 
index in front of the book permits the user to quickly 
locate the page number of the data sheet for any device 
characterized in the book. 

Econocap, Epibase, Epicap, Glassivated, Isothermal, *k-Pak, MeMOS, Meg-A-Life II, MDTL, 
MECL, MECL 10,000, MHTL, Micro-T, MIDA, MRTL, mW MRTL, MTTL, Multi-Cell II, 
RamRod, Surmetic, Surmetic 20, Surmetic 30, Surmetic 40, Thermopad, Thermowatt, Unibase, 
Unibloc and Uniwatt are trademarks of Motorola Inc_ 

Annular Semiconductors and Field-Relief Electrode are patented by Motorola Inc. 
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DEVICE 

lN5000 
1 N5001 
lN5002 
lN5003 
lN5139,A 
lN5140,A 
lN5141,A 
lN5142,A 
1 N5143,A 
1 N5144,A 

1 N5145,A 
1 N5146,A 
1 N5147,A 
1N5148,A 
1 N5149 
1 N5150 
lN5150A 
1 N5153 
1 N5153A 
1 N5155 

lN5155A 
1 N5158 
1 N5159 
1 N5160 
1 N5221 ,A,B 
lN5222,A,B 
1 N5223,A,B 
lN5224,A,B 
lN5225,A,B 
1 N5226,A,B 

lN5227,A,B 
lN5228,A,B 
1 N5229,A,B 
1 N5230,A,B 
lN5231,A,B 
lN5232,A,B 
lN5233,A,B 
lN5234,A,B 
lN5235,A,B 
lN5236,A,B 

lN5237,A,B 
lN5238,A,B 
1 N5239,A,B 
1 N5240,A,B 
lN5241,A,B 
lN5242,A,B 
lN5243,A,B 
lN5244,A,B 
lN5245,A,B 
lN5246,A,B 

lN5247,A,B 
lN5248,A,B 
lN5249,A,B 
lN5250,A,B 
lN5251,A,B 
lN5252,A,B 
1 N5253,A,B 
lN5254,A,B 
lN5255,A,B 
1 N5256,A,B 

DEVICE INDEX 

Devices characterized in Volume II show the page reference 
only. Devices characterized in Volume f are referenced by 
volume and page number. 

VOL PAGE DEVICE VOL PAGE DEVICE 

I 1·98 lN5257,A,B 1-20 1N5336,A,B 

t , 1N5258,A,B 1N5337,A,B 
lN5259,A,B lN5338,A,B 

I 1·98 1N5260,A,B 1N5339,A,B 
1-2 1N5261,A,B 1N5340,A,B 

lN5262,A,B 1N5341,A,B 
1 N5263,A,B lN5342,A,B 
1N5264,A,B lN5343,A,B 
lN5265,A,B lN5344,A,B 
1 N5266,A,B lN5345,A,B 

lN5267,A,B lN5346,A,B 
lN5268,A,B lN5347,A,B 
lN5269,A,B lN5348,A,B 

1-2 lN5270,A,B lN5349,A,B 
1-4 1 N5271 ,A,B lN5350,A,B 
1-4 lN5272,A,B lN5351,A,B 
1-8 lN5273,A,B lN5352,A,B 

1-10 1 N5274,A,B lN5353,A,B 
1-8 1 N5275,A,B lN5354,A,B 

1-13 1 N5276,A,B lN5355,A,B 

1-8 lN5277,A,B lN5356,A,B 
1-16 lN5278,A,B lN5357,A,B 
1-16 1 N5279,A,B lN5358,A,B 
1-16 lN5280,A,B lN5359,A,B 
1-20 lN5281,A,B 1-20 1N5360,A,B 

1N5283 1·26 1 N5361 ,A,B 
1N5284 lN5362,A,B 
1N5285 lN5363,A,B 
1N5286 lN5364,A,B 
lN5287 lN5365,A,B 

1N5288 lN5366,A,B 
lN5289 lN5367,A,B 
lN5290 lN5368,A,B 
lN5291 lN5369,A,B 
lN5292 1N5370,A,B 
1N5293 1N5371,A,B 
1N5294 1N5372,A,B 
1 N5295 1N5373,A,B 
1N5296 1 N5374,A,B 
1N5297 1N5375,A,B 

1N5298 1N5376,A,B 
1N5299 1 N5377 ,A,B 
1N5300 1N5378,A,B 
1N5301 1N5379,A,B 
1 N5302 1N5380,A,B 
1N5303 1N5381,A,B 
1N5304 1N5382,A,B 
1N5305 1N5383,A,B 
1N5306 1 N5384,A,B 
1N5307 1N5385,A,B 

1 N5308 1N5386,A,B 
1N5309 1N5387,A,B 
1 N5310 1N5388,A,B 
1 N5311 1 N5441 ,A,B,C 
1 N5312 1 N5442,A,B,C 
1N5313 1 N5443,A,B,C 
1N5314 1-26 1 N5444,A,B,C 
1N5333,A,B 1·30 1N5445,A,B,C 
1N5334,A,B 1·30 1N5446,A,B,C 

1-20 1N5335,A,B 1·30 1 N5447 ,A,B,C 

iii 
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DEVICE VOL PAGE DEVICE VOL PAGE DEVICE VOL PAGE 
lN5448A,B,C 1-34 lN5791 1-16 lN5890A 1-66 
lN5449A,B,C 
lN6450A,B,C 
1 N5451 A,B,C 
lN5452A,B,C 
lN5453A,B,C 
lN5454A,B,C 

lN5792 1-16 
lN5793 1-16 
lN5820 1-46 
lN5821 1-46 
lN5823 1-50 
lN5824 1-50 

lN5891A 

I 
lN5892A 
lN5893A 
lN5894A 
lN5B95A 
lN5896A 

IN!>455A,B,C 
1-34 1 N 5456A,B,C 

lN5825 1-50 
lN5826 1-54 

lN5897A 1-66 
lN5909 1-68 

lN5461A,B,C 1-37 lN5827 1-64 lN5910 1-70 

1 N5462A,B,C lN5828 1-64 lN5911 1-72 
1 N5463A,B,C lN5829 1-58 lN5912 1-74 
lN5464A,B,C lN5830 1-58 lN5913,A,B,C,D 1-76 
lN5465A,B,C lN5831 1-58 1 N5914,A,B,C,D 
lN5466A,B,C lN5832 1-62 lN5915,A,B,C,D 
lN5467A,B,C lN5833 1-62 1 N5916,A,B,C,D 
1 N5468A,B,C lN5834 1-62 lN5917,A,B,C,D 
lN5469A,B,C lN5837A 1-66 lN5918,A,B,C,D 
lN5470A,B,C lN5838A lN5919,A,B,C,D 
lN5471A,B,C lN5839A 1 N5920,A,B,C,D 

1 N5472A,B,C lN5840A lN5921,A,B,C,D 
lN5473A,B,C 

t lN5474A,B,C 
lN5475A,B,C 

1N5841A 
lN5842A 
lN5843A 

1N5922,A,B,C,D 
lN5923,A,B,C,D 
1 N5924,A,B,C,D 

1 N5476A,B,C 1-37 lN5844A 1 N5925,A,B,C,D 
lN5518,A,B 1-41 lN5845A 1 N5926,A,B,C,D 
1 N5519,A,B lN5846A lN5927,A,B,C,D 
lN5520,A,B lN5847A lN5928,A,B,C,D 
1 N5521,A,B lN5848A lN5929,A,B,C,D 
lN5522,A,B lN5849A 1 N5930,A,B,C,D 

lN5523,A,B lN5850A lN5931,A,B,C,D 
1 N5524,A,B lN5851A 1 N5932,A,B,C,D 
1 N5525,A,B lN5852A 1 N5933,A,B,C,D 
lN5526,A,B lN5853A lN5934,A,B,C,D 
lN5527,A,B lN5854A lN5935,A,B,C,D 
lN5528,A,B lN5855A lN5936,A,B,C,D 
lN5529,A,B lN5856A 1 N5937 ,A,B,C,D 
lN5530,A,B lN5857A 1 N5938,A,B,C,D 
1 N5531,A,B lN5858A lN5939,A,B,C,D 
lN5532,A,B lN5859A 1 N5940,A,B,C,D 

lN5533,A,B lN5860A 1 N5941,A,B,C,D 
lN5534,A,B lN5861A 1 N5942,A,B,C,D 
lN5535,A,B lN5862A 1 N5943,A,B,C,D 
lN5536,A,B lN5863A 1 N5944,A,B,C,D 
lN5537,A,B lN5864A 1 N5945,A,B,C,D 
lN5538,A,B lN5865A lN6946,A,B,C,D 
lN5539,A,B lN5866A 1 N5947 ,A,B,C,D 
lN5540,A,B lN5867A 1 N5948,A,B,C,D 
lN5541,A,B lN5868A 1 N5949,A,B,C,D 
lN5542,A,B lN5869A lN5950,A,B,C,D 

lN5543,A,B lN5870A 1 N5951,A,B,C,D 
lN5544,A,B 1 N5871A lN5952,A,B,C,D 
1 N5545,A,B lN5872A lN5963,A,B,C,D 
lN5546,A,B 1-41 lN5873A 1 N5954,A,B,C,D 
lN5758,A 1-44 lN5874A lN5955,A,B,C,D 
lN5759,A 

t lN5760,A 
1 N5761,A 

lN5875A 
lN5876A 
lN5877A 

1 N5956,A,B,C,D 1-76 
2N5016 2-2 
2N5031 2-6 

lN5762,A 1-44 lN5878A 2N5032 2-6 
lN5779 1-16 lN5879A 2N5050 2-10 

1 N5780 lN5880A 2N5051 2-10 
1 N5781 lN5881A 2N5052 2-10 
lN5782 lN5882A 2N5058S 2-12 
1 N5783 lN5883A 2N5060 2-14 
lN5784 
lN5785 
lN5786 

lN5884A 
lN5885A 
lN5886A 

2N5061 

~ 2N5062 
2N5063 

lN5787 lN5887A 2N5064 2-14 
1 N5788 lN5888A 2N5067 2-18 
1 N5789 lN5889A 1-66 2N5068 2-18 
lN5790 1-16 

iv 



DEVICE VOL PAGE DEVICE VOL PAGE DEVICE VOL PAGE 

2N5069 2-18 2N5358 2-141 2N5639 2-221 
2N5070 2-22 2N5359 

I 2N5086 2-28 2N5360 
2N5087 2-28 2N5361 
2N5088 2-31 2N5362 
2N5089 2-31 2N5363 

2N5640 2-221 
2N5641 2-223 
2N5642 2-223 
2N5643 2-223 
2N5644 2-229 

2N5090 2-34 2N5364 2-141 2N5645 2-231 
2N5108 2-37 2N5400 2-150 2N5646 2-233 
2N5109 2-40 2N5401 2-150 2N5653 2-235 
2N5146 2-46 2N5427 2-154 2N5654 2-235 

2N5155 2-48 2N5428 ~ 2N5157 I 2-646 2N5429 
2N5655 2-237 
2N5656 2-237 

2N5160 2-50 2N5430 2-154 2N5657 2-237 
2N5161 2-53 2N5431 2-158 2N5668 2-241 
2N5162 2-53 2N5435 2-160 2N5669 2-241 
2N5164,R 2-57 2N5436 

! 2N5165,R 2N5437 
2N5166,R 2N5438 
2N5167,R 2N5439 

2N5670 2-241 
2N5679 2-243 
2N5680 

~ 2N5681 
2N5168,R 2N5440 2-160 2N5682 2-243 

2N5169,R 2N5441 2-164 2N5683 2-249 
2N5170,R 2N5442 

l 2N5171,R 2-57 2N5443 
2N5179 2-61 2N5444 
2N5190 2-67 2N5445 

2N5684 
~ 2N5685 

2N5686 2-249 
2N5692 2-254 

2N5191 2-67 2N5446 2-164 
2N5192 2-67 2N5457 2-168 
2N5193 2-71 2N5458 2-168 

2N5693 

~ 2N5694 
2N5695 

2N5194 2-71 2N5459 2-168 2N5696 2-254 
2N5195 2-71 2N5460 2-169 2N5716 2-256 

2N5208 2-75 2N5461 

l 2N5209 2-80 2N5462 
2N5210 2-80 2N5463 
2N5219 2-83 2N5464 

2N5717 2-256 
2N5718 2-256 
2N5745 I 2-792 
2N5758 2-260 

2N5220 2-85 2N5465 2-169 2N5759 2-260 
2N5221 2-87 2N5471 2-172 2N5760 2-260 
2N5222 2-89 2N5472 

! 2N5223 2-93 2N5473 
2N5224 2-95 2N5474 
2N5225 2-97 2N5475 

2N5777 2-264 
2N5778 t 2N5779 
2N5780 2-264 

2N5226 2-99 2N5476 2-172 2N5793 2-266 
2N5227 2-101 2N5484 2-176 2N5794 2-266 
2N5228 2-103 2N5485 2-176 2N5795 2-268 
2N5229 2-105 2N5486 2-176 2N5796 2-268 
2N5230 2-105 2N5550 2-178 2N5797 2-270 
2N5231 2-105 2N5551 2-178 
2N5241 2-109 2N5555 2-182 

2N5798 t 2N5799 
2N5265 2-112 2N5556 2-184 2N5800 2-270 
2N5266 

! 
2N5557 2-184 

2N5267 2N5558 2-184 

2N5268 2N5571 2-186 
2N5269 2N5572 t 2N5270 2-112 2N5573 

2N5829 I 2-890 
2N5835 2-274 

2N5836 2-274 
2N5837 2-274 
2N5841 2-280 

2N5271 2-118 2N5574 2-186 2N5842 2-280 
2N5301 2-120 2N5581 I 2-252 2N5845,A 2-286 
2N5302 2-120 2N5582 I 2-252 2N5846 2-290 
2N5303 2-120 2N5583 2-191 2N5847 2-290 
2N5304 2-124 2N5589 2-195 2N5848 2-294 
2N5324 2-128 2N5590 2-199 2N5849 2-297 
2N5325 2-128 2N5591 2-203 2N5859 2-301 

2N5336 2-132 2N5629 2-205 2N5861 2-305 
2N5337 t 2N5630 2-205 
2N5338 2N5631 2-205 

2N5862 2-309 
2N5864 2-313 

2N5339 2-132 2N5632 2-209 2N5865 2-315 
2N5344 2-136 2N5633 2-209 2N5867 2-317 
2N5345 2-136 2N5634 2-209 
2N5346 2-140 2N5635 2-213 

2N5968 t 2N5969 
2N5347 ~ 

2N5636 2-213 
2N5348 2N5637 2-213 

2N5870 2-317 
2N5871 2-322 

2N5349 2-140 2N5638 2-221 2N5872 2-322 

v 



DEVICE VOL PAGE DEVICE VOL PAGE DEVICE VOL PAGE 

2N5873 2-322 2N6045 2-408 2N6170 2-487 
2N5874 2-322 2N6049 2-413 2N6171 I 2-640 
2N5875 2-327 2N6050 2-417 2N6172 

~ 2N5876 

~ 
2N6051 2-417 2N6173 

2N5877 2N6052 2-417 2N6174 I 2-640 
2N5878 2-327 2N6053 2-422 2N6186 2-491 
2N5879 2-332 2N6054 t 2N6187 ~ 2N5880 

~ 
2N6055 2N6188 

2N5881 2N6056 2-422 2N6189 2-491 
2N5882 2-332 2N6057 2-417 2N6190 2-495 

2N5883 2-337 2N6058. 2-417 2N6191 ~ 2N5884 

~ 
2N6059 2-417 2N6192 

2N5885 2N6064 2-428 2N6193 2-495 
2N5886 2-337 2N6065 2-428 2N6226 2-499 
2N5887 2-342 2N6066 2-428 2N6227 2-499 
2N5888 2N6067 2-432 2N6228 2-499 
2N5889 2N6068,A,8 2-436 2N6229 2-503 
2N5890 2N6069,A,8 2N6230 2-503 
2N5891 2N6070,A,8 2N6231 2-503 
2N5892 2N6071,A,8 2N6233 2-507 

2N5893 2N6072,A,8 2N6234 2-507 
2N5894 2N6073,A,8 2N6235 2-507 
2N5895 2N6074,A,8 2N6236 2-511 
2N5896 2N6075,A,8 2-436 2N6237 

! 2N5897 2N6080 2-440 2N6238 
2N5898 2N6081 2-443 2N6239 
2N5899 2N6082 2-446 2N6240 
2N5900 , 2N6083 2-446 2N6241 2-511 
2N5901 2-342 2N6084 2-446 2N6255 2-513 
2N5941 2-347 2N6094 2-450 2N6256 2-517 

2N5942 2-347 2N6095 t 2N6274 2-521 
2N5943 2-355 2N6096 2N6275 , 
2N5944 2-363 2N6097 2-450 2N6276 
2N5945 2-363 2N6114 2-458 2N6277 2-521 
2N5946 2-363 2N6115 2-458 2N6278 2-525 
2N5947 2-370 2N6116 2-462 2N6279 ~ 2N5974 2-374 2N6117 2-462 2N6280 
2N5975 2-374 2N6118 2-462 2N6281 2-525 
2N5976 2-374 2N6136 2-466 2N6282 2-529 
2N5977 2-378 2N6139 2-469 2N6283 

I 2N5978 2-378 2N6140 I 2N6284 
2N5979 2-379 2N6141 2N6285 
2N5980 2-382 2N6142 2N6286 
2N5981 2-382 2N6143 2N6287 2-529 
2N5982 2-382 2N6144 2-469 2N6294 2-534 
2N5983 2-386 2N6145 2-186 2N6295 ~ 2N5984 2-386 2N6146 2-186 2N6296 
2N5985 2-386 2N6147 2-186 2N6297 2-534 
2N5986 2-390 2N6148 2-469 2N6298 2-422 
2N5987 

I 
2N6149 2-469 2N6299 ~ 

2N5988 2N6150 2-469 2N6300 2-422 
2N5989 2N6151 2-474 2N6301 2-534 
2N5990 2N6152 

! 
2N6303 I 2-565 

2N5991 2-390 2N6153 2N6304 2-539 
2N6027 2-395 2N6154 2N6305 2-539 
2N6028 2-395 2N6155 2N6306 2-545 
2N6029 2-399 2N6156 2-474 2N6307 2-545 
2N6030 2-399 2N6157 2-478 2N6308 2-545 
2N6031 2-399 2N6158 2N6312 I 2-747 
2N6034 2-403 2N6159 2N6313 I 2-747 

2N6035 I 2N6160 2N6314 I 2-747 
2N6036 2N6161 2N6315 2-322 
2N6037 2N6162 2N6316 

~ 2N6038 2N6163 2N6317 
2N6039 2-403 2N6164 2N6318 2-322 
2N6040 2-408 2N6165 2-478 2N6338 2-549 
2N6041 

~ 
2N6166 2-483 2N6339 

~ 2N6042 2N6167 2-487 2N6340 
2N6043 2N6168 2-487 2N6341 2-549 
2N6044 2-408 2N6169 2-487 2N6342 2-553 

vi 



DEVICE VOL PAGE DEVICE VOL PAGE DEVICE VOL PAGE 
2N6342A 2-557 3N124 2-634 
2N6343 2-553 3N125 2-634 
2N6343A 2-557 3N126 2-634 
2N6344 2-553 3N128 2-638 
2N6344A 2-557 3N140 2-642 
2N6345 2-553 3N155,A 2-644 
2N6345A 2-557 3N156,A 2-644 
2N6346 2-553 3N157,A 2-648 
2N6346A 2-557 3N158,A 2-648 
2N6347 2-553 3N169 2-652 

2N6347A 2-557 3N170 2-652 
2N6348 2-553 3N171 2-652 
2N6348A 2-557 3N209 2-656 
2N6349 2-553 3N210 2-656 
2N6349A 2-557 4N25 2-662 
2N6365,A 2-561 
2N6366 2-563 

4N26 
~ 4N27 

2N6367 2-568 4N28 2-662 
2N6368 2-573 4N29 2-666 
2N6370 2-579 

2N6377 2-584 
2N6378 2-584 

4N30 

! 4N31 
4N32 

2N6379 2-584 4N33 2-666 
2N6380 2-588 
2N6381 2-588 
2N6382 2-588 
2N6394 2-592 
2N6395 

I 2N6396 
2N6397 

2N6398 
2N6399 2-592 
2N6400 2-596 
2N6401 

! 2N6402 
2N6403 
2N6404 
2N6405 2-596 
2N6406 2-600 
2N6407 

t 2N6408 
2N6409 2-600 
2N6410 2-604 
2N6411 2-604 
2N6412 2-608 
2N6413 ~ 2N6414 
2N6415 2-608 
2N6416 2-612 
2N6417 

t 2N6418 
2N6419 2-612 
2N6424 2-581 
2N6425 2-581 
2N6426 2-616 
2N6427 2-616 
2N6436 2-622 
2N6437 2-622 
2N6438 2-622 
2N6441 2-626 

2N6442 
2N6443 
2N6444 
2N6445 
2N6446 
2N6447 
2N6448 2-626 
2N6497 2-630 
2N6498 2-630 
2N6499 2-630 

vii 
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lN5139,Athru lN5148,A (SILICON) 

CASE 51 
(00·7) 

Polarity band on 
cathode end 

Silicon voltage -variable capacitance diodes, designed 
for electronic tuning and harmonic-generation applica­
tions, and providing solid-state reliability to replace 
mechanical tuning methods. 

MAXIMUM RATINGS (TC ~ 25°C unless otherwise noted) 

Rating Symbol Value Unit 

Reverse Voltage VR 60 Vde 

Forward Current IF 250 mAde 

RF Power Input t P. t 
10 

5.0 Watts 

Device Dissipabon @ TA = 2SoC Po 400 mW 

Derate above 2SoC 2.67 mw/·e 

Device Dissipation @ T C == 2SoC Pc ao Watts 

Derate above 25°C 13.3 mW/oC 

Junction Temperature TJ +175 ·e 

Storage Temperature Range Tstg -65 to +200 ·e 

t The RF power input rating assumes that an adequate heat sink is provlded. 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted) 

Characteristic-All Types Test Conditions Symbol Min Typ Max Unit 

Reverse Breakdown Voltage IR = IOI'Me BVR 60 70 - Vde 

Reverse Voltage Leakage Current VR = 55 Vd., TA. = 25°C IR - - 0.02 I'Me 

Va = 55 Vd., TA = 150°C - - 20 

Series Inductance t = 250 MHz, L ~ 1/16" LS - 5.0 - nH 

Case Capacitance f = 1 MHz, L _ 1/16H ee - 0.25 - pF 

Diode Capacitance Temperature 
ppm/°e Coefficient Va = 4 Vd., f = 1 MHz Tee - 200 300 

Cr, Diode Capacitance Q, Figure of Merit .. TR, Tuning Ratio 

V.=4 Vdc, f= I MHz V. = 4 Vdc, VR =4 Vdc, f= 1 MHz C4 /C60 

pF f=50MHz f=lMHz 

Device Min Typ Max Min Min Typ Min Typ 

IN5139 6.1 6.8 7.5 350 0.37 0.40 2.7 2.9 
IN5139A 6.5 B.8 7.1 350 0.37 0.40 2.7 2.9 
IN1i14O 9.0 10.0 11.0 300 0.38 0.41 2.8 3.0 
IN5140A 9.5 10.0 10.5 300 0.38 0.41 2.8 3.0 

IN1i141 10.8 12.0 13.2 300 0.38 0.41 2.8 3.0 
IN5141A 11.4 12.0 12.6 300 0.38 0.41 2.8 3.0 
IN1i142 13.5 15.0 16.5 250 0.38 0.41 2.8 3.0 
IN5142A 14.3 15.0 15.7 250 0.38 0.41 2.8 3.0 

IN5143 16.2 I~.'O 19.8 250 0.38 0.41 2.8 3.0 
IN5143A 17.1 18.0 18.9 250 0.38 0.41 2.8 3.0 
IN5144 19.8 22.0 24.2 200 0.43 0.45 3.2 3.4 
IN1i144A 20.9 22.0 23.1 ZOO 0.43 0.45 3.2 3.4 

IN5145 24.3 27.0 29.7 200 0.43 0.45 3.2 3.4 
lN5145A 25.7 27.0 28.3 ZOO 0.43 0.45 3.2 3.4 
lN5146 29.7 33.0 38.3 ZOO 0.43 0.45 3.2 3.4 
lN5148A 31.4 33.0 34.8 ZOO 0.43 0.45 3.2 3.4 

INS147 36.1 39.0 42.9 200 0.43 0.45 3.2 3.4 
IN5147A 37.1 39.0 40.9 200 0.43 0.45 3.2 3.4 
INS148 42.3 47.0 51.7 200 0.43 0.45 3.2 3.4 
INSI48A 44.' 47.0 49.3 200 0.43 0.45 3.2 3.4 

'·2 



lN5139,A thru lN5148,A (continued) 
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1 N 5149 (SILICON) 

lN51S0 

The RF Line 

SILICON HIGH FREQUENCY 
STEP-RECOVERY POWER VARACTORS 

... designed for 100 MHz to 2 GHz harmonic-generation applications 
with output power to 25 Watts at 1 GHz. 

• Specified fin = 0.5 GHz, fout = 1.0 GHz Characteristics­
Input Power = 20 W - lN5149 

= 37 W - 1 N5150 
Output Power = 11 W - 1 N5149 

= 24 W - lN5150 
Efficiency = 55% -IN5149 

=65%-IN5150 

• Characterized with Doubling, Tri piing and Quadrupling Curves 

• 100% Functionally Tested as a Doubler@ 1.0 GHz 

MAXIMUM RATINGS 

Rating Symbol lN5149 11N5150 Unit 

Reverse Voltage VR 80 Volts 

Forward Current IF 1.0 Amp 

R F Power I "put Pin 25 I 40 Watts 

Total Device Dissipation @ T A"" 75°C Po 10 I 14 Watts 
Derate above 7SoC 0.08 0.11 W/aC 

Operating and Storage Junction TJ.Tstg -65 to +200 °c 
Temperature Range 

THERMAL CHARACTERISTICS 

lN5160 
Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Case ROJC 9.0 aC/W 

ELECTRICAL CHARACTERISTICS ITA ~ 25°C unless otherwise noted 1 

Characteristic Symbol Min Typ Max Unit 

Reverse Breakdown Voltage BVR 80 90 - Vdc 
IIR = 10 "Adel 

Reverse Current IR "A de 
IVR' 70 Vde) - - 2.0 
IVR' 70 Vdc, T A' 150a CI - - 100 

Diode Capacitance CT 5.0 11.5 20 pF 
IVR' 6.0 Vdc, I ' 1.0 MHzl 

Figure of Merit Q - 800 
IVR = 6.0 Vde. I, 50 MHzl 

FUNCTIONAL TeST IFlgure 31 

RF Power Output Pout Watts 
IPin' 20W, lin' 0.5GHz. lout' 1.0 GHzl 1N5149 11 - -
IPin' 37W, lin' 0.5 GHz. lout' 1.0GHzl 1N5150 24 25 -

Doubler Efficiency IJ % 

IPin' 20W. lin' 0.5GHz. lout' 1.0 GHzl1 N5149 55 - -
IPin' 37W. lin ~ 0.5GHz. lout' 1.0GHzl 1 N5150 65 68 -

1-4 

24 W - 1 GHz - lN5150 
11 W - 1 GHz -IN5149 

STEP-RECOVERY 
POWER VARACTOR 

DIODES 

DIM 

A 
8 
C 
0 
F 
H 
J 
L 
N 

-~~ 
~A --. 

STYLE 1: 
PIN 1 CATHODE 

2. ANODE 

MilLIMETERS INCHES 
MIN MAX MIN MAX 

5.72 6.22 0.225 0.245 
470 4.95 0185 0.195 

19.18 20.19 0.755 0.795 
1.24 1.49 0.088 0.098 
4.57 4.83 0.180 0.190 
2.29 1.54 0.090 0.100 
3.68 4.06 0.145 0160 
3.94 4.19 0.155 0.165 
3.18 3.43 0.115 0.135 

CASE 47·01 



1N5149, 1N5150 (continued) 

OUTPUT POWER versus OUTPUT FREQUENCY 
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1N5149, 1N5150 (continued) 

FIGURE 3 - HARMONIC DOUBLER EFFICIENCY TEST CIRCUIT 
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1N5149, 1N5150 (continued) 

FIGURE 4 - LINEARITY CHARACTERISTIC WITHOUT RETUNING 
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APPLICATION NOTE 
VARACTOR CHARACTERISTICS 

21 24 27 30 

The IN5149 and IN5150 varactors are designed for RF power 
inputs up to 25 watts and 40 watts respectively. These devices ex­
hibit high multiplication efficiency at output frequencies as low as 
0.1 GHz and as high as 2.0 GHz. Power handling capability is stressed 
in device construction, but high efficiency is maintained with power 
inputs as low as 3 watts. At output frequencies below 600 MHz, where 
mput power beyond the capability of these deVices is needed, the 
1 N4386 and 1 N4387 varactors are recommended. 

The IN5149 and IN5150 power varactors are epitaxial­
passivated, diffused-junction varactors with a unique impurity profile. 
The significance of the Impurity profIle is the enhancement of snap­
off in the current waveform, due to the fast recovery of stored minority 
carriers after a forward-voltage surge. Dependence upon nonlinearity 
rather than capacity variation with reverse voltage results in high effi­
ciency at high power levels and considerably less distortion of multi­
plied amplitude-modulated signals. 

The approximate mput and output impedances of the varactors, 
when operated as doublers, triplers (with idler), and quadruplers (with 
idler), are predicted from the formulas below. These equations are 
based on computer-determined approximations and tables.' 

Doubler (High Level Drive) 

R .. =~ 
C_lf,ft 

Ro".=~ 
C_1.f,ft 

C~ffouf ';'":: Cm,ft 

0.5 

where: R,ft:::::: the input resistance in ohms 
C....,. :::::: varactor capacitance in pF at -6 volts 
f,n = input frequency in GHz 
Rovt :::::: output resistance in ohms 
C.If,ft :::::: effective input capacitance in pF 
C.ffout := effective output capacitance in pF 
Cm,ft := capacitance at voltage breakdown, in pF 

Tripier (High Level Drive) 

R .. =~ 
C_lf,ft 

Roo.=~ 
C_.f .. 

Quadrupler (High Level Drive) 

R .. =~ 
~.f .. 

Ro".~~ 
C_.f .. 

C.lfouf = Cm,ft 
0.5 

C~ff,n = Cm," 
0.5 

These formulas show values useful for initial circuit design, but 
they differ from final optimum values in some cases. 

GENERAL DESIGN CONSIDERATIONS 
In the design of varactor harmonic multipliers, lumped·circuit 

techniques are useful to the 450-600 MHz range with little perform­
ance degradation, provided coil and capacitor unloaded "Q" values 
of 200 to 300 are maintained. 

Coaxial, stripline, or helical·coil resonators are recommended for 
higher frequencies. Both cavity and broadband filters can be used. 

'c. B. Burckhardt, "Analysis of Varactor Frequf'ncy Multlpilers 

~0:st~~r~?C~Wc~ta~b't~~1a~,I°A'p~r7,d 1~65~ pL:6ei~:6~~~ BELL 
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FIGURE 5 - CAPACITANCE versus REVERSE VOLTAGE 
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Component values are not Critical, but excessive inductance or in­
suffIcient coupling can reduce efficiency, and insufficient inductance 
or excessive coupling can cause poor filtering. Simple experimenta­
tion WIth well-constructed. shielded breadboards is generally sufficient 
to optimIze the circuit. An adequate tunmg range must be prOVIded to 
Insure Input matching over normal varactor parameter variatIons. 
Spurious signals between stages should be kept below 30 dB by suit­
able filter circuits. 

Bias resistors in 500 kohm range give optimum efficiency under 
self bias. For a linear input-power to output-power relationship, a 
lower-value bias resistor should be used (approXImately 80 kohms). 
Amplitude-modulated signals can be 'lnearly multIplied with negligible 
dIstortion at power-Input levels to 30 watts. Figure 4 shows the lin­
earity of the power·output versus power-input relationship without 
CirCUit retuning. . 

For frequency multiplication other than doubling, idler cirCUIts 
should be used for best efficiencies. One-step, high-order frequency 
multiplications are possible because of the step·recovery characteris­
tics of these varactors. 

VARACTOR MOUNTING 
The IN5149 and IN5150 varactors are in the cartridge package 

(deSIgnated by the suffiX C). ThIS package IS well SUited for both 
shunt and senes·mounted varactor CirCUItS. FIgure 6 shows cross­
sectIonal vIews of tYPIcal mountmgs. These mountings combine hIgh 
power-diSSIpatIon characteristICS With low paraSitIC Impedance. 

FIGURE 6 - SUGGESTED MOUNTINGS 
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IN 5150A (SILICON) 
IN5153A 
IN5155A 

CASE 46 

Silicon high-frequency step-recovery power 
varactor devices optimized for critical multiplier ap­
plications requiring tight control of junction capaci­
tance and power dissipation. 

~. Anode 

~ 1. Cathode 

CASE 47 

~A"~' 

~ 1. Cathode 

IN~155A 

IN5150A 

IN5153A 

MAXIMUM RATINGS 

Rating Symbol lN5150A lN5153A lN5155A Unit 
Reverse Voltage VR 80 75 35 Vdc 

Forward Current IF 1000 250 .200 mAdc 

RF Power Input Pin 40 15 7.0 Watts 

Total Device Dissipation @lTC = 25° C Po 29.2 11.7 8.75 Watts 

Derate above 25°C 167 66.7 50 mW/"C 

Operating and Storage Junction T J' Tstg -4--- -65 to +200 .. °c 
Temperature Range 

1-8 



1N5150A, 1N5153A, 1N5155A (continued) 

ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 

Characteristics 

Reverse Breakdown Voltage 
(IR = 10 /lAdc) lN5l50A 

lN5l53A 
lN5l55A 

Reverse Current 
(VR = 70 Vdc) lN5l50A 

(VR = 70 Vdc, TA = l50·C) lN5l50A 

(VR = 60 Vdc) lN5l53A 

(VR = 60 Vdc, TA = l50·C) lN5l53A 

(VR = 26 Vdc) lN5l55A 

(VR = 26 Vdc, TA = l50·C) lN5l55A 

Series Resistance 
(V R = 6.0 Vdc, f = self-resonant frequency) 

lN5l50A 

Series Inductance 

Diode Capacitance (C J + C C) 

(V R = 6.0 Vdc, f = 1. 0 MHz) 

Figure of Merit 
(VR = 6.0 Vdc, f = 50 MHz) 

Th.ermal Resistance 

FUNCTIONAL TEST 
IN5150A 

lN5l53A 
lN5l55A 

lN5l50A 

lN5l53A 
lN5l55A 

lN5l50A 

lN5l53A 
lN5155A 

lN5150A 
lN5153A 
lN5155A 

lN5150A 
lN5153A 
lN5155A 

RF Power Outpl,It Pin = 37 W, fin = 500 MHz, 

Doubling Efficiency fout = 1. 0 GHz 

IN5153A 

RF Power Output Pin - 12 W, fin = 1.0 GHz, 

Doubling Efficiency fout = 2. 0 GHz 

IN5155A 
RF Power Outpnt Pin = 5.0 W, fin = 2.0 GHz, 

Tripling Effi("iency fout = 6.0 GHz 

Symbol , Min 

BVR 
80 
75 
35 

IR 
-
-
-
-
-
-

RS 

--
-

~ -
-
-

CT 
10.8 

5.8 
1. 71 

Q 
-
-
-

8JC ---

Typ 

-
-
-

-
-
-
-
-
-

0.25 
0.5 
0.9 

1.5 

1.7 
0.9 

-
-
-

800 
1100 
1700 

-
-
-

For typical curves and test circuits. see the following data sheats: IN5l49·1N5150. lN5l53. and lN5155 . 

1-9 

Max Unit 

Vdc 
-
-
-

/lAdc 
2.0 

100 

1.0 

100 

1.0 

100 

Ohms 

-
-
-

nH 
-

--
pF 

13.2 

7.0 
2.09 

-
---

·C/W 
6.0 

15 
20 



1 N5153 (SILICON) 

Silicon high-frequency step-recovery power varac­
tor, designed for high-power, high-frequency harmon­
ic generation applications. 

CASE 41 

MAXIMUM RATINGS (TA = 25°C unless otherwise noted) 

Rating Symbol Value 

Reverse Voltage VR 75 

Forward Current IF 0.25 

RF Power Input P. 15 
In 

Total Device Dissipation @ T C = 75 a C PD 5.5 

Derate above 75°C 45 

Junction Temperature TJ +200 

Storage Temperature Tstg -65 to +200 

ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 

Characteristic 
Reverse Breakdown Voltage 

Reverse Current 

Series Resistance 

Diode Capacitance 

Figure of Me rit 

Power Output 

Efficiency 

Thermal ReSistance 

Condition 

VR = 60 Vdc 

VR = 60 Vdc, T A = 150°C 

V R = 6 Vdc, f = 50 MHz 

VR = 6 Vdc, f =1. OMHz 

VR = 70 Vdc, f =1. OMHz 

V R = 6 Vdc, f = 50 MHz 

DOUBLER TEST CIRCmT 
(Figure 1) 

Pin = 12 W, fin = IGHz 

fout = 2 GHz 

1-10 

Symbol Min 
75 

5.0 

Q 

Pout 6.0 

50 

Typ 
80 

0.5 

0.5 

5.8 

4.0 

1100 

7.2 

60 

19 

Unit 

Vdc 

Adc 

Watts 

Watts 

mW/oC 

Max 

1.0 

100 

7.5 

23 

°C 

°C 

Unit 
Vdc 

I-LAdc 

Ohms 

pF 

Watts 

% 

°C/Watt 



1 N5153 (continued) 

FIGURE 1 - HARMONIC DOUBLER EFFICIENCY TEST CIRCUIT 
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1 N5153 (continued) 
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TYPICAL CHARACTERISTICS at 25°C 
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1 N5155 (SILICON) 

CASE 46 (j cathode 

Silicon high-frequency step-recovery power varac­
tor, for multiplier applications from 2 to 8.5 GHz with 
2 watts minimum power output guaranteed at 6 GHz. 

MAXIMUM RATINGS (Te = 2SOC unless otherwise noted) 

Rating Symbol Value Unit 

Reverse Voltage VR 35 Vdc 

Forward Current IF 200 mAdc 

RF Power Input Pin 7.0 Watts 

Total Device Dissipation @ T C = 75°C PD 3.5 Watts 
Derate above 75°C 30 mWjOC 

Operating and storage Junction TJ • Tstg -65 to+ 200 °c 
Temperature Range 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted) 

Characteristic Conditions Symbol Min Typ Max Unit 

Reverse Breakdown Voltage IR = 10 /lAdc BVR 35 45 - Vdc 

Reverse Current VR= 26 Vdc IR - - 1.0 /lAdc 

VR= 26 Vdc, T A = l500 C - - 100 

Series Resistance VR = 6 Vdc, f = 50 MHz RS - 0.9 - Ohms 

Diode Capacitance VR = 6 Vdc, f = 1 MHz CT 1.0 2.1 3.0 pF 

Figure of Merit VR = 6 Vdc, f = 50 MHz Q - 1700 - -
Thermal Resistance 9JC - - 35 °C/W 

FUNCTIONAL TEST 

RF Power output Test Circuit Figure 5 Pout 2.0 - - Watts 
Pin = 5 watts, fin = 2 GHz, 

Tripling Efficiency fout = 6 GHz 7J 40 - - % 
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1 N5155 (continued) 

POWER OUTPUT 
versus OUTPUT FREQUENCY 
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TYPICAL CHARACTERISTICS 
Tc=25°C 

FIGURE 2 - VARACTOR CAPACITANCE 
versus REVERSE VOLTAGE 
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1 N5155 (continued) 

lN5155A 

FIGURE 5 - HARMONIC TRIPLER - 2 GHz to 6 GHz 

INPUT CAVITY OUTPUT CAVITY 

r - - - - TUNED" rl - ADruSTAalE- '1 

~COUPLING I PROBES 
LOOP I : / \ II 

TUNER I 
c--t~""'-------1~"""''''t-+-..... ,,*~~:::- OUTPUT 

DIRECT 
INPUT 
TAP 

-+---+- JOHANSON 
I 

- I 
I 
I 
I 

JMC4640 

IDLER 

I 
I 
I 
I 
I 
I 

L ______ J I I L ______ .J 

VARACTOR 
IN5155 

= 
FIGURE 6 - HARMONIC OCTUPLER - 510 MHz to 4080 MHz 

1.0 

0.5 fin 510 MHz 

U! 

!iii 0.1 
i! 

f .... 4080 MHz 
Rl:li •• = 5.6 k ohm. V 

~i-" 

~ .05 
S 
0 

f5 /' 
~ V 
j .01 

.005 

.001 
0.01 0.05 0.1 0.5 1.0 5.0 10 

Pi .. POWER INPUT !WATTS) 

OUTPUT CAVITIES 
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1N5158 thru 1N5160 
1 N5779 thru 1 N5793 

PNPN 4-LAYER DIODES 

· .. two terminal, fast·switching devices specifically designed for low 
voltage applications such as logic circuits, pu Ise generators, memory 
and relay drivers, relay replacements, alarm circuits, multivibrators, 
ring counters, and telephone switching circuits. These devices feature: 

• Low Breakover (Switching) Voltage - 10 to 15·Volt Ratings 

• Fast Switching Speeds - ton = 75 ns (Typ) 

toff = 250 ns (Typ) 

• Low Junction Capacitance - 45 pF (Typ) 

• Low Breakover Currents 

• Subminiature Glass Package 

MAXIMUM RATINGS ITA = 250 C unless olherwise'noledl 

Rating Svmbol Value Unit 

'It Reverse Voltage lN5158, lN5782, lN5788 VRM 10 Volts 
1 N5159, 1 N5783, 1 N5789 11 
1 N5160, 1 N5784, 1 N5790 12 
1 N5779, 1 N5785, 1 N5791 13 
lN5780,1N5786,1N5792 14 
1 N5781, 1 N5787, 1 N5793 15 

·Continuous Forward Current IF 150 rnA 

*Steady State Power Dissipation @TA = 500C Po 150 rnW 
Derate above 5O"c 1.5 rnWf'C 

*Peak Pulse Current Ipulse Amps 
(50 j,ts maximum pulse Width) 10 

·Operating Junction Temperature Range TJ -6510 +150 °c 
Storage Temperature Range T stg -6510 +175 DC 

'"Indicates JEOEC Registered Data. 

FIGURE 1 - POWER·TEMPERATURE DERATING CURVE 
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EPITAXIAL 
4-LAYER DIODES 

10-15YOLTS 
150mW 

liB 
@ 

D-~ 
K 

CATHODE --tl BAND 

r* 
I A 

.~ 

K 

L 
MILLIMETERS INCHES 

DIM MIN MAX MIN MAX 

A 5.B4 7.62 0.230 0.300 
B 2.16 2.72 0.085 0.107 
0 0.46 0.56 O.OIB 0.022 
F 1.27 0.050 
K 25.40 1.000 

All JEDEC dimensions and notes apply 

CASE 51·02 .. 
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1N5158 thru 1N5160, 1N5779 thru 1N5793 (continued) 

ELECTRICAL CHARACTERISTICS (T A = 250 C unless otherwise noted) 

o.af1lCtel'istic Symbol Min Typ Max Unit 

·Forward Switching Voltage lN5158,IN5782,IN5788 Vs 8.0 - 10 Volts 
lN5159, lN5783, lN5789 9.0 - 11 
lN5160, lN5784, lN5790 10 - 12 
lN5779, lN5785, lN5791 11 - 13 
lN5780, lN5786, lN5792 12 - 14 
.IN5781,IN5787,IN5793 13 - 15 

·Forward Switching Current lN5158 thru lN5160, lN5779 IS - 5.0 50 IJ.A 
thru lN5781 
lN5782 thru lN5793 - 10 100 

·Forward Off-State Current IFM - 1.0 5.0 !LA 
(VF = 0.75 x VS) 

·Reverse Current IRM - 2.0 10 !LA 
(VR = VRM) 

·Holding Current lN5158 thru lN5160, lN5779 IH 1.0 4.0 20 mA 
thru lN5781 
lN5782 thru lN5787 10 - 50 
lN5788 thru lN5793 0.1 - 2.0 

·Forward On Voltage VF - 1.0 1.5 Volts 
(IF = 150 mAde) 

·Critical Rate of Rise of Applied Forward Voltage dv/dt V/!Ls 
(VS = 6.0 Vde) lN5158, lN5782, lN5788 - - 0.1 
(VS = 6.75 Vde) lN5159, lN5783, lN5789 - - 01 
(VS = 7.5 Vde) lN5160,1N5784,1N5790 - - 0.1 
(VS = 8.25 Vde) lN5779,1N5785,1N5791 - - 0.1 
(VS = 9.0 Vde) lN5780,1N5786,1N5792 - - 0.1 
(VS = 9.75 Vde) lN5781,1N5787,1N5793 - - 0.1 

Junction Capacitance CJ - 45 - pF 
(AC Voltage = 10 mV, VF = 0, f = 100 kHz) 

Turn.<Jn Time (Figure 2) ton - 75( 11 - ns 
Turn.<Jff Time (Figure 3) Ioff - 250(1) - ns 

·Indicates JEDEC Registered Data. (1) Time depends on a wide variety of circuit conditions. Consult manufacturer for further information. 

FIGURE 2 - TURN.<JN TIME TEST CIRCUIT 
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1 N5158 thru 1 N5160, 1 N5779 thru 1 N5793 (continued) 
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T A. AMBIENT TEMPERATURE (DC) 

FIGURE 9 - HOLDING CURRENT 
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1 N5158 thru 1 N5160, 1 N5779 thru 1 N5793 (continued) 

d./dt 

Ipulse 

4-LAYER DIODE SYMBOLS AND DEFINITIONS 

IF 

VF@IF ~~'"o"' 
IH 

IRM 

-v 

I 
VRM 

IR 

FORWARD VOLTAGE APPLICATION RATE (V/"s)­
The rate of rise of forward voltage. 

FORWARD BREAKOVER (SWITCHING) CURRENT -
The value of anode current at the instant the devIce 
switches from the blocking to the "on" state, specified at 
a particular junction temperature. 

FORWARO CURRENT - The continuous or DC value of 
forward current during the "on" state. 

PEAK FORWARD BLOCKING CURRENT - The peak 
anode current when the 4~layer diode is in the "off" state 
for a stated anode~to·cathode voltage and junctIon temper­
ture. 

HOLDING CURRENT - That value of forward anode 
current below which the 4-layer diode switches from the 
conducting state to the forward blocking condition. 

PEAK PULSE CURRENT - The peak repetit,ve current 
that can flow through the device for the time duration 
stated. 

PEAK REVERSE BLOCKING CURRENT - The peak 
current when the 4-layer diode is in the reverse blocking 
state for a stated anode-to-cathode voltage and junction 
temperature. 

STEADY-STATE POWER DISSIPATION 

----

toff 

Vs 

MECHANICAL CHARACTERISTICS 
CASE: Hermetically sealed all glass case 
DIMENSIONS: JEDEC DO·7 Outline 

+ANOOE 

-- IFM 

+V , 
VFB 

Vs 

AMBIENT TEMPERATURE 

JUNCTION TEMPERATURE 

STORAGE TEMPERATURE 

TURN-ON TIME - The time interval between the 90% 
POint (90% of forward blocking voltage) and the point 
10% above the "on" voltage under stated conditions. 

TURN-QFF TIME - The time interval required for the 
device to regain control of its forward blocking character­
istic after Interruption of forward anode current. 

FORWARD BREAKOVER (SWITCHING) VOLTAGE -
The positive anode voltage with respect to cathode re­
quired to sWitch the device from the high impedance 
blocking state to the low impedance "on" state, specified 
at a particular junction temperature. 

FORWARD VOLTAGE - The forward voltage across the 
device in the "on" state under stated conditions of current 
and temperature. 

FORWARD BLOCKING VOLTAGE - The anode-to-cath­
ode voltage when the 4-layer diode is in the "off" state. 

PEAK REVERSE VOLTAGE - The maximum allowable 
instantaneous value of reverse voltage (repetitive or contin­
uous DCI which can be applied to the device at a stated 
temperature without damage to the device. 

FINISH: All external surfaces are corrosion resistant with readily solderable leads. 
POLARITY: Cathode end indicated by color band. 
WEIGHT: 0.2 grams (approxJ 
MOUNTING POSITION: Any 
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lN5221 (SILICON) 
thru 

lN5281 
series 

500 MILLIWATT SURMETIC 20 SILICON ZENER DIODES 
(SILICON OXIDE PASSIVATED) 

· .. in answer to the Circuit Design and Component Engineers' many requests­
A complete new series of Zener Diodes in the popular DO-204AA case with 
higher ratings, tighter limits, better operating characteristics and a full set of 
designers' curves that reflect the superior capabilities of silicon-ox ide-passivated 
junctions. All this in an axial-lead, transfer-molded plastic package offering pro­
tection in all common environmental conditions. 

• Proven Capability to MIL-S-19500 Specifications 

• 10 Watt Surge Rating 

• Weldable Leads 
• Maximum Limits Guaranteed on Six E lectrical'Parameters 

MAXIMUM RATINGS 

Junction and Storage Temperature: -65 to +200'C 
Lead Temperature not less than 1/16" from the case for 10 seconds: 230'C 

DC Power Dissipation: 500 mW @ T, = 75'C. Lead Length = %" 
(Derate 4.0mW/'C above 75'C) 

Surge Power: 10 Watts (Non·recurrent square wave @ PW = B.3 ms, TJ = 55'C, 
Figure 16) 

MECHANICAL CHARACTERISTICS 

CASE: Void free, trallsfer molded, thermosetting plastic. 

FINISH: All external surfaces are corrosion resistant, Leads are readily solderable 
and weldable. 

POLARITY: Cathode indicated by color band. When operated in zener mode, cathode 
will be positive with respect to anode. 

MOUNTING POSITION: Any. 
WEIGHT: 0.18 gram (approximately). 

FIGURE 1 - POWER-TEMPERATURE DERATING CURVE 
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-...::::: ~ 

1!i 
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-..::: ~ 0 
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T l. LfAD TEMPERATURE I'CI 

'-20 

J.5M2.4ZS10 thru ,5M200ZS10} 
1 1N5221A thru 1N5281A 

j,5M2.4ZS5 thru .5M200ZS5t 
1 1 N5221 B thru 1 N5281 B f 

500 MILLIWATT 
ZENER REGULATOR 

DIODES 

2A - 200 VOLTS 

TB 

D~ 
CATHODE 

BAND 

ri-i 
K 

L 
MILLIMETERS INCHES 

DIM MIN M X MIN M, 
A 5.84 762 0."0 0.300 • 2.16 2.72 0.085 0.107 
0 0.46 0.56 0.018 0.022 
f 127 0." • 2540 I ODD 

All JEOECdlmenSloosand notesapp1V 

CASE 51-02 
DO-7 



1 N5221 thru 1 N5281 series (continued) 

ELECTRICAL CHARACTERISTlcsn A = 2SoC unless otherwise noted). Based on de measurements at thermal equilibrium; 

lead length == %"; thermal resistance of heat sink == 30·C/W) V, == 1.1 Max @ I, == 200 rnA for all types. 

Max Zener Impedance Max Reverse Leakage Current 
Max Zener Voltage Nominal 

Test A & 8 Suffix OnlV A & 8 Suffix OnlV Non·Suffix Temp. Cooff. JEDEC Zener Voltage 
Tvpe No. VI @ lIT Current 

V (A & 8 Suffix OnIV) 
IR lIT @ 

Vo~s IR @ V Used 'fJVI (%f"C) (Note 1) Volts ZIT @ lIT ZIK @ 11K = 0.25 mA Il A mA For SJix A (Note 3) (Note 2) Ohms Ohms 

IN5221 2.' 20 30 1200 
INS222 2.5 20 30 1250 
IN5223 2.7 20 30 1300 
INS224 2.8 20 30 HOD 
IN5225 :!.O 20 2. 1600 

IN5226 3.3 20 28 1600 
IN5227 3.6 20 24 1700 
IN5228 3.' 20 23 1900 
IN5229 '.3 20 22 2000 
IN5230 '.7 20 J9 1900 

INS231 5.1 20 17 1600 
INS232 5.6 20 11 1800 
IN5233 6.0 20 7.0 1600 
INS234 6.' '0 7.0 1000 
IN5235 6.8 .0 5.0 750 

IN5236 7.5 .0 6.0 500 
INS237 8.2 20 6.0 500 
IN5238 8.7 20 8.0 600 
IN5239 9.1 20 10 600 
IN5240 10 20 17 600 

IN5241 11 20 22 600 
IN5242 12 20 30 600 
IN5243 13 a.5 13 600 
IN5244 14 9.0 15 600 
1N5245 15 B.5 16 600 

IN5246 16 7.8 17 600 
IN5247 17 7.' 19 600 
IN5248 18 7.0 21 600 
tN5249 " 6.6 23 600 
IN5250 20 6.2 25 600 

IN5251 22 5.6 29 600 
IN5252 24 5.' 33 600 
IN5253 25 5.0 35 600 
IN5254 27 '.6 41 600 
IN5255 28 '.5 44 600 

IN5256 30 '.2 49 600 
1N5257 33 3.B 58 700 
IN5258 3B 3.' 70 700 
IN5259 3a 3.2 80 800 
IN5260 43 3.0 93 900 

IN5261 47 2.7 105 1000 
IN5262 51 2.5 125 1100 
IN5263 56 2.2 150 1300 
IN5264 60 2.1 170 1400 
lN5265 62 2.0 185 1400 

1N5266 68 1.8 230 1600 
IN5267 75 1.7 270 1700 
IN5268 82 1.5 330 2000 
IN5269 67 1.4 370 2200 
IN5270 al I.' .00 2300 

IN5271 100 1.3 500 2600 
IN5272 110 I.l 750 3000 
IN5273 120 1.0 900 4000 
IN5274 130 0.95 1100 4500 
IN5275 140 0.90 1300 4500 

IN5276 150 0.85 1500 5000 
IN5277 160 0.80 1700 5500 
IN5278 170 0.74 1900 5500 
IN5279 180 0.68 2200 6000 
IN5280 lao 0.66 2400 6500 
1'N5281 200 0.65 2500 7000 

NOTE 1-TOLERANCE AND VOLTAGE DESIGNATION 
Tolerance designation - The JEDEC type numbers shown indicate a 
tolerance of ±lO% with guaranteed limits on only Vz. I, and VF as 
shown in the above table. Units with guaranteed limits on all six 
parameters are indicated by suffix "A" for ±lO% tolerance and suffix 
"B" for ±S.O% units. 

Non-Standard voltale desicnation - To deSignate units with zener 
voltages other than those assigned JEDEC numbers. the type 
number should be used. 

EXAMPLE: 

0.5 Watt ---.J t J90 
M.nufecturer ~ 

Nominal Voltage 

Z S 5 IlLTOlerance 
(±%) 

Surmetic 
Zener Diodes 

NOTE 2 - SPECIAL SELECTIONS AVAILABLE INCLUDE: 
1 - Nominal zener voltages between those shown. 

A B IlA 
100 0.95 1 0 200 ·0085 
100 0.95 1.0 200 -0 085 
75 0.95 1.0 150 -OOBO 
75 0,95 1.0 150 -O.OBO 
50 0.95 1.0 100 -0075 

25 0.95 1.0 100 -0.070 
15 0.95 1.0 100 -0.065 
10 0.95 1.0 75 -0.060 

5.0 0,95 1.0 50 to. ass 
5.0 1.9 2.0 50 .0.030 

5.0 1.9 2.0 50 10.030 
5.0 2.a 3.0 50 +0.038 
5.0 3.3 3.5 50 +0,038 
5.0 3.8 '.0 50 +0.045 
3.0 '.8 5.0 30 +0.050 

3.0 5.7 6.0 30 +0.058 
3.0 6.2 6.5 30 +0.062 
3.0 6.2 6.5 30 +0.065 
3.0 6.7 7.0 30 +0.068 
3.0 7.6 8.0 30 +0.075 

2.0 8.0 B.' 30 +0 076 
1.0 9.7 9.1 10 +0077 
0.5 9.' 9.9 10 +0.079 
0.1 9.5 10 10 +0.082 
0.1 10.5 11 10 +0082 

0.1 11.4 12 10 +0 083 
0.1 12.4 13 10 +0.084 
0.1 13.3 14 10 +0.085 
0.1 1'3.3 14 10 +0.086 
0.1 14.3 15 10 +0.086 

0.1 16.2 17 10 +0.087 
0.1 17.1 18 10 +0.088 
0.1 18.1 la 10 +0.089 
0.1 20 21 10 +0.090 
0.1 20 21 10 +0.091 

0.1 22 23 10 +0.091 
0.1 24 25 10 +0.092 
0.1 26 27 10 +0.093 
0.1 2a 30 10 +0.094 
0.1 31 33 10 +0.095 

0.1 34 36 10 +0.095 
0.1 37 39 10 +0.096 
0.1 41 43 10 +0. 096 
0.1 44 '6 10 +0.097 
0.1 45 47 10 +0.097 

0.1 49 52 10 +0.097 
0.1 53 56 10 +0.098 
0.1 59 62 10 +0. 098 
0.1 65 68 10 +0.099 
0.1 66 69 10 +0.099 

0.1 72 76 .10 +0.110 
0.1 BO 84 10 +0.110 
0.1 86 91 10 +0.110 
0.1 94 99 10 +0.110 
0.1 101 106 10 +0.110 

0.1 lOB 11. 10 +0.110 
0.1 116 122 10 +0.110 
0.1 123 12a 10 +0.110 
0.1 130 137 10 +0.110 
0.1 137 14' 10 +0.110 
0.1 144 152 10 +0.110 

2 - Matched sets: (Standard Tolerances are ±5.0%, ±3.0%. 
±2.0%. ±1.0%) depending on voltage per device. 

a. Two or more units for series connection with specified 
tolerance on total voltage. Series matched sets make zener 
voltages in excess of 200 volts possible as well as providing 
lower temperature coefficients. lower dynamic impedance 
and greater power handling ability. 
b. Two or more units matched to one another with any spec­
ified tolerance. 

3 - Tight voltage tolerances: 1.00/0' 2.0%. 3.0%. 

NOTE 3 - TEMPERATURE COEFFICIENT (8vz) 
Test conditions for temperature coefficient are as follows: 

a. I" == 7.5 rnA. T, == 25·C. 
T, == 12S·C (lN5221A. B thru INS242A. B.) 

b. l'u = Rated IZT. Tl = 25°C. 
T, == 12S·C (INS243A. B thru lNS281A. B.) 

Device to be temperature stabilized with current applied prior to 
reading breakdown voltage at the specified ambient temperature. 
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1 N5221 thru 1 N5281 series (continued) 

TYPICAL REVERSE CHARACTERISTICS FOR SELECTED ZENER DIODES 
Curves marked T ... were obtamed from de measurements at thermal equilibrium; lead length = %"; thermal resistance of heat smk = 30°C/W. 
Curves marked TJ were obtaIned from purse tests; mounting condltLons are not a factor 
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1 N5221 thru 1 N5281 series (continued) 

TEMPERATURE COEFFICIENTS AND VOLTAGE REGULATION 
(90% of the units are in the ranges indicated) 
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1 N5221 thru 1 N5281 Series (continued) 

FIGURE 14-TYPICAL THERMAL RESPONSE 
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APPLICATION NOTE 
Since Ihe actual voltage available from a given zener diod~ is' 

temperature dependent, it is necessary to delermine junction temp' 
erature under any set of operating conditiorys, in order to calculate its 
value. The following procedure is recommended: 

Lead Temperalure, TL, should be determined from: 
TL=OLA PD+TA 

OLA is Ihe lead·lo·ambient thermal resislance and PD is the 
power dissipation. OLA is generally 30·40·C/W for the vari· 
ous clips and lie poinls in common use and for printed 
circuit board wiring. 

Junction Temperature, h may be found from: 
TJ=TL+6TJL 

6 TJL is the increase in junction temperature above the lead 
temperature and may be found from Figure 14 for a train of 
power pulses or from Figure 15 for dc power. 

For worst·case design, using expected limils of Iz, limils of PD and 
the exlremes of TJ (6 TJ)may be estimaled.Changes in voltage, Yz,can 
then be found from: 

6Y=Ovz6TJ 
Ovz, the zener voltage temperature coefficient, is found from 
Figures 8, 9, and 10. 

Under high power·pulse operation, the zener voltage will 
vary with lime and may also be affected significantly by the 
zener resistance. For best regulation, use short leads, espe· 
cially to the cathode; and keep current excursions as low as 
possible. 

Data of Figure 14 should not be used to compute surge capa· 
bility. Surge limitations are given in Figure 16. They are lower than 
would be expected by considering only junction temperature, as cur· 
rent crowding. effects cause temperatures to be extremely high in 
small spots resulting in device degradation should the limits of Figure 
16 be exCeeded. . 

Note 4. 
This curve is directly readable when applied to devices 
with ·nom!.nal voltages in the 11 to 200 Volt range. For 
devices with nominal voltages in the 2.4 to 10 Volt 
range, multiply the appropriate peak surge power read· 
ing by 0.4. 
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1 N5221 thru 1 N5281 Series (continued) 
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AMPLIFIER 

TRUE 
RMS 
VOLT 

METER 

NOISE OENSITY (VOLTS PER SQUARE ROOT BANDWIDTHI- OVERALL V~;N Yf{( 

WHERE: BW - FILTER BANDWIDTH IHzl 
v ... - OUTPUT NOISE (VOLTS RMSI 

The input voltage and load resistance are high so that the zener diode is 
driven from a constant current source. The amplifier is low noise so that 
the amplifier noise is negligible compared to that of the test zener. The 
filter bandpass is known so that the noise density can be calculated from 
the formula shown. The data of Figure 19 and the formula can also be 
used to find noise for any system bandwidth, 
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lN5283 thru lN5314 

Field-effect current regulator diodes are circuit elements that 
provide a current essentially independent of voltage. These diodes 
are especially designed for maximum impedance over the operating 
range. These devices may be used in para:Ilel to obtain higher 
currents. 

CASE 51 
(00.7) 

MAXIMUM RATINGS 

Rating 

Peak Operating Voltage 
(T J == _55° C to +200° C) 

Steady State Power Dissipation 
@T L == 75°C 

Derate above T L == 75° C 

Lead Length == 3/8" 
(Forward or Reverse Bias) 

Operating and Storage Junction 
Temperature Range 

'·26 

Symbol Value Unit 

POV Volts 
100 

PD 
600 mW 

4.8 mW/oC 

TJ , T 
stg -55 to +200 °c 



1 N5283 thru 1 N5314 (continued) 

ELECTRICAL CHARACTERISTICS (T. = 25·C unless otherwise noted) 

Minimum Minimum Maximum 
Regulator Current Dynamic Knee Limiting 

Ip (mA)@VT = 25 V Impedance Impedance Voltage 

Type No. nom min max 
@VT = 25 V 

ZT(Mn) 
@VK = 6.0V 

ZK(Mn) 
@IL = 0.8 Ip (min) 

VL (Volts) 

1N5283 0.22 0.198 0.242 25.0 2.75 1. 00 

1N5284 0.24 0.216 0.264 19.0 2.35 1. 00 

1N5285 0.27 0.243 0.297 14.0 1. 95 1. 00 

1N5286 0.30 0.270 0.330 9.0 1. 60 1. 00 

1N5287 0.33 0.297 0.363 6.6 1. 35 1. 00 

IN5288 0.39 0.351 0.429 4.10 1. 00 1. 05 

IN5289 0.43 0.387 0.473 3.30 0.870 1. 05 
IN5290 0.47 0.423 0.517 2.70 0.750 1. 05 

IN5291 0.56 0.504 0.616 1. 90 0.560 1. 10 
IN5292 0.62 0.558 0.682 1. 55 0.470 1. 13 

IN5293 0.68 0.612 0.748 1. 35 0.400 1. 15 
IN5294 0.75 0.675 0.825 1. 15 0.335 1. 20 

IN5295 0.82 0.738 0.902 1. 00 0.290 1. 25 
1N5296 0.91 0.819 1. 001 0.880 0.240 1. 29 
IN5297 1. 00 0.900 1. 100 0.800 0.205 1. 35 
IN5298 1. 10 0.990 1. 210 0.700 O. 180 1. 40 
1N5299 1. 20 1. 08 1. 32 0.640 O. 155 1. 45 
1N5300 1. 30 1. 17 1. 43 0.580 O. 135 1. 50 
1N5301 1. 40 1. 26 1. 54 0.540 0.115 1. 55 
1N5302 1. 50 1. 35 1. 65 0.510 0.105 1. 60 
IN5303 1. 60 1. 44 1. 76 0.475 0.092 1. 65 
1N5304 1. 80 1. 62 1. 98 0.420 0.074 1. 75 
1N5305 2.00 1. 80 2.20 0.395 0.061 1. 85 
1N5306 2.20 1. 98 2.42 0.370 0.052 1. 95 
1N5307 2.40 2.16 2.64 0.345 0.044 2.00 
IN5308 2.70 2.43 2.97 0.320 0.035 2.15 
1N5309 3.00 2.70 3.30 0.300 0.029 2.25 
1N5310 3.30 2.97 3.63 0.280 0.024 2.35 
1N5311 3.60 3.24 3.96 0.265 0.020 2.50 
1N5312 3.90 3.51 4.29 0.255 0.017 2.60 
1N5313 4.30 3.87 4.73 0.245 0.014 2.75 
1N5314 4.70 4.23 5.17 0.235 0.012 2.90 
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1 N5283 thru 1 N5314 (continued) 
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SYMBOLS AND DEFINITIONS 
10 - DIode Current. 
IL - Llmitmg Current: 80% of Ip minImum used to determme lImltmg 

voltage, Vt _ 

Ip - Pmch-off Current: Regulator current at specified Test Voltage, Vr_ 

POV - Peak Operating Voltage" MaxImum voltage to be applied to devIce. 
()I - Current Temperature CoeffiCIent 

VAK :'- Anode-ta-cathode Voltage 
VK - Knee Impedance Test Voltage: SpecIfied voltage used to establish 

Knee Impedance, lK_ 
Vl - limitmg Voltage: Measured at It- Vl • together wIth Knee AC Im­

pedance, ZK. mdlcates the Knee charactenstlcs of the devIce. 

VT - Test Voltage: Voltage at whIch Ip and 2T are speclfted. 

ZK - Knee AC Impedance at Test Voltage To test for ZK, a 90 Hz sIgnal 
VK wIth RMS value equal to 10% of test voltage, VK, IS superimposed 
on VK: 

ZK = vdll( 
where IK IS the resultant ac current due to VI( 

To provIde the most constant current from the dIode, ZK should be 
as hIgh as possIble, therefore, a minImum value of Zt< IS specIfIed. 

ZT - AC Impedance at Test Voltage: SpecIfIed as a minImum value. To 
test for Zr, a 90 Hz sIgnal wIth RMS value equal to 10 % of Test 
Voltage, VT, IS superImposed on Vr. 

APPLICATION NOTE 

As the current avarlable from the drode rs temperature dependent, rt rs 
'1ecessary to determIne Junctron temperature, TJ , under specrflc operating 
condItIons to calculate the value of the diode current. The following 
procedure IS recommended: 

Lead Temperature, Tl , shall be determined from: 
T l = 8lA Po +~T I< 

where FhA is lead·to·amblent thermal reSIstance 
and Po is power dissipation. 
f)LA IS generally 30·40·C/W for the vanous clIps and tIe pOints In 
common use, and for printed cIrcuit· board wiring. 

Junction Temperature, TJ , shall be calculated from: 
TJ=TL+OJLPO 

where 8JL IS taken from Figure 2. 
For circUit desIgn limits of V"t<, limits of Po may be estimated and 

extremes of TJ may be computed. Using the information on Figures 4 and 
5, changes in current may 'be found. To improve current regulation, keep 
V AK low to reduce Po and keep the leads. short, espe<;iaUy the !=athode lead, 
to reduce 8JL. 

FIGURE 3 - TYPICAL FORWARD CHARACTERISTICS 
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1 N5283 thru 1 N5314 (continued) 
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1 N5333 (SILICON) 

thru 

lN5388 
5.0 WATT SURMETIC 40 SILICON ZENER DIODES 

(SILICON OXIDE PASSIVATED) 

... a complete new series of 5.0 Watt Zener Diodes with tight limits 
and better operating characteristics that reflect the superior capabil­
ities of silicon-ox ide-passivated junctions. All this in an axial-lead, 
transfer-molded plastic package offering protection in all common en­
vironmental conditions . 

•. Up to 180 Watt Surge Rating @ 8.3 ms 

u;-

• Maximum Limits Guaranteed on 'Seven Electrical Parameters 

MAXIMUM RATINGS 

Junction and Storage Temperature: -65 to +200oc 
Lead Temperature not less than 1/16" from the case for 10 seconds: 230°C 

DC Power Dissipation: 5.0W@TL = 75°C, Lead Length = 3/8" 
IDerat. 40 mWloC above 7SoC) 

MECHANICAL CHARACTERISTICS 

CASE: Void-free, transfer-molded, thermosetting plastic 

FINISH: All external surfaces are corrosion resistant. Leads are readily solderable 

POLARITY: Cathode indicated by color band. When operated in zener mode, cathode 
will be positive with respect to anode. 

MOUNTING POSITION: Any 

WEIGHT: 0.7 gram lapprox) 

FIGURE 1 - POWER-TEMPERATURE DERATING CURVE 
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( 5M3.3ZS10 thru 5M200ZS10) 
1N5333A thru 1N5388A 

( 5M3.3ZS5 thru 5M200ZS5 ) 
1N5333B thru 1N5388B 

5.0 WATT 
ZENER REGULATOR DIODES 

3.3 - 200 VOLTS 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 

A 8.38 8.89 0.330 I O~351L 
B 3.30 3.68 ·0.130 0.145 
0 0.94 1.09 0.037 I!M3 
f - -
K 25.40 31.75 1.000 1.250 

CASE 17 



, 
1 N5333 thru 1 N5388 (continued) 

ELECTRICAL CHARACTERISTICS 1TA "'250 C un(essotherwlsenoted) VF = 1.2 Max (gJIF '" 1.0 Afar all types 

Max lener Impedance Applies A&B 
Max Reverse Leakage 10 all Suffix Maximum 

Nominal Tesl A & B Suffix Only Curren! Suffix Only Regulalor 
JEDEC lener Vollage Current Max Max Curren! 

Type No. VI @ lIT lIT lIT @ lIT IZK @ IlK = 1.0 rnA I. @ V. Surge Voltage lIM 
(Nole 1 & 2) Volts rnA Ohms Ohms "A Volts 

Current Regulalion rnA 
(Nole 3) (Nole 3) (Nole3) ir,Amps '" VI,Volts Non&A 

Suffix B·Suffix 
(Nole 4) (Nole 5) (Nole 6) 

IN5333 ;:~) 380 3.0 400 300 1.0 1.0 20.0 0.85 1440 
IN5334 350 2.5 500 150 1.0 1.0 18.7 0.80 1320 
IN5335 3.9 .... · 320 2.0 500 50 1.0 1.0 17.6 0.54 1220 
IN5336 4.3'1 290 2.0 500 10 1.0 1.0 16.4 0.49 1100 
IN5337 4.7.J 260 2.0 450 5.0 1.0 1.0 15.3 0.44 1010 

IN5338 5.1, 240 1.5 400 1.0 1.0 1.0 14.4 0.39 930 
IN5339 5.8.- 220 1.0 .00 1.0 2.0 2.0 13 ... 0.25 BB5 
IN5340 6.0,J 200 1.0 300 1.0 3.0 3.0 12.7 0.19 790 
1N53" 6.2 200 1.0 200 1.0 3.0 3.0 12.4 0.10 765 
IN5342 S. B 175 1.0 200 10 '.9 5.2 11.5 0.15 700 

IN5343 7.5 175 1.5 200 10 5.4 5.7 10.7 0.15 630 
INS344 B.2 150 1.5 200 10 5.9 6.2 10.0 0.20 5BO 
IN5345 B.7 150 2.0 200 10 6.3 6.6 9.5 0.20 5'5 
IN5346 9.1 150 2.0 150 7.5 6.6 6.9 9.2 0.22 520 
INS347 10 125 2.0 125 5.0 7.2 7.6 B.6 0.22 '75 

IN5348 11 125 2.5 125 5.0 B.O B.' B.O 0.25 430 
INS349 12 100 2.5 125 2.0 B.6 9.1 7.5 0.25 395 
IN5350 13 100 2.5 100 1.0 9 .• 9.9 7.0 0.25 365 
IN5351 I. 100 2.5 75 1.0 10.1 10.6 6.7 0.25 340 
IN5352 15 75 2.5 75 1.0 10.8 11.5 6.3 0.25 315 

IN5353 16 75 2.5 75 1.0 11.5 12.2 6.0 0.30 295 
IN5354 17 70 2.5 75 0.5 12.2 12.9 5. B 0.35 2BO 
IN5355 lB 65 2.5 75 0.5 13.0 13.7 5.5 0.40 264 
IN5356 19 65 3.0 75 0.5 13.7 14.4 5.3 0.40 250 
IN5357 20 65 3.0 75 0.5 14.4 15.2 5.1 0.40 237 

IN5358 22 50 3.5 75 0.5 15.8 16.7 4.7 0.45 2:16 
iN5359 24 50 3.5 100 0.5 17.3 18.2 4.4 0.55 19B 
IN5380 25 50 4.0 110 0.5 18.0 19.0 4.3 0.55 190 
IN5361 27 50 5.0 1>0 0.5 19.4 20.6 4.1 0.60 176 
IN5362 2B 50 6.0 130 0.5 20.1 21. 2 3.9 0.60 170 

1N5363 30 .0 8.0 140 0.5 21. 6 22.8 3.7 0.60 158 
1N5364 33 40 10 150 0.5 23.8 25.1 3.5 0.60 144 
IN5365 36 30 11 160 0.5 25.9 27.4 3.3 0.65 132 
1N5366 39 30 14 170 0.5 28.1 29.7 3.1 0.65 12. 
IN5367 43 30 20 190 0.5 31.0 32.7 2. B 0.70 110 

1N5368 47 25 25 210 0.5 33.8 35.8 2.7 0.80 100 
1N5369 51 25 27 230 0.5 36.7 38.S 2.5 0.90 93.0 
IN5370 56 20 35 2BO 0.5 40.3 42.6 2.3 1.00 86.0 
1N5371 60 20 40 350 0.5 43.0 45.5 2.2 1. 20 79.0 
1N5372 62 20 42 400 0.5 44.6 47.1 2.1 1.35 76.0 

IN5373 6B 20 44 500 0.5 49.0 ·51.7 2.0 1. 50 70.0 
IN5374 75 20 45 620 0.5 54.0 56.0 I.. 1. 60 63.0 
1N5375 B2 15 65 720 0.5 59.0 62.2 1.8 1. 80 5B.0 
1N5376 B7 15 75 760 0.5 63.0 66.0 1.7 2.00 54.5 
1N5377 91 15 75 760 0.5 65.5 69.2 1.6 2.20 52.5 

IN5378 100 12 90 800 0.5 72.0 76.0 1.5 2.50 47.5 
lN5379 110 12 125 1000 0.5 79.2 83.6 1.4 2.50 43.0 
IN5380 120 10 170 1150 0.5 86.4 91. 2 1.3 2.50 39.5 
IN5381 130 10 190 1250 0.5 93.6 98.8 1.. 2.50 36.6 
IN5382 140 B.O 230 1500 0.5 101 106 1.2 2.50 34.0 

IN5383 150 B.O 330 1500 0.5 lOB 114 1.1 3.00 31. 6 
IN5384 160 B.O 350 1650 0.5 115 122 1.1 3.00 29.4 
INS385 170 B.O 3BO 1750 0.5 122 129 1.0 3.00 28.0 
IN5386 180 5.0 430 1750 0.5 130 137 1.0 4. 00 26.4 
iN5387 190 5.0 450 1850 0.5 137 144 0.9 5.00 25.0 
IN5388 200 5.0 4BO 1850 0.5 144 152 0.9 5.00 23.6 

NOTE 1 - TOLERANCE AND VOLTAGE DESIGNATION 
5 M Z S 3 TOLERANCE DESIGNATION - The JEDEC type numbers shown 

i~dicate a tolerance of ±20% with guaranteed limits on only VZ. I R. 
Jr. and VF as shown in the electrical characteristics table. Units 
with guaranteed limits on all seven parameters are indicated by 
suffix "A" for ±10% tolerance and suffix "s" for ±5.0% units. 

Device T 
Description .-J T 

90 
T 

Nominal 
Voltage T T L Tolerance 

I±%) 

NOTE 2 - SPECIALS AVAILABLE INCLUDE: 

(A) NOMINAL ZENER VOLTAGES BETWEEN THE VOLT· 
AGES SHOWN AND TIGHTER VOLTAGE TOLERANCES: 
To designate units with zener voltages other than those 
assigned JEDEC numbers andlor tight voltage tolerances 
(±3%. ±2%. ±1%). the Mfgo' type number should be used. 

1-31 

Manufacturer 

Example: 

Zener 
Diode 

5M90ZS3 

"Surmetic" 

(B) MATCHED SETS: (Standard Tolerances are ±5.0%. ±2.0%. 
±1.0%). 

Zener diodes can be obtained in sets consisting of two or more 
matched devices. The method for specifying such matched 
sets is similar to the one described in tA) for specifying units 

i 
:1 

'I 

II 
,I 



1 N5333 thru 1 N5388 (continued) 

with a special voltage and/or tolerance except that two extra 
suffixes are added to the code number described. 

These units are marked with code letters to identify the 
matched sets and,in addition, each unit in a set is marked 
with the same serial !"lumber, which is different for each set 
being ordered. 

5 M 51 Z S 5 B 1 

o,2;ce T 511:ts T T T lovIrall 
Description (each device) "Surmetic" I Tolerance 

* Manufacturer Z.aner TOleranc~ of set 
Code: DIodes per device (±5%) (± 1%) 

8 - Two devices in series (omit for :1:.20% units) Code* 
C - Three devices in series (A-Not used) 
0- Four devices in series 

Example: 5M51ZS5B1 

(C) ZENER CLIPPERS: (StandardTolerance±10%and±5%1. 

Special clipper diodes with oPPosing Zener junctions built 
into the device are available by using the following nomen-
clature: ' 

5 M 20. Z Z 

DeIce T N::l:al T T 
Description Voltage Clipper 

Manufacturer Zener 
Diodes 

Example: 5M20ZZ10 

10 

T 
Tolerance for each of 
the two Zener voltages 
(not a matching require­
ment) 

NOTE 3 - ZENER VOLTAGE (VZ) AND IMPEDANCE 
(ZZT& ZZK) 

Test conditions for Zener voltage ard impedance are as follows: 
IZ is applied 40 ± 10 ms prior to reading. Mounting contacts are 

located 3/8" to 1/2" from the inside edge of mounting clips to 

the body ofthe diode. (T A = 25°C ~~ °C). 

NOTE 4 - SURGE CURRENT (ir) 

Surge current is specified as the maximum allowable peak, non­
recurrent squara.-wave current with a pulse width,PW, of 8.3 ms. 
The data given in Figure 6 may be used to find the maximum 
surge current for a square WENS of any pulse width between 1.0 
ms and 1000 ms by plotting the applicable points on logarithm ie 
paper. Examples of this, using the 3.3 V and 200 V zeners, are 
shown in Figure 7. Mounting contact located as specified in 

Note 3. (T A = 25°C ~~OC)' 

NOTE 5 - VOLTAGE REGULATION (l:NZ) 

Test conditions for voltage regulation are as follows: Vz meas­
urements are made at 10% and then at 50% of the IZ max value 
listed in the electrical characteristics table. The test currents are 
the same for the 5% and 10% tolerance devices. The test current 
time dur~tion for each Vz measurement is 40 ± 10 ms. (TA = 
2SoC +8 C)' Mounting contact located as specified in Note 3. 

·2 

NOTE 6 - MAXIMUM REGULATOR CURRENT (lZM) 

The maximum current shown is based on the maximum voltage 
of a 5% type unit, therefore, it applies only to the B-suffix 
device. The actual I ZM for any device may not exceed the 
value at 5.0 watts divided by the actual Vz of the device. 
TL = 75 Cat 3/8" maximum from the device body. 

TEMPERATURE COEFFICIENTS 

FIGURE 2 - TEMPERATURE COEFFICIENT-RANGE 
FOR UNITS 3.0 TO 10 VOLTS 

FIGURE 3 - TEMPERATURE COEFFICIENT-RANGE 
FOR UNITS 10 TO 220 VOLTS 
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FIGURE 4 - TYPICAL THERMAL RESPONSE 
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1 N5333 thru 1 N5388 (continued) 
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FIGURE 5 - TYPICAL THERMAL RESISTANCE 
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FIGURE 6 - MAXIMUM NON-REPETITIVE SURGE 
CURRENT versus NOMINAL ZENER VOLTAGE 

(See Note 4) 
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APPLICATION NOTE 

Since the actual voltage available from a given zener diode is 
temperature dependent, it is necessary to determine junction temp­
erature under any set of operating conditions, in order to calculate its 
value. The following procedure is recommended: 

Lead Temperature, TL, should be determined from: 

TL = liLA Po +TA 

a LA is the lead-ta-ambient thermal resistance and Po is the 
power dissipation . 

Junction Temperature, T J. may be found from: 

TJ=TL +ATJL 

6T JL is the increase in junction temperature above the lead 
temperature and may be found from Figure 4 for a train of 
power pulses or from Figure 5 for dc power. 

ATJL: IiJL Po 

For WOrst-case design, using expected limits of IZ, limits of Po 
and the extremes of T J(ATJ) may be estimated. Changes in voltage. 
VZ, can then be found from: 

AV: IiVZ!!.TJ 

8vz, the zener voltage temperature coefficient, is found from 
Figures 2 and 3. 

Under high power-pulse operation, the zener voltage will vary with 
time and may also be affected significantly by the zener resistance. 
For best regulation, keep current excursions as low as possible. 

Data of Figure 4 should not be used to compute surge capability. 
Surge limitations are given in Figure 6. They are lower than would 
be expected by considering only junction temperature, as current 
crowding effects cause temperatures to be extremely high in small 
spots resulting in device degradation should the limits of Figure 6 
be exceeded. 



lNS441A,B,C (SILICON) 
thru 

IN S456A,B,C 
VVC -+II-

SILICON EPICAP DIODES 

. epitaxial passivated abrupt junction tuning diodes designed for 
electronic tuning, FM, AFC and harmonic·generation applications in 
AM through UHF ranges, providing solid·state reliability to replace 
mechanical tuning methods. 

• Excellent a Factor at High Frequencies 

• Guaranteed Capacitance Change - 2.0 to 30 V 

• Guaranteed Temperature Coefficient 

• Capacitance Tolerance - 10%,5.0%, and 2.0% 

• Complete Typical Design Cu rYes 

**MAXIMUM RATINGS 

Rating Symbol Value Unit 

Reverse Voltage VR 30 Volts 

Oevice Dissipation @ T A =. 2SoC Po 400 mW 
Derate above 2SoC 2.67 mW/oC 

Operating Junction Temperature Range TJ +175 °c 
Storage Temperature Range Tstg -65 to +200 °c 

., *1 ndicates JE OEC Registered Data. 

1-34 

VOLTAGE-VARIABLE 
CAPACITANCE DIODES 

6.8 -100 pF 
30 VOLTS 

liB 
@) 

o 

CATHODE 
BAND 

K 

rt·-l 
K 

L 
MILLIMETERS INCHES 

DIM MIN MAX MIN MAX 

A 5.84 7.62 0.230 0.300 
B 2.16 2.72 0.085 0.107 
0 0.46 0.56 0.018 0.022 
F 1.27 0.050 
K 25.40 1.000 

AU JEDEC dImensions and notes apply 

CASE 51-02 
00·7 



1N5441A, B, C thru 1N5456A, B, C (continued) 

** ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 

Characteristic-All Types Test Conditions Symbol 

Reverse Breakdown Voltage 'R = 10pAdc BVR 

Reverse Voltage Laakage Current VR = 25Vdc. TA = 25°C IR 
VR = 25 Vdc. TA = 150°C 

Series Inductance f = 250 MHz. lead length~1I16" LS 

Case Capacitance f = 1.0 MHz. lead length~1/16" Cc 

Diode Capacitance Temperature VR = 4.0 Vdc. f = 1.0 MHz TCc 
Coefficient INote 6) 

CT. Diode Capacitance' 
Device VR = 4.0 Vdc. f = 1.0 MHz 

pF 

Min Nom Max 
(Nom -10%) (Nom +10%) 

lN5441A 6.1 6.8 7.5 
lN5442A 7.4 8.2 9.0 
lN5443A 9.0 10.0 11.0 
lN5444A 10.8 12.0 13.2 

lN5445A 13.5 15.0 16.5 
lN5446A 16.2 18.0 19.B 
lN5447A 18.0 20.0 22.0 
lN5448A 19.8 22.0 24.2 

lN5449A 24.3 27.0 29.7 
lN5450A 29.7 33.0 36.3 
lN5451A 35.1 39.0 42.9 
lN5452A 42.3 47.0 51.7 

lN5453A 50.4 56.0 61.6 
lN5454A 61.2 6B.0 74.B 
lN5455A 73.B B2.0 90.2 
lN5456A 90.0 100.0 110.0 

"To order devices with CT Nom ±5.0% or ±2.0% add Suffix B or C respectively. 
II ·Indicates JEDEC Registered Data. 

1. LS. Series I nductanc. 

PARAMETER TEST METHODS 

6. TCe• Diode Capacitance Temperature 
Coefficient 

Min Typ Max Unit 

30 - - Vdc 

- - 0.02 pAdc 
- - 20 

- 4.0 10 nH 

0.1 0.17 0.25 pF 

- 300 400 ppm/oC 

TR. Tuning Ratio 0, Figure of Merit 
C2/C30 VR =4.0Vdc 

f=1.0MHz f= 50 MHz 

Min Mex Min 

2.5 3.1 450 
2.5 3.1 450 
2.6 3.1 400 
2.6 3.1 400 

2.6 3.1 400 
2.6 3.1 350 
2.6 3.1 350 
2.6 3.2 350 

2.6 3.2 350 
2.6 3.2 350 
2.6 3.2 300 
2.6 3.2 250 

2.6 3.3 200 
2.7 3.3 175 
2.7 3.3 175 
2.7 3.3 175 

in the following equation, which defines Tec : 
LS is measured on a shorted package at 250 
MHz using an impedance bridge IBoonton 
Radio Model 250A RX Meter or equivalent}. 

2. CC. Ca .. Capacitance 

TCc is guaranteed by comparing CT at V R == 
4.0 Vdc, f == 1.0 MHz, T A == -650 C with CT 
at VR == 4.0 Vdc, f "" 1.0 MHz. T A"" +850 C 

TCe = ICT(+850 Cl - CT(-650 Cl! ~ 
85 + 65 CT(250Cl 

Cc is mp.8sured on an open package at 1.0 
MHz using a capacitance bridge (800nton 

Electronics Model 75A or equivalent). 

3. CT. Diode Capacitance 
(eT = Cc + CJl. CT is measured at 1.0 MHz 
using a capacitance bridge (Boonton Elec­
tronics Model 75A or equivalent). 

4. TR, Tuning Ratio 
TA is the ratio of CT measured at 2.0 Vdc 
divided by CT measured at 30 Vdc. 

5. Q. Figure of Merit 
a is calculated by taking the G and C read­
ings of an admittance bridge at the specified 
frequency and substituting in the following 
equations; 

2mC 
Q=-­

G 

(Boonton Electronics Model 33ASa 
or equivalent). 

1-35 

Accuracy limited by CT measurement to 
±O.1 pF. 

FIGURE 1 - NORMALIZED DIODE CAPACITANCE 
versus JUNCTION TEMPERATURE 
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1N5441A, 8, C thru 1N5456A, 8, C (continued) 
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IN 5461A,B,C (SILICON) 
thru 

IN 5476A,B,C 
vvc --.!~ 

SILICON EPICAP DIODES 

... a PREMIUM line of epitaxial, passivated, abrupt·junction tuning 
diodes for critical and sophisticated frequency control applications 
through the UHF range. 

• High Q at High Frequencies 

• Guaranteed High Capacitance Tuning Range 

• Excellent Unit·to·Unit Uniformity 

• Guaranteed Temperature Coefficient 

• Capacitance Tolerances - 10%, 5.0%, and 2.0% 

• Complete Typical Design Curves 

**MAXIMUM RATINGS 

Rating Symbol Value Unit 

Reverse Voltage VR 30 Volts 

Device Dissipation iii' T A = 25°C Po 400 mW 
Derate above 25°C 2.67 mWfDC 

Operating Junction Temperature Range TJ +175 °c 

Storage Temperature Range Tstg -65 to +200 °c 

··lndlcateS JEOEC AlIIIlstwed Oatil. 
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VOLTAGE-VARIABLE 
CAPACITANCE DIODES 

6.8 -100 pF 
30 VOLTS 

liB 
@ 

o 

CATHODE 
BAND 

F 

K 

1*.-1 
K 

L 
MILLIMETERS INCHES 

DIM MIN MAX MIN MAX 

A 5.84 7.62 0.230 0.300 
B 2.16 2.72 0.085 0.107 
0 0.46 0.56 0.018 0.022 
F 1.27 0.050 
K 25.40 1.000 

All JEDEC dImenSIOns and notes apply 

CASE 51-02 
00·7 



1N5461A, S, C thru 1N5476A, B, C (continued) 

**ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 

Ch_istic-AII Types Tast Conditions Symbol 

Reverse Breakdown Voltage IR = 10pAdc BVR 

Reverse Voltage Leakage Current VR = 25 Vdc, TA = 250 C IR 
VR = 25 Vdc, TA = 1500 C 

Saries Inductance f = 250 MHz, lead length",'/16" Ls 
Case Cepacltance f = 1.0 MHz,Iead length ""/16" Cc 

Diode Cepecitance Temperature VR = 4.0 Vdc, f = 1.0 MHz TCc 
Coefficient (Note 61 

CT, Diad. Cepecitance· 
Device VR ·4.0 Vdc, f - 1.0 MHz 

pF 

Min Nom Max 
(Nom-10%1 (Nom +10%1 

1N5461A 6.1 6.8 7.5 
1N5462A 7.4 8.2 9.0 
1N5463A 9.0 10.0 11.0 
1N5464A 10.8 12.0 13.2 

lN5465A 13.5 15.0 16.5 
1N5466A 16.2 18.0 19.8 
1N5467A 18.0 20.0 22.0 
1N5468A 19.8 22.0 24.2 

1N5469A 24.3 27.0 29.7 
1N5470A 29.7 33.0 36.3 
1 N5471 A 35.1 39.0 42.9 
1N5472A 42.3 47.0 51.7 

1N5473A 50.4 56.0 61.6 
lN5474A 61.2 68.0 74.8 
1N5475A 73.8 82.0 90.2 
1N5476A 90.0 100.0 110.0 

*T 0 order devices with CT Nom ±5.0% or ±2.0% add Suffix B or C respectively. 

·-Indlcates JEOEC Registered Data. 

1. LS, Series Inductance 

PARAMETER TEST METHODS 

6. TCc, Diode Cepecitance Ta_ature 
Coefficient 

Min Typ Max Unit 

30 - - Vdc 

- - 0.02 /lAdc 
- - 20 

- 4.0 10 nH 

0.1 0.17 0.25 pF 

- 300 400 ppml"C 

TR, Tuning Ratio a, Figur. of Merit 
C2/C3O VR -4.0Vdc 

f-1.0MHz f= 50 MHz 

Min Max Min 

2.7 3.1 600 
2.8 3.1 600 
2.8 3.1 550 
2.8 3.1 550 

2.8 3.1 550 
2.9 3.1 500 
2.9 3.1 500 
2.9 3.2 500 

2.9 3.2 500 
2.9 3.2 500 
2.9 3.2 450 
2.9 3.2 400 

2.9 3.3 300 
2.9 3.3 250 
2.9 3.3 225 
2.9 3.3 200 

In the following equation, which defines TCc: 
LS Is measured on a shorted package at 250 
MHz using an impedance bridge (Boonton 
Radio Model 260A R X Mete, or equivalent). 

2. Ce, Case Capacitance 

Tee Is guaranteed by comparing CT at V R "" 
4.0 Vdc. f - 1.0 MHz, T A = -66o C with CT 
at VR = 4.0 Vdc, f ... 1.0 MHz. TA -= +850 C 

ICT(+860 C} - CT(-650CII 106 
TCc = ------

86 + 66 CT(26oC} 

Cc is measured on an open package at 1.0 
MHz using a capacltanee bridge -(Boonton 
Electronics Modal '5A or equivalent). 

3. CT, Diode Cepacltance 
(CT ... Cc + CJ)' CT is measured _8t 1.0 MHz 
using a capacitance bridge (Boonton Elec~ 
tronlcs Model 76A or equivalent). 

4. TR, Tuning Ratio 
TR is the ra'tio of CT measured at 2:0 Vdc 
divided by C~ measured at 30 Vdc. 

5. a, Figure of Merit 
Q is calculated by taking the G and C read~ 
Ings of an admittance bridge at the specifjed 
frequency and substituting In the following 
equations: 

2mC 
Q= ---

G 

(800nton Electronics Model 33AS8 
or equivalent). 
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1.046 

w 1.036 .., 
g 1.02 

~ 1.01 
w 
g 1.00 
o 
ffi 0.99 
N 

~ 0.98 

'" o 

6 

6 

6 

6 

6 

2: 0.97 6 

6 0.96 
-75 

Accuracy limited by CT measurement to 
±O.1 pF. 

FIGURE 1 - NORMALIZED DIODE CAPACITANCE 
versus JUNCTION TEMPERATURE 

VR = 2.0 Vdc ~ 
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1N5461A, B, C thru 1N5476A, B, C (continued) 

'rVPICAL DEVICE PERFORMANCE 

FIGURE 2 - DIODE CAPACITANCE versus REVERSE VOLTAGE 
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FIGURE 3 - FIGURE OF MERIT 
versus REVERSE VOLTAGE FIGURE 4 - FIGURE OF MERIT versus FREOUENCY 
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FIGURE 5 - REVERSE CURRENT FIGURE 6 - FORWARD VOLTAGE 

versus REVERSE BIAS VOLTAGE versus FORWARD CURRENT 
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1N5461A, B, C thru 1N5476A, B, C (continued) 

EPICAP VOLTAGE-VARIABLE CAPACITANCE DIODE DEVICE CONSIDERATIONS 

A.. Ep_ Network PIWMntation 
The equivalent circuit in Figure 7 shows the voltage capacitance 

and parasitic elements of an EPICAP diode. For design purposes at 
all but very high and verY low frequencies, Ls, RJ, and Cc con be 
neglected. The simplified equivalent circuit of Figure 8 represents 
the diode under these eonditlons. 

Definitions: 
CJ - Voltege-Variable Junction Capacitance 
RS - Series Resistance (semiconductor bulk, contact, and 

FIGURE 7 

FIGURE 8 laod resistence) 

Cc - Case Cepacitance 
Ls - Serias I nductonce 
RJ - Voltage-Variabla Junction Resistence (negligible !lbove 

100 kHz) 

c~~ RS 
oo--------~~~r-C-------~~~-------O 

B. Epicap Capacitance vonus R ...... Bi .. Voltage 
The most importent design characteristic of an EPICAP diode is 

the Cr versus VR variation as shown In equations 1 and 2. Tuning 
Ratio, TR, botwean any two voltage points on curve of equation (2) 
is determinad from equations (3) and (4). 

C. Ep_ Capaci_v....,. Frequency 
Veriations In EPI CAP offacti.e copacltanco, 8sa function of oper· 

ating frequency, can be derivad from a simpliflad equivelbnt circuit 
similar to that of Figure 7, but naglactlng RS and RJ. Theadmittenca 
expression for such a circuit is given in equation 5. Examination of 
equation 5,yields the following information: 

At low frequencies, Ceq ... CJ; at very high frequencies (f = 00) 

Ceq=Ce· 
As frequency is incroasad from 1.0 MHz, Ceq incroasas until it is 

maximum at w2 = I/LsCJ; and as w2 is incroasad from I/LsCJ 
toward infinity, Ceq Incraaoos from'. very negative capacitance 
(inductance) toward Ceq = Ce, a pooitive copacltence. 

Very simple calculations for Ceq 8t higher frequencies Indicate 
the problems encountered when copacity measuremants ere made 
above 1.0 MHz. As w approachas Wo = 1/.[ LsCJ, small variations 
In Ls cause extreme variations in measured diode capacitance. 

D_ EPICAP Figure of _ (Q) and Cutoff Frequ-V (feo) 

Tha officiency of EPICAP response to en input frequency is re­
lated to the Figure of Marit of the d .. ice as deflnad in equation 6. 
For very low frequencial, equation 7 applies wherus at high fre­
quencl .. , where RJ can be naglactad, equation 6 may be rewritten 
into the familiar form of equation 8. 

Anoth.r uooful parameter for EPICAP devices Is the cutoff fre­
quency (feo), and is the frequency point wh.re a is equal to I. 
Equation 9 gives this relationship. 

E. Harmonic G_ation IJIint EPICAPS 

Efficient harmonic generation is possible with EPICAPS because 
of their high cutoff frequency and breakdown voltage. Since EPICAP 
junction capacitance varies inversely with the square root of the 
breakdown voltage, harmonic generator performance can be accurately 
predicted from various idealized models. Equation 10 gives the 
level of maximum input power for the EPICAP and equation 11 gives 
the relationships governing EPICAP circuit efficiency. In these 
equations, adequate heat Sinking has been assumed. 
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CJI (VR2 + 4> )'1 
TR Junction - - = ---

CJ2 IIRI + 4> 

CTI CJl +Cc 
TR Diode = 

Co = CJ at VR = 0 
VR - Rav .... Bi .. (Volts) • 
'Y, Diode Power Law, "" 0.44 
4>, Contact Potential, ... 0.6 Volt 
Cc ... 0.17 pF 

iWCJ 
Y - iwCeq - iwCc + ----

1- w2 LsCJ 

a= ><seq 
RSeq 

wCJRJ2 
aU- -------

RJ + RS(1 + w2c J2RJ 2 
1 

ot.f - w-R-S-Ceq-

M(x2) - 0.0285;M(x3) = 0.0241;M(x4)· 0.198 

fout 
Eff=I-N -

feo 

N(x2) = 20.8; N(x3) = 34.8; N(x4) • 62.5 

M and N are Constants 

(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

(81 

(9) 

(10) 

(11) 



1 N5518, A, B (SILICON) 
thru 

lN5546, A, B 

LOW VOLTAGE AVALANCHE SILICON OXIDE 
PASSIVATED ZENER REGULATOR DIODES 

Highly reliable silicon regulators utilizing an oxide·passivated june· 
tion for long·term voltage stability. RamRod construction provides 
a rugged, glass-enclosed, hermetically sealed structure. 

• Low Zener Noise Specified 

• Low Maximum Regulation Factor 

• Low Zener Impedance 

• Low Leakage Current 

• Controlled Forward Characteristics 

• Temperature Range: -65 to + 2000C 

MAXIMUM RATINGS 

Rating Svmbol Value Unit 

DC Power Dissipation @ T A = 5O"c Po 400 mW 
Derate above 5o"C 2.66 mWI"C 

DC Power Dissipation @TL = 500 C Po 500 mW 
Lead !-ength = liS" 

Derote above 50°C (Figure 1) 3.3 mWI"C 

Operating and Storage Junction TJ,Tstg -65 to +200 °c 
Temperature Range 

MECHANICAL CHARACTERISTICS 
CASE: Hermetically sealed, 01l1llass 

DIMENSIONS: See outline drawing. 

FINISH: All external surfaces are corrosion resistant and leads are 
readily solderoble and weldable. 

POLARITY: Cathode indicated by polarity band. 

WEIGHT: 0.2 Gram (approx) 
MOUNTING POSITION: Anv 

FIGURE 1 - POWER·TEMPERATURE DERATING CURVE 
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LOW VOLTAGE AVALANCHE 
ZENER DIODES 

400 MILLIWATTS 
3.3 THRU 33 VOLTS 

K 

CATHODE .1 rFj 
BAN.O be!. 

ri·~ 
K 

L 
MILLIMETERS INCHES 

DIM MIN MAX MIN MAX 

A 5.84 7.62 0.230 0.300 
8 2.16 2.72 0.OB5 0.107 
0 0.46 0.56 0.018 0.022 
F 1.27 0.050 
K 25.40 1.000 

All JEOEC dimensi-ons and notes apply 

CASE 51·02 
00·7 

i 
I! 
1 
I 



1N5518, A, B thru 1N5546, A, B (continued) 

ELECTRICAL CHARACTERISTICS ITA = 2SOC unless otherwise noted. Based on de measurements at thermal equilibrium; 
VF· 1.1 Max@ IF ·200 mA for all types) 

B-C-D Suffix 

Max Reverse Leak. Current 
B4:·DSuffix Max Noise Density 

.Nominal Max Zener Impedance Maximum at 'Z""2501'A Regulation Low 
Zener Voltage Test B..cO Suffix 

JEOEC VZ@IZT Current ZZT@I'ZT IR 
TVpeNo. Volts IZT Ohms j.lAdc 
INote 1) (Note 2) mAde (Note 31 (Note 4) 

lN5518 3.3 20 26 5.0 
1N5519 3.6 20 24 3.0 
1N5520 3.9 20 22 1.0 
lN5521 4.3 20 18 3.0 
1N5522 4.7 10 22 2.0 

lN5523 5.1 5.0 26 2.0 
lN5524 5.6 3.0 30 2.0 
lN5625 6.2 1.0 30 1.0 
lN5526 6.8 1.0 30 1.0 
1N5527 7.5 1.0 35 0.5 
1N5528 8.2 1.0 40 0.5 
1N5529 9.1 1.0 45 0.1 
1N5530 10.0 1.0 60 O.OS 
1N5531 11.0 1.0 80 O.OS 
lN5532 12.0 1.0 90 O.OS 
1N5533 13.0 1.0 90 0.01 
1N5534 14.0 1.0 100 0.01 
lN5535 15.0 1.0 100 0.01 
lN5536 16.0 1.0 100 0.01 
1N5537 17.0 1.0 100 0.01 

lN5538 18.0 1.0 100 0.01 
lN5539 19.0 1.0 100 0.01 
lN5540 20.0 1.0 100 0.01 
lN5541 22.0 1.0 100 0.01 
lN5542 24.0 1.0 100 0.01 

lN5543 25.0 1.0 100 0.01 
lN5544 28.0 1.0 100 0.01 
lN5545 30.0 1.0 100 0.01 
lN5546 33.0 1.0 100 0.01 

NOTE 1 - TOLERANCE AND VOLTAGE DESIGNATION 

The JEDEC type numbers shown are ±20% with guaranteed 
limits for only VZ, IA. and VF' Units with "A" suffix are±10% 
with guaranteed limits for VZ, 1 R, and VF' Units with guaranteed 
limits for all six parameters are indicated by a "B" suffix for 
±5.0% units, "C" suffix for ±2.0% and "0" suffix for ±1.0%. 

NOTE 2 - ZENER VOLTAGE (Vzl MEASUREMENT 

Nominal zener voltage is measured with the device junction in 
thermal equilibrium with ambient temperature of 2SoC. 

NOTE 3 - ZENER IMPEDANCE (ZZI DERIVATION 

The zener impedance is derived from the 60 Hz ae voltage, which 
results when an ac current having an rms value equal to 10% of 
the dc zener current tlZT) is superimposed on IZT' 

DC Zener Current NO Factor Vz 
VR - V,olts 12M (Figur.1) t,yZ Current 

Non&: A- B·C·O m'Adc (micro-volts per Volts IZL 
Suffix Suffix (Note 5) square root cycle) (Note 6) mAde 

0.90 
0.90 
0.90 
1.0 
1.5 

2.0 
3.0 
4.5 
5.5 
6.0 

6.5 
7.0 
8.0 
9.0 
9.5 

10.5 
11.5 
12.5 
13.0 
14.0 

15.0 
16.0 
17.0 
18.0 
20.0 

21.0 
23.0 
~4.0 
28.0 

1.0 115' 0.5 0.90 2.0 
1.0 105 0.5 0.90 2.0 
1.0 98 0.5 0.85 2.0 
1.5 88 0.5 (175 2.0 
2.0 81 0.5 0.60 1:0 
2.5 75 0.5 0.65 0.25 
3.5 68 1.0 0.30 0.26 
5.0 61 1.0 0.20 0.01 
6.2 56 1.0 0.10 0.01 
6.8 51 2.0 0.06 0.01 

7.5 46 4.0 0.05 0.01 
8.2 42 ,4.0 0.06 0.01 
9.1 38 4.0 0.10 0.01 
9.9 35 ' 5.0 0.20 0.01 
10.8 32 10 0.20 0.01 
11.7 29 15 0.20 0.01 
12.6 27 20 0.20 0.01 
13.5 25 20 0.20 0.01 
14.4 24 20 0.20 0.01 
15.3 22 20 0.20 0.01 
16.2 21 20 0.20 0.01 
17.1 20 20 0.20 0.01' 
18.0 19 20 0.20 0.01 
19.8 17 20 0:25 0.01 
21.6 16 20 0.30 0.01 

22.4 15 20 0.35 0.01 
25.2 14 20 0.40 0.01 
27.0 13 20 0.46 0.01 
29.7 12 20' 0.50 0.01 

NOTE 4 - REVERSE LEAKAGE CURRENT (lRI 

Reverse leakage currents are guaranteed and are measured at VR 
as shown on the table. 

NOTE 5 - MAXIMUM REGULATOR CURRENT (lzMI 

The maximum current shown is based on the maximum voltage 
of a 5.0% type unit, therefore, it applies only to the "S" suffix 
device. The actual I~M for ~ny device rryay not exceed the value 
of 400 milliwattsdivided by i:he actual Vz of the device. 

NOTE 6 - MAXIMUM R.EGULATION FACTOR (AVzl 
.6.VZ is the maximum difference between Vz at IZT and Vz 
at I ZL measured with the device junction in thermal equilibrium. 
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1N5518, A, B thru 1N5546, A, B (continued) 

ZENER NOISE DENSITY 

A zener diode generates noise when it is biased in the zener direc­
tion. A small part of this noise is due to the internal resistance asso­
ciated with the device. A larger part of zener noise is a result of the 
zener breakdown phenomenon and is called microplasma noise. 
To eliminate the higher frequency components of noise a small 
shunting capacitor can be used. The lower frequency noise generally 
must be tolerated since a capacitor required to eliminate the lower 
frequencies would degrade the regulation properties of the zener in 
many applications. 

Motorola is rating this series with a maximum noise density at 
250 microamperes, a bandwidth of 2.0 kHz and a center frequency 
of 2.0 kHz. 

Noise density decreases as zener current increases. The junction 
temperature will also change the zener noise levels. thus the noise 
rating must indicate frequency. bandwidth. current level and 
temperature. 

The block diagram shown in Figure 2 represents the method used 
to measure noise density. The input voltage and load resistance is 
high so that the zener is driven from a constant current source. The 
amplifier must be low noise so that the amplifier noise Is negligible 
compared to the test zener. The filter frequency and bandpass is 
known so that the noise density in volts RMS per square root cycle 
can be calculated. 

FIGURE 2 - NOISE DENSITY MEASUREMENT METHOD 
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1N5758,A thru 1N5762,A (SILICON) 

SILICON 3-LAYER BILATERAL TRIGGERS 

... Annular, two terminal devices that exhibit bi-directional negative 
resistance switching characteristics. These economical, durable de­
vices have been developed for use in thyristor triggering circuits for 
lamp drivers and universal motor speed controls. 

• Switching Voltage Range - 20 to 36 Volts Nominal 

• Symmetrical Characteristics 

• Passivated Surface for Reliability and Uniformity 

*MAXIMUM RATINGS ITA· 250 C unless otherWise noted I 

Rating Symbol Value Unit 

Peak Pulse Current Ipulse Amp 
(30 f,J.S duration, 120 Hz 2.0 
repetition rate) 

Power Dissipation @ T A = -40 to +2SoC Po 300 mW 
Derate above 25°C 4.0 mWf'C 

Operating Junction Temperature Range TJ -40 to +100 °c 

Storage Temperature Range T stg -40 to +150 °c 

'ELECTRICAL CHARACTERISTICS ITA· 25°C unless otherwise noted I 

Characteristic Symbol Min Max Unit 

Switching Voltage Vs Volts 
(80th Directions) lN5758 16 24 

lN5759 20 28 
lN5760 24 32 
lN5761 28 36 
lN5762 32 40 
lN5758A 18 22 
lN5759A 22 26 
lN5760A 26 30 
lN5761A 30 34 
lN5762A 34 38 

Switching Current IS jl.A 
(Both Directions) 1 N575815762 - 100 

IT A • -40 to + 75°C) 1 N5758A/5762A - 25 

Switching Voltage Change t:.V Volts 
(Both Directions) lN5758,A,IN5759,A 5.0 -

1t:.1 • IS to I • 10 mAl 1 N5760,A,61 ,A,62,A 7.0 -
Leakage Current IB jl.A 

(Both Directions). (Applied Voltage = 14 Voltsl - 10 
Switching Voltage Symmetry 1VS+)·IVS-) Volts 

lN5758/5762 - ±4.0 
lN5758A/5762A - ±2.0 

Peak Pu'lse Amplitude (Figure 11 Volts 
IBoth Polarities) 1 N5758,A, 1 N5759,A 3.0 -

lN5760,A,61,A,62,A 5.0 -
-Indicates JEDEC Registered Data. 
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STYLE 3: 

SILICON 
BILATERAL TRIGGERS 

liB A 
SEATING P~r:Il:frl 

PLANET - --.-
F- T L 

__ --.1 K 

j 
f.[) 

1.1> 

PIN 1. MAIN TERMINAL 1 
2. MAIN TERMINAL 2 

lseCT A·A 

I.IR
. C 

T+i 
MILLIMETERS INCHES 

DIM MIN MAX MIN MAX 

A 4.32 5.33 0.170 0.210 
B 4.45 5.21 0.175 0.205 
C 3.18 4.19 0.125 0.165 
D 0.356 0.533 0.014 0.0 1 
F 0.4117 0.482 0.016 0.019 
G 1.27 BS ),050 sse 
H 1.27 0.050 
J 2.54 sse 0.100 BSC 
K 12.70 o. 
l 6.35 O. 5 
N 2.03 2.66 0.0 0.105 

2.93 .1 
R 3.43 0.1 

CASE 182·02 



1 N5758,A thru 1 N5762,A (continued) 

TYPICAL ELECTRICAL CHARACTERISTICS 

FIGURE 1 - PEAK PULSE AMPLITUDE TEST CIRCUIT 
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FIGURE 3 - BREAKOVER VOLTAGE BEHAVIOR 
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lNS820 
lNS821 

Designers Data Sheet 

HOT CARRIER POWER RECTIFIERS 
· .. employing the Schottky Barrier principle in a large area metal-ta-silicon power 
diode. State of the art geometry features epitaxial construction with oxide passiva­
tion and metal overlap contact. Ideally suited for use as rectifiers in low-voltage, 
high-frequency inverters, free wheeling diodes, and polarity protection diodes. 

• Extremely Low vF • Low Power Loss/High Efficiency 
• Low Stored Charge, Majority 

carrier Conduction 
• High Surge Capacity 

Designer's Data for "Worst Case" Conditions 

The Designers Data sheets permit the design of most circuits entirely from 
the information presented. Limit curves - representing boundaries on device char­
acteristics - are given to facilitate "worst case" design. 

"MAXIMUM RATINGS 

Rating Symbol lN5820 lN5821 

Peak Repetitive Reverse Voltage VRRM 
Working Peak Reverse Voltage VRWM 20 30 
DC Blocking Voltage VR 

Non-Repetitive Peak Reverse Voltage VRSM 24 36 

RMS Reverse Voltage VRIRMS) 14 21 

Average Rectified Forward Current (21 10 
VRlequ;v)<;0.2VR,ldc). TL = 95°C 3.0 
( R9JA = 28oC/W, p.e. Board 
Mounting, See Note 2) 

Ambient Temperature TA 
Rated VR (del. PF(AVl '" 0 90 85 
RtJJA = 280 C!W 

Non-Repetitive Peak Surge Current IFSM 250 Ifor 1 cycle) 
(surge applied at rated load condI-
tions, halfwave, single phase 60 Hz, 

TL = 75°C) 

Operating and Storage Junction TJ,Tstg -65 to +125 
Temperature Range (Reverse 
Voltage applied) 

Peak Operatmg Junction Temperature TJlpk) 150 
(Forward Current Applied) 

"THERMAL CHARACTERISTICS INote 2) 

Characteristic 

hermal Resistance, Junction to Ambient 

"ELECTRICAL CHARACTERISTICS ITL = 25°C unless otherw,se noted.) 12) 

Characteristic Svmbol lN5820 

Maximum Instantaneous Forward vF 
Voltage (11 

liF = 1.0 Amp) 
OF = 3.0 Amp) 
0" = 9.4 Amp) 

Maximum Instantaneous Reverse IR 
Current@rated de Voltage (1) 
TL = 25°C 
TL= 100°C 

(1) Pulse Test: Pulse Width = 300 IlS, Duty Cycle'"' 2.0%. 
(2) Lead Temperature reference is cathode lead 1/32" from Case. 
*Indicates JEDEC Registered Data. 

0.370 
0.475 
0.850 

2.0 
20 

lN5821 

0.380 
0.500 
0.900 

2.0 
20 

1-46 

Unit 

Volts 

Volts 

Volts 

Amp 

°c 

Amp 

°c 

°c 

Unit 

Volts 

mA 

A 
B 
C 
0 
E 

SCHOTTKY 
BARRIER 

RECTIFIERS 

3.0 AMPERE 

20,30 VOLTS 

• 
LO. 

MILLIMETERS INCHES 
4.83 5.33 0.190 0.210 
26.97 27.23 1.062 1.072 
9.40 9.65 0.370 0.380 
1.22 1.32 0.048 0.052 
2° 2° 

CASE 267 

MECHANICAL CHARACTERISTICS 

CASE: Void free, transfer molded 

FINISH: All external surface.s corrosion-resistant 
and the terminal leads are readily 
solderable. 

POLARITY: Cathode indicated by polarity band 

MOUNTING POSITIONS: Any 

SOLDERING: 220°C 1/16" from case for lOs. 



1 N5820, 1 N5821 (continued) 

NOTE 1: OETERMINING MAXIMUM RATINGS 

Reverse power dissipation and the possibility of thermal runavvav 
must be considered when operating this rectifier at reverse voltages 
above 0.1 VRWM. Proper derating may be accomplished by use 
of equation (1): 

TA(max) = TJ(max) - RaJA PF(AV) - R9JA PR(AV) (1) 
where 

T A(maxl = Maximum allowable ambient temperature 

T J(maxl = Maximumallowable junction temperature 
(12SoC or the temperature at which ther· 
mal runaway occurs, whichever is lowest). 

PF(AV) = Average forward power dissipation 

PR(AV) = Average reverse power dissipation 

R8JA = Junction-to-ambient thermal resistance 
Figures 1 and 2 permit easier use of equation (1) by taking 
reverse power dissipation and thermal ru naway into consideration. 
The figures solve for a reference temperature as determined by 
equation (2)' 

TR = TJ(max) - RBJAPR(AV) (2) 

Substituting equation (2) into equation (1) yields: 

TAlmax) = TR - R9JA PFIAV) (3) 
Inspection of equations (2) and (31 reveals that TR is the ambient 
temperature at which thermal runaway accursor where T J = 125°C, 
when forward power is zero. The transition from one boundary 
condition to the other is evident on the curves of Figures 1 and 2 

as a difference in the rate of change of the slope in the vicinity of 
1150 C. The data of Figures 1 and 2 is based upon dc conditions. 
For use in common rectifier circuits. Table I indicates suggested 
factors for an equ ivalent dc voltage to use for conservative design; 
i.e.: 

VRlequiv) = VIFM) x F (4) 

The Factor F is derived by considaring the properties of the various 
rectifier circuits and the reverse characteristics of Schottky diodes. 

Example: Find TA(max) for lN5821 operated in a 12·Volt dc 
supply using a bridge circuit with capacitive filter such that IDe = 
2.0A IIF(AV) = LOA), IIFM)IIIAV) = 10. Input Voltage = 10 

V(rms). R8JA = 400 CIW. 

Step 1: Find VRlequiv)' Read F = 0.65 from Table I :. 

VR(equiv) = 11.411110110.65) = 9.2 V 

Step 2 Find TR from Figure 2. Read TR = l000 C @ VR = 
9.2 V & R9JA = 400CIW. 

Step 3 Find PF(AV) from Figure 3. ""Read PFIAV) = 0.85 W 

@IIFM)=10&IFIAV)=1.0A 
IIAV) 

Step 4: Find T Almax) from equation (3). 
T Almax) = 108 - 10.85) (40) = 740 C 

**Values given are for the 1N5821. Povver is slightly lower for the 
lN5820 because of its lower forward voltage. 

TABLE I - VALUES FOR FACTOR F 

Circuit Half Wave Full Wave. Bridge Full Wave, 
Center Tapped ... t 

LOad "esistive I Capacitive Resistive I Capacitive Resistive I Capacitive 

Sine Wave 0.5 I 1.3 0.5 .1 0.65 1.0 I 1.3 
: "quare vvave u.'" I 1.5 0.75 I 0.75 1.5 I 1.5 

" -Note that VRIPK)-2 VonIPK) tUse line to center tap voltage for Vm. 

FIGURE 1 - MAXIMUM REFERENCE TEMPERATURE - lN5820 FIGURE 2 - MAXIMUM REFERENCE TEMPERATURE - lN5821 
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1N5820, 1N5821 (continued) 

THERMAL CHARACTERISTICS 
FIGURE 4 - THERMAL RESPONSE 

1.0 

~Ppk Ppk DUTY CYCLE' Iplll LEAD LENGTH - 1/4" = 
~ ~ PEAK POWER, Ppk. is peak of an 

i-'" r- ~ tl--j TIME equivalent square power pulse. 

0.5 

~ C 0.3 
<w 
~;j 0.2 f- L!>TJL' Ppk. ROJL 10 + (I. 01· r(1I + Ipl + r(tpl- r(1I11 
w< f- where: 

~! 0. 1 ~ .6. T JL ,. the increase in june,tion temperature above the F lead temperature. Zz 
~~ 

~ ~ 0.05 
~I;; 

F: r(t) '" normalized value of transient thermal mistance 
f- at'tim •• t, i.e .. 

~f3 0.03 

'" 0.02 

f- rltl + tp) ,; normalized value of. 
f- transient thermal rlslstan~ 
r...-at time 11 + Ip~ 

I 0.0 
0.2 

J......+1l1111 
0.5 1.0 

I 
2.0 5.0 10 

k-'f-" 

20 50 

I--'" llllill 
The temperature of the lead sbould be measur.Jd -

USing a thermocouple placed on the lead as close as 
possible to the tit pOint. The thermal mass can· 

=== neeted to the tie pomt IS normally large enough, =: so that it will not significantly respond to heat = surges generated in the diode as a result of pulsed 
operation once steady·state conditions are achieved. -
Using the measured value of Tlo the junction lem· -
perature may be determined by. -
liili TJ" TL + L!>TJL .l.ilil 
II III I I I I11111 

100 200 500 1.0k 2.0 k 5.0 k 10 k 20k 
I. TIME Im.1 

NOTE 2 - MOUNTING DATA 

Data shown for thermal resistance junction-to-ambient 
(AOJA) for the mountings shown is to be used as typical 
guideline values for preliminary engineering, or in case the 
tie point temperature cannot be measured. 

FIGURE 5 - STEADY - STAT'E THERMAL RE!;ISTANCE TYPICAL VALUES fOR ROJAIN STILL AIR 

1 __ 1 I 
5 ---- ~~~~~~M_ t--

MOUNTING LEAD LENGTH L liN) 
METHOD tl8 tI' tl2 3/' ReJA 

50 I _53 --"" '!s:.iY:L 
9 W 
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V ....... ---°v j.--

MOUNTING METHOO 1 

p.e. Board Where Available Copper 
Surface area is small. 

MOUNTING METHOD 3 

tL-j I--Lj P.C. Board with 
~ 2·1/2" x 2-1/2" Copper Surface 

jlZ~;IJ _ .... 
BOTH LEADS TO HEAT SINK._ .0 MOUNTING METHOD 2 fk L =Jl/j2jf-r 

0 

mUlL LENGiH I 
Vector Push-In Termonsls T-28 ~ ~ 

1/8 218 3/8 4/8 5/8 6/8 7/8 

L, LEAD LENGTH (lNCHESI 

1.0 

~ Board Ground Plane 

FIGURE 6 - APPROXIMATE THERMAL CIRCUIT MODEL 

Use of the above model permits junction to lead thermal 
resistance for any mounting configuration to be found. 
For a given total lead length, lowest values occur when 
one side of the rectifier is brought as close as possible to 
the heat sink. Terms in the model signlf,y: 

T A == Ambient Temperature Res = Thermal Resistance, Heat Sink to Ambient 

T L == Lead Temperature RO L = Thermal Resistance, Lead to Heat Sink 

T C == Case Temperature R(U == Thermal Resistance, Junction to Case 

T J == Junction Temperature Po == Total Power Dissipation == PF + PA 

PF = Forward Power Dissipstion 

PA = Reverse Power Dissipation 

(Subscripts (A) and (K) refer to anode and cathode sides respectively.) Values 
for thermal resistance components ars: 

AOL = 420 C/W/IN. Typically and 4SoC/W/IN. Maximum. 
f:tOJ ;., 100 C/W Typically and 160C/W Maximum. 

The maximum lead temperature may be found 8S follows: 

TL = TJ(maxl - L!>TJL 

Where: ATJL~AOJL.PD 

,·48 



lN5820, lN5821 (continued) 

FIGURE 7 - TYPICAL FORWARD VOLTAGE 
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FIGURE 8 - MAXIMUM NON·REPETITIVE SURGE CURRENT 
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NOTE 3 - HIGH FREQUENCY OPERATION 

30 

Since current flow in a Schottky rectifier is the result of majority 
carrier conduction, it is not subject to junction diode forward and 
reverse recovery transients due to minority carrier injection and 
stored charge. Satisfactory circuit analysiS work may be performed 
by using 8 model consisting of an ideal diode in parallel with a 
variable capacitance: (See Figure 10.1 



lN5823, lN5824, lN5825 (SILICON) 

Designers Data Sheet 

HOT CARRIER POWER RECTIFIERS 
emploYing the Schottky Barner pnnclple In a large area metaHo-slllcon power 

diode State of the art geometry features epitaxial construction with oXide passiva­
tion and metal overlap contact Ideally sUited for use as rectifiers In [ow-voltage, 
high-frequency Inverters, free wheeling diodes, and polarity protection diodes 

• Extremely Low vF • Low Power Loss/High Efficiency 
• Low Stored Charge, MaJonty • High Surge Capacity 

Carner Conduction 

Designer's Data for "Worst Case" Conditions 

The DeSigners. Data sheets permit the deSign of most CHt::ultS entirely from 
the mformatlon presented Limit curves - representmg boundaries on deVice char­
acteristiCS - are given to facIlitate "worst case" desl,gn 

*MAXIMUM RATINGS 

Rating Symbol lN5823 lN5824 lN5825 

Peak Repetitive Reverse yoltage VRRM 
Working Peak Reverse Voltage VRWM 20 30 40 
DC Blocking Voltage VR 

Non-Repetitive Peak Reverse Voltage VRSM 24 36 48 

RMS Reverse Voltage VR(RMS) 14 21 28 

Average Rectified Forward Current 10 
VR(equiv)';; 0.2VR (de), TC ·'750C .. 15 .. 
VR(equiv)';; 0.2 VR (del. TL • 8o"C _5.0 .. 
(ReJA· 250 C/W, P.C. Board 
Mounting, See Note 3) 

Ambient Temperature TA 
Rated VR (de), PF(AV) ·0 65 60 55 
ReJA • 250 C/W 

Non-Repetitive Peak Surge Current IFSM ~ 500 (for 1 cycle) ~ 
(surge applied at rated load condi-
tions, halfwave, single phase 60 Hz) 

Operating and Storage Junction TJ,Tstg --- -65 to +125 _ 
Temperature Range (Reverse 
Voltage applied) 

Peak Operating Junction Temperature TJ(pk) .. 150 .. 
(Forward Current Applle<:1) 

'THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case 

'ELECTRICAL CHARACTERISTICS (TC· 25°C unless otherWISe noted.) 

Characteristic Symbol lN5823 

MaXimum I nstantanous Forward vF 
Voltage (1) 
(IF· 3.0 Amp) 0.330 
(iF· 5.0 Amp) 0.360 
(iF· 15.7 Amp) 0.470 

MaXimum Instantanous Reverse IR 
Current @ rated de Voltage 
TC·250C 10 
TC·100oC 75 

(1) Pulse Test· Pulse Width· 300 ~s, Duty Cycle· 2.0",.. 
*Indicates JEDEC Registered Data. 

lN5824 lN5825 

0.340 0.350 
0.370 0.380 
0.490 0.520 

10 10 
75 75 

'-50 

Unit 

Volts 

Volts 

Volts 

Amp 

°c 

Amp 

°c 

°c 

Unit 

Volts 

mA 

DIM 

A 
B 
C 
D 
K 

SCHOTTKY 
BARRIER, 

RECTIFIERS 

5 AMPERE 
20, 30,40 VOLTS 

~" 
1-' D 

K 

L STYLE 1: 

C 

r 
K 

L 
MILLIMETERS 
MIN MAX 

- 11.43 
8.89 

- 7.62 
1.17 1.42 

24.89 -

CASE 60 

PIN 1. CATHODE 
2. ANODE 

INCHES 
MIN MAX 

- 0.450 
0.350 

- 0.300 
0.046 0.056 
0.980 

MECHANICAL CHARACTERISTICS 

CASE: Welded, hermetically sealed construction. 

FINISH: All external surfaces corrosion-resistant 
and the terminal leads are readily 
solderable, 

POLARITY: Cathode to case. 

MOUNTING POSITIONS: Any 



1N5823, 1N5824, 1N5825 (continued) 

NOTE 1: DETERMINING MAXIMUM RATINGS 

Reverse power dissipation and the possibility of thermal runaway 
must be considered when operating this rectifier at reverse voltages 
above 0.1 VRWM. Proper derating may be accompilshed bv use 
of equation (1): 

TAlmax) = TJlmax) - R6JA PFIAV) - R6JA PRIAV) (1) 
where 

T A(max) := Maximum allowable ambient temperature 

T J(max) = Maximum allowable junction temperature 
(12SoC or the temperature at which ther­
mal runaway occurs, whichever is lowest). 

PFIAV) = Average forward power dissipation 

PR(AV) := Average reverse power dissipation 

ReJA = Junction-lo-ambient thermal resistance 
Figures 1, 2 and 3 permit easier use of equation 11) by taking 
reverse power dissipation and thermal runaway into consideration. 
The figures solve for a reference temperature as determined by 
equation (2): 

TR = TJlmax) - R6JAPRIAV) (2) 

Substituting equation (2) into equation (1) yields· 

TAlmax) = TR - R6JA PFIAV) (3) 
Inspection of equations (2) and (3) reveals that TR is the ambient 
temperatureatwhich thermal runaway occurs or where TJ = 1250 C, 
when forward power is zero. The transition from one boundary 
condition to the other is evident on the curves of Figures 1, 2 and 

3 as a difference in the rate of change of the slope in the vicinity 
of 115°C. The data of Figures 1. 2 and 3 is based upon de condi­
tions. For use in common rectifier circuits, Table I indicates sug­
gested factors for an equivalent dc voltage to use for conservative 
design; i.e.: 

VRlequiv) = VINIPK) x F (4) 
The Factor F is derived by consid.ering the properties of the various 
rectifier circuits and the reverse characteristics of Schottky diodes. 

Example: Find TAlmax) for lN5825 operated in a 12·Volt de 
supply using a bridge circuit with capacitive filter such that IDe = 
10 A IIFIAV) = 5 AI. IIPK)ilIAV) = 10. Input Voltage = 10 
Vlrms). R6JA = 100 C/W. 

Step 1: Find VRlequiv)' Read F = 0.65 from Table I :. 
VRlequiv) = 11.41)(10)(0.65) = 9.2 V 

Step 2: Find TR from Figure 3. Read TR = IISoC @ VR = 

9.2 V & R6JA = 100 C/W. 
Step 3: Find PFIAV) from Figure 4. tRead PFIAV) = 5.5 W 

@1(PKt 10 & IFIAV) = 5 A 
I(AV) 

Step 4: Find T Almax) from equation 131. T Almax) = 118-(10) 
15.5) = 63°C. 

tValues given are for the 1 N5825. Power is slightly lower for the 
other units because of their lower forward voltage. 

TABLE I - VALUES FOR FACTOR F 

Circuit HalfWav. Full Wave, Bridge 
Full Wove, 

Center Tapped (1).(21 

Load Resistive I Capacitive (1) Resistive 1 Capacitive Resistive Capacitive 

Sine Wave 0.5 I 1.3 0.5 1 0.65 1.0 1.3 
Square Wave 0.75 1 1.5 0.75 I 0.75 1.5 1.5 

11 I Note that VRIPK)""2 VinIPK) (2)Use line to center tap voltage for Vin. 

FIGURE 1 - MAXIMUM REFERENCE TEMPERATURE - lN5823 
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1N5823, 1N5824, 1N5825 (continued) 
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THERMAL CHARACTERISTICS 

FIGURE 5 - THERMAL RESPONSE 

..- ZeJC(t! • ReJC • rtl) 

-I-- rtnPk DUTY ~YCLE, 0 = Iplll Ip _ 
PEAK OWER, Ppk, IS peak of an TIME 

'-11- equIValent square power pulse. 

[; TJC· Ppk . ReJC [0 +-[1 - 0)' rill + Ip) + rllp)-rlll)1 
where 
t::. T JC '" the Increase In junction temperature above the case temperature ';i 0.0 

"" 
r(t) = normahzed value of transIent thermal resistance at time, t, from Figure 5, i.e.: 

0.0 1 
0.5 1.0 2.0 5.0 10 20 

NOTE 2 - FINDING JUNCTION TEMPERATURE 

~
PPkPPk 

. DUTY CYCLE, 0 '" Ip/ll 
tp._ PEAK POWER, Ppk, IS peak.of an 

equivalent square power pulse. 

I----tt-----1 TIME 

To determme maximum lunctlon temperature of the dIOde In a gIven SItuatiOn, 
the foliowlr.gprocedurll IS recommended 

o'n ~~: ~::Pae:~~U:~e~;:~a~~~: ~:~eUr':n~: ;:,~StU~::e u~'~ie a 3~he~~~cl~~~~a~'~C:! 
connected to the Cdse IS normaily large enough solhal!lwlllnolslgnlfrcantly 
respond to heat surges generated III Ihe diode asa reStiltof pulsed op eratmnonce 
steady·statecond.tlonsareachleved USlIlgthe measured value of TC, the junction 
lemperature may bedetermlOed by' 

TJ::TC+ATJC 

where A T JC IS the Increase In Junction temperature above the case temperature. 
Itmay be determined by' 

6 TJC'= Ppk 'ReJC 10 + (1- OJ' r(q +tpl +r(tpJ - rill)] 
where 

r{t) :: normalized value of transient thermal reSistance al time, t, from Figure 
~. I.e. 
r (11 + IpJ '" normalize~ value of transient rhermal reSIStance at lime t, ttp 

50 

r(11 + tp) = normalized value of tranSient thermal resistance at trme, q + tp. 

100 200 500 1.0 k 2.0 k 5.0 k 10k 20k 

I,TIMElmsl 

NOTE 3 - MOUNTING DATA 

Data shown for thermal resistance junction-ta-ambient 
(ReJA) for the mountings shown is to be used as typical 
guideline values for preliminary engineering. 

TYPICAL VALUES FOR ROJA IN STILL AIR 

LEAD LENGTH, L (IN) 

MOUNTING 
METHOD 

1 

2 

3 

MOUNTING METHOD 1 

~ 
MOUNTING METHOD 2 

~ 
Vector pin mounting 

1/4 

55 

65 

1 ROJA 

60 °C/W 

70 °C/W 

25 °CI.W 

MOUNTING METHOD 3 
P. C. Board with 

2 1/2" x 21/2" copper surface 

g: 
Board Ground. 

Plane 

50k 

FIGURE 6 - APPROXIMATE THERMAL CIRCUIT MODEL 

ROCA 

70oC/W 

ROLA 

ROSA 40oC/W/IN 

Use of the above model permits calculation of average 

junction temperature for any mounting situation. Lowest 

values of thermal resistance will occu r when the cathode 
lead is brought as close as possible to a heat dissipator; as 

heat conduction through the anode lead is small. Terms 

in the model are defined as follows: 

"Case temperature reference 
is at cathode end. 

TEMPERATURES 

TA"" Ambient 
T AA "" Anode Heat Sink Ambient 
TAK "" Cathode Heat Sink Ambient 
T LA = Anode Lead 

TLK = Cathode Lead 

T J "" Ju nction 

'·52 

ROLK ROSK 
40o C/W/IN 

THERMAL RESISTANCES 

ReCA == Case to Ambient 
R8SA == Anode Lead Heat Sink to Ambient 

R8SK == Cathode Lead Heat Sink to Ambient 

Re LA == A node Lead 

Re LK == Cathode Lead 
R8 C L == Case to Cathode Lead 

R8JC = Junction to Case 
R8JA == Junction to Anode Lead (5 bend) 



1N5823, 1N5824, 1N5825 (continued) 

FIGURE 7 - TYPICAL FORWARD VOLTAGE 
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FIGURE 10 - CAPACITANCE 
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FIGURE 8 - MAXIMUM SURGE CAPABILITY 
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FIGURE 9 - TYPICAL REVERSE CURRENT 
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NOTE 4 - HIGH FREQUENCY OPERATION 

Since current flow in a Schottky rectifier is the result of majority 
carrier conduction, it is not subject to junction diode forward and 
reverse recovery transients due to minority carrier injection and 
stored charge. Satisfactory circuit analysis work may be performed 
by using a model consisting of an ideal diode in parallel with a 
variable capacitance. (See Figure 10). 

Rectification efficiency measurements show that operation will 
be satisfactory up to several megahertz. For example. relative 
waveform rectification efficiency is approximately 70 per cent at 
2.0 MHz, e.g., the ratio of dc power to RMS power In the load IS 

0.28 at this frequency. whereas perfect rectification would Yield 
0.406 for sine wave inputs. However, In contrast to ordinary 
junction diodes, the loss In waveform efficiency is not Indicative of 
power loss; It IS simply a result of reverse current flow through the 
diode capacitance, which lowers the dc output voltage. 
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lNS826, lNS827, lNS828 (SILICON) 

Designers Data Sheet 

HOT CARRIER POWER RECTIFIER 

· .. emploYing the Schottky Banter principle In a large area metal-to-sdlcon power 
diode State of the art geometry features epitaxial construction with oXide passiva­
tion and metal overlap contact Ideally sUited for use as rectifIers In low-voltage, 
high-frequency Inverters, free wheelmg diodes, and polarity protectIon diodes. 

• Extremely Low vF • Low Power Loss/HIgh EffiCiency 
• Low Stored Charge, MaJonty • High Surge Capacity 

Carner ConductIon 

Designer's Data for "Worst Case" CondItions 

The DeSigners· Data sheets permit the design of most Circuits entirely from 
the mformatlon presented Limit curves - representmg boundanes on deVice char­
actenstlcs - are Qlven to facilitate "worst case" deSign. 

4MAXIMUM RATINGS 

Rating Symbol lN5826 lN5827 lN5828 

Peak Repetitive Reverse Voltage VRRM 
Working Peak Reverse Voltage VRWM 20 30 40 
DC Blocking Voltage VR 

Non·Repetitive Peak Reverse Voltage VRSM 24 36 48 

Average Rectified Forward Current 10 .. 15 • 
VRleqUlv} 5:0.2 VRldc}. TC = 85°C 

Ambient Temperatu re TA 95 90 85 
Rated VRldc}, PFIAV} = 0, 
ReJA = 5 OOCIW 

Non·Repetitive Peak Surge Current IFSM ~ 500 (for 1 cycle) ____ 

(surge applied at rated load conditions. 
halfwave, smgle phase, 60 Hz) 

Operating and Storage Junction TJ,Tstg ~ -65 to +125 ~ 
Temperature Range (Reverse 
voltage applied) 

Peak Operating Ju nctlon Temperatu re TJlpk} .. 150_ 
(Forward Current Applied) 

'THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case 

'ELECTRICAL CHARACTERISTICS ITC = 25°C unless otherwise noted.} 

Characteristic Symbol lN58'26 

Maximum Instantaneous Forward vF 
Voltage 11} 
liF = 8.0 Amp} 0.380 
IIF = 15 Amp} 0.440 
(iF = 47.1 Amp) 0.670 

Maximum I nstantaneous Reverse IR 
Current @ rated de Voltage (1) 10 
TC = lOOoC 75 

*Indlcates JEDEC Registered Data. 

11} Pulse Test: Pulse Width = 300 ~s, Duty Cycle = 2.0%. 

& Trademark of Motorola Inc. 

lN5827 lN5828 

0.400 0.420 
0.470 0.500 
0.770 0.870 

10 10 
75 75 

'·54 

Unit 

Volts 

Volts 

Amp 

°c 

Amp 

°c 

°c 

Unit 

Volts 

mA 

STYLE 1: 

SCHOTTKY 
BARRIER 

RECTIFIERS 

15 AMPERE 
20,30AO VOLTS 

1. CATHODE 
2. ANODE 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 
A 10.77 11.10 0.424 0.437 
C 10.29 0.405 
D - 6.35 0.250 
E 1.91 4.45 0.075 0.175 
F 1.52 0.060 
J 10.72 11.51. 0.422 0.453 
K 20.32 0.800 

CASE 245-01 

MECHANICAL CHARACTERISTICS 

CASE; Welded, hermetically sealed 

FINISH: All external surfaces corrosion resistant 
and terminal lead ~s readily solderable. 

POLARITY: Cathode to Case 

MOUNTING POSITION: Any 

STUO TOROUE: 15 in. lb. max 



1N5826, 1 N5827, 1N5828 (continued) 

NOTE 1: DETERMINING MAXIMUM RATINGS 

Reverse power dissipation and the possibility of thermal runaway 
must be considered when operating this rectifier at reverse voltages 
above 0.2 VRWM. Proper derating may be accomplished by use 
of equation 11): 

TA(max) = TJ(max) -RaJA PFIAV) - RaJA PRIAV) (1) 
where 

T A(max) == Maximum allowable ambient temperature 

TJ(max) == Maximumallowablejunction temperature (12SoC 
or the temperature at which thermal runaway 
occurs, whichever is lowest). 

PF(AV) = Average forward power dissipation 

PRIAV) = Average reverse pow~r dissipation 

ROJA = Junction-to-ambient thermal resistance 
Figures 1, 2 and 3 permit easier use of equation (1) by taking 
reverse power dissipation and thermal ru naway into consideration. 
The figures solve for a reference temperature as determined by 
equation (2): 

TR = T Jlmax) - RaJA PR(AV) (2) 

Substituting equation (2) into equation (1) yields: 

TAlmax) = TR - R8JA PFIAV) 13) 
Inspection of equations (2) and (3) reveals that TR is the ambient 
temperature atwhich thermal ru naway occurs or where T J = 12SoC. 
when forward power is zero. The transition from one boundary 
condition to the other is evident on the curves of Figures 1, 2 and 

3 as a difference in the rate of change of the slope in the vicinity 
of 1150 C. The data of Figures 1. 2 and 3 is based upon de condi­
tions. For use in common rectifier circuits, Table I indicates sug­
gested factors for an equivalent de voltage to use for conservative 
design; i.e.: 

VR(equiv) = Vin(PK) x F (4) 
The Factor F is derived by considering the properties of the various 
rectifier circuits and the reverse characteristics of Schottky diodes. 

Example: Find TA(max) for lN5828 operated in a 12-Volt de 
supply using a bridge circuit with capacitive filter such that IOC = 

10 A (lFIAV) = 5 A). IIPK)/IIAV) = 20, Input Voltage = 10 
V(rmsl. ROJA = 50 C/W. 

Step 1: Find VR(equiv)' Read F = 0.65 from Table I:. 
VRlequiv) = 11.41)(10)(0.65) = 9.18 V 

Step 2: Find TR from Figure 3. Read TR = 1210C@ VR = 9.18 
& RaJA = 50C/W 

Step 3: Find PFIAV) from.Figure4. tReadPFIAV)=10W 
IIPK) 

@1(AV)=20& IFIAV) = 5 A 

Step 4: Find TAlmax) from equation (3). TA(max) = 121-15)(10) 

= 71°C 

tValues given are for the 1 N5828. Power is slightly lower for the 
other units because of their lower forward voltage. 

TABLE I - VALUES FOR FACTOR F 

Circuit Half Wave 

Load Resistive I Capacitive (1) 

Sine Wave 0.5 I 1.3 
Square Wave 0.75 1 1.5 

111 Note that VRIPK) "'2 VinIPK) 

FIGURE 1 - MAXIMUM REFERENCE TEMPERATURE - lN5826 
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FIGURE 2 - MAXIMUM REFERENCE TEMPERATURE - lN5827 
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1N5826, 1 N5827, 1 N5828 (continued) 
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FIGURE 8 - THERMAL RESPONSE 
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1N5826, 1N5827, 1N5828 (continued) 
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NOTE 2 - HIGH FREQUENCY OPERATION 

20 V 
30 V 
40 V 

36 40 

Since current flow in a Schottky rectifier is the result of majority 
carrier conduction, it is not subject to junction diode forward and 
reverse recovery transient~ due to minority carrier mjection and 
stored charge. Satisfactory circuit analysis work may be performed 
by using a model consisting of an ideal diode in parallel with a 
variable capacitance. (See Figure 11). 
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Rectification efficiency measurements show that operation will 
be satisfactory up to several megahertz. For example, relative 
waveform rectification efficiency IS approximately 70 per cent a1 
2.0 MHz, e g., the ratio of de power to RMS power In the load IS 

0.28 at this frequency, whereas perfect rectification would Yield 
0406 for Sine wave Inputs. However, In contrast to ordmary 
Junction diodes, the loss In waveform effiCiency IS not mdlcatlve 01 

power loss; It IS simply a result of reverse current flow through the 
diode capaCitance, which lowers the de output voltage. 



lNS829, lNS830, lNS831 (SILICON) 

Designers Data Sheet 

HOT CARRIER POWER RECTIFIER 

· .. employing the Schottky Barrier principle in a large area metal· to· 
silicon power diode. State of the art geometry features epitaxial can· 
struction with oxide passivation and metal overlap contact. Ideally 
suited for use as rectifIers in low-voltage, high-frequency Inverters, 
tree wheeling diodes, and polarity protection diodes. 

• Extremely Low VF 

• Low Stored Charge, Majority 
Carrier Conduction 

• Low Power Loss/H igh 
Efficiency 

• High Surge Capacity 

Designer's Data for "Worst Case" Conditions 

The Designers Data sheets permit the design of most Circuits entirely from 

the information presented. Limit curves - representing boundaries on device 

charactleflstics - are given to facilitate "worst case" deSign. 

'MAXIMUM RATINGS 
Rating Symbol 1N5829 1N5830 1N5831 

Peak Repetitive Reverse Voltage VRRM 
Working Peak Reverse Voltage VRWM 20 30 40 
DC Blocking Voltage VR 

Non-Repetitive Peak Reverse Voltage VRSM 24 36 48 

Average Rectified Forward Current 10 • 25 • 
VRleqUlv.) ";;0.2 VRldc), TC = 85°C 

Ambient Temperature TA 
Rated VRldC), PFIAV) =0 90 85 80 

ROJA = 3.50 C/W 

Non-Repetitive Peak Surge Current IFSM 800 Ifor 1 cycle) 
(surge applied at rated load 
condl~lons, halfwave, slOgle phase, 
60 Hz) 

Operating and Storage Junction TJ, Tstg ""---65 to +125 ______ 
Temperature Range (Reverse 

voltage applied) 

Peak Operatmg Junction Temperature TJ Ipk) .. 150 .. 
(Forward Current Applied) 

"THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case 

'ELECTRICAL CHARACTERISTICS ITC = 25°C unless otherwise noted) 

Characteristic Symbol 1N5829 lN5830 1N5831 

MaXimum Instantaneous Forward 
Voltage lt ) 

vF 

I'F = 10Amp) 0.360 0.370 0.380 
(IF :<: 25 Amp) 0.440 0.460 0.480 
I'F = 78.5 Amp) 0.720 0.770 0.820 

Maximum Instantaneous Reverse Current IR 20 20 20 
@RateddeVoltage)ll)ITC= 100°C) 150 150 150 

, Indicates JEDEC Registered Data 
(1 )Pulse Test: Pulse Width = 300 IJ,S, Duty Cycle"" 2.0% 
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Unit 

Volts 

Volts 

Amp 

°c 

Amp 

°c 

°c 

Unit 

Volts 

mA 

SCHOTTKY 
BARRIER 

RECTIFIERS 

25 AMPERE 
20,30, 40 VOLTS 

@J STYLE I: 
1. CATHODE 
2. ANODE 

MILLIMETERS INCHES 
DIM MIN MAX M)N MAX 

A 10.77 11.10 0.424 0.437 
C 10.29 - 0.405 
D - 6.35 0.250 
E 1.91 4.45 0.075 0.175 
F 1.52 - 0.060 
J 10.72 11.51 0.422 0.453 
K - 20.32 0.800 

CASE 245·01 

MECHANICAL CHARACTERISTICS 
CASE: Welded, hermetically sealed 
FINISH: All external surfaces corrOSion 

resistant and terminal lead is 
readily sorderable. 

POLARITY: Cathode to Case 
MOUNTING POSITIONS: Any 
STUD TORQUE: 15 in. lb. Max 



1 N5829, 1 N5830, 1 N5831 (continued) 

NOTE 1: DETERMINING MAXIMUM RATINGS 

Reverse power disSipation and the posslbijity of thermal runaway 
must be considered when operating this rectifier at reverse voltages 
above 0.2 VRWM. Proper derating may be accomplished by use 
of equation 11): 

TAlmax) = TJlmax) - R8JA PFIAV) - ReJA PRIAV) II) 
where 

T A(max) = MaXimum allowable ambient temperature 

TJ(max) = Maximum allowable junction temperature (12SoC 
or the temperature at which thermal runaway 
occurs, whichever is lowest). 

PF{AV) = Average forward power dissipation 

PRIAVI = Average reverse power dissipation 

R8JC = Junction·to·ambient thermal resistance 
Figures 1, 2 and 3 permit easier use of equation 11l by taking 
reverse power diSSipation and thermal runaway into consideration. 
The figures solve for a reference temperature as determined by 
equation (2): 

TR ='TJlmax) - ReJA PRIAV) 12) 

Substituting equation (2) into equation (1) yields: 

TAlmax) = TR - ReJA PFIAV) (3) 
Inspection of equations (2) and (3) reveals that TR IS the ambient 
temperature at which thermal runaway occurs or where TJ = 12SoC, 
when forward power- is zero. The transition from one boundary 
condition to the other is evident on the curves of Figures 1, 2 and 

3 as a difference in the rate of change of the slope in the vicinity 
of 11SoC. The data of Figures 1, 2 and 3 is based upon de cond i­
tions. For use in cammon rectifier circuits, Table I indicates sug.­
gested factors for an equivalent de voltage to use for conservative 
design; i.e.: 

VRlequiv) = Vin(PK) x F (4) 
The Factor F is derived by considering the properties of the various 
rectifier circuits and the reverse characteristics of Schottky diodes. 

Example: Find T Almax) for 1 N5831 operated in a 12·Volt dc 
supply using a bridge circuit with capacitive filter such that 'DC = 

16 A IIFIAV) = 8 AI. IIPK)/IIAV) = 20. Input Voltage = 10 
Vlrms). R8JA = 50 C/W. 

Step 1: Find VRlequiv)' Read F = 0.65 from Table I :. 

VRleqUlv) = 11.41)110110.65) = 9.18 V 

Step 2: FindTR from Figure 3. ReadTR= 1130C@VR=9.18 
& R8JA = 5 0 C/W 

Step 3. Find PFIAV) frQm Figure 4. tRead PFIAV) = 12.8 W 
IIPK) 

@IIAV)=20& IFIAV) = 8 A 

Step 4. Find TAlmax) from equation 131. TAlmax) = 113.(5) 
112.8) = 49°C 

tValues given are for the 1N5831. Power is slightly lower for the 
other units because of their lower forward voltage, 

TABLE I - VALUES FOR FACTOR F 

Circuit Half Wave 

Load Resistive I Capacitive (1 ) 

SlOe Wave 0.5 I 1.3 
Square Wave 0.75 1 1.5 

III Note that VRIPK) "'2 V,nIPK) 

FIGURE 1 - MAXIMUM REFERENCE TEMPERATURE - lN5829 
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lN5829, lN5830, lN5831 (continued) 
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1N5829, 1N5830, 1N5831 (continued) 
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NOTE 2 - HIGH FREQUENCY OPERATION 

20V -
30V ~ 
40V = 

36 40 

Since current flow in a Schottky rectifier is the resu It of majority 
carrier conduction, it is not subject to junction diode forward and 
reverse recovery transients due to minority carrier injection and 
stored charge. Satisfactory circuit analysis work may be performed 
by using 8 model consisting of an ideal diode in parallel with a 
variable capacitance. (See Figure 11), 

Rectification efficiency measurements show that operation will 
be satisfactory up to several megahertz. F or example, relative 
waveform rectification efficiency is approximately 70 per cent at 
2.0 MHz, e.g., the ratio of de power to RMS power in the load is 
0.28 at this frequency, whereas perfect rectification would yield 
0.406 for sine wave inputs. However, in contrast to ordinary 
junction diodes, the loss in waveform efficiency is not indicative of 
power loss; it is simply a result of reverse current flow through the 
diode capacitance. which lowers the de output voltage. 



1 N 5832, 1 N 5833,1 N 5834 (SILICON) 

Designers Data Sheet 

HOT CARRIER POWER RECTIFIER 
employing"the Schottky Barner pn~nclple I'n a large area metal·ta-silicon power 

dl,ode. State 6f the art geometry ieatures epitaxial construction with oXide passlva· 
tlon and metal overlap' contact. :~Ideally sUited for use as rectifiers In low-voltage, 
high-frequency Inverters, free wheeling dIQdes~. and polarity prote~tlOn dl~des 

• Extremely :Low vF , • Low Power Loss/High Efficiency 
• Low Stored Charge, Majority .' High Surge CapacIty 

Carner Conduction 

Designer's Data for "Worst Case" Conditions 

The Designers Data sheets permit the design of most CirCUits entlrely'from 
the information presented Limit curves - repr,esentlng boundaries on device char­
actenstlcs - are qlven to f~Cllltate "worst case" design, 

'MAXIMUM RATINGS 

Rating 

Peak Repetitive Reverse Voltage 
Workmg Peak Reverse Voltage 
DC Blockmg Voltage 

Non-Repetitive Peak Reverse VOltcige 

Average Rect;fu~d Forward Cur.-Enh 

Ambient Te\Tlperature 
Rated VRldci.'~FIAV)' 0, 
ROJA' 2.00C/W 

Non-Repetitive Peak Surge Current 
- (surge applied'at rated load condlflons 

'halfwave, single phase,~60 Hz~ 

Operating and St(9~age Jl:I,nction, 
Temperature Ril,Inge (Rev~rse 
voltage applied) 

Pe'ak Operating JUrlction Tem'perature 
(Forward Current'Applled) , 

'THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case 

Symbol 

VRRM 
VRWM 

",VR 

VRSM 

10 

TA 

'IFSM 

TJ,Tstg 

TJlpk) 

lN5832 lN5833 lN5834 

20 30 40 

24 36 48 .' 40 

100 95 90 

~ 800:(for 1 cycle) ~ 

.......- -65 to +125 ____ 

-----:. 150 

'ELECTRICAL CHARACTERISTICS lTC' 25°C unless otherwise noted.) 

Characteristic Symbol lN5832 lN5833 lN5834 

MaxImum I nstantaneous Forward vF 
Voltagell) 
IIF' 10 Amp) 0.360 0.370 0.380 
ilF = 40 Amp) 0.520 0.550 0.590 
liF' 125 Amp) 0.980 1.080 1.180 

Maximum Instantaneous Reverse IR 
Current@rateddcVoltage (1) 20 20 20 
TC'1000C 150 150 150 

* Indicates JEDEC RegIstered Data. 

(1) Pulse Test: Pulse Width = 300 JlS, Duty Cycle = 2.0%. 
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Unit 

Volts 

Volts 

Amp 

°c 

Amp 

°c 

°c 

Unit 

Volts 

mA 

STYLE 1: 

SCHOTTKY 
BARRIER 

RECTIFIERS 

40 AMPERE 
20,30,40 VOL TS 

TERM. 1. CATHODE 
2. ANODE B 

TermmaI18~~ I i I 
r K 

H) f r 'I 
. TT =r'-P ~ 

SEATING J I ~1/4'28 UNF.2A 
PLANE-i--.l ~~erminaI2 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 

A 16.94 17.45 0.667 ' 0.687 
B 16.94 - 0.667 
C - 11.43 U.45O 
D 9.53 0.37~ 

E 2.92 5.08 0.115 0.200 
F 2.03 0.080 
H 1.52 - 0.060 
J 10.72 11.51 0.422 0.453 
K - 25.40 - 1.000 
L 3.86 0.152 
P 5.59 6.32 0.220 0.249 
Q 3.56 4.45 0.140 0.175 

NOTES: 
1. Dimension "P" is diameter. 
2. All JEDEC dimensions and notes apply. 

CASE 257·01 
DO·203AB 

MECHANICAL CHARACTERISTICS 

CASE: Welded, hermetically sealed 

FINISH: All external surfaces corrosion resistant 
and terminal lead is readily solderable. 

POLARITY: Cathode to Case 

MOUNTING POSITION: Any 

STUD TORQUE: 25 in. lb. Max 



1 N5832, 1 N5833, 1 N5834 (continued) 

NOTE 1: DETERMINING MAXIMUM RATINGS 

Reverse power dissipation and the possibility of thermal runaway 
must be considered when operating this rectifier at reverse voltages 
above 0.2 VRWM. Proper derating may be accomplished by use 
of equation (1): 

TA(max) =TJ(max) -R8JA PF(AV) - R8JA PR(AV) (I) 

where 
T A(max) ::::: Maximum allowable ambient temperature 

TJ(max)::= Maximum allowable junction temperature (125°C 
or the temperature at which thermal runaway 
occurs, whichever is lowestl. 

PF(AV) =. Average forward power dissipation 

PA(AV)::::: Average reverse power dissipation 

ROJC ::::: Junction-to-ambient thermal resistance 
Figures 1, 2 and 3 permit easier use of equation (1) by taking 
reverse power dissipation and thermal runaway into consideration. 
The figures solve for a reference temperature as determined by 
equation (2): 

TR = TJ(max) - ReJA PR(AV) (2) 

Substituting equation (2) into equation (1) yields: 

TA(max) = TR - ReJA PF(AV) (3) 
Inspection of equations (2) and (3) reveals that TR is the ambient 
temperature at wh ich thermal runaway occurs or where T J = 125°C, 
when forward power is zero. The transition from one boundary 
condition to the other is evident on the curves of Figures 1, 2 and 

3 as a difference in the rate of change of the slope in the vicinity 
of 1150 C. The data of Figure. I, 2 and 3 i. based upon de eond i­
tions. For use in common rectifier circuits, Table I indicates sug­
gested factors for an equivalent de voltage to use for conservative 
design; i.e.: 

VR(equiv) = Vin(PK) x F (4) 
The Factor F is derived by considering the properties of the various 
rectifier circuits and the reverse characteristics of Schottky diodes. 

Example: Find TA(max) for lN5834 operated in a 12-Volt de 
supplV using a bridge circuit with capacitive filter such that I DC = 

30 A (IF(AV) = 15 A), '(PK)/'(AV) = 10, Input Voltage = 10 
V(rmsl. R8JA = 30 CIW. 

Step 1: Find VR(equiv)' Read F = 0.65 from Tab)e I :. 

VR(equiv) = (10)(1.41)(0.65) = 9.18 V 

Step 2: FindTR from Figure 3. ReadTR.=1180 C@VR=9.1aV 
& R8JA = 3 0 C/W 

Step 3: Find PF(AV) from Figure 4.tRead PF(AV) = 20 W 
'(PK) 

@'(AV)= 10 & )F(AV) = 15 A 

Step 4: Find T A(max) from equation (3). T A(max) = 118-(3)(20) 

= 580 e 
tValues given are for the 1 N5834. Power is slightly lower for the 

other units because of their lower forward voltage. 

TABLE I - VALUES FOR FACTOR F 

Circuit Half Wave 

Load Resistive Capacitive (1) 

Sine Wave 0.5 1.3 
Square Wave 0.75 1.5 

(nNote that VR(PK) "'2 Vin(PK) 

FIGURE 1 - MAXIMUM REFERENCE TEMPERATURE -1N5832 
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FIGURE 3 - MAXIMUM REFERENCE TEMPERATURE - 1N5834 
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FIGURE 2 - MAXIMUM REFERENCE TEMPERATURE - lN5833 
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1N5832, 1N5833, 1N5834 (continued) 

FIGURE 5 - TYPICAL FORWARD VOLTAGE 
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Prior to surge, the rectifier IS operated suc 
that TJ = lOQoe; VRRM may be applied 
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FIGURE 8 - THERMAL RESPONSE 
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1--11-----l equivalent square power pulse. 

6 TJC = Ppk' ROJC 10 + 11- 01· rlq + tpl + rltpl- rlqlJ 
where 
6. T JC = the mcrease en Junction temperature above the case temperature 
r{t) = normalized value of tranSient thermal resistam:e at Ume, t, from Figure 8, I.e: 

r(11 + tpl = normalized value of tranSIent thermal resIstance at tIme, t1 + tp. 
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1 N5832, 1 N5833, 1 N5834 (continued) 

FIGURE 9 - NORMALIZED REVERSE CURRENT 
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FIGURE 11- CAPACITANCE 
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FIGURE 10 - TYPICAL REVERSE CURRENT 
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NOTE 2 HIGH FREQUENCY OPERATION 

=§ 

20V ~ 
30V == 
40V ~ 

36 40 

Since current flow in a Schottky rectifier is the result of majority 
carrier conduction, It IS not subject to junction diode forward and 
reverse recovery tranSients due to minority carrier injection and 
slored charge. Satisfactory circuit analysis work may be performed 
by using a model consIsting of an ideal diode In parallel with a 
vanable capacitance. (See Figure 11). 

RectIfIcation efficiency measurements show that operation will 
be satisfactory up to several megahertz. For example, relative 
waveform rectificatIOn efficiency IS approximately 70 per cent at 
2.0 MHz, e.g., the ratio of de power to RMS power In the load IS 
028 at this frequency, whereas perfect rectlfrcatlon would Yield 
00406 for sme wave Inputs. However, In contrast to ordinary 
Junction diodes, the loss m waveform efficiency IS not Indicative of 
power loss; It IS simply a result of reverse current flow through the 
diode capacitance, which lowers the de output voltage. 
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lN5837A 
thru 

lN5897A 

500 mW UNIBLOC SILICON OXIDE-PASSIVATED 
ZENER. REGULATOR DIODES 

Highly reliable silicon regulators utilizing an oxide-passivated junc­
tion for long-term voltage stability. Supplied in the popular TO-92 
plastic package for the high volume requirements of the consumer 
industry. 

• In-Line Leads for Easy Insertion 

• Lower Cost in High Volume 

• Electrically Similar to the Popular Surmetic 20 Series 
"lN5221 - lN5281" 

• Wide Voltage Selection - 2.4-200 V 

'MAXIMUM RATINGS 

Rating Symbol Value 

DC Power Dissipation @TL = 5SoC Po 500 
Lead Length' 1/4" 

Derate above 5SoC (Figure 1) 5.26 

Operating and Storage Junction T J.T 51g -65 to +150 
Temperature Range 

"'Indicates JEDEC Registered Data. 

MECHANICAL CHARACTERISTICS 

CASE: Void free. transfer molded, thermosetting plastic 

Unit 

mW 

mW/oC 

°c 

FINISH: All external surfaces are corrosion resistant. leads are readily solderable and weldable 

POLARITY: Cathode indicated by color dot. (When operated in zener mode, cathode will be 
positive with respect to anode.) 

MOUNTING POSITION, Any 

WEIGHT, 0.18 gram lapprox) 

FIGURE 1 - POWER- DERATING 
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L" 114" TOHEATSINK'-
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UNIBLOC 
ZENER REGULATOR DIODES 

500 MILLIWATTS 
2_4 thru 200 VOLTS 

! 
p~1iIJ~B A -r- H 

SEATING . 
PLANEF - - \ L 

-----.l K 

A~ 
D-:j1iG l" 
~ J 1-= _0 

! SECT A·A 

ri" c 

~ 
MILLIMETERS INCHES 

DIM MIN MAX MIN MAX 

A 4.32 5>3 0170 0.210 

• 4.45 5.21 0.175 0.205 
C 3.18 4.19 .125 0.16 
D 035 0.533 0014 0.021 
F 0.407 0.482 0.016 0.1 
G 1.27BSC .050BSC 
H - 127 -
J 2.S48SC a.100esc 
K 12.70 
L .35 0.250 
N 2.0 2 . O. .105 

.15 
R 'A' 0.135 

CASE 182·02 



1N5837A thru 1N5897A (continued) 

ELECTRICAL CHARACTERISTICS Guaranteed when measured at 90 seconds while mamtammg the lead temperature 
TL =' 30 + 1°C, 3/8" from the diode body (VF'" 1 5 Volts Max at IF .>. 200 mAde for all types,) -

Nominal Maximum Maximum Typical 
Motorola Zener Voltage 

. Test Max. R.verse t!- oe Surge Zener Voltage 
Type VZ@IZT Current'" Max. Zener Impedance'" Leakage Current Zener Current Temp. Coeff. Current IZ(5urge)* 

Number Volts IZT ZZT@IZT ZZK @ IZK = 0.25 mA IR at VR IZM- mAde eVZ (%/oC) 
(Note 11 INote 21 mA Ohms Ohms 

1N5837A 24 20 50 2100 
lN5838A 25 20 50 2100 
1N5839A 27 20 50 2200 
lN5840A 28 20 50 2200 
lN5841A 30 20 50 2300 

lN5842A 33 20 50 2500 
lN5843A 3.6 20 48 2700 
lN5844A 3.9 20 40 2800 
1 N5845A 43 20 25 2900 
lN5846A 47 20 19 2600 

1 N5847 A 5 1 20 17 2400 
1N5848A 56 20 15 2100 
lN5849A 60 20 13 1900 
lN5850A 62 20 1. 1500 
1N5851A 68 20 17 780 

1N5852A 75 20 23 700 
lN5853A 82 20 34 700 
lN5B54A 87 20 44 700 
lN5855A 91 20 50 700 
lN5856A 10 20 62 700 

1N5857 A 11 20 68 700 
lN58b8A 12 20 70 700 
lN5859A 13 95 70 700 
lN5860A 14 90 70 700 
lN5861A 15 85 34 700 

1N5862A 16 78 38 700 
lN5863A 17 7.4 42 700 
lN5864A 18 70 48 700 
lN5865A 19 66 52 700 
lN5866A 20 62 57 700 

lNSB67A 22 56 68 700 
lN5868A 24 52 78 700" 
1 NS869A 25 5.0 85 700 
1N5870A 27 4.6 98 700 
lN5871A 28 45 105 700 

1N5872A 30 42 117 700 
lN5873A 33 38 140 700 
lN5874A 36 34 160 700 
1N5875A 39 32 190 800 
lN5876A 43 30 225 900 
lN5877A 47 27 260 1000 
lN5878A 51 25 300 1100 
lN5879A 56 22 360 1300 
lN5880A 60 21 410 1500 
lN5881A 62 2.0 430 1600 

lN5882A 68 1.B 520 1900 
lN5883A 75 1.7 600 2300 
lN5884A B2· 15 700 2700 
lN5885A 87 1.4 780 3100 
lN5886A 91 1.4 840 3400 
lN5887A 100 1.3 1000 4000 
lN5888A 110 11 1200 5000 
lN5889A 120 1.0 1400 5100 
lN5890A 130 0.95 1600 5200 
lN5891A 140 0.90 1800 5300 

lN5892A 150 085 2100 5400 
lN5893A 160 0.80 2300 5500 
lN5894A 170 074 2600 5600 
lN5895A 180 0.68 2900 6000 
lN5896A 190 0.66 3200 6500 
lNS897A 200 0.65 3500 7000 

* Indicates JEDEC Registered Data. 

NOTE 1 - TOLERANCE AND VOL TAGE DESIGNATION 

Tolerance deSignation - The type numbers listed indicate a toler­
ance of ±.10%. DeVice tolerances of ±5% are mdicated by a "8" 
suffiX; .±2% by a "C" SUffiX, ±'1 % by a "0" suffix. ±20% tolerance 
should be deSignated as below With no suffiX. 

Non-Standard voltage deslgF1atJon - To designate units with zener 
voltages other than those assigned the Motorola type number 
should be used. 

EXAMPLE: 

M Z ,¥._-¥. A 
Mo"Ic;rola Zen;roiode Series Nominal Voltage ToiJr;nce 

(±%) 

NOTE 2 - SPECIAL SELECTIONS AVAILABLE INCLUDE: 

(a) Nominal zener voltages between those shown. 
(b) Matched sets: (Standard Tolerances are ±5.0%, ±.2.0%, ± 1.0%) 

a. Two or more units for series connection with specified 
tolerance on total voltage. Series matched sets make 
zener voltages in excess of 200 volts possible as well as 

1-67 

"A volts mAde (Note 4) (Note 3) 

100 1.0 210 10417 -103 
100 10 200 10000 -103 
75 1.0 185 9259 -101 
75 10 179 8929 -100 
50 10 167 8333 -0 09 

25 10 151 7576 -0.068 
15 10 139 6944 -0 051 
10 10 129 6410 -·0034 
50 10 116 581.4 -0010 
50 20 106 531.9 +0012 

5.0 20 98 4902 +0025 
50 3.0 89 4464 +0.035 
50 35 83 4167 +0.041 
50 4.0 80 4032 +0.043 
30 5.0 74 3676 +0.050 

3.0 60 67 333.3 +0.055 
3.0 65 61 3049 +0.059 
30 6.5 57 287.4 +0.061 
30 70 55 274.7 +0.062 
30 BO 50 2500 +0.066 

20 84 45 227.3 +0068 
10 91 41.5 208 3 +0070 
05 99 385 5385 +0072 
01 10 35.5 500.0 +0.074 
01 11 33 4667 +0.076 

01 12 31 437.5 +0077 
0.1 13 29 4118 +0.078 
0.1 14 28 3889 +0.079 
01· 14 26 368.4 +0.080 
0.1 15 25 350.0 +0080 

01 17 22.6 318.2 +0.082 
0.1 18 21 7 291.7 +0.083 
0.1 19 20 2800 +0.083 
01 21 18.5 2593 +0.084 
0.1 21 17.9 2500 +0.084 

0.1 23 16.7 2333 +0.085 
0.1 25 15.1 212.1 +0.086 
0.1 27 139 1944 +0.087 
01 30 12.9 1795 +0.087 
0.1 33 11.6 162.8 +0.088 

01 36 10.6 "48.9 +0088 
0.1 39 9.8 1373 +0.089 
01 43 8.9 125.0 +0.089 
0.1 46 8.3 116.7 +0.090 
0.1 47 8.0 112.9 +0090 

0.1 52 74 102.9 +0.090 
0,1 56 6.7 93.3 +0.090 
0.1 62 6.1 85.4 +0.090 
0.1 68 5.7 80.5 +0091 
0.1 69 5.5 76.9 +0.091 

0.1 76 5.0 50.0 +0091 
0.1 84 4.5 455 +0.091 
0.1 91 4.1 41.7 +0.092 
0.1 99 3.8 38.5 +0.092 
01 106 3.5 35.7 +0.092 

01 114 3.3 33.3 +0.092 
0.1 122 3.1 31.2 +0.092 
01 129 29 294 +0.092 
0.1 137 2.8 27.8 +0092 
01" 144 2.6 26.3 +0.093 
01 152 2.5 25.0 +0.093 

providing lower temperature coefficients, lower dynamic 
Impedance and greater power handling ability. 

b. Two or more Units matched to one another with any 
specified tqlerance. 

NOTE 3 - TYPICAL TEMPERATURE COEFFICIENT (OVZ) 

Test conditions for temperature coefficient are as follows: 

a. IZT = 7.5 mA, T 1 ~ 250C 
T2 ~ 125°C (MZ92·2,4A,B thru MZ92·12A,B). 

b IZT ~ Rated IZT. T 1 = 25°C 
T2 = 1250C (MZ92·13A,B thru MZ92·200A,B) 

Device to be temperature stabilized with current applied prior to 
reading breakdown voltage at the specified ambient temperature. 

NOTE 4 - IZ(surge) NON-REPETITIVE 

The rating listed in the electrical characteristics table is maximum 
peak, non-repetitive, reverse surge current of 112 square wave or 
equivalent sine wave pulse of 1/120 second duration superimposed 
on the test current, 'ZT, per JEDEC registration. 



lN5909 
(Formerly MLED455) 

VISIBLE RED LIGHT-EMITTING DIODE 

· .. designed for panel mount applications where smali size and plug· 
in package are desirable. 

• JEDEC Registered for Guaranteed Mechanical and Electrical 
Conformity 

• High Luminous Intensity 

• Economical Plastic Package 

• Solid·State Reliability 

• Red Diffusing Lens 

• IC Compatible - Low Powe~ Consumption 

• Wide Viewing Angle - 750 

MAXIMUM RATINGS 
Rating Svmbol Value 

Reverse Voltage VR 4.0 

Forward Current - T A - 25°C IF 35 

Peak Pulse Current iF 1000 
(Pul,. Width - 1.01", , - 1 0 kHz) 

*Total Power Dissipation @ T A "" 25 C Po 75 
Derate above 2SoC 1.0 

*Operating and Storage TA,T"Q ·40 to +100 
Temperature Range 

'THERMAL CHARACTERISTICS 

I Characteristic Symbol I Max 

240 I Soldering Temperature 
1/16" from Case for 10 seconds I 

·Indicates JEOEC Registered Data. 
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FIGURE 1 - NORMALIZED RADIOMETRIC 
OUTPUT versus WAVELENGTH 
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\ 
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/ \ 
V \ 

/ \. 
/ \ 

,/ ......... 
~ -620 630 640 650 660 670 680 690 700 710 

',WAVELENGTH InM) 

'-68 

Unit 

Volts 

rnA 

mA 

mW 
mW/oC 

°c 

Unit I 

I 

MINIATURE 
LIGHT EMITTING DIODE 

VISIBLE ReO 
PN GALLIUM 

ARSENIDe PHOSPHIDE 

DIM 

A 

t 
o 

K 

-A 
I~ B 

K 

6!:LlF NOTE: 
~ I. CATHODE 

2. ANODE 

M1LLlMETE 
MIN MAX 
3.68 3.94 
2.92 3.18 
4.95 5.21 
0.3 0.48 
0.76 1.0 
0.20 0.30 
2.41 2.61 
1.18 2.03 

1210 

INtHE 
N MAX 

0.145 0.155 
0.115 0.125 
0.195 0.205 
0.015 0.019 
0.030 o. 40 
0.008 0.01 
0,095 0.105 
0.010 I 0.080 
0.500 

CASE 292·01 



1 N5909 (continued) 

*E LECTRICAL CHARACTERISTICS ITA = 250 C unless otherwise noted.) 

Characteristic Fig. No. Svmbol Min Typ MIX Unit 

Reverse Breakdown Voltage - BVR 4.0 - - Volts 
OR = 100 "A) 

Forward Voltage 2 VF - 1.6 2.0 Volts 
O~ = 20 rnA) 

OPTICAL CHARACTERISTICS IT A = 25°C unless otherwise notedl 

*Axial Luminous Intensity(l} 3.4.5 10 0.3 1.2 - mod 
(IF = 20 mAl 

e"ffective Luminous Area - - - 0.01 - Square·lnch 
Circle 

Peak E mission Wavelength - AD - 660 - nM 

Spectral Line Half Width - !SA. - 30 - nM 

(1) Axial Luminous Intensitv (10) is measured using an International Commission on Illumination 
corrected Photometer and a measurement solid angle of 0.003 Steradian. 

* Indicates JEDEC Registered Data. 

TYPICAL CHARACTERISTICS 
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lN5910 
(Formerly MLED650) 

VISIBLERED L1GHT-EMITTI~G.I;>IODE 

ideally suited 'for' panel mount 'indicator applications in panels 
up to 0,125 inches thick. 

• JEDEC Registered fcir Guaranteed Mechanical'and 
Electrical Conformity . 

• High Luminous Intensity 

• Economical Plastic Package 

• Solid State Reliability 

• Wide Viewing Angle 

• Red Diffusi'ng Lens 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

Reverse Voltage VR 4 .. 0 , Volts 

* Forward Current - T A = 2SoC IF 60 mA 

·Peak Pulse Current 
(Pulse Width''; 1.01'~ •. f = .10 kHz), 

iF 1000 mA 

Total Power Dissipation @ T A = 2SoC PO(ll 125 mW 
Derate above 26"C 1.67 mWtOC 

·oPeratjng and Storage TA. Tstg -40 to +100 °c, 
Temperature Range 

THERMAL CHARACTERISTICS 
" 

Characteristic Symbol Max Unit 

Therma! Resistance, ~unction_~o Ambient ReJA(li 600 °CM 

·Soldering Temperature - - 240 °c 
1/16" From Case for 10 Seconds 

(1) Mounted in metal pan,ef 

*lndicatesJEDEC Registered Data. 

FIGURE 1 - NORMALIZED RADIOMETRIC OUTPUT v .... us WAVELENGTH 

1.0 
I '\ 0.9 

0-
f I \ => 0.8 

l= , 
5 0.7 

" I \ ~ 0.6 0- f \ ~ 0.5 0 I \ c 
~ 0.4 

) 0 
0.3 I\. w 

N / \ :::; 
0.2 

~ 0.1 0 
V ......... '" - """" 

a 
810 620 630 640 650 660 670 680 690 700 710 

>.. WAVELENGTH (.M) 

'-70 

PANEL MOUNT 
LIGHT EMITTING DIODE 

VISIBLE RED 
PN GALLIUM 

ARSENIDE PHOSPHIDE 

DIM 
A 
B 
C 
D 
E 
F 
G 
J 
K 
R 

STYLE 1. 
PIN 1. CATHODE 

2 ANODE 

MILLIMETERS INCHES 
MIN MAX MIN MAX 
5.72 5.97 0.225 0.235 
4.95 5.21 0.195 0.205 
8.38 8.89 0.330 0.350 
0.41 0.51 0.016 0.020 
0.64 0.89 0.025 0.035 
0.30 0.46 0.012 0.018 
2.44 2.64 0.096 0.104 
2.44 2.54 0.096 0.100 

12.57 13.21 0.495 0.520 
2.54 2.79 0.100 0.110 

CASE 279·01 



1 N5910 (continued) 

*ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.) 

Characteristic Fig. No. Svmbol Min Tvp Max Unit 

Reverse Breakdown Voltage - BVR 4.0 - - Volts 
(lR = 100 itA) 

Forward Voltage 2 VF - 1.6 2.0 Volts 
(IF =20mA) 

OPTICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 

Characteristics Fig. No. Svmbol Min TVp Max Unit 

Axial Luminous Intensity (1) 3,4 10 rna! 
*(IF=20mA) 0.3 0.8 -
(IF = 50 rnA) - 1.4 -

Effective Luminous Area - - - 0.03 Square~1 net 

Circle 

Peak Emission Wavelength - AP - 660 - nM 

Spectral Line Half Width - "A - 30 - nM 

(1) Axial Luminous Intensity (1 0 ) is measured using an International Commission on Illumination corrected Photometer and a measurement 
solid angle of 0.003 Steradian. 

*Indicates JEOEC Registered Data. 

TYPICAL CHARACTERISTICS 
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lN5911 
(Formerly MLED750) 

VISIBLE GREEN LIGHT-EMITTING DIODE 

ideally suited for panel mount indicator applications in panels 
up to 0.125 inches thick. 

• JEDEC Registered for Guaranteed Mechanical and 
Electrical Conformity. 

• High Luminous Intensity 

• Economical Plastic Package 

• Solid State Reliability 

• Wide Viewing Angle - 900 

• Green Diffusing Lens 

MAXIMUM RATINGS 

Rating Symbol Value 

Reverse Voltage VA 4.0 

'I- Forward Current - T A - 2SoC IF 35 

*Peak Pulse Current iF 1000 
(Puis. Width = 1.0 }'S. f = 10kHz) 

*Total Power Dissipation @ T A'" 25°C PO(1) 125 
Derate above 25°C 1.67 

*OperatlOg and Storage TA.Tstg -40 to +100 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal ReSIstance, Junction to Ambient AeJA(1) 600 

*Soldering Temperature - - 240 
1/16" from Case for 10 Seconds 

(1) Mounted in metal panel 
*Indicates JEOEC Registered Data. 

FIGURE 1 - NORMALIZED RADIOMETRIC OUTPUT 
versus WAVELENGTH 
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1-72 

Unit 

Volts 

rnA 

rnA 

rnW 
mW/oC 

°c 

Unit 

°C/W 

°c 

PANEL MOUNT 
LIGHT EMITTING DIODE 

VISIBLE GREEN 
PN GALLIUM PHOSPHIDE 

STYLE 1 
PIN 1 CATHODE 

2 ANODE 

r 

DIM 
A 
B 
C 
0 
E 
F 
G 
J 
K 
R 

SEATING 
PLANE 

MIlliMETERS 
MIN MAX 
5.72 5.97 
4.95 5.21 
8.38 8.89 
0.41 0.51 
0.64 0.89 
0.30 0.46 
2.44 2.64 
2.44 2.54 

12.57 13,21 
2,54 2.79 

INCHES 
MIN MAX 
0.225 0.235 
0.195 0.205 
0.330 0.350 
0.016 0,020 
0.025 0.035 
0.012 0.018 
0.096 0.104 
0,096 0.100 
0.495 O. 20 
0.100 0.110 

CASE 279·01 



1N5911 (continued) 

*ELECTRICAL CHARACTERISTICS (T A = 2SoC unle .. otherwise noted) 

Characteristic Figure No. Symbol Min Typ Max Unit 

Reverse Breakdown Voltage - BVR 4.0 - - Volts 

(lR = l00I'AI 

Forward Voltage 2 VF - 2.1 3.0 Volts 
(iF=2SmA) 

OPTICAL CHARACTERISTICS (T A = 2SoC unless otherWIse noted.) 

Characteristic Figure No. Symbol Min Typ Max Unit 

·Axial Luminous Intensity (1) 3,4,5 10 0.3 O.S - mcd 
(IF=2SmA) 

Effective Luminous Area - - - 0.03 - Square-I nch ..,; 
Peak Emission Wavelength - Ai> - 560 - nM 

Spectral Line Half Width - Il.I- - 30 - nM 

·'ndicates JEDEC Registered Data. 
(1) Axial luminous Intensity (1 0 ) is measured using an International Commission on Illumination corrected Photometer and a measurement 

solid angle of 0.003 Steradian. 

TYPICAL CHARACTERISTICS 
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lN5912 
(Formerly MLED850) 

VISIBLE YELLOW LIGHT-EMITTING DIODE 

· .. ideally suited for panel mount indicator applications in panels 
up to 0.125 inches thick. 

• JEDEC Registered for Guaranteed Mechanical and 
Electrical Conformity. 

• High Luminous Intensity 

• Economical Plastic Package 

• Solid State'Reliability 

• Wide Viewing Angle - 900 

• Yellow Diffusing Lens 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

Reverse Voltage VR 4.0 Volts 

"Forward Current - T A = 25°C IF 35 mA 

·Peak Pulse Current iF 1000 mA 

(Pulse Width' 1.0 ~s, f· 10 kHz) 

*Total Power Dissipation @ TA "" 2SoC PO(1) 125 mW 

Derate above 25~C 1.67 mWflC 

"Operating and Storage Junction TA,Tstg -40 to +100 °c 

Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol MaK Unit 

Thermal Aesistance. Junction to Ambient ReJA{I) 600 °CIW 

"Soldering Temperature- - 240 °c 
1/16" from Case for 10 Seconds 

(1) Mounted in metal panel 
"Indicates JEOEC Registered Data. 

FIGURE 1 - RELATIVE INTENSITY ve,susWAVELENGTH 
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PANEL MOUNT 
LIGHT EMITTING DIODE 

VISIBLE YELLOW 
PN GALLIUM PHOSPHIDE 

rBl 
STYLE 1 ~ 

PIN 1 CATHOOE C 

1 ANOOE ~M 

T- tlEl 
SEATING K 

PLANE ~ 

GJ.Jt=D 

MILLIMETERS ~ DIM MIN MAX 
A 5.72 5.97 ~ B 4.95 5.11 ~ C B.38 8.89 ~ 0 0.41 0.51 ~ E 0.64 0.89 ~ F 0.30 0.46 --w.¥-G 2.44 2.64 ~ J 2.44 2.54 :!! K 12.57 13.21 0.5 
R 1.54 2.79 0.110 

CASE 279-01 



lN5912 (continued) 

*ELECTRICAL CHARACTERISTICS (TA = 25°C unle .. otherwise noted.1 

Characteristic Figure No. Symbol Min Typ Max Unit 

Reverse Breakdown Voltage - BVR 4.0 - - Volt. 
(iR=100I'AI 

Forward Voltage 2 VF - 2.1 3.0 Volts 
(iF=25mAI 

OPTICAL CHARACTERISTICS (T A = 25°C unl.s. otherwise noted. I 

Ch.rlem istic Figure No. Symbol Min Typ .Max Unit 

·Axial Luminous Intensity (1) 3,4.5 '0 0.3 O.S - mcd 
(iF=25mAI 

Effective Luminous Area - - - 0.03 - Square-I nch 
Circl. 

Peak Emission Wavelength - N> - 675 - nM 

Spectral Line Half Width - dA - 30 - nM 

-Indicates JEDEC Registered Data: 
(1) Axial Luminous Intensity (1 0 ) is measured using an International Commission on Illumination corrected Photometer and a measurement 

solid angl. of 0.003 Steradian. 

TYPICAL CHARACTERISTICS 
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1 N 5913 (SILICON) 
thru 

lN5956 

1.5 WATT HERMETICALLY SEALED GLASS 
SILICON ZENER DlOPES 

A completely new line of 1.S-Watt Zener Diodes offering the 
following advantages: 

• Complete Voltage Range - 3.3 to 200 Volts 

• 00·41 Package - Smaller than Conventional Metal Devices 

• Double Slug Type Construction - Mobile Particle Problem 
Eliminated 

• Metallurgically Bonded Construction 

• JEDEC Registered Parameters 

• Oxide Passivated Diode 

·MAXIMUM RATINGS 

Rating Svmbol Value Unit 

DC Power Dissipation @ TL == 75°C, Po 1.5 Watts 
Lead Length ~ 3/8" 
Derate above 7SoC 12 mW/oC 

Operating and Storage Junction TJ,l'stg -55 to +200 °c 
Temperature Range 

·'ndicates JEDEC Registered Data. 

MECHANICAL CHARACTERISTICS 

CASE: Double slug type, hermetically sealed glass 

MAXIMUM LEAD TEMPERATURE FOR SOLDERING PURPOSES: 230°C, 1/16" from 
case for 10 seconds 

FINISH: All external surfaces are corrosion resistant with readily solderable leads 

POLARITV: Cathode indicated by color band. When operated in zener mode, cathode will 
be positive with respect to anode. 

MOUNTING POSITION: Any 
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FIGURE 1 - STEADY STATE POWER DERATING 

I I I I b-,. 
/' HeatSmks .......... -

r--.., 

H= '" "'" "'" --i 3/8"1-.) 3/8""f---

""-
""" """ """ I .......... 20 40 60 80 100 120 140 160 180 200 

Tl, lEAD TEMPERATURE I'C) 

'-76 

GLASS ZENER DIODES 

1.5 WATTS 

3.3 - 200 VOLTS 

K 

NOTE 

DIM 

A 
8 
0 
F 
K 

1 POLARITY DENOTED BY 
CATHODE BAND 

MILLIMETERS INCHES 
MIN MAX MIN MAX 

4.07 5.20 0.160 0.205 
2.04 2.71 0.080 0.107 
0.71 0.86 0.028 0.034 
- 1.27 - 0.050 

27.94 1.100 

AU JEOEC dImenSIons and notes apply, 

. CASE 59·03 
00·41 



1 N5913 thru 1 N5956(continued) 

*ELECTRICAL CHARACTERISTICS (TL =:woc unle.s otherwise noted.) (VF= 1.5 Volts Max iii IF • 200 mAde for all typos.) 

Nominal Max. Zener I mpadance 
Max. Re..".. 

Maximum DC 
Motorola Zenor Voltage Test 

Typo VZlIlZT Current 
Number Volts IZT ZZT@IZT 

(Nota 1) (Nota 2) mA Ohms 

lN5913 3.3 113.6 10 
lN5914 3.6 104.2 9.0 
lN5915 3.9 96.1 7.5 
lN5916 4.3 87.2 6.0 
lN5917 4.7 79.8 5.0 
lN5918 5.1 73.5 4.0 
lN5919 5.6 66.9 2.0 
lN5920 6.2 60.5 2.0 
lN5921 6.8 55.1 2.5 
lN5922 7.5 50.0 3.0 
lN5923 8.2 45.7 3.5 
lN5924 9.1 41.2 4.0 
lN5925 10 37.5 4.5 
lN5926 11 34.1 5.5 
lN5927 12 31.2 6.5 
lN5928 13 28.8 7.0 
lN5929 15 25.0 9.0 
lN5930 16 23.4 10 
lN5931 18 20.8 12 
lN5932 20 18.7 14 
lN5933 22 17.0 17.5 
lN5934 24 15.6 19 
lN5935 27 13.9 23 
lN5936 30 12.5 28 
lN5937 33 11.4 33 
lN5938 36 10.4 38 
lN5939 39 9.6 45 
lN5940 43 8.7 53 
lN5941 47 8.0 67 
lN5942 51 7.3 70 
1 N5943 56 6.7 86 
lN5944 62 6.0 100 
1 N5945 68 5.5 120 
lN5946 75 5.0 140 
lN5947 82 4.6 160 
lN5948 91 4.1 200 
lN5949 100 3.7 250 
lN5950 110 3.4 300 
lN5951 120 3.1 380 
lN5952 130 2.9 450 
lN5953 150 2.5 600 
lN5954 160 2.3 700 
lN5955 180 2.1 900 
1 N5956 200 1.9 1200 

·'ndicates JEDEC Registered Data. 

NOTE 1 - TOLERANCE AND VOLTAGE DESIGNATION 

Tolerance designation - The type numbers listed indicate a toler­
ance of ±20%. Device tolerances of ±JO% are indicated by an "A" 
suffix, ±5% by • "B" suffix, ±2% by • "c" suffix, ±.1% by • "0" 
suffix. 

Non-Standard voltage deSignation - To deSignate units with zener 
voltages other than those assigned the Motorola type number 
should be used. 

EXAMPLE: 

M Z G 4---¥.-, A 
Moic;rOla z;fe, G7;'. Series Nominal Voltage Toil,;nce 

(±.%) 

ZZK 
Ohms 

500 
500 
500 
500 
500 
350 
250 
200 
200 
400 
400 
500 
500 
550 
550 
550 
600 
600 
650 
650 
650 
700 
700 
750 
800 
850 
900 
950 
1000 
1100 
1300 
1500 
1700 
2000 
2500 
3000 
3100 
4000 
4500 
5000 
6000 
6500 
7000 
8000 

'·77 

Zena, 
Leakage Currant Currant 

@ IZK IR 1I VR IZM 
mA ",A Volts mAde 

1.0 100 1.0 454 
1.0 75 1.0 416 
1.0 25 1.0 384 
1.0 5.0 1.0 348 
1.0 5.0 1.5 319 
1.0 5.0 2.0 294 
1.0 5.0 3.0 267 
1.0 5.0 4.0 241 
1.0 5.0 5.2 220 
0.5 5.0 6.0 200 
0.5 5.0 6.5 182 
0.5 5.0 7.0 164 
0.25 5.0 8.0 150 
0.25 1.0 8.4 136 
0.25 1.0 9.1 125 
0.25 1.0 9.9 115 
0.25 1.0 11.4 100 
0.25 1.0 12.2 93 
0.25 1.0 13.7 83 
0.25 1.0 15.2 75 
0.25 1.0 16.7 68 
0.25 1.0 18.2 62 
0.25 1.0 20.6 5? 
0.25 1.0 22.8 50 
0.25 1.0 25.1 45 
0.25 1.0 27.4 41 
0.25 1.0 29.7 38 
0.25 1.0 32.7 34 
0.25 1.0 35.8 31 
0.25 1.0 38.8 29 
0.25 1.0 42.6 26 
0.25 1.0 47.1 24 
0.25 1.0 51.7 22 
0.25 1.0 56.0 20 
0.25 1.0 62.2 18 
0.25 1.0 69.2 16 
0.25 1.0 76.0 15 
0.25 1.0 83.6 13 
0.25 1.0 91.2 12 
0.25 1.0 98.8 11 
0.25 1.0 114 10 
0.25 1.0 121.6 9.0 
0.25 1.0 136.8 8.0 
0.25 1.0 152 7.0 

NOTE 2 - SPECIAL SELECTIONS AVAILABLE INCLUDE: 

(a)" Nommal zener voltages between those shown. 
(bl Matched sets' (Standard Tolerances are ±5.0%, ±2.0%, ± 1.0%) 

a. Two or more units for series connection with specified 
tolerance on total voltage. Series matched sets make 
zener voltages In excess of 200 volts possible as well as 
providing lower temperature coefficients, lower dynamiC 
Impedance and greater power handlmg ability 

b. Two or more units matched to one another with any 
specified tolerance. 



1N5913 thru 1N5956 (continued) ' .... 

TYPICAL CHARACTERISTICS 

TEMPERATURE COEFFICIENTS (~550C to +15~oC temperatur.e range) 

FIGURE 2 - ZENER VOLTAGE - TO 12 VOLTS FIGURE 3 - ZENER ifOLTA~E - 14,Tp 200 VOLTS. 
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2N ... 3N ... & 4N ... JEDEC REGISTERED 
DEVICE SPECIFICATIONS 
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2NSO 16 (SILICON) 

The RF Line 

NPN SILICON RF POWER TRANSISTOR 

· .. designed for VHF and UHF power amplifier applications in 
military and industrial equipment. Suited for use in Class B or C 
amplifier applications to 600 MHz. 

• High Power Output -
Pout = 15 W (Min) @f= 400 MHz 

• Balanced Emitter Construction to Assure Ruggedness and Resist 
Transistor Damage Due to Load Mismatch 

• Large·Signal Impedance Data Provided to Simplify Matching Net· 
. work Design 

*MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector~Emitter Voltage VCEO 30 Vdc 

Coliector~Base Voltage VCB 65 Vdc 

Emitter-Base Voltage VEB 4.0 Vdc 

Collector Current - Continuous IC 4.5 Adc 

Base Current-Continuous IB 1.5 Adc 

Total DeviceOissipation@Tc=SOoC Po 30 Watts 
Derate above 50"C 0.2 W/oC 

Operating and Storage Junction T J,T stg -65 to +200 °c 
Temperature Range 

"Indicates JEOEC Registered Data. 

2-2 

DIM 

A 
B 
C 
0 
E 
G 

~-
J 
K 
L 
N 
P 
R 
T 

15 W-400 MHz 
RF POWER 

TRANSISTOR 

NPN SILICON 

MILLIMETERS INCHES 
MIN MAX MIN MAX 

12.57 13.08 0.495 0.515 
Ion 11.10 0.424 0.437 
5.46 8.13 0.215 0.320 
0.762 1.17 0.030 0.046 
2.29 3.43 0.090 0.135 
4.70 5.46 0.185 0.215 
- 1.98 0.078 
9.53 11.56 0.375 0.455 
9.02 12.19 0.355 0.480 
2.29 2.79 0.090 0.110 

4.19 0.165 
4.14 4.80 0.163 0.189 
8.13 9.14 0.320 0.360 
9.14 11.10 0.360 0.437 

All JEDEC dimensions and notes apply 

CASE 36 
TD·60 



2N5016 (continued) 

'ELECTRICAL CHARACTERISTICS ITc ~ 25°C unless otherwise noted I 

Characteristic 

OFF CHARACTERISTICS 

Collector~Emltter Sustaining Voltage (1) 
(IC = 200 mAde, IB = 0) 

Collector·Emltter Sustaining Voltage (1) 
(I C = 200 mAde, RBE = 30 ohms) 

Collector Cutoff Current 
(VCE = 60 Vde, VEB(off) = 1.5 Vde) 
(VCE = 30 Vde, VEB(off) = 1.5 Vde, TC = 150°C) 

Emitter Cutoff Current 
(VEB = 4.0 Vde, IC = 0) 

ON CHARACTERISTICS 

DC Current Gain 
(lC = 500 mAde, VCE = 4.0 Vde) 
(IC = 4.5 Ade, VCE = 4.0 Vde) 

DYNAMIC CHARACTERISTICS 

Current-Gain-Bandwidth Product (2) 
(IC = 500 mAde, VCE = 15 Vde, f = 400 MHz) 

Output Capacitance 
(VCB = 30 Vde, IE = 0, f - 1.0 MHz) 

FUNCTIONAL TEST 

Power Input 

(Pout = 15 W, VCC = 28 Vde, f = 400 MHz) 

Collector Efficiency 
(Pm = 5.0 W, Pout = 15 W, VCC = 28 Vde, f = 400 MHz) 

* Indicates JEDEC Registered Data. 

(1) Pulsed thru 25 mH Inductor @ 50% Duty Cycle. 
(2) fT is defined as the frequency at which Ihfel extrapolates to unity. 
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FIGURE 1 - 400 MHz POWER OUTPUT TEST CIRCUIT 
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2N5016 (continued) 

FIGURE 2 - POWER OUTPUT versus FREOUENCY 
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FIGURE 4 - POWER OUTPUT versus POWER INPUT 
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2N5016 (continued) 
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2N5031 (SILICON) 

2N5032 

NPN SILICON RF SMALL·SIGNAL TRANSISTORS· 

· .. designed primarily for use in high-gain, low-noise, small-signal 
amplifiers in military and industrial equipment_ Suitable for use in 
video wideband and general high-frequency amplifier applications 
of 50 to 1000 MHz. 

• Low Noise Figure -
NF = 2.5 dB (Max) @ f = 450 MHz (2N5031) 

• High Power Gain -
Gpe = 17 dB (Typ) @ f = 450 MHz 

• High Current-Gain-Bandwidth Product -
fT = 1000 MHz (Min) @ IC = 5.0 mAdc 

*MAXIMUM RATINGS 

Rating Symbol 

Collector~Emitter Voltage VCEO 

Collector~Base Voltage VCB 

Emitter-Base Voltage VEB 

Collector Current - Continuous IC 

Total Device Dissipation@TA = 25°C Po 
Derate above 25°C 

Operating and Storage Junction TJ,Tstg 
Temperature Range 

·'ndic8tes JEOEC Registered Data. 

Value 

10 

15 

3.0 

20 

200 

1.14 

-65 to +200 

2·6 

Unit 

Vde 

Vde 

Vde 

mAde 

mW 

mW/oC 

°c 

PIN 1. 
2. 
3. 
4. 

NPNSILICON 
RF SMALL·SIGNAL 

TRANSISTORS 

MIlliMETERS INCHES 
DIM MIN MAX MIN MAX 

A 5.31 5~4 0.209 0.2 
B 4.52 4.95 0.178 0.195 
C 5.33 0.170 0.210 
D 0.53 0.016 0.021 
E 0.76 0.030 
F 0.48 0.Q16 0.09 
G BSC 0.100 BSC 
.H 1.17 0.036 0.046 
J 0.028 0.048 
K 0.500 
L 0.250 
M 45 BSC 
N .5 BSC 
P .050 

ALL JED EC dimensions and notes applv 

CASE ~o.03 
TO-72 



2N5031, 2N5032 (continued) 

ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 

I Characteristic I Symbal 

OFF CHARACTERISTICS 

'Coliector·Emitter Breakdown Voltage 
(I~= 1.0 mAde, IB = 0) 

'Coliector·Base Breakdown Voltage 
(lC = 0.01 mAde, IE = 0) 

'Emitter·Base Breakdown Voltage 
(IE = 0.01 mAde, IC = 0) 

'Collector Cutoff Current 
(VCB = 6.0 Vde, IE = 0) 

ON CHARACTERISTICS 

"'DC Current Gain 
(lC = 1.0 mAde, VCE = 6.0 Vdc) 

Co"ector~emitter Saturation Voltage 
(lc = 10 mAde, 18 = 1.0 mAde) 

Base·Emitter Saturation Voltage 
(lc = 10 mAde, 18 = 5.0 mAde) 

DVNAMIC CHARACTERISTICS 

·Current·Gain-Bandwidth Product 
(lc = 5.0 mAde, VCE = 6.0 Vdc, f = 100 MHz) 

·Output Capacitance 
(VCE = 6.0 Vde, IE = 0, f = 0.1 MHz) 

Colleetor·Base Time Constant 
(lC = 6.0 mAde, VCE = 6.0 Vde, f = 31.8 MHz) 

'N~ise Figuret (Figur. 1) 
(lC = 1.0 mAde, VCE = 6.0 Vdc, f =450 MHz) 

FUNCTIONAL TEST 

'Common·E mitter Amplifier Power Gain t (F iguro 1) 
(VCE = 6.0 Vde, IC = 1.0 mAde, f = 450 MHz) 

·'ndicetes JEDEC Registered Data. 
tTuned for Minimum Noise. 

BVCEO 

BVCBO 

BVEBO 

ICBO 

hFE 

VCE(satl 

V8E(sat) 

fT 

Ceb 

rb'Cc 

NF 
2N5031 
2N5032 

Min Typ Max Unit 

10 - - Vde 

15 - - Vde 

3.0 - - Vde 

- 1.0 10 nAde 

25 - 300 -
- 0.35 - Vde 

- 1.0 - Vde 

1000 - 3500 MHz 

- 1.3 1.5 pF 

- 5.0 - ps 

d8 
- - 2.5 
- - 3.0 

FIGURE 1 - POWER GAIN AND NOISE FIGURE TEST CIRCUIT FIGURE 2 - COLLECTOR-BASE CAPACITANCE versus VOLTAGE 
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2N5031, 2N5032 (continued) 

FIGURE 3 - CURRENT -GAIN-BANDWIDTH PRODUCT 
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2N5031, 2N5032 (continued) 
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2N5050 (SILICON) 

2N5051 
2N5052 

MEDIUM-POWER NPN SILICON TRANSISTORS 

· . . designed for untuned amplifier and switching applications.' 

• High Voltage Ratings -
vCEO = 125, 150 and 200 Vdc 

• Low Collector-Emitter Saturation Voltage -
VCE(sat) = 1.0 Vdc (Max) @ IC = 0.75 Adc 

• Packaged in the Compact, High Efficiency TO-66 Case 

*MAXIMUM RATINGS 

Rating Symbol 2N5050 12N5051 

Collector-Emitter Voltage VCEO 125 I 150 

ColI.cto,-Ba.e Voltage VCB 125 I 150 

Emitter-Base Voltage VEB 6.0 

Collector Current - Continuous I .... 2.0 

Base Current IR 1.0 

Total Device Dissipation @TC= 2SoC Po 40 
Derate above 2SoC 0.266 

Operating JUnction Temperature Range T -65 to +175 

Storage Temperature Range Tstg -6Sto +200 

*THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance. Junction to Case 
*Indicates JEDEC Registered Data. 

2N5052 

200 

200 

FIGURE 1 - ACTIVE-REGION SAFE OPERATING AREA 

;:5

1

.: •• 1.0

ms 
::: 100", 

~ 2.0 S.Oms 

ro :: 0.5 ;=Tr 1750C de 

:.; 0.2 r-----Seeondary Breakdown Limited =H+~"~~~=t~ 
t; ~- - - Bonding Wire Limited 
j 0.1 ~- - - - Thermal Limitations Te '" 25DC """"-

8 0.05 F: Applicable For Rated BVCEO 

~ 

0.02 t:EE8ltE:j=t=8=t=8=EtE=:t:t:tj 0.01 L 
3.0 5.0 10 20 30 50 100 200 300 

VCE. COLLECTOR·EMITTERVOLTAGE (VOLTS) 

The Safe Operating Area Curves indicate Ie-VeE limits below 
which the device will not enter secondary breakdown. Collector 
load lines for specific circuit$ must fall within the applicable Safe 
Area to avoid causing a catastrophic failure. To insure operation 
belQw the maximum T J. power·temperature derating must be ob­
served for both steady state and pulse power conditions. 
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Unit 

Vdc 

Vdc 

Vdc 

Adc 

Adc 

Watts 
W/oC 

°c 
°c 

STYLEt: 

2 AMPERE 
POWER TRANSISTORS 

NPNSILICON 

125-200 VOLTS 
40 WATTS 

--F--

PIN 1. BASE 
2. EMITTER 

CASE. COLLECTOR 

MILLIMETERS I CHES 
DIM MIN MAX MIN AX 
B 11.94 12.70 0.470 O. 00 
C .36 .6 0.2 0.340 
0 0.71 0.86 0.028 0.034 

1.7 1.1 0.050 0.075 
F 24.33 24.4 0,958 0.962 
G 4.83 5.3 0.1 0.210 
H 2.41 2.87 0.095 0.105 
J 14.48 14.99 0.67 0.500 
K 9.14 -

'~I P 1.27 

• 3.61 3.86 0.~42 S - 8.89 
T - 3.68 
U 15.75 

All JEDEC Dimensions and and Notes Apply. 

CASE 80-02 
TO-56 



2N5050,2N5051,2N5052(continued) 

ELECTRICAL CHARACTERISTICS (Te = 250 e unless otherwise noted) 

I Characteristic I Symbol Min Max 

'OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage (Note 1) VCEO(sus) 
(lc = 200 mAde, IB = 0) 2NSOSO 125 -

2N5051 150 -
2NS052 200 -

Collector-Emitter Cutoff Current ICED 
(VCE = 62.5 Vde, IB = 0) 2NSOSO - 0.1 

(VCE = 75 Vde, IB = 0) 2NSOSI - 0.1 

(VCE = 100 Vde, IB = 0) 2N5052 - 0.1 

Collectar-E mitter Cutoff Current ICEX 
(VCE = Rated VCEO, VEB(oll) = 1.5 Vde) - 0.5 

(VCE = Rated VCEO, VEB(oll) = 1.5 Vde, TC = 150oC) - 5.0 

Emitter-Base Cutoff Current lEBO - 0.1 
(VBE = 6.0 Vde, IC = 0) 

'ON CHARACTERISTICS 

DC Current Gain (Note 1) hFE t (lC = 0.75 Ade, VCE = 5.0 Vde) 25 100 

(lc = 1.0 Ade, VCE = 5.0 Vde) 25 -

(lC = 2.0 Ade, VCE = 5.0 Vde) 5.0 -

Collector-Emitter Saturation Voltage (Note 1) VCE(satl 
(lC = 0.7S Ade, IB = 0.1 Ade) - 1.0 

(lC = 2.0 Ade, IB = 0.4 Adc) - 5.0 

Base-Emitter On Voltage (Note 1) VBE(on) - 1.2 
(lC = 0.75 Ade, VCE = 5.0 Vde) 

'DYNAMIC CHARACTERISTICS 

Current-Gain-Bandwidth Product tr 10 -
(lc = 250 mAde, VCE = 10 Vdc, I = 5.0 MHz) 

Small-Signal Current Gain hie 25 -
(lC = 250 mAde, VCE = 10 Vdc, I = 1.0 kHz) 

Common Base Output Capacitance Cob - 250 
(VCB = 10 Vde, IE = 0, I = 100 kHz) 

'SWITCHING CHARACTERISTICS 

Rise Time (VCC = 120 Vde, IC = 7S0 mAde, tr - 300 

Storage Time RL = 150 Ohms, to - 3.S 

Fall Time 
IBI = IB2 = 100 mAde) 

tl - 1.2 

*Indicates JEDEC Registered Data. Note 1: Pulse Test: Pulse Width ~ 300 ,",5, Duty Cycle S2.0%. 

1.0 

~ 0.5 
W2 

~ ~ 0.3 
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w~ 
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0.1 --

0.05 --
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Unit 

Vde 

mAde 

mAde 

mAde 

-

lide 

Vdc 

MHz 

-

pF 

n' 
jjS 

jjS 

SOD 1000 



2N5058S (SILICON) 

NPN SILICON ANNULAR TRANSISTORS 

· .. designed for high·voltage amplifier and driver applications. 

• High Collector· Emitter Breakdown Voltage -
BVCEO = 300 Vdc (Min) - 2N5058S 

• DC Current Gain Specified -
5.0 mAdc to 100 mAdc 

• Coliector·Emitter Saturation Voltage -
VCE(sat) = 1.0 Vdc (Max) @ IC = 30 mAdc 

*MAXIMUM RATINGS 

Rating Symbol 2N5058S 2N5059S 

Collector-Emitter Voltage VCEO 300 250 

Collector-Base Voltage Vce 300 250 

Emitter-Base Voltage VEB 7.0 6.0 

Collector Current - Continuous IC 150 

Total Power Dissipation @ TA = 2SoC PD 1.0 
Derate above 2SoC 6.67 

Total Power Dissipation @ T C = 2SoC PD 5.0 
Derate above 2SoC 33.3 

Operating and Storage Junction TJ,Tstg -65 to +200 
Temperature Range 

'THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance. Junction To Ambient ReJA(11 150 

Thermal Resistance. Junction to Case ReJC 30 

* Indicates JEDEC Registered Data 

Unit 

Vdc 

Vdc 

Vdc 

mAde 

Watt 
mW/oC 

Watts 
mW/DC 

°c 

Unit 

°C/W 

°C/W 

(1) R8JA is measured with the device soldered into a typical printed circuit board. 
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NPNSILICON 
AMPLIFIER/DRIVER 

TRANSISTORS 

DIM 

A 
8 
C 
0 
E 
F 
G 
H 
J 
K 
L 
M 
P 
Q 

R 

STYLE 1 
PIN 1 EMITTER 

2. BASE 
3. COLLECTOR 

N 

MILLIMETERS INCHES 
MIN MAX MIN MAX 

8.89 9.40 0350 0.370 
B.OO B 51 0315 0.335 
610 660 0240 0.260 
0.406 0533 0016 0.021 
0.229 3.18 0.009 0.125 
0406 0.483 0.016 0.019 
4.83 5.33 0190 0210 
0.711 0864 0.Q28 0.034 
0.737 1.02 0.029 0.040 

12.70 - 0.500 
6.35 0.250 

450 NOM 45 NOM 
- 1.27 0.050 
90"_NOM 900 NOM 

2.54 0.100 

CASE 79·02 
TO·39 

All JEOEC notes and dimensions apply. 



2N5058S (continued) 

'ELECTRICAL CHARACTERISTICS ITA 250C unless otherw"e noted) 

Characteristic Symbol Min Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage (1) 8VCEO Vde 

IIC" 30 mAde, 18 = 0) 2N5058S 300 -
2N5059S 250 -

Collector-Base Breakdown Voltage 8VC80 Vde 

IIc = 100 "Ade, IE = 0) 2N5058S 300 -
2N5059S 250 -

Emitter-Base Breakdown Voltage 8VE80 Vde 

liE = 100 "Ade, IC = 0) 2N5058S 7.0 -
2N5059S 6.0 -

Collector Cutoff Current ICBO "Ade 

(VCB" 100 Vde, IE = 0) - 0.05 

(VC8 = 100 Vde, IE" 0, TA = +1250 C) - 20 

Emitter Cutoff Current IE80 nAdc 

(VSE = 5.0 Vde, IC = 0) - 10 

ON CHARACTERISTICS (1) 

DC Current Gain hFE -
(IC = 5.0 mAde, VCE = 25 Vde) 2N5058S 10 -

2N5059S 10 -
IIc = 30 mAde, VCE = 25 Vde) 2N5058S 35 150 

2N5059S 30 150 

IIc = 30 mAde, VCE = 25 Vde, TA = -55°C) 2N5058S 10 -
IIc = 100 mAde, VCE = 25 Vde) 2N5058S 35 -

2N5059S 30 

Collector-Emitter Saturation Voltage VCE(sat) Vde 

IIC = 30 mAde, I B = 3.0 mAde) - 1.0 

Base-Emitter Saturation Voltage V8E(sat) Vde 

lie = 30 mAde, 18 = 3.0 mAde) - 0.85 

Base-Emitter On Voltage V8E(on) Vde 

IIc = 30 mAde, VCE = 25 Vde) - 0.82 

DYNAMIC CHARACTERISTICS 

Current-Gain - Bandwidth Product (2) IT MHz 

IIC = 10 mAde, VCE = 25 Vde, I = 20 MHz) 30 160 

Collector-Base Capacitance Ceb pF 

(VC8 = 10 Vde, IE = 0, I = 1.0 MHz) - 10 

Emitter-Base Capacitance Ceb pF 

(VSE = 0.5 Vde, IC = 0, f = 1.0 MHz) - 75 

*Indicates JEDEC Registered Data 

(1) Pulse Test: Pulse Width ~300 #lS, Duty Cycle ~2.0% 

(2) fT is defined as the frequency at which Ihfel extrapolates to unity, 
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2N5060 (SILICON) 
thru 

2N5064 

PLASTIC THYRISTORS 

· .. Annular PNPN devices designed for high volume consumer 
applications such as relay and lamp drivers, small motor controls, gate 
drivers for larger thyristors, and sensing and detection circuits. 
Supplied in an inexpensive plastic TO-92 package which is readily 
adaptable for use in automatic insertion equipment. 

• Sensitive Gate Trigger Current - 200 IJ.A Maximum 

• Low Reverse and Forward Blocking Current -
50llA Maximum, TC = 1250 C 

• Low Holding Current - 5.0 rnA Maximum 

• Passivated Surface for Reliability and Uniformity 

MAXIMUM RATINGS(l) 

Rating Symbol 

Peak Reverse Blocking Voltage VRRM 
2NS060 
2NS061 
2NS062 
2NS063 
2N5064 

Forward Current RMS (See Figures 4 & 5) ITIRMS) 
(All Conduction Angles) 

Peak Forward Surge Current, T A::: 2SoC ITSM 
(1/2 cycle, Sine WINe, 60 Hz) 

Circuit Fusing Considerations, T A = 2SoC 12t 
It = 1.0 to 8.3 ms) 

Peak Gate Power - Forward, T A = 2SoC PGM 

Average Gate Power - Forward, T A = 25°C PGF(AV) 

Peak Gate Current - Forward, TA = 25°C IGFM 
(300l's, 120PPS) 

Peak Gate Voltage - Reverse VGRM 

Operating Junction Temperature Range@ Rated TJ 
VRRM and VDRM 

Storage Temperature Range Tstg 

Lead Solder Temperature -
«1/16" from case, 10 s max) 

. 
Indicates JEDEC Registered Data. 

Value 

30' 
60' 
100' 
150' 
200' 

0.8 

6.0' 

O.lS 

0.1' 

0.01' 

1.0' 

5.0' 

-65 to +125' 

-65 to +150* 

+230' 

(1) Temperature reference point for all case temperatures in center of flat portion 
of package. (TC:= +12SoC unless otherwise noted.) 
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Unit 

Volts 

Amp 

Amp 

A 2s 

Watt 

Watt 

Amp 

Volts 

°c 

uc 

°c 

PLASTIC SILICON 
CONTROLLED RECTIFIERS 

0.8 AMPERE RMS 
30 thru 200 VOLTS 

STYLE 10 
PIN 1 CATHODE 

2 GATE 
3 ANODE 

L 1.150 1.390 0.045 
N 1.210 
P 6.350 0.250 
Q 3.430 0.135 
R 2.410 2.610 0.095 
S 2.030 2.610 0.080 

CASE 29-02 
TO·92 

0.055 
0.050 

0.105 
0.105 



2N5060 thru 2N5064 (continued) 

ELECTRICAL CHARACTERISTICS (RGK = 1000 Ohms) 

Characteristic 

Peak Forward Blocking Voltage (Note 1) 

(TC = 125°C) 

Peak Forward Blocking Current 
(Rated VORM@TC= 12SoC) 

Peak Reverse Blocking Current 
(Rated VRRM@TC= 125°C) 

Forward "On" Voltage (Note 2) 
(ITM = 1.2 A peak @ TA = 2SoC) 

Gate Trigger Current (Continuous de) (Note 3) 
(Anode Voltage = 7.0 Vdc. RL = 100 Ohms) 

-
Gate Trigger Voltage (Continuous dc) 

(Anode Voltage = 7.0 Vdc, RL = 100 Ohms) 
(Anode Voltage = Rated VORM, RL = 100 Ohms) 

Holding Current 
(Anode Voltage = 7.0 Vdc, initiating current = 20 rnA) 

Thermal Resistance Junction to Case (Note 4) 

Thermal Resistance, Junction to Ambient 

*'ndicates JEDEC Registered Data. 

1. VORM and VRAM forall tYpes can be applied on a continuous 
de basis without incurring damage. Ratings apply for zero or 

negative gate voltage but positive gate voltage shall not be 
applied concurrently with a negative potential on the anode. 
When checking forward or reverse blocking capability. thyris­
tor devices should not be tested with a constant current source 
in a manner that the voltage applied exceeds the rated blocking 
voltage. 

10 

li: 
~ 7.0 
I-

~ 5. 0 

~ 
~ 
~ 3.0 

'" ~ 
:::.::: 2.0 
~ 
~ 

·1.0 
1.0 

FIGURE 1 - SURGE RATINGS 

TA=2S0 C A 

I 1\ 1 
~1 CYCLE --- r-

3.0 S.o 10 30 so 

NUMBER OF CYCLES AT 60 Hz 

100 

Symbol Min Max Unit 

VORM Volts 

2N5060 30' -
2N5061 60' -
2N5062 100' -
2N5063 150' -
2N5064 200' -

IORM - 50' p.A 

IRRM - 50' p.A 

VTM - 1.7* Volts 

TC = 2SoC IGT - 200 itA 
TC = -65°C - 350' 

TC = 25°C VGT - 0.8 Volts 
TC = -65°C - 1.2" 
TC= 125°C VGO 0.1 -
TC = 25°C IH - 5.0 rnA 
TC = -6SoC - 10' 

8JC - 75' °C/W 

8JA - 200 °C/W 

2. Forward current applied for 1.0 ms maximum duration, duty 
cycle :s: 1.0%. 

2·15 

3. RGK current is not included in measurement. 

4. This measurement is made with the case mounted "flat side 
down" on a heat sink and held in position by means of a metal 
clamp over the curved surface. 

FIGURE 2 - POWER DISSIPATION 

o. 8 

~ 18~ 1200 
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/. V~ ~ /' V 
....-: ~ ~ .....-

~ ~ 
..... 
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IF(AVI, AVERAGE FORWARD CURRENT (AMP) 



2N5060 thru 2N5064 (continued) 

5.0 

3.0 
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~ o. 7 

~ o. 
'" => 
'-' 

'" 

5 

'" 0 3 

~ 
'" ~ 0.2 
=> 
~ 
'" ;0 
z O. 
~ 

1 

z 
;: 0.0 7 

0.0 5 

0.03 

0.0 2 

0.0 1 

FIGURE 3 - FORWARD VOLTAGE 
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FIGURE 4- CURRENT DERATING 
(REFERENCE: CASE TEMPERATURE) 
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CASE MEASUREMENT 
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FIGURE 5 - CURRENT DERATING 
(REFERENCE: AMBIENT TEMPERATURE) 
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FIGURE 6 - THERMAL RESPONSE 
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2N5060 thru 2N5064 (continued) 

in 

'" " 2: 

B 

7""" 

TYPICAL CHARACTERISTICS 

FIGURE 7 - GATE TRIGGER VOLTAGE 

~ 

~ 100 

:::; 50 
« 
~ 20 
z 
>- 10 

FIGURE 8 - GATE TRIGGER CURRENT 
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FIGURE 9 - HOLDING CURRENT FIGURE 10 - CHARACTERISTICS AND SYMBOLS 
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07 

05 

03 
-50 

"-
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t ON-STATE 

IH ~+ 
VRRM I 
~v ----I 

_V':il~~::::~~::::~==~,~+v '~ v----< 
VORM 

TYPICAL V - I CHARACTERISTICS 

, 
A-

--.. - 2N5060,62 r--
-... ""t--

--"--".1 
2N506~ 

25 50 75 100 125 150 

TJ, JUNCTION TEMPERATURE 10C) 

SELECTED THYRISTOR-TRIGGER 
APPLICATION NOTES 

AN-240 - SCR Power Control Fundamentals 

AN-290B - Mounting Procedure for, and Thermal Aspects of, 
Thermopad Plastic Power Devices 

AN-295 

AN-422 

AN-453 

Suppressing RFI in Thyristor Circuits 

Testers for Thyristors and Trigger Diodes 

- Zero Point Switching Techniques 

To obtain copies of these notes list theAN number(s) 
on your company letterhead and send your request to: 

Technical I nformation Center 
Motorola Semiconductor Products, Inc. 
P.O. Box 20924 

Phoenix, Arizona 85036 
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2N5067 (SILICON) 

2N5068 
2N5069 

SILICON NPN POWER TRANSISTORS 

.. for use in power amplifier and switching circuits. 

• Low Saturation Voltage - VeEI"'1 = 0.4 Vdc 

@ Ie = 1.0 Amp 

• Excellent Safe Area Limits (Figure 11) 

• Power Dissipation - Po = 87.5 W @ Te = 25°C 

• Complement to PNP 2N4901, 2N4902, 2N4903 

MAXIMUM RATINGS 

Rating Symbol ~N5067 NS06S 2NS069 _ Unit i 
Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 

Base Current - Continuous 

Total Device DissiPation@TC :::; 25°C 

Derate aoove 25" C 

Operating & Storage Junction 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 
Thermal Resistance, Junction to Case 

40 

40 

Ie 

TJ , Tstg 

60 

60 

5.0 

5.0 

1.0 

87.5 

0.5 

-65 to +200 

Max 
2.0 

ELECTRICAL CHARACTERISTICS (Tc::= 25°C unless otherwl~ noted) 

Charamristic 

OFF CHARACTERISTICS 

Collector.Emltter Sustallllng Voltage;' 

(Ie" 0,2 Me, IB = 0) ~:::~ 

2N~069 

Collector Clltoff Cllrrent 
(V CE '" Rated V CEO' IS '" 0) 

Collector Clltoff Current 
(V CE " Rated V CEO' V E8(off) '" 1. 5 Vdc) 

(VCE " Rated VCEO' VEB(off) ,,1 5 Vdc, TC'" 150·C) 

Collector Cutoff Current 
(VC8 ",RatedVC8' l:E=0) 

ElUltterCutoff CurRnt 
(VEa .. 5.0 Vdc, IC" 0) 

ON CHARACTERISTICS 

DC Current Galn* 
(lC" 1.OAdc, VCE ~ 2.0 Vdc) 

(Ie" 5.0Adc, VCE '" 2.0 Vdc) 

Collector-Enntter Saturation Vl)ltage~ 
(Ie" 1 0 Adc, Ia m O. 1 Me) 

(~"5.0Adc, 18" 1. 0 Adc) 

Base_Emitter On Voltage* , 
(Ie" 1.0Adc, VeE" 2 0 Vdc) 

SMALL·SIGNAl CHARACTI:RISTICS 

Current_Gain_Bandwidth Product 
(Ie" 1.0Adc, VCE '" 10 Vile, f .. 1.0 MHz) 

Small-Signal Current Ga.m 
(Ie" 500 mAde, VeE "10Vdt, f ,,1.0kHz) 

~ Pulse Test, PW "'300 ,",S, Duty Cycle'" 2. 0% 

Fig. No. Symbol I Min 

VCEO(8US) 

" H 60 
60 

ICEO 

ICEX 

5,6 

5,6 
'ceo 

'>:eo 

'FE 
20 

2,3,4 
VCE(satt 

3,t VBE{on) 

30 Vdc 

80 Vdc 

Vdc 

Adc 

Adc 

Max Unit 

" 

2-18 

5 AMPERE 
POWER TRANSISTORS 

SILICON NPN 

40-80 VOLTS 
87.5 WATTS 

lrFA.~, 
t,~, 
SE~TI~G!~~ 

PLANE 
STYLE 1: 

PIN 1. BASE 
F 

2. EMITTER 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 

A - 39.37 - 1.550 
8 - 22.23 - 0.875 
C 6.35 11.43 0.250 0.450 
D 0.97 1.09 0.038 0.043 
E - 3.43 - 0.135 
F 29.90 30.40 1.177 1.197 
G 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 
Q 3.84 4.09 0.151 0.161 
R - 26.67 1.050 

Collector Connected to Case 

CASE 11-03 



2NS067, 2NS068, 2NS069 (continued) 
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FIGURE 1 - NORMALIZED DC CURRENT GAIN 
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FIGURE 2 - COLLECTOR SATURATION REGION 
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2N5067, 2N5068, 2N5069 (continued) 

TYPICAL "OFF" REGION CHARACTERISTICS 

FIGURE 5 - CUT-OFF REGION 
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FIGURE 6 - EFFECTS OF BASE-EMITTER RESISTANCE 
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2NS067, 2NS068, 2NS069 (continued) 

RATING AND THERMAL DATA 

FIGURE 11 - ACTlVE·REGION SAfE OPERATING AREAS 

10~~~~~~~~~~~~~~~~~~~~ 7.0 - 1.0ms 100p.S 
5.0 

~ 3.0 t=:lj;~~8=EllEld~C~~1~~~~,oemsi'<;;$:m !z 2.0/----1--TJ 200°C 
g§ --SECONDARY BREAKDOWN LIMITED +-+-+-+'~rl'<++1-ti 
i3 -- - - BONDING WIRE LIMITED r\ 
13 1.0 FF CURVES APPLY BELOW 
~ 07 r---r-- RATED Vew 

8 0.5 lIMlf FOR, 

.9 0.31--.==t=t=t+=I:+~+~=t=2N5067=_"'t:kI+j:::j::j I-- I I 1= 

::~:;r~rr-

There are two limitations on the power han­
dling 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 dissi· 
patlan than the curves indicate. 

The data of Figurell is based on TJ[pkl = 
200°C; T c is variable depending on conditions. 
Pulse curves are valid for duty cycles to 10% pro­
vided T.i'(pk) < 200°C_ TJ!pkj may be calculated 
from the data In Figure 12 _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_ 

10 2.0 3.0 5.0 70 10 20 30 50 70 100 
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FIGURE 12 - TRANSIENT THERMAL RESISTANCE 
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DESIGN NOTE: USE OF TRANSIENT THERMAL RESISTANCE DATA 

FIGURE A 

1- 1'_1 
----In'' n " 

I I I '-----
-1 11 1- I 

I I I 
I---- 1/1 -_I 

DUTY CYCLE D ~ 11.1 ~ l 
I, 

PEAK PULSE POWER ~ P, 

A train of periodical power pulses can be represented by the model 
as shown in Figure A. Using Ihe model and Ihe device Ihermal reponse, 
the normalized effective transient thermal resistance of Figure 12 
was calculaled for various duly cycles. 

To lind eJc(I), muiliply Ihe value oblained from Figure 12 by Ihe 
sleady slale value eJC . 

Example: 
The 2N5067 is dlssipaling 100 watts under Ihe following condilions: 
11 = 0.1 ms, I, = 0.5 ms. (0 = 0.2) 

USing Figure 12, al a pulse widlh of 0.1 ms and 0 = 0.2, Ihe reading 
of r (1,,0) IS 0.28. 

The peak rise in Junction temperature IS therefore 
LlT= r(l) x p, X OJC = 0.28 x 100 x 2.0 = 56'C 

2-21 



2N5070 (SILICON) 

The RF Line 

NPN SILICON RF POWER TRANSISTORS 

... designed primarily for applications.s. high-power linear amplifier 
from 2.0 to 75 MHz. 

• Optimized for Operation from a 28-Volt Supply 

• Power Out@ 28 Vdc, 30 MHz - 25 W (PEP) 

• Intermodulation Distortion at 25 W (PEP) 
IMD = 30 dB (Max) 

• Isothermal-Resistor Design Results in Rugged Device 

'MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage VCEO 30 

Collector-Base Voltage VCSO 65 

Emitter-Base Voltage VESO 4.0 

Collector Current Continuous IC 3.3 
Peak 10 

Base Current - Continuous IS 1.0 

Total Device Dissipation@Tc - 25°C Po 70 
Derate above 2SoC 400 

Operating and Storage Junction TJ,Tstg -65 to +200 
Temperature Range 

·'ndicates JEDEC Registered Data. 

2-22 

Unit 

Vdc 

Vdc 

Vdc 

Adc 

Adc 

Watts 
mW/oC 

°c 

25 W (PEP) - 30 MHz 

RF POWER 
TRANSISTOR 
NPN SILICON 

STYLE' 
PIN 1 EMITTER 

2 BASE 

3.COL:ECTOJ~lt 

F ::::!....ll "l " SEA 
p 

i+F ~ 
TING r.; - pi \ t 

LANE J 

1O-32UNF2~ j 
51-

MILLIMETERS INC ES 
DIM MIN MAX MIN MAX 

A 12.57 13.08 0.495 0.515 
B 10.77 11.10 0.424 0.437 
C 5.46 8.13 0.215 0.320 
D 0.762 1.17 0.030 0.046 
E 2.29 3.43 0.090 0.135 
G 4.70 5.46 0.185 0.215 
H - 1.98 - 0.078 
J 9.53 11,56 0.375 0.455 
K 9.02 12.19 Ol55 0.480 
L 2.29 2.79 0.0 0.11 
N 4.19 0.165 
p 4.14 4.90 0.163 0.189 
R 8.13 9.14 Ol20 Ol60 
T 9.14 11.10 0.360 0.431 

All JEDEC dimenSions and notes apply 
Emltterconnecled 10 case 

CASE 36 
TO·50 



2N5070 (continued) 

'ELECTRICAL CHARACTERISTICS (TC ~ 25°C unless otherwise noted) 

Characteristic 

OFF CHARACTERISTICS 

Coliector·Emitter Sustaining Voltage( 1) 
IIc = 200 mAde, IB =o} 

Collector-Emitter Sustaining Voltage(1) 
IIc ~ 200 mAde, RBE = 5.0 ohms} 

Collector Cutoff Current 
(VCE = 30 Vde, IB ~ o) 

Collector Cutoff Current 

(VCE = 60 Vde, VBE ~ -1.5 Vde) 

(VCE = 60 Vde, VBE = -1.5 Vde, TC = 150°C) 

Collector Cutoff Current 
(VCB ~ 60 Vde, IE = O) 

EmItter Cutoff Current 
(VEB ~ 4.0 Vde, IC ~ O) 

ON CHARACTERISTICS 

DC Current Gain 

IIC ~ 1.0 Ade, VCE ~ 5.0 Vdc} 

IIc = 3.0 Adc, VCE = 5.0 Vde} 

DYNAMIC CHARACTERISTICS 

Current-Galn-Bandwidth Product(2) 

IIc = 1.0 Adc, VCE ~ 15 Vdc, f = 50 MHz} 

Output CapacItance 
(VCB = 30 Vdc, IE = 0, f ~ 1.0 MHz) 

FUNCTIONAL TEST {Figure 1} 

Power Input {Pout ~ 26 W (PEP), ZG - 50 Ohms, VCE - 28 Vdc, 
11 = 30 MHz, 12 = 30.001 MHz} 

Collector Efficiency (Pout = 25 W (PEP), ZG = 50 Ohms, VCE = 28 Vdc, 

fl = 30 MHz, 12 = 30.001 MHz) 

Intermodulation Distortion (Pout - 25 W (PEP), ZG - 50 Ohms, 

VCE = 28 Vde, 11 ~ 30 MHz, 12 = 30.001 MHz) 

"IndIcates JEDEC Registered Data. 
(1)Pulsed thru 25 mH Inductor, Duty Cycle"" 50%, Repetition Rate"" 60 Hz. 

(2)fT is defined as the frequency at which !hfel extrapolates to unity. 

Symbol 

VCEO(sus} 

VCER(sus} 

ICEO 

ICEX 

ICBO 

leBO 

f,-

Cob 

Pin 

n 

IMD 

FIGURE 1-30MHz LINEAR TEST CIRCUIT 

VBB (Note 1) 28 V 

R2 

L2 
Rl RFG 

Input 

RS = 50 Ohms Ll 
G2 

2-23 

Min 

30 

40 

-

-

-

-

-

100 

-

-

40 

-

Max Unit 

- Vde 

- Vde 

5.0 mAde 

mAde 
10 

10 

10 mAde 

10 mAde 

- MHz 

85 pF 

1.25 Watt 
(PEP) 

- % 

-30 dB 

L1: 3 Turns No. 12 AWG, 1/4" 1.0., 1/2" Long 
L2: 6 Turns No. 14 AWG, 3/8" 1.0., 3/4" Long 
L3: 5 Turns No. 10 AWG, 3/4" 1.0., 3/4" Long 
Gl: 140·680 pF, ARGO 468 or Equivalent 
G2: 170·780 pF, ARGO 469 or Equivalent 
C3: 0.05 iJ.F, Ceramic Capacitor 
C4: O.lpf, Ceramic Capacitor 
C5: 1000 pF. Feedthrough Capacitor 
G6: 24·200 pF, ARGO 425, or Equivalent 
G7: 32·250 pF, ARGO 426, or Equivalent 
U: 2N5070 

Rl: 1.0n,5.0W 
R2: 50 Ohms, 25 W 

RFC: 350 Ferrite Choke. Ferroxcube" 
#VK20001·03B, Of Equivalent 

*Ferroxcube Corp. of America. Saugerties, N. Y. 

Note 1: Adjust Vas for a coilector quiescent 
current of 20 mA with no R F input 
signal. 
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FIGURE 7 - IMD = -30 dB 
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2N5070 (continued) 

FIGURE 8 -PARALLEL EQUIVALENT INPUT RESISTANCE 
versus FREQUENCY 
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2N5070 (continued) 

APPLICATIONS INFORMATION 

The 2N5070 transistor is designed for linear power amplifier 
operation in the HF/VHF region (2 to 75 MHz). It features guar­
anteed linear amplifier performance rather than the conventional 
performance demonstrated in a class C* amplifier. 

Class C operation is inherently non-linear, but in many power 
amplifier appl ieations non-I inear operation does not present major 
problems. With a single frequency driving signal. the only spurious 
signals generated are harmonics and these can be suppressed in the 
amplifier tuned networks and output filter. 

For single sideband (SSB), low level amplitude modulation 
(AM), and other types of complex signals, class C operation is gen­
erally not satisfactory. For instance. when a signal contains 
multiple frequencies at close spacings, odd-order non-I inearities wiH 
generate spurious outputs which are within the passband of the 
tuned circuits and filters; therefore, the spurious outputs are not 
suppressed before they reach the antenna or other load. As a 
result, such complex signals require linear amplification if theampll­
fied signal is to be free of spurious outputs. 

A detailed analysis of spurious signals generated by non-linear­
ities and linearity requirements of various applications is described 
in Chapter 12 of Reference 1. 

The following discussion concerns itself with a detailed descrip­
tion of the 2N5070 characterization curves and general informa­
tion on solid state linear power amplifier design. 

The Two-Tone Test 

The 2N5070 functional test specification consists of a linear 
power amplifier test with guaranteed limits on power output, gain, 
efficiency, and intermodulation distortion (lMO) output levels. A 
two-tone test signal is used with the test amplifier as shown in 
Figure 1. 

The two-tone test is one of many methods commonly 
used for testing linear amplifier performance. This test in­
volves driving the amplifier with two RF signals, of equal ampli­
tude, separated in frequency from each other by approximately 
1 kHz. 

When a two-tone test signal consisting of frequencies f1 and f2 
is passed through a non-linear amplifier, odd order non-linearities 
generate spurious signals near the desired carner. The level of these 
spurious signals provides a measure of the degree of non-linearity 
Qf the amplifier. This type of non-linearity is called intermodulation 
distortion HMO). The spurious signals generated by IMO are 
further classified according to the exponential order of the amplifier 
non-linearity, i.e., 3rd order IMO products, 5th order IMD products, 
etc. The 3rd and 5th order IMD products are usually the most signi­
ficant encountered with linear power amplifiers. Data on both 3rd 
and 5th order IMD are included in the 2N5070 characterization. 

Third order I MD generates spurious Signals near the operating 
frequency at frequencies 2fl - f2 and 2f2 - 11; and 5th order 
I MD spurious Signals are at frequencies 3fl - 2f2 and 3f2 - 211. 

Specifications and Characterization 

The two.tone functional amplifier test is performed in a manner 
identical to the conventional class C functional test with two excep­
tions: a two-frequency signal is used in place of a single frequency, 
and amplifier linearity is added to the items tested and specified. 

The functional test procedure for the 2N5070 requires driving 
the test amplifier with a two frequency signal and measuring power 
output, gain, efficiency. and linearity. 

Power output, gain, and efficiency measurement methods are 
the same for both linear and class C amplifiers. 
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Since a multiple frequency test Signal has an lOstantaneous power 
level which varies wi,h time, power levels are normally expressed 
in peak envelope power (PEP). This is the average power level of 
the envelope at its greatest amplitude point. 

When the test signal consists of multiple Signals with equal ampli­
tudes and different frequencies, the relationship of average power 
and PEP is given by the following expression: 

PEP 
Average power = N-

where N = the number of input frequencies. 
Therefore, when measuring the power level of a standard two· 

tone test signal, a true average reading power meter will indicate 
1/2 the PEP 01 the sIgnal. 

Linearity is tested by measuring the amplitudes of the 3rd and 
5th order IMD products. The ratio of one of the 3rd order products 
to one of the two desired frequencies is then expressed as a power 
ratio in decibels (dB). This is repeated for the 5th order products. 
The smaller of these two ratios (usually the 3rd order) is then 
included in the electrical characteristics specification as inter­
modulation distortion ratio (lMO). 

2N5070 Performance Curves ~ 
Figures 2 through 4 show typical power outpu nd gain char­

acteristics versus frequency andlor input power These curves are 
simIlar to those found on other RF power .tfansistor data sheets 
with one exception, a two-frequency test SIgnal was used rather 
than a single frequency signal. F 

The curves shown in FIgure 5 are unique to transistors char­
acterized for linear power amplifier service and show the typIcal 
IMO levels versus power output. 

The 2N5070featuresguaranteed IMD performance at the -30 dB 
level. However, the designer may desire IMD greater or less than 
-30 dB for a particular application. Figure 5 provides data on 
I MO levels that can be expected as a function of output power. 

Figure 6 shows the variation in gain with dc supply voltage and 
provide data on gain only. It does not include information on 
IMD ratio. 

Figure 7 reflects the power output that can be obtained at a 
fixed IMO ratio for operation with de supply voltages other than 
28 Vdc. 

Figures 8 through 10 show the large signal impedance char­
acteristics of the 2N5070. These are similar to curves shown on 
other Motorola data sheets except a two-frequency test signal was 
used rather than a single frequency signal. 

It must be stressed that the data shown in Figures 8 through 10 
do not represent y, z, h, s, or any standard two-port parameter set. 
The actual transistor impedance levels during normal operation in 
an amplifier are given. For a detailed discussion of R F power 
transistor large Signal impedance, see Reference 2. 

Linear Amplifier Design 

The following is a discussion of some general design considera­
tions for solid-state linear power amplifiers. While this is not a 
detailed analysis of linear amplifier design, some general guidelines 
are provided. 

The major difference between linear power amplifiers and class 
C power amplifiers is in the dc bias circuitry. As stated in the intro­
duction, class C operation usually involves a collector de supply as 



2N5070 (continued) 

APPLICATIONS INFORMATION (continued I 

the only bias voltage with VE = VB = O. The collector current is 
zero until the input RF signal turns the transistor "on". 

In contrast, a linear amplifier is normally operated with forward 
bias and some collector current flowing when no signal is present. 

The magnitude of no~signal collector current and the bias cir­
cuitry may vary with the application. Optimum no-signal collector 
current for the 2N5070 was found to be approximately 20 rnA. 

The key to bias circuitry for good linearity lies In maintaining 
the base-emitter de voltage relatively constant as the R F signal 
amplitude varies. The inherent nature of a forward-biased RF 
power transistor is to bias itself "off" with increasing RF drive 
signal. Therefore, a constant voltage source is required for base 
voltage. 

Temperature effects also complicate the situation, since VSE 
decreases with increasing temperature. 

A simple solution to the bias problem involves the use of a 
forward·blased diode mounted on the transistor heat sink for 
thermal coupling to the transistor. A large capacitor (several 
hundred microfarads) in parallel with the diode helps maintain a 
constant VSE with RF drive and improves linearity, while the 
diode provides temperature compensation to prevent thermal r.u n· 
away. It is also possible to use complex active circuitry for biasing, 

and some rather exotic schemes have been developed to provide 
the same results. 

Another important consideration is the collector-output net­
work. Normally, a network with low impedance to ground for 
harmonics provides better linearity than a network with high 
harmonic impedances; therefore, some experimentation with net­
work configuration is in order. Proper impedance matching remains 
the primary factor in both input and output network design. 
Further, it must also be stressed that the collector load impedance 
should be designed for the PEP, not the average power output. 
See Chapter 13 of Reference 1 for a detailed discussion of network 
design considerations. 

Feedback may also be employed to improve linearity and may 
take the form of either neutralization or negative RF feedback. 
The possibilities here are limited only by the designer's imagination. 
Of course, negative RF feedback involves a decrease in gain to 
improve linear:ity. 

REFERENCES 
1. Pappenfus, Sruene, Schoenike, "Single Sideband Principles and 

Circuits", McGraw-Hili. 
2. Hejhall, "Systemizing RF Power Amplifier Design", Motorola 

Semiconductor Products Inc., Application Note AN-282A. 

• "Class C", as used here refers to operation with the no signal con· 
ditions Ie "" 0, and Vee = 0, and a theoretical conduction angle 
of less than 180°, even though the actual conduction angle may 
be more than 1800 . • 

/ 
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2N5086 (SILICON) 

2N5087 

PNP SILICON ANNULAR TRANSISTORS 

· ... PNP silicon annular transistors designed for low-level, low-noise 
amplifier applications. 

• Collector-Emitter Breakdown Voltage -
BVCEO = 50 V (Min) 

• Low 1.0 kHz Noise Figure -
2N5086 - 3.0 dB (Maxi 
2N5087 - 2.0 dB (Max) 

• High Gain at Low Current -
2N5087 - 250@ 100llAdc 

• Low Current-Gain-Bandwidth Product to Facilitate Audio 
Frequency Design - fT = 40 MHz (Min) 

• Low Leakage Current - ICBO = 10 nAdc (Max) @ 10 V 

• Low Collector-Base Capacitance - Ccb = 4.0 pF (Max) 

*MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage VCEO 50 

Collector-Base Voltage VCB 50 

Emitter-Base Voltage VEB 3.0 

Collector Current - Continuous IC 50 

Total Power Dissipation @ T A "" 25°C Po 350 
Derate above 2SoC 2.8 

Total Power Dissipation @ TC::=' 2SoC Po 1.0 
Derate above 25°C 8.0 

Operating and Storage Junction TJ,Tstg -55 to +150 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Mo. 

Thermal Resistance, Junction to Ambient ReJA(l) 357 

Thermal Resistance, Junction to Case ReJC 125 

*Indicates JEDEC Registered Data. 
(1) R8JA is measured with the device soldered into a typical printed circuit board. 
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Unit 

Vdc 

Vdc 

Vdc 

mAde 

mW 
mW/oC 

Watt 
mW/oC 

°c 

Unit 

°c/w 

°C/W 

PNPSILICON 

AMPLIFIER TRANSISTORS 

SEATINGJ~ { 
PLANE L-

STYLE 1 
PIN 1. 

2. 
3. 

lQr 
~.-l 
123 EMITTER ....... B 

BASE S 

COLLECTOR~ ~~ 

MILLIMETERS INCHES 
DIM MIN 

A 4.450 
B 3.180 
C 4.320 
D 0.407 
F 0.407 
1\ 12.7uu 
L 1.150 
N 
P 6.350 
a 3.430 
R 2.410 
S 2.030 

MAX MIN 
5.200 0.175 
4.190 0.125 
5.330 0.170 
0.533 0.016 
0.482 0.016 

u.~uu 

1.390 0.045 
1.270 

0.250 
- 0.135 

2.670 0.095 
2.670 0.080 

CASE 29-02 
TO-92 

MAX 
0.205 
0.165 
0.210 
0.021 
0.019 

0.055 
0.050 

-
0.105 
0.105 



2NS086, 2NS087 (continued) 

• ELECTRICAL CHARACTERISTICS T. ~ 25°C unless otherwise noted 

Characteristic Symbol Min I Max I Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(l) BVCEO Vdc 
(IC ; 1. 0 mAdc, IB ; 0) 50 -

Collector-Base Breakdown Voltage BVCBO Vdc 
(IC ; 100 /lAdc, IE ; 0) 50 -

Collector Cutoff Current ICBO nAdc 
(V CB = 10 Vde, ~ ; 0) - 10 

(V CB = 35 Vdc, IE ; 0) - 50 

Emitter Cutoff Current lEBO nAdc 
(VBE ; 3.0 Vde, IC; 0) - 50 

ON CHARACTERISTICS 

DC Current Gain hFE -
(IC = 100 /lAdc, V CE ; 5.0 Vdc) 2N5086 150 500 

2N5087 250 800 
(IC ; 1. 0 mAdc, V CE ; 5.0 Vdc) 2N5086 150 -

2N5087 250 -
(IC ; 10 mAde, V CE ; 5.0 Vdc) (1) 2N5086 150 -

2N5087 250 -
Collector-Emitter Saturation Voltage V CE(sat) 

Vdc 
(IC ; 10 mAdc, IB ; 1. 0 mAd c) - 0.3 

Base-Emitter On Voltage VBE(on) Vdc 
(IC ; 1. 0 mAd", V CE ; 5.0 Vdc - 0.85 

DYNAMIC CHARACTERISTICS 

Current-Gain - Bandwidth Product IT MHz 
(IC = 500 /lAdc, V CE ; 5.0 Vdc, I; 20 MHz) 40 -

Collector-Base Capacitance Ccb pF 
(V CB ; 5.0 Vdc, IE ; 0, I ; 100 kHz) - 4,0 

Small-Signal Current Gain hie -
(IC ; 1. 0 mAdc, V CE ; 5.0 Vde, I ; 1. 0 kHz) 2N5086 150 600 

2N5087 250 900 

Noise Figure NF, dB 
(IC = 20 /lAde, V CE ; 5.0 Vdc, RS ; 10 k ohms, I ; 10 Hz to 15.7 kHz) 2N5086 - 3.0 

2N5087 - 2.0 
(IC ; 100 /lAde, V CE ; 5.0 Vde, RS ; 3.0 k ohms, I ; 1. 0 kHz) 2N5086 - 3.0 

2N5087 - 2.0 

• Indicates JEDEC Registered Data 
(1) Pulse test: Pulse Width ~ 300 /lS, Duty Cycle ~ 2.0% 

NOISE FIGURE 
FIGURE 1 - FREQUENCY EFFECTS VeE ~ 5.0 Vdc, T A ~ 25 FIGURE 2 _ SOURCE RESISTANCE EFFECTS 
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2NS086, 2NS087 (continued) 
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2N5088 (SILICON) 

2N5089 

NPN SILICON ANNULAR TRANSISTORS 

NPN silicon annular transistors designed for low-level, 
low- noise amplifier applications. 

• High Gain at Low Current -
2N5088 - 300 min at 100 "Adc 
2N5089 - 400 min at 100 "Adc 

• Low 100 "Adc Noise Figure -
1.2 dB typ at 100 Hz 
1.0 dB typ at 1.0 kHz 

• Excellent Gain Linearity from 20 !,Adc to 2.0 mAdc 
(See Figu re 9) 

*MAXIMUM RATINGS 

Rating Symbol 2N5088 2N5089 

Collector-Emitter Voltage VCEO 30 25 

Collector-Base Voltage VCB 35 30 

Emitter-Base Voltage VEe 4.5 -

Collector Current - Continuous IC 50 

Total Power Dissipation @ T A = 25°C PD 350 
Derate above 2SoC 2.8 

Total PO\N8r Dissipation @ T C == 2SoC PD 1.0 
Derate above 2SoC 8_0 

Operating and Storage Junction TJ.Tstg -55 to +150 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance, Junction to Ambient R8JAI1I 357 

Thermal Resistance. Junction to Case R8JC 125 

*Indicates JEDEC Registered Data 
(1) AOJA is measured with the device soldered into a typical printed circuit board. 
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'Unit 

Vdc 

Vdc 

Vdc 

mAde 

mW 
mW/oC 

Watt 
mW/oC 

°c 

Unit 

°C/W 

°C/W 

NPN SILICON 

AMPLIFIER TRANSISTORS 

STYLE 1 
PIN 1. 

2 
3. 

MILLIMETERS INCHES 
DIM MIN 

A 4.450 
B 3.180 
C 4.320 
D 0.407 

.!. O-4I!J ... :.IUU 
L 1.150 
N 
P 6.350 
Q 3.430 
R 2Al0 
S 2_030 

MAX MIN 
5_200 0.175 
4_1~0 0.125 
5.330 0.170 
0_533 0.016 
OA82 ~016 

U.bUU 
1.390 0.045 
1.270 
- 0_250 

0.135 
2.670 0.095 
2.670 0.080 

CASE 29-02 
TO-92 

MAX 
0.205 
.165 

0.210 
0.021 
0.019 

0.055 
0_050 

-

0.105 
0.105 



2NS088, 2NS089 (continued) '. 
ELECTRICAL CHARACTERISTICS (TA = 25"C unless otherwIse noted) 

Characteristic Symbol Min Max Unit I 
'OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage (I) BVCEO Vdc 
(IC = 1. 0 mAdc, IB = 0) 2N5088 30 -

2N5089 25 -
Collector-Base Breakdown Voltage BVCBO Vde 

(IC = 100 I'Adc, IE = 0) 2N5088 35 -
2N5089 30 -

Collector Cutofl Current ICBO nAdc 
(VCB = 20 Vdc, IE = 0) 2N5088 - 50 

(VCB = 15 Vdc, IE = 0) 2N5089 - 50 

Emitter Cutoff Current lEBO nAdc 
(VEB(off) = 3.0 Vdc, IC = 0) - 50 

(VEB(off) = 4.5 Vdc, IC = 0) - 100 

'ON CHARACTERISTICS 

DC Current Gain hFE 
(IC = 100 I'Adc, V CE = 5.0 Vdc) 2N5088 300 900 

2N5089 400 1200 
(IC = 1. 0 mAde, V CE = 5.0 Vde) 2N5088 350 -

2N5089 450 -
(IC = 10 mAde, V CE = 5. 0 Vdc)(l) 2N5088 300 -

2N5089 400 -
Collector-Emitter Saturation Voltage 

VCE(sal) .. :vde 
(IC = 10 mAde, IB = 1. 0 mAde) - 0.5 

Base-Emitter On Voltage VBE(on) Vdc 
(IC = 10 mAdc, V CE = 5.0 Vdc)(l) - 0.8 

DYNAMIC CHARACTERISTICS 

'Current-Gain - Bandwidth Product IT MHz 
(Ic = 500 I'Adc, V CE = 5.0 Vde, 1= 20 MHz 50 -

'Collector-Base Capacitance Ceb pF 
(VCB = 5.0 Vdc, IE = 0, 1= 100 kHz) - 4.0 

Emitter-Base Capacitance Ceb pF 
(VBE = 0.5 Vde, IC = 0, f = 100kHz) - 10 

'Small-Signal Current Gain hie -
(IC = 1. 0 mAdc, V CE = 5.0 Vdc, f = 1. 0 kHz) 2N5088 350 1400 

2N5089 450 1800 

'Noise Figure NF dB 
(IC = 100 I'Adc,. V CE = 5.0 Vdc, RS = .10 k ohms, 2N5088 - 3.0 

f = 10 Hz 10 15.7 kHz 2N5089 - 2.0 

, Indicates JEDEC Registered Data 
(I) Pulse Test: Pulse Width s 300 I'S, Duty Cycle s 2.0%. 

NOISE FIGURE 
Vel: = 5.0 Vdc. TA = 25·C 

FIGURE l~.FREQUENCY EFFECTS FIGURE 2 - SOURCE RESISTANCE EFFECTS 
0 I I. LRs = optimum source resistance 

10 
f ~ looH. 

8. 0 
\ I I 1111111 

Ie ~ 1.0 mAo Rs ~ 2.0 IQ 
8.0 

le~1.0mA 

1\ 
" 

Ie ~ 0.5 rnA, Rs ~ 3.0 IQ \ 
6, 
0,\ le~OJrnA,Rs~ 10 k!J Ie - 0.5 mA 

I\. ...... le-IOp)..Rs-lookll 

\ t-4.iI 
V 

~ 
I' '\ 

0 2. 
I/'~ 

le- OJmA ..... Ie-lOp). 
2.0 

0 
0.01 0.02 0.03 0.05 OJ 0.2 0.3 0.5 1.0 2.0 3.0 5.0 10 

1I1111 Tttttt 
0 0.1 0.2 0.3 0.5 1.0 2.0 3.0 5.0 10 20 30 50 100 

f. FREQUENCY (kHz) Rs. SOURCE RESISTANCE (kill 
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2N5088, 2N5089 (continued) 
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2N 5090 (SI~ICON) 

NPN SILICON RF POWER TRANSISTOR 

· .. delligned for amplifier, frequency-multiplier or oscillator circuits 
in Military or Industrial equipment. Suitable for use as output, 
driver or pre·driver stages in VHF and UHF equipment. 

• 1.2 Watts Output Minimum at 400 MHz (7.8 dB Gain) 

• 2.0 Watts Output Typical at 150 MHz (13 dB Gain) 

• Multiple-Emitter Overlay Construction for Excellent 
High·Frequency Performance 

"MAXIMUM RATINGS 
Ratings Symbol Value 

Coliector·Emitter Volta!!" VeEO 30 

Coliector·B .. e VoltpllI! VeB 55 

Emitter·" ... Voltllge VEB 3.5 

Collector Current· Continuous Ie 0.4 

Total Device Dissipation @ T C = 75°C Po 5.0 
O.r~te above 750 e 0.04 

Operatinl;l and S~oraga Junction TJ, T .. g -65 to +200 
Temperature Range 

-Indicates JEOEC Registered Data. 

2·34 

Unit 

Vdc 

Vdc 

Vdc 

Adc 

Watts 
wfOe 

°e 

NPN SILICON 
RF POWER 

TRANSISTOR 

~, I I I l 

Yo --+1' L STYLE 1 
__ A---- PIN 1. EMITTER 

2. BASE 
3 COllECTOR r ~IH-D CASEISOlATEO 

~iqb~ rtE ~ 
SEATING r.,F = pI I t 

PLANE _~ 
I032UNF2~1 s _ 

MILLIMETERS INC 
DIM MIN MAX MI. MAX 

A 1257· 1308 0.495 0.515 

• 1077 11.10 0424 0437 
C 5.46 8.13 0215 0320 
a 0.762 1.17 0.030 0,04 
E 229 3.43 0090 0.135 
G 470 5.46 0.185 0215 

I-'! fT.S3 
1.98 0,078 

J 11.56 0.375 0.455 
K 9.02 12.19 0.355 0.480 
l 12. 279 0.090 0.110 
N 4.19 0.165 
P 4.14 4.80 0163 0189 
R 813 9.14 0320 0360 
T 914 11.10 0.360 0.437 

All JEO£C dimenSions and nOlesapp1v 

CASE 36 
TO·60 



2N5090 (continued) 

ELECTRICAL CHARACTERISTICS (T C = 250 C unless otherwise noted) 

I Characteristic sYmbol 

OFF CHARACTERISTICS 

Coliector~Emitter Sustaining Voltage 

(lC = 5.0 mAde, IB = 0) 
VCEO(sus) 

Collector-Emitter Sustaining Voltage 
(lC = 5.0 mAde, RBE = 10 Ohms) 

VCER(sus) 

Collector Cutoff Current ICEO 
(VCE = 28 Vde, IB = 0) 

Collector Cutoff Current ICEX 
(VCE = 55 Vde, VBE = -1.5 Vde) 
(VCE = 30 Vde, VBE = -1.5 Vde, TC = 200oC) 

Emitter Cutoff Current lEBO 
(VBE = 3.5 Vde, IC = 0) 

ON CHARACrFRISTICS 

~c Current Gain . hFE 
(lC ~ 50 mAde, VCE - 50 Vaei 

i (lC ~ 360 mAde, VCE = 5.0 Vdci I Collector-Emitter Saturation Voltage VCE(s,t) 
(lC = 0.1 Ade, IB = 20 mAde) 

DYNAMIC CHARACTERISTICS 

Current-Gain-Bandwidth Product IT 
(lC = 50 mAde, VCE = 15 Vde, I = 200 MHz) 

Output Capacitance COb 
IVCB = 30 Vde, Ie = 0, I = 1.0 MHz) 

FUNCTIONAL TEST 

Power Input (Figure 1) Pin 
(Pout = 1.2 Watts, RL = 50 Ohms, I = 400 MHz) 

Collector Efficiency (Figure 1) 1) 

(Pout = 1.2 Watts, RL = 50 Ohms, I = 400 MHz) 

·'ndicates JEDEC Registered Data. 

FIGURE 1 - 400 MHz TEST CIRCUIT 

L4 
C3 (lL = 50 OHMS) 

L3 

+VCC = 28 V 

2-35 

Min Max Unit 

30 - Vde 

55 - Vde 

- 20 J.lAde 

mAde 
- 0.1 
- 5.0 

- 0.1 mAde 

10 200 -
5.0 -
- 1.0 Vde 

500 - MHz 

3.5 pF 

- 0.2 Watt 

45 - % 

Cl = 0 9-7.0 pF,ARCO 400 or equivalent 
C2 = 1.5-20 pF, ARGO 402 or equivalent 
C3 = 1.5-20 pF, ARCO 402 or equivalent 
C4 = 1000 pF 
11 = 2 turns No. 18 AWG wire, 1/4" 10, 1/8" Long 
L2 = RF Choke, O.I"H 
L3 = 2 turn. No. 18 AWG wire, 1/8" 10, 1/8" Long 
L4 = 3 turn. No. 16 AWG wire, 1/4" 10, 3/8" Long 



2N5090 (continued) 

FIGURE 2 - POWER OUTPUT versus FREQUENCY FIGURE 3 - POWER OUTPUT versus POWER INPUT 
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FIGURE 5 - PARALLEL EQUIVALENT INPUT 
CAPACITANCE versus FREQUENCY 
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2N 51 08 (SILICON) 

NPN SILICON HIGH-FREQUENCY TRANSISTOR 

NPN SILICON 
· .. designed for amplifier. freq4ency multiplier. or oscillator applica- AMPLIFIER 
tions in military and industrial equipment. Suitable for use as output, TRANSISTOR 
driver, or pre-driver stages in UHF equipment and as a fundamental 
frequency oscillator at 1.68 GHz. 

• High Power Output - Pout = 1.0 W (Min) @ f = 1.0 GHz 

• High Current-Gain-Bandwidth Product -
fT = 1200 MHz (Min) @ IC = 50 mAdc 

• Ideal for Radio Sonde Applications -
Pout (oscillator) = 300 mW (Typ) @ f = 1.68 GHz 

!/l 
MAXIMUM RATINGS 

Rating Symbol Value Unit 

~ 
Collector-Emitter Voltage VCEO 30 Vdc 

·Collector-Emitter Voltage VCER 55 Vdc 
IRBE = 10 Ohmsl -re- --I 

·Collector-Base Voltage VCB 55 Vdc __ ~ K 

*Emitter-Base Voltage VEB 3.0 Vdc 
SEATING -~ 

·Collector Current - Continuous IC 0.4 Adc PLANE --11---0 STYlE 1. 

*Total Device Dissipation@Tc=2S0C PD 3.5 Watts PIN 1. EMITTER 

Derate above 25°C 0.02 WloC 

~. 
2. BASE 
3. COllECTOR 

·Storage Temperature Range Tstg -65 to +200 °c 
N N 

·'ndicates JEDEC Registered Data. l' "(¥J 
MILLIMETERS INCHES 

DIM MIN MAX MIN MAX 

A 8.89 9.40 0.350 0.370 
B 8.00 8.51 0.315 0.335 
C 6.10 6.60 0.240 0.260 
0 0.406 0.533 0.016 0.021 
E 0229 3.18 0.009 0.125 
F 0.406 0.483 0.016 0.019 
G 4.83 5.33 0.190 0.210 
H 0.711 0.864 0.028 0.034 
J 0.737 1.02 0.029 0.040 
K 12.70 - 0.500 -
L 6.35 - 0.250 
M 45i1 NOM 450 NOM 
P 1.27 0.050 
Q 900 NOM 900 NOM 
R 2.54 - 0.100 

CASE 79-02 

Note: All JEDEC notes and dlm9l1sionsapp1v. 
TD·39 

2-37 



2N5108 (continued) 

ELECTRICAL CHARACTERISTICS (Tc = 250C unless otherwise noted) 

Characteristic 

OFF CHARACTERISTICS 

'Collector-Emitter Sustaining Voltage 
(lC = 5.0 mAde, RBE = 10 ohms) 

"Emitter-Base Breakdown Voltage 
(IE = 0.1 mAde,lc = 0) 

'Collector Cutoff Current 
(VCE = 15 Vde, IB = 0) 

'Collector Cutoff Current 
(VCE = 50 Vde, VBE = 0) 
(VCE = 15 Vde, VBE = 0, TC = lSOoC) 

OYNAMIC CHARACTERISTICS 

*Current-Gain-Bandwidth Product 
(lC = 50 mAde, VCE = 15 Vdc, f = 200 MHz) 

* Output Capacitance 
(VCB = 30 Vde, Ie = 0, f = 1.0 MHz) 

FUNCTIONAL TEST 

'Common-Emitter Amplifier Power Gain (Figure 1) 
(Pout = 1.0 W, VCC = 2B Vde,lc = 102 mAde, 

f = 1.0 GHz) 

Power Output (Figure 11 
(Pin = 316 mW, VCE = 28 Vde,f= 1.0 GHz) 

"Collector Efficiency 
(Pin = 316 mW, VCE = 28 Vdc, f= 1.0 GHz) 

Power Output (Oscillator) (Figure 2) 
(VCE = 20 Vde, VEB = 1.5 Vde, f = 1.68 GHz) 

(Minimum Efficiency = 15%) 

·Indicates JEDEC Registered Data. 

FIGURE 1 - 1 GHz RF AMPLIFIER POWER 
OUTPUT TEST CIRCUIT 

BIAS 
VCC"+28V 

" I II 

" L_...IL _______ _ 

dl. \" Inpullinl.eant1ll'~onductorwidth~ 0.200" 
dZ l"Outputilne,centtrtorniuttol'vtidlhEO.126" 
Q 2N51OB 
R 390hms 

Tl,n Mimll1bDDUbl&S\ubTulIII',orEqulVllllllt 
BlasTea. Microl.b08N,orECl\Jivalant 

TnlllsillrorMount 1/32"MJc:rllllripboard 

Note. Impedanc:e mB8lUrements.e mad. at trlInsistor IOekIt pills. 

Symbol 

VCER(sus) 

BVEBO 

ICEO 

ICES 

fy 

Cob 

GpE 

Pout 

11 

Pout 

+Vcc 

2-38 

Min 

55 

3.0 

-

-
-

1200 

-

5.0 

1.0 

35 

-

-Vee 

Typ Max Unit 

- - Vdc 

- - Vde 

- 20 "Ade 

- 1.0 "Adc 
- 10 mAde 

- - MHz 

1.3 3.0 pF 

- - dB 

- - Watt 

- - % 

0.3 - Watt 

FIGURE 2 - 1.68 GHz RF OSCILLATOR POWER 
OUTPUT TEST CIRCUIT 

... z.ov 
...... ---~II Ll,L2-1I16N Mltrallrip8oard. LlIlIIIIlIIl.I6"" 

Md •• nd1.31"101II­
L3-1116"MlcnllCripllolrd.0.18" • .,. •• v" 

O.BS"ro"" 
L4-RFCIlGkt,3.8"H 
Cl-0.4pF-6.0pFJoIlallIOn464G 
C2-1.0pF-TOpFJlIlHIllllln436& 

C3.C4-HpFFeedthru 
R- 2.OkohRllMlnltlllttlTnlUpot 



2N5108 (continued) 
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2N51 09 (SILICON) 

The RF Line 

NPN SI LICON HIGH-FREQUENCY TRANSISTOR 

. designed specifically for broadband applications requiring low 
cross~modulation distortion and low-noise figure. Characterized for 
use in CATV amplifiers . 

• Low Noise Hgure - @ f = 200 MHz 
NF = 3.0 dB (Typ) 

• High Current-Gain - Bandwidth Product -
fT = 1200 MHz (Min) @ IC = 50 mAdc 

'MAXIMUM RATINGS 

Rating Symbol 

Collector-Emitter Voltage VCEO 
Coliector~Base Voltage VCBO 
Emitter-Base Voltage VEBO 

Base Current - Continuous IB 
Collector Current - Continuous IC 

Total Device Dissipation@Tc - 7SoC (1) 
Derate above 2SoC 

Po 

Value Unit 

20 Vdc 

40 Vdc 

3.0 Vdc 

400 mAde 

400 mAde 

2.5 Watt 
20 mW/oC 

Storage Temperature Range T 51g -65 to +200 °c 

(1) Total Device Dissipation at T A "" 2SoC ;s 1,0 Watt. 
* Indicates JEDE'C Registered Data. 

FIGURE 1 - VOLTAGE GAIN TEST CIRCUIT 

R4 

,-VEE +VCC 

el, C2. C5 O.OO2J,tF 
C38-60pF,ARC0404 

or EqulYalent 
C4 O.03j.tF 

ca, C7 1,500pF 
Rl 390 OHMS, 112WATI 
R2 6.8 OHMS, 1/2 WATT 

R3 330 OHMS, 1 WAn 
R4 270 OHMS, 1!2WATT 
T14turns, Bifllarwindlng, 

3116" 1.0.,#30 AWG 
CORE MATERIAL: 
Indiana General 
CF 102-01 

DETAil 
OF TRANSFORMER 

2-40 

WIDE BAND AMPLIFIER 

NPN SILICON 
HIGH-FREQUENCY 

TRANSISTOR 

r.- --, t 
__ ~ K 

Ji~:~:-~ 
SEN1~~ -I~DST~ 1 

PIN 1 EMITTER 
2 BASE 
3. COLLECTOR 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 

A 8.89 9.40 0350 0370 

• 800 8.51 0.315 0.335 
C 610 6.60 0.240 0.260 
D 0.406 0533 0.016 0.021 
E 0229 3.18 0009 0125 
F 0.406 0.483 0.016 0.019 
G 4.83 5.33 0.190 0210 
H 0711 0864 0.028 0.034 
J 0.737 1.02 0.029 0.040 
K 12.70 0.500 
l 6.35 0.250 -
M 450 NOM 450 NOM 
P 1.27 0.050 
n 900 NOM 900 NOM 
R 2.54 - 0.100 -

Note. AIIJEOEC notesanddlmenslOnsapplv 

CASE 79-02 
TO-39 



2N5109 (continued) 

ELECTRICAL CHARACTERISTICS IT C :: 2SoC unless otherwise noted) 

I Characteristic 

• OFF CHARACTERISTICS 

Collector·Emitter Sustaining Voltage 
(lC = 5.0 mAde, IB = 0) 

Coliector·Emltter Sustaining Voltage (1) 
(lc = 5.0 mAde, RBE = 10!1) 

Collector Cutoff Current 
(VCE = 15 Vde, IB = 0) 

Collector Cutoff Current 
(VCE = 15 Vde, VBE = -1.5 V, TC = 150°C) 

(VCE = 35 Vde, VBE = -1.5 V) 

Emitter Cutoff Current 

(VBE = 3.0 Vde, I" = 0) 

'ON CHARACTERISTICS 

DC Current Gam 
(lc = 360 mAde, VCE = 5.0 Vde) 
(lC = 50 mAde, VCE = 15 Vdcl 

DYNAMIC CHARACTERISTICS 

*Current-Gain - Bandwidth Product 
(lC = 50 mAde, VCE = 15 Vde, f = 200 MHz) 

*Collector-8ase Capacitance 
(V CB = 15 Vde, IE = 0, f = 1.0 MHz) 

Noise Figure 

(lc = 10 mAde, VCE = 15 Vde, f=200MHz) 
(Figure 2) 

FUNCTIONAL TEST 

*Common-Emitter Amplifier Voltage Gain (Figure 1) 

(lc=50mAde,VCC=15Vde,f=50to 
216 MHz) 

Cross-Modulation Distortion (Figure 3) 
(lC = 50 mAde, VCE = 15 Vde, Vout =54 dBmV) 

*Power Input (Figure 2) 
(lC = 50 mAde, VCC = 15 Vde, RS = 50 ohms, 
Pout= 1.26mW,f= 200 MHz) 

-lndicatesJEDEC Registered Data. 

(1) Pulsed thru a 25 mH I nduetor; 50% Duty Cycle 

I Symbol I 

VCEO (sus) 

VCER (sus) 

ICEO 

ICEX 

lEBO 

tr 

Ceb 

NF 

Gve 

XM 

Pin 

Min Typ 

20 -

40 -

- -

- -

- -
- -

1200 -
- 1.8 

- 3.0 

11 -

- -70 

- -

FIGURE 2 - 200 MHz POWER GAIN TEST CIRCUIT 

Pm 
(Rg= SOH) 

Cl L1 

C2 

L2 

+Vcc 

2-41 

Cl,C2,C3 JO-30pF 
C4 10 -20pF 
C5 10,OOOpF 

C6, C7 1,OOOpF 
CB 0.01 ~F 

Max Unit 

- Vde 

- Vde 

20 !-lAde 

5.0 mAde 

5.0 mAde 

100 )lAde 

MHz 
-

3.5 pF 

- dB 

- dB 

- dB 

0.1 mW 

L 1 4-1/2 turns, No 22 Wire, 3/16" LO 
L4 3-1/2 turns, No. 22 WIIll, 3/16" 1.0. 

L2, L3 0.B2 jJH RFC 
R12400HMS,2WATTS 



2N5109 (continued) 

FIGURE 3 - CROSS MODULATION TEST SETUP 

Generatorl&2 
Matching Network 1 & 2 
Combmer 
VanableAttenuator 
Field Strength Meter, 

with Detector Output 
Filter 
ACVoltmeter 

HP608D, or equIvalent 
5Dto750hms 
20 dB ISolatIOn between generators 
As required 

50 -220MHz 
1000 Hz 
BaUantLOe861,orequLvalent 

FIGURE 4 - CURRENT-GAIN - BANDWIDTH PRODUCT 
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FIGURE 6 - SATURATION VOLTAGES 
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OPERATING INSTRUCTIONS FOR 
CROSS MOOUlATION TEST 

1 Set up equIpment as shown In Fig. 3 

2. Set generator 1 to 150 MHz modulated 30% by 1,000 hertz, 
and tune fIeld strength meter to 150 MHz. 

3. Adjust output level of generator 1 to give rated output 
from the amplifier under test, 

4. Adjust potentiometer and AC voltmeter for a convenient 
level. This level then corresponds to 100% cross modulation. 

5. Remove modulation. Readjust output level of generator 1 
If necessary to obtain the AC voltmeter "100% level". Do not 
readjust generator 1 durmg the following steps. 

6. Set generator 2 to 210 MHz modulated 30% by 1,000 hertz and 
tune field strength meter to 210 MHz. 

7. Adjust output level of generator 2 to give rated output of the 
amplifier, I e The AC voltmeter indicates the "100% level". 

8. Tune field strength meter to 150 MHz CW and read the AC volt­
meter (a change of the AC voltmeter scale may be necessaryl. 

9 Calculate percentage of cross modulation by comparing the 
reading of step 8 to the "100% level" 

FIGURE 5 - COllECTOR-BASE TIME CONSTANT 
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FIGURE 7 - CAPACITANCES versus REVERSE VOLTAGE 
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2N5109 (continued) 

FIGURE 8 - INPUT ADMITTANCE versus FREQUENCY 
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FIGURE 10 - REVERSE TRANSFER ADMITTANCE 
versus FREQUENCY 
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FIGURE 9 - INPUT ADMITTANCE 
versus COLLECTOR CURRENT 
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FIGURE 11 - REVERSE TRANSFER ADMITTANCE versus 
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2N5109 (continued) 
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FIGURE 15 - OUTPUT ADMITTANCE VO.SI. COLLECTOR 
CURRENT 
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2N5109 (continued) 

FIGURE 18 - REVERSE TRANSMISSION 
COEFFICIENT .ar .... FREQUENCY 

FIGURE 19 - FORWARD TRANSMISSION COEFFICIENT 
... sus FREQUENCY 

o 

FIGURE 20 -INPUT REFLECTION COEFFICIENT AND OUTPUT REFLECTION 
COEFFICIENT va .... FREQUENCY 
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2N5146 (SILICON) 

PNP SILICON ANNULAR MULTIPLE TRANSISTORS 

· .. designed for use in high current, high speed switching applications. 

• Low Coliector·l;mitter Saturation Voltage -
VCE(sat) = 1.0 Vdc (Max) @ IC = 1.0 Adc 

• DC Current Gain Specified - 20 (Min) @ IC = 1.0 Adc 

• High Current·Gain-Bandwidth Product -
fT= 150 MHz (Min)@lc= 50 mAdc 

• Fast Turn·On Time 
ton = 40 ns, toff = 110 ns 

*MAXIMUM RATINGS 

Rating Symbol 

Collector~Emitter Voltage VeEO 

Collector-Base Voltage VeB 

Emitter-Base Voltage VEB 

Collector Current Ie 

Operating and Storage Junction TJ,T"Q 
Temperature Range 

Value 

40 

40 

5.0 

1.5 

-65 to +200 

All Di. 
OneDie Equal Power 

Total Power Dissipation @ T A'" 2SoC Po 400 600 
Derate above 2SoC 2.28 3.42 

Total Power Dissipation@TC= 25°C Po 0.9 3.6 
Derate above 2SoC 6.13 20.5 

·Indicates JEDEC Registered Data. 
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Unit 

Vdc 

Vdc 

Vdc 

Adc 

°e 

mW 
mW/oe 

Watts 
mW/oe 

PNPSILICON 

MULTIPLE TRANSISTORS 

DIM 
A 
C 
D 
F 
G 
H 
J 
K 
L 
N 
R 
S 

STYLE I 
PIN I COLLECTOR 

2 BASE 
3 EMITTER 
4 NOT CONNECTED 
5 EMITTER 
6 8ASE 
7 COllECTOR 
8 COLLECTOR 
9 BASE 

10 EMITTER 
11 NOT CONNECTED 
12 EMITTER 
13 BASE 
14COllEtTOR 

MILLIMETERS INCHES 
MIN MAX MIN MAX 
6.10 6.99 0.240 0.275 
0.76 2.03 0.030 0.0lI0 
0.25 0.48 0.010 0.019 
0.08 0.15 0.003 0.006 

1.27 BSC 0.050 SSC 
0.13 0.89 0.005 0.035 
- 0.38 - 0.015 
6.35 - 0.250 -

18.80 - 0.740 
0.25 - 0.010 
- O. - .1 
7.62 8.38 0.300 0.330 

CASE 607·04 



2N5146 (continued) 

* ELECTRICAL CHARACTERISTICS (f. = 25"C unless otherwise noted) 

Characteristic Symbol Min Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage (II BVCEO Vdc 
(IC = 10 mAdc, IB = 0) 40 -

Collector-Base Breakdown Voltage BVCBO Vdc 
(IC = 10 /.LAdc, IE = 0) 40 -

Emitter-Base Breakdown Voltage BVEBO Vdc 
(~ = 10 /.LAdc, IC = 0) 5.0 -

Collector Cutoff Current ICEV nAdc 
(V CE = 30 Vdc, V BE (off) = 2.0 Vdc) - 100 

Emitter Cutoff Current lEBO nAdc 
(VBE = 3.0 Vdc, IC = 0) - 100 

Base Cutoff Current ISEV nAdc 
(V CE = 30 Vdc, V BE (off) = 2.0 Vdc) - 200 

ON CHARACTERISTICS 
DC Current Gain (II hFE -

(IC = 1.0 Adc, V CE = 2.0 Vdc) 20 -
Collector-Emitter Saturation Voltage III VCE(sat) Vdc 

(IC = 1. 0 Adc, IB = 0.1 Adc) - 1.0 

Bas,!,-Emitter Saturation Voltage (II VBE(sat) Vdc 
(IC = 1. 0 Adc, IB = O. 1 Adc) - 1.4 

DYNAMIC CHARACTERISTICS 

Current-Gain-Bandwldth Product fT MHz 
(IC = 50 mAdc, V CE = 10 Vdc, f = 100 MHz) 150 -

Collector-Base Capacitance Ccb pF 
(VCB = 10 Vdc, IE = 0, f = 100 kHz) - 20 

Emitter-Base Capacitance Ceb pF 
(VBE = 0.5 Vdc, IC = 0, f = 100 kHz) - 80 

SWITCHING CHARACTERISTICS(See Figure I) 

Delay Time (VCC = 30 Vdc, VSE(off) = 0.5 Vdc, td - 10 ns 

Rise Time IC = 1. 0 Adc, IBI = 0.1 Adc) tr - 30 ns 

storage Time (V CC = 30 Vdc, ts - 80 ns 

Fall Time IC = 1. 0 Adc, IBI = 182 = 0.1 Adc) tf - 30 ns 

* Indicates JEDEC Registered Data 
III Pulse lest: Pulse Width ,; 300 /.Ls, Duty Cycle,; 2.0% 

FIGURE 1 - SWITCHING TIME TEST CIRCUIT 

'r'" 5.0 ns 
PW:::o400 n. 
DUTY CYClE:::o2.0% 

+27.3 V 

150 
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2N5155 (GERMANIUM) 

PNP GERMANIUM POWER TRANSISTORS 
· .. designed for high-current switching applications requiring low saturation 
voltages, fast switching times and above average Collector-Emitter Sustaining 
capability. 

25 AMPERE 
• Alloy Diffused Epitaxial Construction PNPADE GERMANIUM 

• Low Saturation Voltages - POWER TRANSISTOR 
VCE(sat) = 0.9 Vdo (Max) @ IC = 25 Adc 
VBE(sat) = 1.4 Vdc (Max) @ Ie = 25 Adc 140 VOLTS 

106 WATTS 
• DC Current Gain -

hFE = 25 (Min) @ IC = 8.0 Adc 

* MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage VCEO 120 Vdc 

Collector - Base Voltage VCB 140 Vdc 

~ Emitter-Base Voltage VEB 1.5 Vdc 

Collector Current - Continuous IC 15 Adc 
** - Continuous 25 

- Peak 25 

Base Current - Continuous IB 5.0 Adc 

J£'3h' 'Total Device Dissipation @TC = 250 C PD 106 Watts 
De rate above 250 C 1. 25 W/'C 

Operating and Storage Junction TJ , Tstg -65 to +110 °c 
Temperature Range 

tE ;-t K 
SEATING PLANE ~~ 

THERMAL CHARACTERISTICS r-----F-I 
Characteristic Symbol Max Unit f--J-

Thermal Resistance, Junction to Case eJC 0.8 °C/W ":-?';F'iJT 1 *Indicates JEDEC Registered Data. 
**Motorola guarantees this data in addition to the JEDEC Registered data shown. 1 

ST~I ,/ IG 
FIGURE 1 - SUSTAINING VOLTAGE TEST CIRCUIT PIN 1 BASE 

2 EMITTER 

~tica~SI ! ,J); MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 

°c~~mon ~ ~ .. ~ lN1187 A - 39.37 - 1.550 
1.0 B 21.08 0.830 

1.0 .LJ> ~ ~ 100W C 7.62 0.300 
D 1.22 1.32 0.048 0.052 

~~ 
Horizontal ~ (4) 

E 3.43 0.135 >-0 

~11120~djfOr ~ 
F 29.90 30.40 1.177 1.197 

~ G 10.67 11.18 0.420 0.440 
f = 20 Hz 10 mH H 5.33 5.59 0.210 0.220 

Duty Cycle = 0.5% 10 IC Adj~~t 0-150 J 16.64 17.15 0.655 0.675 

U 
)1 + VCE(sus) 

K 8.13 10.67 0.320 0.420 
,I n 3.84 4.09 0.151 .11 

R 26.67 1.050 

---=--L~est Adjust Ie = ~ Collector connected to case 

5.0.1. 3.0 CASE llA 

(j) Close Switch SI for IC = 25A Test. 
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2N5155 (continued) 
ELECTRICAL CHARACTERISTICS (Tc = 2SOC unless otherwise noted) 

Characteristic Symbol Min Max Unit 

OFF CHARACTERISTICS 

• Collector-Emitter Breakdown Voltage BVCEO Vdc 
(IC = 100 mAdc, IB = 0) 120 -

* Collector-Emitter Sustaining Voltage (See Figure 1) 
VCEO'(sus) Vdc 

(IC = 8.0 Ade, REB = 10 Ohms) 120 -

(IC = 25 Ade, REB = 10 Ohms) 80 -

• Collector Cutoff Current ICEX mAde 

(V CE = 140 Vctc, V BE (off) = 0.2 Vde) - 10 

(V CE = 140 Vde, V BE(oer) = 0.2 Vdc, TC = 85·C) - 25 

Collector Cutoff Current ICBO /lAdc 
(V CB = 2.0 Vdc, IE = 0) - 200 

* Emitter Cutoff Current lEBO mAde 
(VEn = 1. 5 Vetc, IC = 0) - 500 

ON CHARACTERISTICS 
* DC Current Gain hFE -

(IC = 8.0 Adc, V CE = 2.0 Vde) 25 100 

* Collector-Emitter Saturation Voltage V CE(sat) Vde 
(IC = 25 Ade, IB = 2. 5 Adc) - 0.9 

'" Base-Emltter Saturation Voltage VBE(sat) Vdc 
(IC = 25 Adc, IB = 2.5 Adc) - 1.4 

Pulse Energy Test (Note 1) (See Figure 2) PET Joule 
(IC = 4.2 Adc, V CE = 30 Vd,,) 1. 26 -

DYNAMIC CHARACTERISTICS 
Current-Gain-Bandwidth Product 

(IC = 5.0 Adc, V CE = 2.0 Vdc, f, 50 kHz) 

SWITCHING CHARACTERISTICS 

Rise Time 
(V CC = -12 Vdc, IC = 10 Adc, 

t 
r - 18 /lS 

Storage Ti me IB1 = 1. 0 Adc, IB2 = 1. 0 Actc) t - 12 IlS 
S 

Fall Time (See Fib'Ure 3) tf - 18 /lS 

'IndIcates JEDEC RegIstered Data. 
Note 1: Pulse Test: Pulse Width 0 10 ms, Duty Cycle 0 2.5%. 

FIGURE 2 - PULSE ENERGY TEST CIRCUIT FIGURE 3 - SWITCHING TIME TEST CIRCUIT 

1.2 ruT 0.10 

"i:-f-f" Ad; for 
2.ow 

51 
Ico4.2A 6.0 V 0.5W 

·C. P. Cia,. HGSMIoII Or Equivalent 

2N5157 

Ad; for 

VCE = 30 V 

Ad; for 10 ms. Pulse Width 
and 2.5% Duty Cycle 

5.0 

50llS 
-5.5 V O--"M.--<t+-l 

InpUI Pulse 
Ir. If';; 10 ns 
PRF = 60 Hz 

For Specifications, See 2N3902 Data, Volume I. 
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2N5160 (SILICON) 

PNP silicon RF power transistors designed for 
amplifier, frequency multiplier or oscillator applica­
tions in military and industrial equipment. Suitable for 
use as Class A, B, or C output driver, or pre-driver 
stages in VHF and UHF. 

MAXIMUM RATINGS 

CASE 79 
(TO-39) 

Rating 

Collector-Emitter Voltage 

Collector connected to case 
Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current 

Total Device Dissipation @TC = 25° C 
Derate above 25° C 

STYLE 1 
PIN 1. EMITTER 

. 2. BASE 
Operating and Storage Junction 

Temperature Range 
3. COLLECTOR 

ELECTRICAL CHARACTERISTICS (T A = 25'C unless otherwise noted) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage 
(IC = 5. a mAde, IB = 0) 

Emitter-Base Breakdown Voltage 
(IE = O. 1 mAde, IC = 0) 

Collector Cutoff Current 
(V CE = 28 V dc, IB = 0) 

Collector Cutoff Current 
(V CE = 60 Vdc, VBE = 0) 

Collector Cutoff Current 
(VCB = 28 Vdc, IE = 0) 

ON CHARACTERISTICS 

DC Current Gain 
(IC = 50 mAde, V CE = 5.0 Vdc) 

DYNAMIC CHARACTERISTICS 

Current-Gain-Bandwidth Product 
(IC = 50 mAdc, V CE = 15 Vde, f = 200 MHz) 

Collector-Base Capacitance 
(VCB = 28 Vdc, IE = 0, f = 0.1 to 1.0 MHz) 

FUNCTIONAL TESTS 
Common-Emitter Amplifier Power Gain 

(V CE = 28 Vde, Pin = 0.16 Watt, f = 400 MHz) 

(VCE = 28 Vdc, Pin = 50 mW, f = 175 MHz) 

Power Output 
(V CE = 28 Vdc, Pin = 0.16 Watt, f = 400 MHz) 

(V CE = 28 Vde, Pin = 50 mW, f = 175 MHz) 

Collector Efficiency 
(VCE = 28 Vde, Pin = 0.16 Watt, f = 400 MHz) 

2-50 

V CEO(sus) 

BVEBO 

ICEO 

ICES 

ICBO 

fT 

Ccb 

GpE 

Pout 

~ 

Symbol Value Unit 

VCEO 40 Vdc 

VCB 60 Vdc 

VEB 4.0 Vdc 

IC 0.4 Adc 

PD 5.0 Watts 
28.6 mW/oC 

TJ , Tstg -65 to +200 °c 

Vde 
40 - -

Vde 
4.0 - -

!lAde 
- - 20 

mAde 
- - 0.1 

/lAde 
- - 1.0 

MHz 
500 900 -

pF 
- 2.5 4. a 

dB 
8. a 8.8 -
- 14.5 -

Watt 
1.0 1.2 -
- 1.4 -

% 
45 55 -



2NS 160 (continued) 

FIGURE 1 - 400-MHz TEST CIRCUIT 

C1 - 10 pF 
C2. C3. C4. C5 - 1.0 - 10 p F variable 
Cs - 2400 pF feed through 
C7 - 0.004 ~F 

C, 

Cs - 0.01 ~F 
L1 - 30 nH. 1 turn. No. 20 AWG 
L2 - 75 nH. 3 turns. No. 20 AWG 
L3 - 0.33 ~H. R.F.C. 

RFC 
n < 5.0 

FIGURE 2 - POWER OUTPUT 
versus FREQUENCY 
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VCEI=~a,~ _ 
1. 5 

FIGURE 3 - POWER OUTPUT 
versus POWER INPUT 
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FIGURE 4 - PARALLEL INPUT 
IMPEDANCE versus FREQUENCY 
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2N5160 (continued) 

FIGURE 6 - PARALLEL OUTPUT 
CAPACITANCE versus FREQUENCY 

FIGURE 7 - CURRENT -GAIN-BANDWIDTH 
PRODUCT versus COLLECTOR CURRENT 
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FIGURE 8 - 2N5160 300-MHz COMPLEMENTARY POWER OUTPUT CIRCUIT 

500pF RFC 

* 
+56 V 

t 470pF TO.001.F 

38 nH ~ 
2N5160 

5.0 pF 

COUPLING 
CAP 

150 nH 150 nH 

1.0-10pF 1.0 -10 pF 

38 nH 

1.0-10pF 2N3866 1.0 -10 pF 

FIGURE 9 - COMPLEMENTARY CIRCUIT - POWER OUTPUT versus POWER INPUT 

3. 0 
I 

f: 300 MHz f------./' 
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V 
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./ 
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./ 
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2N5161 (SILICON) 
2N5162 

STYLE 1: 
PIN 1. EMITTER 

2. BASE 
3. COLLECTOR 

CASE 36 
(TO-60) 

PNP silicon RF power transistors designed for 
amplifier or oscillator applications in military and 
industrial equipment. Suitable for use as Class B or 
C output or power oscillator in VHF applications 

Case common to emitter 

MAXIMUM RATINGS 

Rating Symbol 2NS161 2NS162 
Collector-Emitter Voltage VCEO 40 

Collector-Base Voltage VCB 60 

Emitter-Base Voltage VEB 4.0 

Collector Current IC 1.5 5.0 

20 50 Total Device Dissipation@ TC = 25°C 
Derate above 25°C 

PD 
0.114 0.286 

Operating and Storage Junction TJ , Tstg -65 to +200 
Temperature Range 

FIGURE 1 - 175 MHz TEST CIRCUITS 
1. - 2N5161 
L3 

-28 V 

2400 pF ! 0.02PF! 

3.0pF-~pF~ Ll 

5.0-80.pF j ~ 

Ll - 1 TURN, #18 AWG (21 nH) 

L2, L3 - 0.33 pH RFC 

RFC 
(1<5.0 

L4 - 4 TURNS, #16 AWG, W'I.O. (200 nH) 

1b - 2N5162 

-28 V 1 0.0021 :1 
0.002 pF T !IF I 0.5 ~F T 

5.0-~,'!.pF Ll ~ 

On ,;. 17.5 nH 

~ 5.0-80 pF 

-Ll - #16 STRAIGHT WIRE, 1 3/8" LONG. -
LZ - 5 TURNS #ZO AWG, 1/2" LONG. 

L3 - 1 TURN #18 AWG WIRE. 

RFC 
(1<5.0 
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L2 
L4 

,." 

RL = 50 

rv' ~ 

~ 1.5-15 pF 

3.0- 30 pF 
I 

-

L2 
130nH 

"AL = 50 

rV' L3 
~ 5.0-80 pF 

5.0-80 pF i" 

n 

Unit 

Vdc 

Vdc 

Vdc 

Adc 

Watts 
W;OC 

°c 



2N5161, 2N5162 (continued) 

ELECTRICAL CHARACTERISTICS (Tc = 25"C unless otherwise noted) 

Characteristic Symbol 
OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage* 
(IC = 200 mAde, IB = 0) 

Emitter-Base Breakdown Voltage 
(IE = 1. 0 mAde, IC = 0) 

(IE = 5. 0 mAde, IC = 0) 

Collector Cutoff Current 
(VCE =60Vde, VBE=O) 

(V CE = 28 Vde, V BE = 0, TC = 200°C) 
~ 

Collector Cutoff Current 
(VCB =28Vde,IE =0) 

ON CHARACTERISTICS 
DC Current Gain 

(IC = 250 mAde, V CE = 5.0 Vde) 

(IC = 2.0 Ade, V CE = 5.0 Vde) 

DYNAMIC CHARACTERISTICS 
Current-Gain-Bandwidth Product 

(IC = 200 mAde, V CE = 20 Vde, f = 100 MHz) 

(IC = 500 mAde, V CE = 20 Vde, f = 100 MHz) 

Collector-Base Capacitance 
(V CB = 28 Vde, IE = 0, f = 0.1 to 1. 0 MHz) 

FUNCTIONAL TEST 
Common-Emitter Amplifier Power Gain 

(VCC = 28 Vde, P out =7.5Watts, f=175MHz) 

(Vee = 28 Vdc, P out = 30 Watts, f= 175 MHz) 

Power Output 
(Vec = 28 Vde, P in = 1. o Watt, f=175 MHz) 

(VCC = 28 Vde, Pin = 7.5 Watts, f= 175 MHz) 

Collector Efficiency 
(Vee = 28 Vde, Pout = 7. 5 Watts, f=175MHz) 

(Vee = 26 Vdc, P out = 30 Watts, f= 175 MHz) 

• Pulsed through 25 mH Inductor 

2N5161 

2N5162 

2N5161 
2N5162 
2N5161 
2N5162 

2N5161 
2N5162 

2N5161 

2N5162 

2N5161 

2N5162 

2N5161 
2N5162 

2N5161 

2N5162 

2N5161 

2N5162 

2N5161 

2N5162 

V CEO(Sus)' 

BVEBO 

ICES 

ICBO 

fT 

Ccb 

GpE 

Pout 

11 

Min Typ Max Unit 

Vdc 
40 - -

Vde 
4.0 - -
4.0 - -

mAde 
- - 0.5 
- - 1.0 
- - 5.0 
- - 10 

mAde 
- - 0.1 
- - 0.2 

MHz 
- 500 -
- 500 -

pF 
- 10 15 
- 45 60 

dB 
8.75 10.3 -
6.0 7.0 -

Watts 
7.5 8.5 -
30 35 -

% 
45 - -
55 - -
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2N5161, 2N5162 (continued) 
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2N5161, 2N5162 (continued) 

LARGE SIGNAL IMPEDANCE DATA 

FIGURE 9 - REAL SERIES INPUT RESISTANCE 
versus FREQUENCY 
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2N5164 thru 2N5171 (SILICON) 

2N 5164R thru 2N 5171 R 

THYRISTORS 
SILICON CONTROLLED RECTIFIERS 

· .. designed for industrial and consumer applications such as power 
supplies, battery chargers, temperature, motor, light and welder 
controls. 

• Supplied in Either Pressfit or Stud Package 

• High Surge Current Rating - ITSM = 240 Amp 

• Low On-State Voltage - 1.2 V (Typ) @ ITM = 20 Amp 

• Practical Level Triggering and Holding Characteristics -
10 mA (Typ) @TC = 250 C 

MAXIMUM RATINGS 

Rating Symbol Value 

*Peak Reverse Blocking Voltage (11 VRRM 
2N5164,2N5168 50 
2N5165,2N5169 200 
2N5166,2N5170 400 
2N5167,2N5171 600 

*Non-repetitive Peak Reverse Blocking Voltage VRSM 
2N 5164,2N5168 75 
2N5165,2N5169 300 
2N5166,2N5170 500 
2N5167,2N5171 700 

Forward Current R MS ITIRMS) 20 

Circuit Fusing Considerations 12t 235 
(TJ =-40to+l000C, t ';;8.3 ms) 

*Peak Forward Surge Current ITSM 240 
(One cycle, 60 Hz, T J = -40 to +100oC) 

*Peak Forward Gate Power PGFM 5.0 

* Average Forward Gate Power PGFIAVI 0.5 

*Peak Forward Gate Current IGFM 2.0 

Peak Gate Voltage - Forward (2) VGFM 10 
Reverse VGRM 10 

*Operating Junction Temperature Range TJ -40 to +100 

*Storage Temperature Range Tst• -40 to +150 

Stud Torque (3) 2N5168-2N5171 30 

THERMAL CHARACTERISTICS 

Characteristic Symbol Typ Max 

*Thermal Resistance, Junction 8JC 
to Case 2N5164,65,66.67 1.0 1.5 

2N5168,69.70.71 1.1 1.6 

*Indicates JEOEC Registered Data. 

Unit 

Volts 

Volts 

Amp 

A2s 

Amp 

Watts 

Watt 

Amp 

Volts 

°c 

°c 

in. lb. 

Unit 

°CIW 

(1)VRRM for all types can be applied on 8 continuous de: basis without incurring damage. 
Ratings apply for zero or negative gate voltage. Devices should not be tested for blocking 
capability in a manner such that the yoltageapplied exceeds the rated blocking voltage. 

(2) Devices should not be operated with a positive bias applied to the gate concurrent with 8 
negative potential applied to the anode. 

(3) Reliable operation can be impaired if torque rating is exceeded. terminal tubes bent, or 
glass seal broken. 

2·57 

THYRISTORS 
PNPN 

50-600 VOLTS 
20 AMPERES RMS 

2N5164 

~ 2N5165 , ' 
2N5166 

a-h N1 , 2N5167 

ArlJ£D£Cd,menslOnsand notesapptv r-::-r ~ -, CASE 174.Q2 
I', 12 TO-203AA -, 'A 

K L' 1/3 

L' ~c 
Pt-:j'-h 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 

A 12.726 12.827 0.501 0.505 
B 11.811 12.065 M65 0.415 

STYLE 1 C 8.39 9.65 0.330 038il 
TERM. 1. GATE E 2.54 0.100 -

2. CATHODE F 0.89 1.72 0.035 0.068 
3 ANODE J 2.04 2.46 0.080 0.097 

K - 20.32 0.800 
N 12.95 0.51 
0 1.66 2.28 0.065 0.080 

t~] 
2N5168 
2N5169 
2N5170 

"I 
2N5171 

n- ,~ CASE 175 
K I l 

c L ---. 

~ ~ \:".,,""'" 
~= :~~~~~FrNUT 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 
A 15.34 15.60 0.604 0.614 
B 14.00 14.20 0.551 0.559 

STYLE 1: C 20.70 24.13 0.815 0.950 
TERM I. CATHODE; F 1.40 1.65 0.055 0.065 

Z.GATE H 2.29 REF 0.090 REF 
STUD: ANODE J 10.67 11.56 0.420 0.455 

K 9.78 10.54 0.385 0.415 
L 6.99 7.75 0.275 0.30S 
0 2.03 2.41 0.080 0.095 
R 165 REF 0.065 REF 
T 12.70 12.83 0.500 0.505 



2N5164 thru 2N5171, 2N5164R thru 2N5171 R (continued) 

ELECTRICAL CHARACTERISTICS (TC = 25°C unless otherwise noted) 

Characteristic Svmbol Min Max Unit 

*Peak Forward Blocking Voltage VORM(I) Volts 

(TJ= l000 e) 2NS164,2NSI68 SO -
2NS165,2NSI69 200 -
2NS166,2NS170 400 -
2N5167,2N5171 600 -

*Peak Forward Blocking Current IORM - 5.0 mA 
(Rated VORM@TJ = 100oe, gate open) 

Peak Reverse BlOCking Current IRRM - S.O mA 

(Rated VRRM @TJ = l000C, gate open) 

Gate Trigger Current (Continuous de) IGT(2) mA 

(Anode Voltage = 7.0 Vde, RL = 1000) - 40 

• (Anode Voltage = 7.0 Vde, RL = 1000, TC = -40°C) - 75 

Gate Trigger Voltage (Continuous de) VGT Volts 

(Anode Voltage = 7.0 Vde, RL = 1000) - 1.5 

'(Anode Voltage = 7.0 Vde, RL = 1000, TC = -400 C) - 2.5 

'(Anode Voltage = Rated VORM, RL = 1000, T J = 100°C) VGO 0.2 -

Forward "ON" Voltage (pulsed, 1.0 ms max, duty eyela ,;;1%) VTM Volts 

(lTM=20A) - 1.5 

(lTM =41 A) - 1.7 

Holding Current IH mA 

(Anode Voltage = 7.0 Vde, gate open) - SO 

'(Anode Voltage = 7.0 Vde, gate open, T C = -40°C) - 90 

Turn·On Time (td + t r) 
TYPICAL 

(lTM = 20 A, IGT = 40 mAde) ton 1.0 ,..S 

Turn·Off Time toff I'S 
(lTM = 10A,IR = lOA) 20 

(lTM = 10A,IR = 10 A, TJ = 100°C) 30 

(VORM = rated voltage) 

(dv/dt = 30 V/,..s) 

Forward Voltage Application Rate dv/dt 50 VII's 

(Gate open, T J = 10oDC) 

*Indicatas JEOEC Registered Oata. 
(1)VORM for all types can be applied on a continuous de basis without incurring damage. Ratings apply for zero or negative gate voltage. These 

devices should not be tested with a constant current source for forward or reverse blocking capability such that the voltage applied exceeds the 
rated block ing voltage. 

(2) For optimum operation, i.e. faster turn-on,lower switching losses, best di/dt capability, recommended IGT = 200 rnA. 

EFFECT OF TEMPERATURE UPON TYPICAL TRIGGER CHARACTERISTICS 

FIGURE 1 - GATE TRIGGER CURRENT FIGURE 2 - GATE TRIGGER VOLTAGE 
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2NS164 thru 2NS171, 2NS164R thru 2NS171R (continued) 
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FIGURE 1\ - SUB-CYCLE SURGES 
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2N5164 thru 2N5171, 2N5164R thru 2N5171 R (continued) 
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DERATING AND DISSIPATION FOR RESISTIVE AND INDUCTIVE 
LOADS (f = 60 to 400 Hz, SINE WAVE) 

FIGURE 7 - CURRENT DERATING(I) FIGURE 8 - FORWARD POWER DISSIPATION 
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(1)Reverse polarity units must be derated an additional 10%; i.e., 
in Figure 7 the maximum allowable case temperature of the 
2N5164 at 16 Adc is 70oe, ,!-derating of 300 e below the max­
imum junction temperature.! For the 2N5164R the derating 
would be an additional 10% or 3.00 e. making the allowable case 
temperature 67°C. 

For additional mounting information, refer to the Motorola 
brochure "Mounting Techniques for Pressfit Silicon Rectifiers 
and Silicon Controlled Rectifiers". 



2N5179 (SILICON) 

The RF Line 

NPN SILICON RF HIGH FREQUENCY TRANSISTOR 

... designed primarily for use in high-gain, low-noise amplifier, oscil­
lator, and mixer applications. Can also be used in UHF converter 
applications. 

• High Current-Gain - Bandwidth Product -
IT = 1.4 GHz (Typ) @ IC = 10 mAdc 

• Low Collector-Base Time Constant -
rb'Cc = 14ps (Max) @IE = 2.0 mAdc 

• Characterized with Scattering Parameters 

• Low Noise Figure -
NF = 4.5 dB (Max) @ f = 200 MHz 

'MAXIMUM RATINGS 

Rating. Symbol 

COllector-Emitter Voltage VeEO 
Applicable 1.0 to 20 mAde 

Collector-Base Voltage Vee 

Emitter-Base Voltage VEe 

Collector Current Ie 

Total Device Dissipation @ T A = 2SoC Po 
Derate above 2SoC 

Total Device Dissipation @ T C = 25°C Po 
Derate above 2SoC 

Value 

12 

20 

2.5 

50 

200 
1.14 

300 
1.71 

Storage Temperature Range Tstg -6510 +200 

*lndic8tes JEDEC Registered Data. 
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Unit 

Vdc 

Vdc 

Vdc 

mAde 

mW 
mw/oe 

mW 
mw/oe 

°e 

4.5 dB @ 200 MHz 

HIGH FREQUENCY 
TRANSISTOR 

NPN SILICON 

ST~ILNE 110 EMITTER -H--o 
2. SASE 
3. COLLECTOR 
4. CASE 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 

A 5.31 5.84 0.209 0.230 
B 4.52 4.95 O.17S 0.195 
C 4.32 5.33 0.170 0.210 
o 0.41 0.53 0.016 0.021 
E - 0.76 0.030 
f 0.48 0.016 0,019 
~ sse 0.100 sse 
~ ~1~.1~7~0~.0~3~6~0#.M~6~ 
H,- h ~1",.2",2~0~.0~2~8 +-"O",.M8"'-j 

K i-' 0.500-

~~ 02~ sse 

All JEDEC dimensions and notes apply 

CASE 20-03 
10-72 



2N5179 (continued) 

*ELECTRICAL CHARACTERISTICS (T A ~ 25°C unless otherwise noted) 

I ' Characteristic Symbol Min Max Unit 

OFF CHARACTERISTICS 

Collector~Emitter Sustaining Voltage VCeO(susl Vde 
(lC = 3.0 mAde,lB = 01 12 -

Collector-Base Breakdown Voltage BVCBO Vde 
(lC = 0.001 mAde, Ie = 01 20 -

Emitter-Base Breakdown Voltage BVeBO Vde 
(Ie = 0.01 mAde, IC = 01 2.5 -

Collector Cutoff Current ICBO IlAde 
(VCB = 15 Vde, Ie = 01 - 0.02 
(VCB = 15 Vde, Ie = 0, TA = 150"CI - 1.0 

ON CHARACTERISTICS 

DC Current Gain hFE -
(lc=3.0mAde, Vce = 1.0Vdel 25 250 

Collector-Emitter Saturation Voltage VCElsatl Vde 
(lC = 10 mAde, IB = 1.0 mAdel - 0.4 

Base-Emitter Saturation Voltage VBE(satl Vde 
Ilc = 10 mAde, IB = 1.0 mAdel - 1.0 

DYNAMIC CHARACTERISTICS 

Current-Gain - Bandwidth Product (j) IT MHz 
(lc = 5.0 mAde, VCE = 6.0 Vde, I = 100 MHzl 900 2000 

Collector-Base Capacitance Ceb pF 
(VCB = 10 Vdc, IE = 0, I = 0.1 to 1.0 MHzl - 1.0 

Smali-Signal Current Gain hie -
(lC = 2.0 mAde, VCE = 6.0 Vde, I = 1.0 kHzl 25 300 

Collector-Base Time Constant rb Ce ps 
(IE = 2.0 mAde, VCS = 6.0Vde, I =31.9 MHzl 3.0 14 

Noise Figure (Se. Figur. 1) NF dB 
(lC = 1.5 mAde, VCE = 6.0 Vde, RS = 60 ohms, f • 200 MHz) - 4.5 

FUNCTIONAL TEST 

Common-Eminer Amplifier Power Gain (See Figure 1) Gpe dS 
(VCE = 6.0 Vde, IC = 5.0 mAde, f = 200 MHz) 15 -

Power Output (See Figure 2) Pout mW 
(VCS = 10 Vde, IE = 12 mAde, f~500 MHz) 20 -

-Indicates JEDEC Aeglstered'Values. 
(!)fT is defined as the frequency at which Ihfel extrapolates to unity. 
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2N5179 (continued) 
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FIGURE 2- 500 MHz OSCILLATOR CIRCUIT 
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1 General Radio Type 874·020 Adjustable Stub or equivalent 
1 General Radio Type 874·LA Adjustable line Dr equivalent 

L 1 1·3f4 Turns. #18 AWG, 0 5" l, 0 5" Olameter 
L2 2 Turns, =16 AWG, 0 5" l, 0.5" Diameter 

1 General Radio Type 874·WN3 Short-cirCUit termination or equivalent 

Note 2 - RFC = 0.2 $.!H Ohmite #2-460 or equivalent 

l3 2 Turns, ""13 AWG, 0 25" L, 0.5" Diameter (Position 114" from l2) Note 3 -lead Number 4 (easel floating 
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2N5179 (continued) 

FIGURE 6 - CURRENT -GAIN-BANDWIDTH PRODUCT 
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FIGURE 8 - OUTPUT ADMITTANCE 
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2N5179 (continued) 

FIGURE 11- Sl1.INPUT REFLECTION COEFFICIENT FIGURE 12-S22. OUTPUT REFLECTION COEFFICIENT 

FIGURE 13 -S12. REVERSE TRANSMISSION COEFFICIENT FIGURE 14 -S21. FORWARD TRANSMISSION COEFFICIENT 
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2N5179 (continued) 

FiGURE 15-S11.INPUT REFLECTION COEFFICIENT AND S22. OUTPUT REFLECTION COEFFICIENT 
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2N 5190 thru 2N5192 (SILICON) 
MJE5190 thru MJE5192 

SILICON NPN POWER TRANSISTORS 

... for use in power amplifier and switching circuits, - excellent safe 
area limits. Complement to PNP 2N5193, 2N5194, 2N5195 and 
MJE5193, MJE5194, MJE5195. 

-MAXIMUM RATINGS 

RRing Symbol 2N5190,112N51911112N5192 
MJE519D MJE5191 MJE5192 . Unit 

Collector·Emltter Voltage VCEO 40 60 80 Vdo 
Collector-Base Voltage Vea 40 60 80 Vdo 
Emltter·Base Voltage VEe 50 Vdo 
Collector Current Ie 40 Ado 

Base Current Ie 1.0 Ado 

2N519D SeriMiMJE5190 Series 
Total Device Dlsslpatlon@Tc=2SoC Po 40 I 60 Watts 

Derate above 2S0C 320 4BO mW/oC 

Operatmg and Storage JunctIon 
Temperature Range 

TJ,Tstg ---65 to +150 °e 

THERMAL CHARACTERISTICS 

OIaractanstic 

Thermal ReSistance, Junction to Case 

*ELECTRICAL CHARACTERISTICS fTC = 2SoC unless otherwise notedl 

CharltCteristic I Symbol I Mo" M .. Unit 

OFF CHARACTERISTICS 

Collector·Emltter SustainIng Voltage (1) VCEOfsus) Vdo 
(lC=O.TAdc,tS=OJ 2N5190,MJES190 40 

2N5191,MJE5191 60 
2N5192,MJE5192 eo 

Collector Cutoff Current 'CEO mAde 
(VeE =40 Vdc,ls =0) 2NS190,MJE5190 1.0 
(VCE =60 Vdc,IB =0) 2N5191,MJE5191 1.0 
(VCE .. ao Vdc.IS =0) 2NS192,MJE5192 10 

Collector Cutoff Current ICEX mAdc 
(VCE =4"0 Vdc, VES(off) = 1.5 Vdc) 2N5190.MJE5190 0.1 
(VCE=60Vdc, VES(offl~1.5 Vdc) 2NS191.MJE5191 0.1 
(VeE = ao Vdc, VeS(offl = 1.5 Vdc) 2NS192,MJE5192 0.1 
(Vce"'40 Vdc, VEBtoff)= 1.5 Vdc. 2NS190,MJE5190 2.0 

T C= 125°C) 
(VeE = 60 Vdc, VESloff) = 1.5 Vdc, 2NS191,MJE5191 2.0 

TC" 125°C) 
(VCE =80 Vdc, VESloff) = 1.5 Vdc, 2N5192,MJE5192 2.0 

TC= l251l CI 

Collector Cutoff Current ICBO mAde 
IVCS =40 Vdc,IE =01 2N5190.MJE5190 0.1 
IVCS '" 60 Vdc, IE =01 2N5191.MJE5191 0.1 
(Vca "80 Vde, IE =0) 2NS192,MJE5192 0.1 

Emitter Cutoff Current IEaO mAde 
I VaE =5.0 Vdc, Ie =01 1.0 

ON CHARACTERISTICS 

DC Current Galn(1) "FE 
(lC"'.5 Ade, VeE = 2.0 Vdc) 2N5190,MJE5190 25 100 

2N5191,MJE5191 25 100 
2N5192.MJE5192 20 ao 

(lC =4.0Ade, VCE =2.0 Vdc) 2N5190,MJE5190 10 
2N5191,MJE5191 10 
2N5192.MJE5192 7.0 

Collector-Emitter Saturation Voltagell) VCElsat) Vdo 
(lC '" 1.5 Ade, 'a "0.15 Ade) 0.6 
(le"'4.0 Ade,la = 1.0Ade) 1.4 

aase-EmitterOn VoltageUI VSE(onl Vdc 
(le= 1.5 Adc, VCE =2.0 Vdel 1.2 

DYNAMIC CHARACTERISTICS 

Current-Galn-Bandwidth Product IT MHz 
IIC"'1.0 Adc, VeE = 10 Vdc, fo; 1.0 MHz) 2.0 

(llputseTest: Put. Width "';300 ,..,DutvCyele"'2.0'K0. 
·'ndiellt .. JEDEC Registered Oatil for 2N5190 Sarift. 
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4 AMPERE 
POWER TRANSISTORS 

SILICON NPN 

40-80 VOLTS 
40 and 60 WATTS 

STYLE 1 
PIN 1. EMITTER 

2. COllECTOR 
3. BASE 

2N5190 
2N5191 
2N5192 

CASE 77·03 

L u F M 

~, · "'~'lr , II U 

---rH ~s 

--~ 0-lliL I-J 

~Jir~ 
MILUMETERS IlitHE 

STYLE 1 DIM MI. A MI. MAX 
PINI BASE 

A 16.08 16.33 .8330.643 2 COLLECTOR 
3 EMITTER • 12.57 12.83 0.495 0.505 

318 '" 0125 0.135 

• 051 ." 0020 0.030 , 3.61 3.86 0142 0152 
G 2548SC or Be 
H 2.61 t92 O.IOS 0115 

MJE5190 
J D." ... 0017 0.027 
K 1473 1499 05"' 0.590 

MJE5191 .1 0 0.95 
TV!' TV 

MJE5192 • 1.47 1.73 0.058 0.068 

• <7, ,., 180.198 
R 181 16 O.o75001lli 
s .81 . 86 0.032 O . 
T '" 72. 0 5 0.285 
U , .. 045 055 

CASE 199·04 
NOTES 

1 DIM "G" rs TO CENTER OF LEADS 



2N5190 thru 2N5192/MJE5190 thru MJE5192 (continued) 
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2N5190 thru 2N5192/MJE5190 thru MJE5192 (continued) 

FIGURE 5 - COLLECTOR CUT-oFF REGION 
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FIGURE 6 - EFFECTS OF BASE-EMITTER RESISTANCE 
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2N5190 thru 2N5192/MJE5190 thru MJE5192 (continued) 

RATING AND THERMAL DATA 
ACTIVE·REGION SAFE OPERATING AREA 
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FIGURE 11 - 2N5190,2N5191,2N5192 
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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. 
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The data of Figures 11 and 12 is based on TJ(pk) = lSOOC; TC is 
variable depending on conditions. Second breakdown pulse limits 
are valid for duty cycles to 10% provided TJ(pk) S. 1500C. 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) 
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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 tht'rmal re­
sponse, the normalized effective transient thermal resistance of 
Figure 13 was calculated for various duty cycles. 

To find OJCh). multiply the value obtained from F,gure 13 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. (0 = 0.2). 

Using F,gure 13, at a pulse width of 0.1 ms and 0 = 0.2, the 
reading of rlt1, 0) is 0.27. 

The peak rise in junction temperature is therefore: 

"T=rlt) XPpX8JC=0.27 X 5OX3.12 = 42.20C 



2N5193 thru 2N5195 (SILICON) 

MJE5193 thru MJE5195 

SILICON PNP POWER TRANSISTORS 
... for use in power amplifier and switching circuits, - excellent safe 
area limits. Complement to NPN 2N5190, 2N5191, 2N5192 and 
MJE5190, MJE5191, MJE5192. 

"MAXIMUM RATINGS 

Rating 

CoUector-Emltter Voltage 

CollectCH"-Base Voltage 

Emitter-Base Voltage 

Collector Current 

Base Current 

Total Device Dlsslpatlon@Tc" 2SoC 
Derate above 2SoC 

Operating and Storage Junction 
Temperature Range 

THERMAL CHARACTERISTICS 

Charactanstlc 

Thermal Resistance, Junction to Case 

Svmbol 

VCEO 

Ve8 

VEB 

Ie 

'B 

Po 

TJ. Tstg 

~~n1;l I J~n~~ I ~~f5Jr:5 
40 60 80 

40 j 60 j 80 

'.0 
_--40 

10 

2NSl93 I MJE5193 
S,me.! Slone! 

40 I 60 
320 4BO 

---65to+150 

"ELECTRICAL CHARACTERISTICS (TC = 25°C unless otherWise notedl 

Olaractenstic I Symbol I • Min Max 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage (11 VCEO/sus) 
(lC"'01 Adc, IS=OJ 2N5193, MJE5193 40 

2N5194, MJE5194 60 
2NS19S, MJE5195 80 

Collector Cutoff Current ICEO 
(VCE = 40 Vde.iB = 01 2N5193. MJE5193 10 
(VCE = 60 Vdc. 'S = 01 2N5194. MJE5194 10 
(VCE = 80 Vdc. IS = OJ 2N5195. MJE5195 1.0 

Collector Cutoff Current 'CEX 
(VCE '" 40 Vdc. VSE(offl = 15 Vdc) 2N5193. MJE5193 01 
(VCE = 60 Vdc. VBE(off) = 1.5Vdc) 2N5194, MJES194 01 
(VCE = 80 Vde, VBE(off) = 1 5Vdc,l2N5195, MJE5195 01 
(VCE "" 40 Vd(.. VSE(off) -= 1 5 Vdc, 2N5193, MJE5193 20 

TC" 1250Cl 
(VCE '" 60 Vde. VBE(offl = 1 5Vde. 2N5194. MJE5194 2.0 

TC = 12S0C) 
(Vce = 80 Vde. VBE(offl = 1 5 Vde. 2N5195, MJE5195 2.0 

TC = 125°C) 

Collector Cutoff Current 'CBO 
(VCB'" 40 Vde.le '" a) 2N5193, MJE5193 01 
(VeB" 60 Vde.IE = 0) 2N5194. MJE5194 01 
(VeB .. so Vde, Ie ., 0) 2N5195. MJE5195 0.1 

Emitter Cutoff Current lEBO 
(VSE =t 5.0 Vde. IC .. 0) 10 

ON CHARACTERISTICS 

DC Current Gem (1 J hFE 
(lC = 1.5 Ade. VCE .. 2.0 Vdcl 2N5193. MJE5193, 2. 100 

2N5194. MJE5194. 
2N5195. MJE5195 20 80 

(Ie" 4 0 Ad<:. VCE = 2 0 Vdcl 2N5193. MJE5193, 10 
2N5194. MJE5194. 
2N5195. MJE5195 7.0 

Collector-Emitter Saturation Voltaga (1) VCE(sat) 
(Ie'" 1.5Adc.'B =0 15 Adc) 0.6 
lie" 4.0 Adc, '8 = 1_0 Ade) 12 

Basa-Emltter On VoltllgB! (II VBE(oni 
(Ie" 1.5 Adc, VCE • 2.0 Vdcl 12 

DYNAMIC CHARACTERISTICS 

Current-Gam-Bandwidth Product 
lie "'.OAde, Vee.'" 10Vdc, f '" 1.0MHzI 

• Indicates JEOEC Regllgred OM. for 2N5193 S.rkls. 

(1 I Pull. Tnt· Pul .. WidthS 3OO~ .. OlottV Cycl.'S'2.0". 
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Unit 

Vd, 

Vd, 

Vd, 

Ad, 

Ad, 

Watts 
mW/oC 

"c/W 

Vd, 

mAde 

mAde 

mAde 

mAd' 

Vd, 

Vd, 

4AMPERE 
POWER TRANSISTORS 

SILICONPNP 

40-80 VOLTS 
40 and 60 WATTS 

STYlE 1 
PIN t EMITTER 

2. COLLECTOR 
3. BASE 

2N5193 
2N5194 
2N5195 

CASE 77-03 

STYLE 1 
PIN 1 !lASE 

2 COLLECTOR 
3 EMJTIER 

MJE5193 
MJE5194 
MJE5195 

CASE 199-{)4 

MILLIMETERS 
MIN "AX 

A 1608 1633 , 1251 1283 
C 318 343 
0 051 076 
F 361 '" G 254BSC 
H 26' '" J 043 069 
X 1413 1499 
l I '" • 3 TYP 
N 14' 173 

• 47B '" R 191 '" S OBI 086 
T '" 72. 
U 62' '" 

NOTES 

INCHES 
MIN MAX 

033 G643 
04950505 
01250135 
002001130 
0142 (J152 

(J101JBSC 
(110511115 
(Jon 0027 
(J580 0590 
0(J85 009 

3 TYP 
00580(J68 
0168 (J198 
00750085 
00320034 
02750285 
0245 055 

1 DIM"G"ISTOCENTEROF lEADS 



2N5193 thru 2N5195/MJE5193 thru MJE5195 (continued) 
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2N5193 thru 2N5195/MJE5193 thru MJE5195 (continued) 
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2N5193 thru 2N5195/MJE5193 thru MJE5195 (continued) 

RATING AND THERMAL DATA 
ACTIVE-REGION SAFE OPERATING AREA 
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FIGURE 11 - 2N5193. 2N5194. 2N5195 
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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 forreliabte operation; i.e., the transistor must 
not be subjected to greater dissipation than the curves Indicate. 

FIGURE 12 - MJE5193. MJE5194. MJE5195 
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The data of Figures 11 and 12 is based on TJ(pkJ = 150°C; TC is 
variable depending on conditions. Second breakdown pulse limits 
are valid for duty cycles to 10% provided T J(pkJ ;i! 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. (See AN-415J 

FIGURE 13 - THERMAL RESPONSE 
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PEAK PULSE POWER" Pp 

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 13 wa* calculated for various duty cycles. 

To find 9JC(d. multiply the value obtained from Figure 13 by 
the steady state value 9 JC. 

E.emple: 
The 2N5193 is dissipating 50 watts under the following condi­
tion.: t1 = 0.1 ms. tp = 0.5 m •• 10 = 0.2J. 

Using Figure 13. at a pulse width of 0.1 ms and 0 = 0.2. the 
reeding of rltl. OJ is 0.27. 

Th. peak rise in junction temperature is therefore: 

AT z rid X Pp X 9JC = 0.27 X 50 X 3.12 = 42.20C 
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2N5208 (SILICON) 

PNP SILICON ANNULAR TRANSISTOR 

· . . designed for general purpose RF amplifier applications 
in the frequency range up to 300 MHz. 

• Low Collector-Base Time Constant - rb 'Cc < lOps 
• Low Noise Figure N.F. = 3.0dB max @ 100 MHz 
• High Power Gain - Gpe = 22 dB min @ 100 MHz 

• CompleteY-Parameter Curves 
• Low Leakage Current - ICBO< 10 nAdc@VCB= 10 V 
• Stability Factor Curves - For Direct Circuit DeSign 

*MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage VCEO 25 Vdc 

Collector-Base Voltage Vca 30 Vdc 

Emitter-Base Voltage VEa 3.0 Vdc 

Collector Current - Continuous IC 50 mAde 

Total Power Dissipation @ T A = 25°C Po 350 mW 
Derate above 2SoC 2.8 mW/oC 

Total Power Dissipation @ T C = 25°C Po 1.0 Watt 
Derate above 25°C B.O mWf'C 

Operating and Storage Junction TJ.Tstg -55 to +150 °c 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol MOK Unit 

Thermal Resistance, Junction to Ambient R9JA(1) 357 °CIW 

Thermal Resistance, Junction to Case R9JC 125 °CIW 

*Indicates JEDEC Registered Data. 
(1) RBJA is measured with the device soldered into a typical printed circuit board. 
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PNP SILICON 

SWITCHING AND AMPLIFIER 

TRANSISTOR 

SEATINGJt i 
PLANE ~ 

STYLE 2: 
PIN 1. 

2. 
3. 

MILLIMETERS INCHES 
DIM MIN 

A 4.450 
B 3.180 
C 4.320 
D 0.407 
F 0.40 
II. 11.1uu 
L 1.150 
N -
P 6.350 
a 3.430 
R 2.410 
S 2.030 

MAX MIN 
5.200 0.175 
4.190 0.125 
5.330 0.170 
0.533 0.016 
0.482 0.116 

u.~uu 

1.390 0.045 
1.270 

- 0.250 
0.135 

2.670 0.095 
2.670 0.080 

CASE 29-02 
TO-92 

MAX 
0.205 
0.165 
0.210 
0.021 
0.019 

0.055 
0.050 
-

0.105 
0.105 



2N5208 (continued) 

'ELECTRICAL CHARACTERISTICS (TA = 2S"C unless otherwose noted) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
(IC = 1.0 mAde, IB = 0) 

Collector-Base Breakdown Voltage 
(IC = O. 1 mAde, IE = 0) 

Emitter-Base Breakdown Voltage 
(IE = 10 /JAde, IC = 0) 

Collector Cutoff Current 
(VCB = 10 Vde, IE = 0) 

Emitter Cutoff Current 
(VBE = 2.0 Vde, IC = 0) 

ON CHARACTERISTICS 

DC Current Gain 
(IC = 2.0 mAde, VCE = 10 Vde) 

Base-Emitter On Voltage 
(IC = 2.0 mAde, V CE = 10 Vde) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain- Bandwidth Product 
(IC = 2.0 mAde, V CE = 10 Vde, f = 100 MHz) 

Collector-Base Capacitance 
(VCB = 10 Vde, IE = 0, 1= 1.0 MHz) 

Input Capacitance 
(VBE = 2.0 Vdc, IC = 0, f = 1.0 MHz) 

Collector-Base Time Constant 
(IE = 2.0 mAde, V CB = 10 Vdc, f = 31. 8 MHz) 

Noise Figure (See Figure 1) 
(IC = 2.0 mAde, VCE = 10 Vde, RS = 75 ohms, f = 100 MHz, 

BW = 1.0 MHz) 

FUNCTIONAL TEST 

Common-Emitter Amplifier Power Gain (See Figure 1) 
(IC = 2.0 mAde, V CE = 10 Vdc, f = 100 MHz) 

• Indicates JEDEC Registered Data 

Symbol 

BVCEO 

BVCBO 

BVEBO 

ICBO 

lEBO 

hFE 

VBE(on) 

IT 

Ceb 

Cib 

rb'Cc 

NF 

Min Max Unit 

Vde 
25 -

Vde 
30 -

Vde 
3.0 -

nAde 
- 10 

nAde 
- 100 

-
20 120 

Vde 
- 0.85 

MHz 
300 1200 

pF 
- 1.0 

pF 
- 4.0 

ps 
- 10 

dB - 3.0 

FIGURE 1 - 100 MHz POWER GAIN AND NOISE FIGURE TEST CIRCUIT 

2.0 pF 0.1·10 pF 

100 
6SpF 

INPUT (olf--If--.... ---......,I-----i-'-+ 

2.7·30pF rl000PF I 

2.2k 

VSS 

390 270 

2-76 

,)--If---f<>) OUTPUT 

1000 pF 

Vee 

T1 Ballun Core, 5 turns primary, 5 tur:lS 
secondary, No. 24 bifilar wound. 

T2 % inch inner diameter, 5% turns 
tapped up ~ turn, No. 16 bu. wire. 



2N5208 (continued) 

COMMON-EMITTER V PARAMETERS (Polar Plots) 
VeE = 10 Vdc, TA = 250 C 

FIGURE 2 -INPUT ADMITTANCE FIGURE 3 - OUTPUT ADMITTANCE 
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2N5208 (continued) 
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COMMDN;EMITTER Y PARAMETERS vs FREQUENCY 
VeE = 10 Vdc, T A = 25°C 

FIGURE a-INPUT ADMITTANCE FIGURE 9· OUTPUT ADMITTANCE 
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FIGURE 12· OPTIMUM SOURCE ADMITTANCE 
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When a potentially unstable device is operated without feedback, ther~ is an infinite number of combinations of 
source and load admittance associated with any given circuit stability factor (k). Equations have been developed for 
determining the optimum source and, load admittance for maximum gain. Figures 7, 12 and 13 provide a solution to 
the eqtIlltions for the 2N520S. 
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FIGURE 13· OPTIMUM LOAD ADMITTANCE 
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2N5208 (continued) 

NOISE FIGURE 

FIGURE 14 - FREQUENCY EFFECTS 
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2N5209 (SILICON) 

2N5210 

NPN SILICON ANNULAR TRANSISTORS 

· .. designed for general·purpose amplifier applications and for com· 
plementary circuitry with PNP types 2NS086 and 2NS087. 

• Collector· Emitter Breakdown Voltage -
BVCEO = SO Vdc (Min) @ IC = 1.0 mAdc 

• Current Gain Specified From 100 IlA to 10 rnA 

• Low Collector· Base Capacitance -
Ccb = 4.0 pF (Max) @ VCB = S.O Vdc 

*MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage VCEO 50 Vdc 

Collector-Base Voltage VCB 50 Vdc 

Emitter-Base Voltage VEB 4.5 Vdc 

Collector Current - Continuous IC 50 mAde 

Total Power Dissipation @ T A ::: 25°C PD 350 mW 
Derate above 25°C 2.8 mW/oC 

Total Power Dissipation@Tc::: 25°C PD 1.0 Watt 
Derate above 25°C 8.0 mWPC 

Operating and Storage Junction TJ.Tstg -55 to +150 °c 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Ambient ROJAI1) 357 °CIW 

Thermal Resistance, Junction to Case ROJC 125 °CIW 

*lndicates JEDEC Registered Data. 
(1) A8JA is measured with the device soldered into a typical printed circuit board. 
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NPN SILICON 

AMPLIFIER TRANSISTORS 

_~ l! 
SEA1INGJ~ 1 --7 

PLANE ~ ~Fr 

STYLE l' 
PIN 1. 

2. 
3. 

K 

D~I~~~ 
=:jR~ lQr 
~~ 
123 EMITTER co co co B 

BASE S 

COLLECTOR--I S 3f 
MILLIMETERS INCHES 

DIM MIN MAX MIN MAX 
A 4.450 5.200 0.175 0.205 
B 3.180 4.190 0.125 0.165 
C 4.320 5.330 0.170 0.210 
D 0.407 0.533 0.016 0.021 
F 0.40 0.482 0.016 0.019 
K 12.0u u.~uu 

L 1.150 1.390 0.045 0.055 
N 1.270 0.050 
p 6.350 0.250 
Q 3.430 0.135 
R 2.410 2.670 0.095 0.105 
S 2.030 2.670 0.080 0.105 

CASE 29'()2 
TD·92 



2N5209, 2N5210 (continued) 

*E LECTR ICA L CHARACTERISTICS (T. = 2S'C unless otherwISe noted) 

Characteristic Symbol Min Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage BVCEO Vde 
(IC = 1.0 mAde, IB = 0) 50 -

Collector-Base Breakdown Voltage BVCBO Vde 
(IC = 0.1 mAde, IE = 0) 50 -

Collector Cutoff Current ICBO nAde 
(YCB = 35 Vde, IE = 0) - 50 

Emitter Cutoff Current lEBO nAde 
(VBE = 3.0 Vde, IC = 0) - 50 

ON CHARACTERISTICS 

DC Current Gain hFE -
(IC = 100 /JAde, VCE = 5.0 Vde) 2N5209 100 300 

2N5210 200 600 

(IC = 1. 0 mAde, V CE = 5.0 Vde) 2N5209 150 -
2N5210 250 -

(IC = 10 mAde, V CE = 5.0 Vde) (1) 2N5209 150 -
2N5210 250 -

Collector-Emitter Saturation Voltage VCE(sat) Vde 
(IC = 10 mAde, IB = 1. 0 mAde) - 0.7 

Base-Emitter On Voltage VBE(on) Vde 
(IC = 1. 0 mAde, V CE = 5.0 Vde) - 0.85 

SMALL·SIGNAL CHARACTERISTICS 

Current-Gain-Bandwidth Product IT MHz 
(IC = 500 /JAde, V CE = 5.0 Vde, I = 20 MHz) 30 -

Collector Base Capacitance Ceb pF 
(VCB = 5.0 Vde, IE = 0, f = 100 kHz) - 4.0 

Small-Signal Current Gain hIe -
(IC = 1.0 mAde, V CE = 5.0 Vde, I = 1. 0 kHz) 2N5209 150 600 

2N5210 250 900 

Noise Figure NF dB 
(IC = 20 /JAde, V CE = 5.0 Vde, Rs = 22 k ohms, 2N5209 - 3.0 

I = 10 Hz to 15.7 kHz) 2N5210 - 2.0 

(IC = 20 /JAde, V CE = 5.0 Vde, Rs = 10 k ohms, 2N5209 - 4.0 
f = 1.0 kHz) 2N5210 - 3.0 

• Indicates JEDEC Registered Data 
(l)Pulse Test: Pulse Width = 300 j.lS, Duty Cycle = 2.0%. 

NOISE FIGURE 
(VCE = 5.0 Vdc. TA = 25°C) 

FIGURE 1 - NOISE FIGURE versus FREQUENCY FIGURE 2 - NOISE FIGURE venus SOURCE RESISTANCE 
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2N5209, 2N5210 (continued) 
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2N5219 (SILICON) 

NPN SILICON ANNULAR TRANSISTOR 

· .. designed for general-purpose amplifier applications. 

• Low Collector-Emitter Saturation Voltage 
VCE(sat): 0.4 Vdc (Max) @ IC: 10 mAde 

• High Current-Gain-Bandwidth Product 
fT: 150 MHz (Min) @ IC: 10 mAde 

• Low Collector-Base Capacitance 
Ccb: 4.0 pF (Max)@ VCE: 10 Vdc 

*MAXIMUM RATINGS 

Rating Symbol Value 

Coliector~Emitter Voltage VCEO 15 

Collector-Base Voltage VCB 20 

Emitter-Base Voltage VEB 3.0 

Callector Current - Continuous IC 100 

Total Power Dissipation @ T A = 25°C Po 350 
Derate above 2SoC 2.8 

Total Power Dissipation @ TC == 2SoC Po 1.0 
Derate above 2SoC 8.0 

Operating and Storage Junction TJ,T stg -55 to +150 
Temperature Range 

"THERMAL CHARACTERISTICS 

Character istic Symbol Max 

Thermal Resistance, Junction to Ambient R8JAI1l 357 

Thermal Resistance, Junction to Case R8JC 125 

*/ndicates JEDEC Registered Data. 
(11 ROJA is measured with the device soldered into a typical printed circuit board. 
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Unit 

Vdc 

Vdc 

Vdc 

mAde 

mW 
mW/oC 

Watt 
mW/oC 

°c 

Unit 

°CIW 
°CIW 

NPN SILICON 

AMPLIFIER TRANSISTOR 

SEATING.J~ 1 
PLANE ~ 

STYLE 1: 

--I Q r 
~~ 

PIN 1. 
2. 
3. 

123 
EMITTER 0 0 0 B 
BASE S 

COLLECTOR--l ~=r-r 

MILLIMETERS INCHES 
DIM MIN 

A 4.450 
B 3.180 
C 4.320 
D 0.407 
F 0.407 
1\ 1 ./uu 
L 1.150 
N 
p 6.350 
Q 3.430 
R 2.410 
S 2.030 

MAX MIN 
5.200 0.175 
4.190 0.125 
5.330 0.170 
0.533 0.D16 
0.482 0.016 

I.~UU 

1.390 0.045 
1.270 

0.250 
- 0.135 

2.670 0.095 
2.670 0.080 

CASE 29-02 
TO-92 

MAX 
0.205 
0.165 
0.210 
0.021 
0.D19 

0.055 
0.050 

-
0.105 
0.105 



2N5219 (continued) 

• ELECTRICAL CHARACTERISTICS (T, = 2S"C unless otherwISe noted) 

Characteristic Symbol Min Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage BVCEO Vde 
(lC = 1.0 mAde, IB = 0) lS -

Collector-Base Breakdown Voltage BVCBO Vde 
(IC = 100 ItAdc, IE = 0) 20 -

Emitter-Base Breakdown Voltage BVEBO Vde 
(IE = 100 ItAde, IC = 0) 3.0 -

Collector Cutoff Current ICBO nAde 
(VCB = 10 Vde, IE = 0) - 100 

Emitter Cutoff Current lEBO nAde 
(VBE = 2.0 Vde, IC = 0) - 500 

ON CHARACTERISTICS 

DC Current Gain hFE -
(IC = 2.0 mAde, V CE = 10 Vdc) 35 500 

Collector-Emitter Saturation Voltage VCE(sat) Vde 
(IC = 10 mAde, IB = 1. 0 mAde) - 0.4 

Base-Emitter Saturation Voltage VBE(sat) Vde 
(IC = 10 mAde, IB = 1. 0 mAde) - 1.0 

DYNAMIC CHARACTERISTICS 

Current-Gain-Bandwidth Product IT MHz 
(IC = 10 mAde, V CE = 10 Vde, f = 20 MHz) 150 -

Collector-Base Capacitance Ccb pF 
(YCB = 10 Vdc, IE = 0, f = 1. 0 MHz) - 4.0 

Small-Signal Current Gain hie -
(IC =2.0 mAde, VCE = 10Vde, 1= 1.0 kHz) 35 1500 

• Indicate. JEDEC Registered Dsta 
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2N5220 (SILICON) 

NPN SILICON ANNULAR TRANSISTOR 

... designed for low-power, large signal audio and general-purpose 
amplifier applications. Complements PNP type 2N5221 . 

• Low Saturation Voltage - VCE(sat) = 0.5 Vdc (Max) 
@IC= 150 mAde, 16 = 15 mAdc 

'MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage VCEO 15 

Collector-Base Voltage VCB 15 

Emitter-Base Voltage VEB 3.0 

Collector Current - Continuous IC 500 

Total Power Dissipation @ T A:: 25°C Po 350 
Derate above 2SoC 2.8 

Total Power Dissipation@TC:::: 2SoC Po 1.0 
Derate above 25°C 8.0 

Operating and Storage Junction TJ,Tstg -55 to +150 
Temperature Range 

*THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance, Junction to Ambient ReJAlll 357 

Thermal Resistance, Junction to Case ReJC 125 

*Indicates JEDEC Registered Data. 
(1) R6JA is measured with the device soldered into a typical printed circuit board. 
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Unit 

Vdc 

Vdc 

Vdc 

mAde 

mW 
mW/oC 

Watt 
mWf'C 

°c 

Unit 

°CIW 

°CIW 

NPN SILICON 

AMPLIFIER TRANSISTOR 

O-jlf-Lf-h 
=:jR~ 

STYLE 1. 
--I Q r 
~J 

PIN 1. 
2. 
3. 

123 EMITTER 0 0 0 B 
BASE S 

CDllECTOR--I S 3f 
MILLIMETERS INCHES 

OIM MIN 
A 4.450 
B 3.180 
C 4.320 
D 0.407 
F 0.407 
II. .IUU 
L 1.150 
N 
P 6.350 
a 3.430 
R 2.410 
S 2.030 

MAX MIN 
5.200 0.175 
4.190 0.125 
5.330 0.170 
0.533 0.016 
0.482 0.016 

u.~uu 

1.390 0.045 
1.270 

0.250 
- 0.135 

2.670 0.095 
2.670 0.080 

CASE 29-02 
TO-92 

MAX 
0.205 
.165 

0.210 
0.021 
.019 

0.055 
0.050 

-
0.105 
0.105 



2N5220 (continued) 

*ELECTRICAL CHARACTERISTICS (T. = 2S"C unless otherwise noted) 

Characteristic Symbol Min Max Unit 

OFF CHARACTERISTICS 

Collector-Emiller Breakdown Voltage (1) BVCEO Vdc 
(IC = 10 mAde. IB = 0) 15 -

Collector-Base Breakdown Voltage BVCBO Vde 
(IC = 100 ~Adc. IE = 0) 15 -

Emitter-Base Breakdown Voltage BVEBO Vdc 
(IE = 100 ~Adc, IC = 0) 3,0 -

Collector Cutoff Current ICBO nAdc 
(YCB = 10 Vdc, IE = 0) - 100 

Emitter Cutoff Current lEBO nAdc 
(V BE = 3,0 Vdc. IC = 0) - 100 

ON CHARACTERISTICS(l) 

DC Current Gain hFE -
(IC = 10 mAde. V CE = 10 Vde) 25 -
(IC = 50 mAde. VCE = 10 Vde) 30 600 

Collector-Emitter Saturation Voltage VCE(sat) Vdc 
(IC = 150 mAde. IB = 15 mAde) - 0,5 

Base-Emitter Saturation Voltage VBE(sat) Vde 
(IC = 150 mAde. IB = 15 mAde) - 1.1 

DYNAMIC CHARACTERISTICS 

Current-Gain-Bandwidth Product IT MHz 
(IC = 20 mAde. V CE = 10 Vdc, 1= 20 MHz) 100 -

Collector-Base Capacitance Ccb pF 
(Y CB = 5,0 Vde. IE = O. I = 1. 0 MHz) - 10 

Small-Signal Current Gain hIe -
(IC = 50 mAde. VCE = 10 Vdc. 1= 1. 0 kHz) 30 1800 

• Indicates JEDEC Registered Data 
(1) Pulse Test: Pulse Width = 300 ~s, Duty Cycle = 2.0%. 
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2NS221 (SILICON) 

PNP SILICON ANNULAR TRANSISTOR 

... designed for low-power, large signal audio and general-purpose 
amplifier applications. Complements NPN type 2N5220 . 

• Low Saturation Voltage - VCE(sat) = 0.5 Vdc (Max) 
@ IC = 150 mAde, 18 = 15 mAde 

'MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage VCEO 15 Vdc 

Collector-Base Voltage VCS 15 Vdc 

Emitter-Base Voltage VES 3.0 Vdc 

Collector Current Continuous Ie 500 mAde 

Total Power Dissipation @TA - 2SoC Po 310 mW 
350 

Derate above 2SoC 2.8 mWPC 
2.73 

Total Power Dissipation@Tc ::: 25°C Po 1.0 Watt 
Derate above 2SoC 8.0 mWPC 

Operating and Storage Junction TJ,Tstg -55 to +135 °c 
Temperature Range -55 to +150 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

~hermal Resistance, Junction to R6JAll) 357 °CIW 
Ambient 

Thermal Resistance, Junction to Case R6JC 125 °C/W 

• Indicates JE DEC Registered Data. 

(1) R9JA is measured with the device soldered into II typical printed circuit board. 
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PNPSILICON 
AMPLIFIER 

TRANSISTOR 

r Al , 
C 

SEATINGJ 1 { 
PLANE ~ ~ 

K 

-.J 
STYLE 1 D~r"f-h 
Pm 1 Emitter R~ 

1 Base 
3 Collector -I Q r 

ffi~ , 2 , 
coo B 

Jsth 
MILLIMETERS INCHES 

DIM MIN 
A 4.450 
B 3.180 
C 4.320 
D 0.407 
F D.407 
K .1U0 
L 1.150 
N 
p 6.350 
Q 3.430 
R 2.410 
S 2.030 

MAX MIN 
5.200 0.175 
4.190 0.1 5 
5.330 0.170 
0.533 0,016 
0.482 0,016 

I 0.500 
1.390 0.045 
1.270 -

- 0.250 
- 0.135 

2.670 0.095 
2.670 0.080 

CASE 29-02 
TO·92 

MAX 
0.205 
0.165 
0.210 
0.021 
0.019 

0.055 
0.050 

-

0.105 
0.105 

I 

11 
I, 
I I, 
I ~ 

II 
'I 

.1 



2N5221 (continued) 

*ELECTRICAL CHARACTERISTICS ITA = 25°C unless otherwise noted) 

I Characteristic I Symbol Min Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(l) BVCEO Vde 
(lC = 10 mAde, IB = 0) 15 -

Collector-Base Breakdown Voltaga BVCBO Vde 
(lC = 100 "Ade, IE = 0) 15 -

Emitter-Base Breakdown Voltage BVEBO Vde 
(IE = 100 "Ade, IC = 0) 3.0 -

Collaetor Cutoff CUlTllnt ICBO nAde 
(VCB = 10 Vde, IE = 0) - 100 

Emitter Cutoff Current lEBO nAde 
IVBE = 3.0 Vde, IC = 0) - 100 

ON CHARACTERISTICS (1) 

DC Current Gain hFE -
(lC = 10 mAde, VCE = 10 Vde) 25 -
(lC = 50 mAde, VCE = 10 Vde) 30 600 

COllector-Emitter Saturation Voltage VCElsatl Vde 
(lC = 150 mAde, IB = 15 mAde) - 0.5 

Base-Emitter Saturation Voltage VBElsatl Vde 
(lC = 150 mAde,IB = 15 mAde) - 1.1 

DYNAMIC CHARACTERISTICS 

Current-Gain - Bandwidth Product ". MHz 
(lc = 20 mAde, VCE = 10 Vde, f = 20 MHz) 100 -

Collector-Base Capacitance Ccb pF 
IVCB = 5.0 Vde, IE = 0, f = 1.0 MHz) - 15 

Small-Signal Current Gain hfe -
(lC = 50 mAde, VCE = 10 Vde, f = 1.0 kHz) 30 1800 

-Indicates JEDEC Registered Data. 

(1) Pulse Test: Pulse Width ';;;300 "s, Duty Cycle';;; 2.0%. 
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2N5222 (SILICON) 

NPN SILICON ANNULAR TRANSISTOR 

... designed for RF amplifier, mixer, and video IF applications. 

• High Current· Gain-Bandwidth Product -
fT = 450 MHz (Min) @ IC = 4.0 mAde 

• Coliector·Emitter Saturation Voltage-
VCE = 1.0 Vdc (Max) @ IC = 4.0 mAde 

• Low Collector· Base Capacitance -
Ccb= 1.3pF (Max)@VCB=10Vdc 

*MAXIMUM RATINGS 

Rating Symbol Value 

Coilector·Emitter Voltage VCEO 15 

Collector-Base Voltage Vce 20 

Emitter-Base Voltage VEe 2.0 

Collector Current - Continuous IC 50 

Total Power Dissipation @ T A == 2SoC Po 350 
Derate above 2SoC 2.8 

Total Power Dissipation @ T C = 25°C Po 1.0 
Derate above 2sOC 8.0 

Operating and Storage Junction TJ,Tstg -55 to +150 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance, Junction to Ambient ReJA(1) 357 

Thermal Resistance, Junction to Case ReJC 125 

• Indicates JEDEC Registered Data. 
(1) R9JA is measured with the device soldered into a tYpical printed circuit board. 
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Unit 

Vdc 

Vdc 

Vdc 

mAde 

mW 
mW/oC 

Watt 
mWPC 

°c 

Unit 

°CIW 

°CIW 

NPN SILICON 

AMPLIFIER TRANSISTOR 

SEATINGJt 1 
PLANE ~ 

STYlE 1: 
PIN 1. EMITTER 

2. 
3. 

MILLIMETERS INCHES 
DIM MIN 

A 4.450 
B 3.180 
C 4.320 
D 0.407 
F 0.407 
K 12.700 
L 1.150 
N 
P 6.350 
Q 3.430 
R 2.410 
S 2.030 

MAX MIN 
5.200 0.175 
4.190 0.125 
5.330 0.170 
0.533 0.016 
0.482 U.016 

u .• uu 
1.390 0.045 
1.270 

0.250 
0.135 

2.670 0.095 
2.670 0.080 

CASE 29-02 
TO·92 

MAX 
0.205 
0.165 
0.210 
0.021 
0.019 

0.055 
0.050 

-
0.105 
0.105 



2N5222 (continued) 

* ELECTRICAL CHARACTERISTICS (T, = 2S"C unless otherwise noted) 

Characteristic Symbol Min Max Unit 

OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltage BVCEO Vde 

(IC = 1. 0 mAde, IB = 0) 15 -
Collector-Base Breakdown Voltage BVCBO Vde 

(IC = 100 /LAde, ~ = 0) 20 -
Emitter-Base Breakdown Voltage BVEBO Vdc 

(IE = 100 /LAde, IC = 0) 2.0 -

Collector Coto!! Current ICBO nAde 
(VCB = 10 Vde, ~ = 0) - 100 

Emitter Cutofr Current ~BO nAde 
(VBE = 2.0 Vde, IC = 0) - 100 

ON CHARACTERISTICS 
DC Current Gain (1) hFE -

(IC = 4.0 mAde, V CE = 10 Vde) 20 1500 

Collector-Emitter Saturation Voltage VCE(sat) Vde 
(IC = 4.0 mAde, IB = 400 /LAde) - 1.0 

Base-Emitter Saturation Voltage VBE(sat) Vde 
(IC = 4. 0 mAde, IB = 400 /LAde) - 1.2 

DYNAMIC CHARACTERISTICS 
Current-Gain-Bandwldth Product !T MHz 

(IC = 4. 0 mAde, V CE = 10 Vdc, f = 20 MHz) 450 -

Collector-Base Capacitance Ceb pF 
(V CB • 10 Vde, ~ = 0, f = 1.0 MHz) - 1.3 

Small-Signal Current Gain hre -
(IC = 4.0 mAde, V CE = 10 Vdc, r = 1. 0 kHz) 20 3000 

• Indicates JEDEC Registered Data 
(1) Pulse Test: Pulse Width ~ 300 /Ls, Duty Cycle ~ 2.0%. 
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2N5222 (continued) 
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2N5222 (continued) 
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2N5223 (SILICON) 

NPN SILICON AMPLIFIER TRANSISTOR 

· .. designed for low-level. small-signal. general-purpose amplifier 
applications. 

• High Current-Gain-Bandwidth Product 
fT = 150 MHz (Min) @ IC = 10 mAdc-

• Collector-Emitter Saturation Voltage­
VCE(sat) = 0.7 Vdc (Max) @ IC = 10 mAdc 

• Collector-Base Capacitance-
Ccb= 4.0 pF (Max)@ VCB = 10 Vdc 

"MAXIMUM RATINGS 

Rating Symbol 

Collector-Emitter Voltage VCEO 

Collector-Ba .. Voltage VCB 

Emitter-Base Voltage VEB 

Collector Current - Continuous IC 

Total Power Dissipation @ T A "" 25°C Po 
Derate above 2SOC 

Total Power Dissipation @ T C = 25°C Po 
Darato above 2sOC 

Operating Bnd Storage Junction TJ.Tstg 
Temperature Range 

"THERMAL CHARACTERISTICS 

Characteristic Symbol 

Thermal Resistance. Junction to Ambient R8JA(1) 

Thermal Resistance, Junction to Case R8JC 

""'ndicates JEOEC Registered Data. 

Value 

20 

25 

3.0 

100 

350 
2.8 

1.0 
8.0 

-55 to +150 

Max 

357 

125 

(1) R6JA is measured with the device soldered into a typical printed circuit board. 
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Unit 

Vdc 

Vdc 

Vdc 

mAde 

mW 
mW/oC 

Watt 
mWJOC 

°c 

Unit 

°CIW 

°CIW 

NPN SILICON 

AMPLIFIER TRANSISTOR 

SEATINGJt 1 
PLANE ~ 

STYLE 1: 
PIN 1. 

2. 
3. 

MILLIMETERS INCHES 
DIM MIN 

A 4.450 
B 3.180 
C 4.320 
D 0.407 
F 0.407 
1\ 1 ./Uu 
L 1.150 
N 
P 6.350 
a 3.430 
R 2.410 
S 2.030 

MAX MIN 
5.200 0.115 
4.190 0.125 
5.330 0.110 
0.533 0.016 
0.482 0.016 

U.bUU 

1.390 0.045 
1.270 

0.250 
- 0.135 

2.670 0.095 
2.670 0.080 

CASE 29'()2 
TO-92 

MAX 
0.205 
0.165 
0.210 
0.021 
0.019 

0.055 
0.050 

-
-

0.105 
0.105 



2N5223 (continued) 

• ELECTRICAL CHARACTERISTICS (TA = 2S"C unless otherwISe noted) 

Characteristic Symbol Min Max Unit 

OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltage BVCEO Vdc 

(IC = 1. 0 mAde, IB = 0) 20 -
Collector-Base Breakdown Voltage BVCBO Vdc 

(IC = 100 /lAde, IE = 0) 25 -

Emitter-Base Breakdown Voltage BVEBO Vdc 
(IE = 100 /lAde, IC = 0) 3.0 -

Collector Cutoff Current ICBO nAdc 
(V CB = 10 Vde, IE = 0) - 100 

Emitter Cutoff Current lEBO nAdc 
(VBE = 3.0 Vde, IC = 0) - 500 

ON CHARACTERISTICS 
DC Current Gain hFE -

(IC = 2.0 mAdc, V CE = 10 Vde) 50 800 

Collector-Emitter Saturation Voltage VCE(sat) Vdc 
(IC = 10 mAdc, IB = 1. 0 mAdc) - 0.7 

Base-Emitter Saturation Voltage VBE(sat) Vdc 
(IC = 10 mAde, IB = 1. 0 mAde) - 1.2 

DYNAMIC CHARACTERISTICS 
Current-Gain-Bandwidth Product fT MHz 

(IC = 10 mAdc, V CE = 10 Vde, f = 20 MHz) 150 -

Collector-Base Capacitance Ccb pF 
(V CB = 10 Vdc, IE = 0, f = 1. 0 MHz) - 4.0 

Small-Signal Current Gain hfe -
(IC = 2.0 mAdc, V CE = 10 Vde, f = 1. 0 kHz) 50 1600 

• Indicates JEDEC Registered Data 
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2N 5224 (SILICON) 

NPN SILICON ANNULAR TRANSISTOR 

... designed for general'purpose, low·level switching applications. 

• Current Gain Specified at 10 mAdc and 100 mAdc 

• Complete Switching Specification 

• Low Collector· Base Capacitance -
Ccb = 4.0 pF (Max) @ VCB = 5.0 Vdc 

*MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage VCEO 12 Vdc 

Collector-Base Voltage VCB 25 Vdc 

Emitter-Base Voltage VEB 5.0 Vdc 

Collector Current - Continuous IC 200 mAde 

Total Power Dissipation @ T A "" 25°C Po 350 mW 
Derate above 2SoC 2.8 mW/oC 

Total Power Dissipation @ T C "" 25°C Po 1.0 Watt 
Derate above 2SoC 8.0 mWJDC 

Operating and Storage Junction TJ,T"g -55 to +150 °c 
Temperature Range 

'THERMAL CHARACTERISTICS 

Characteristic Symbol Ma. Unit 

Thermal Resistance, Junction to Ambient R8JAI1l 357 °C/W 

Thermal Aesistance, Junction to Case R8JC 125 °elW 

* Indicates JEDEC Registered Data. 
(1) ROJA is measured with the device soldered into a typical printed circuit board. 
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NPN SILICON 
SWITCHING 

TRANSISTOR 

SEATlNG.J~ ~ 
PLANE ~ 

D -:11f-!-H- L 

=::JR~ 

STYLE 1: 
PIN 1. 

2. 
3. 

--I Q r 
ffi~ EMITTER 1 2 3 

BASE .. 0 0
1
_ 8 B 

COLLECTOR--l ~p-T 

DIM 
A 
B 
C 
D 
F 
K 
l 
N 
P 
0 
R 
S 

MILLIMETERS INCHES 
MIN 
4.450 
3.180 
4.320 
0.407 
0.407 

12.700 
1.150 

6.350 
3.430 
2.410 
2.030 

MAX MIN 
5.200 0.175 
4.190 0.125 
5.330 0.170 
0.533 0,016 
0.482 0.016 

U •• "" 
1.390 0.045 
1.270 

0.250 
- 0.135 

2.670 0.095 
2.670 0.080 

CASE 29·02 
TO·92 

MAX 
0.205 
0.165 
0.210 
0.021 
0.019 

0.055 
0.050 

-
0.105 
0.105 



2N5224 (continued) 

* ELECTRICAL CHARACTERISTICS (T A = 2S'C unless otherwise noted) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 111 
(IC = 10 mAde, IB = 0) 

Collector-Base Breakdown Voltage 
(IC = 100 /lAde, IE = 0) 

Emitter-Base Breakdown Voltage 
(IE = 100 /lAde, IC = 0) 

Collector Cutoff Current 
(VCB = 15 Vde, IE = 0) 

Emitter Cutoff Current 
(VBE = 4.0 Vdc, IC = 0) 

ON CHARACTERISTICS 
DC Current Gain 

(IC = 10 mAde, V CE = 1.0 Vde) 

(IC = 100 mAde, VCE = 1.0 Vde)(1) 

Collector-Emitter Saturation Voltage 
(lC = 10 mAde, IB = 3.0 mAde) 

Base-Emitter Saturation Voltage 
(IC = 10 mAde, IB • 3.0 mAde) 

DYNAMIC CHARACTERISTICS 
Current-Gain-Bandwidth Product 

(lC = 10 mAde, V CE = 10 Vde, f = 100 MHz) 

Collector-Base Capacitance 
(VCB = 5.0 Vde, IE = 0, f = 1.0 MHz) 

SWITCHING CHARACTERISTICS 
Detay Time 

(VCC = 3.0 Vdc, VBE(off) = 1.5 Vdc 

Rise Time IC = 10 mAde, IBI = 3.0 mAde) 

Storage Time (VCC = 3.0 Vdc, 

Fail Time IC = 10 rnA, lBI = IB2 = 3.0 mAde) 

(l)Pulse Test: Pulse Width = 300 /lS, Duty Cycle = 2.0%. 
• Indicates JEDEC Registered Data. 

Symbol Min 

BVCEO 
12 

BVCBO 
25 

BVEBO 
5.0 

ICBO -
lEBO 

-

hFE 
40 

15 

VCE(sat) -
VBE(sat) -

fT 
250 

Ceb -

td -
t -r 

t -s 

tf -

FIGURE 1 - SWITCHING TIME TEST CIRCUIT 

TURN·ON INPUT PULSE 

10.1V-n 

-S.lV] l 
TURN·OFF INPUT PULSE 

GENERATOR SOURCE IMPEDANCE = 50 ohms 

INPUT PULSE: 
RISE TIME 0;;;: 2.0 os 
FAll TIME.;;; 2.0 ns 
NOMINAL PULSEWIOTH = 300 os 
NOMINAL DUTY CYCLE' 2Jl% 

For td and t" diode is disconnected. 
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OSCillOSCOPE· 
RISE TIME" 0.4 ns 
INPUT RESISTANCE;:.. 50 ohms 
INPUT CAPACITANCE.,:; 4.0 pF 

3.3k 

MSD6100 

Max Unit 

Vdc 
-

Vdc 
-

Vde -
nAde 

500 

I'Ade 
100 

-
400 

-
Vde 

0.35 

Vde 
0.9 

MHz 
-

pF 
4.0 

25 ns 

20 ns 

35 ns 

25 ns 

VCC·3.0V 
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2N5225 (SILICON) 

NPN SILICON ANNULAR TRANSISTOR 

... designed for general purpose amplifier applications and for 
complementary circuitry with types 2N5226. 

• Collector-Emitter Breakdown Voltage -
BVCEO = 25 Volts (Mini 

• Current Gain Specified at 10 rnA and 50 rnA 

• Collector· Base Capacitance - Ccb = 20 pF (Maxi 

'MAXIMUM RATINGS 

Rating Symbol Value 

Col/ector·Emitter Voltage VCEO 25 

Collector-Base Voltage VCS 25 

Emitter-Base Voltage VES 4.0 

Collector Current - Continuous IC 200 

Total Power Dissipation @ T A '= 2SoC PD 350 
Derate above 2SoC 2.8 

Total Power Dissipation @ TC == 2SoC PD 1.0 
Derate above 2SoC 8.0 

Operating and Storage Junction T J,T st9 -55 to +150 
Temperature Range 

'THERMAL CHARACTERISTICS 

Characteristic Symbol Ma. 

Thermal Resistance, Junction to Ambient R9JAI1I 357 

Thermal Resistance, Junction to Case R9JC 125 

*Indicates JEOEC Registered Data. 
(1) A8JA is measured with the device. soldered into a typical printed circuit board. 
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Unit 

Vdc 

Vdc 

Vdc 

mAde 

mW 
mW/oC 

Watt 
mWI"C 

°c 

Unit 

°CIW 

°CIW 

NPN SILICON 
AMPLIFIER 

TRANSISTOR 

SEATINGJ~ 1 
PLANE ~ 

STYLE 1 
PIN 1. EMITTER 

2 
3. 

MILLIMETERS INCHES 
DIM MIN 

A 4.450 
B 3.180 
C 4.320 
D 0.407 
F U.407 
K .700 
L 1.150 
N 
P 6.350 
a 3.430 
R 2.410 
S 2.030 

MAX MIN 
5.200 0.175 
4.190 0.125 
5.330 0.170 
0.533 0.016 
0.482 0.Q16 
- 0.500 

1.390 0.045 
1.270 

0.250 
- 0.135 

2.670 0.095 
2.670 0.080 

CASE 29-02 
TO·92 

MAX 
0.205 
0.165 
0.210 
0.021 
0.019 

-
0.055 
0.050 

-
0.105 
0.105 



2N5225 (continued) 

• ELECTRICAL CHARACTERISTICS (TA = 25·C unless otherwIse noted) 

Characteristic Symbol Min Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage (1) BVCEO Vde 
(IC = 10 mAde, IB = 0) 25 -

Collector-Base Breakdown Voltage BVCBO Vde 
(IC = 100 !LAde, IE = 0) 25 -

Emitter-Base Breakdown Voltage BVEBO Vde 
(~ = 100 !LAde, IC = 0) 4.0 -

Collector Cutoff Current ICBO nAdc 
(VCB = 15 Vde,. IE = 0) - 300 

Emitter Cutoff Current lEBO nAde 
(VBE = 4.0 Vde, IC = 0) - 500 

ON CHARACTERISTICS (1) 
DC Current Gain hFE -

(IC = 10 mAde, V CE = 10 Vde) 25 -
(IC = 50 mAde, V CE = 10 Vde) 30 600 

Collector-Emitter Saturation Voltage V CE(sat) Vde 
(Ic = 100 mAde, IB = 10 mAde) - 0.8 

Base-Emitter saturation Voltage VBE(sat) Vde 
(IC = 100 mAde, IB = 10 mAde) - 1.0 

DYNAMIC CHARACTERISTICS 

Current-Gain-Bandwidth Product IT MHz 
(IC = 20 mAde, V CE = 10 Vde, f = 20 MHz) 50 -

Collector-Base Capacitance Ceb pF 
(V CB = 5.0 Vde, IE = 0, f = 1. 0 MHz) - 20 

Small-Signal Current Gain hie -
(IC = 50 mAde, V CE = 10 Vde, f = 1. 0 kHz) 30 1800 

• IndIcate. JEOEC RegIstered Data 

(l}PIII •• Test: PIlls. Width = 300 IJ.S, Duty Cycle. 2.0%. 
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2N5226 (SILICON) 

PNP SILICON ANNULAR TRANSISTOR 

... designed for general purpose amplifier applications and for 
complementary circuitry with the 2N5225. 

• Collector·Emitter Breakdown Voltage -
BVCEO = 25 Volts (Min) @ IC = 10 mAdc 

• Current Gain Specified at lOrnA and 50 rnA 

• Coli ector· Base Capacitance -
Ccb = 20 pF (Max) @ VCB = 5.0 Vdc 

'MAXIMUM RATINGS 

Rating Symbol 

Collector-Emitter Voltage VCEO 

Collector-Base Voltage VCB 

EmItter-Base Voltage VEB 

Collector Current - Continuous IC 

Total Power Dissipation @ T A = 2SoC Po 
Derate above 25°C 

Total Power Dlssipation@Tc'" 25°C Po 
Derate above 25°C 

Value 

25 

25 

4.0 

500 

350 
2.8 

1.0 
8.0 

Operating and Storage JunctIon T J,TstQ -55 to +150 
Temperature Range 

"THERMAL CHARACTERISTICS 
Characteristic Symbol Ma. 

Thermal Resistance, Junction to Ambient ReJAlll 357 

Thermal Resistance, Junction to Case ReJC 125 

*Indicates JEDEC Registered Data. 
(1) ReJA IS measured with the device soldered into a typical printed CIrCUit board. 
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Unit 

Vdc 

Vdc 

Vdc 

mAde 

mW 
mW/oC 

Watt 
mW/oC 

°e 

Unit 

°elW 

°elW 

PNP SILICON 
AMPLIFIER 

TRANSISTOR 

SEATING J~ i 
PLANE _1 __ 

STYLE 1 
PIN 1 EMITTER 

2 
3. 

MILLIMETERS INCHES 
DIM MIN 

A 4.450 
B 3.180 
C 4.320 
D 0.407 
F 0.407 
K 1 . OU 
L 1.150 
N -
P 6.350 
Q 3.430 
R 2.410 
S 2.030 

MAX MIN 
5.200 0.175 
4.190 0.125 
5.330 0.170 
0.533 0.016 
0.482 0.016 

l.bUU 
1.390 0.045 
1.270 -
- 0.250 

0.135 
2.670 0.095 
2.670 0.080 

CASE 29·02 
TO·92 

MAX 
0.205 
0.165 
0.210 
0.021 
0.019 

0.055 
0.050 
-

0.105 
0.105 



2N5226 (continued) 

• ELECTRICAL CHARACTERISTICS (T. = 2S"C unless otherwISe noted) 

Characteristic Symbol Min Max Unit 
OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage (1) BVCEO Vde 
(IC = 10 mAde, IB = 0) 25 -

Collector-Base Breakdown Voltage BVCBO Vdc 
(IC = 100 "Ade, IE = 0) 25 -

Emitter-Base Breakdown Voltage BVEBO Vdc 
(IE = 100 "Adc, IC = 0) 4.0 -

Collector Cutoff Current ICBO nAdc 
(V CB = 15 Vdc, IE = 0) - 300 

Emitter Cutoff Current lEBO nAdc 
(VBE = 4.0 Vde, IC = 0) - 500 

ON CHARACTERISTICS (1) 

DC Current Gain hFE -
(IC = 10 mAde, V CE = 10 Vde) 25 -
(IC = 50 mAde, V CE = 10 Vde) 30 600 

Collector-Emitter Saturation Voltage V CE(sat) Vdc 
(IC = 100 mAdc, IB = 10 mAde) - 0.8 

Base-Emitter Saturation Voltage VBE(sat) Vdc 
(IC = 100 mAde, IB = 10 mAde) - 1.0 

DYNAMIC CHARACTERISTICS 
Current-Gain-Bandwidth Product IT MHz 

(IC = 20 mAde, V CE = 10 Vde, I = 20 MHz) 50 -
Collector-Base Capacitance Ceb pF 

(V CB = 5.0 Vdc, IE = 0, f = 1. 0 MHz) - 20 

Small-Signal Current Gain hIe -
(IC = 50 mAdc, V CE = 10 Vde, I = 1.0 kHz) 30 1800 

'Indicates JEOEC Registered Date 

11) Pulse Test: Pulse Width = 300 1'08, Duty Cycle = 2.0%. 
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2NS227 (SILICON) 

PNP SILICON ANNULAR TRANSISTOR 

... designed for general·purpose amplifier applications. 

• Current Gain Specified at 100 IlAdc and 2.0 mAde 

• Low Collector· Emitter Saturation Voltage -
VCE(sat) = 0.4 Vdc (Max) @ IC = 10 mAde 

• Collector· Base Capacitance -
Ccb = 5.0 pF (Max) @ VCB = 10 Vdc 

"MAXIMUM RATINGS 

Rating Symbol 

Collector-Emitter Voltage VCEO 

Collector-Base Voltage VCS 

Emitter-Base Voltage VES 

Collector Current - Continuous IC 

Total Power Dissipation @ T A "" 2SoC Po 
Derate above 2SoC 

Total Power Dissipation @ T C =- 2SoC Po 
Derate above 2SoC 

Value 

30 

30 

3.0 

50 

350 
2.8 

1.0 
8.0 

Operating and Storage Junction TJ,Tstg -55 to +150 
Temperature Range 

"THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance, Junction to Ambient RaJA{l) 357 

Thermal Aesistance, Junction to Case RaJC 125 

* Indicates JEOEC Registered Data. 
(1) ROJA is measured with the device soldered into a typical printed circuit board. 
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Unit 

Vdc 

Vdc 

Vdc 

mAde 

mW 
mW/oC 

Watt 
mW/oC 

°c 

Unit 

°CIW 

°CIW 

PNP SILICON 
AMPLIFIER 

TRANSISTOR 

SEATING Jt 1 
PLANE L_ 

STYLE 1 
PIN 1 

2 
3 

--I Q r 
~.-l 

1 23 EMITTER ...... B 
BASE S 

COLLECTOR--l ~=rt 

MILLIMETERS INCHES 
DIM MIN 

A 4.450 
B 3.180 
C 4.320 
D 0.407 
F 0.407 
K 12.700 
L 1.150 
N 
p 6.350 
Q 3.430 
R 2.410 
S 2.030 

MAX MIN 
5.200 0.175 
4.190 0.125 
5.330 0.170 
0.533 0.016 
0.482 0.016 

u.5uO 
1.390 0.045 
1.270 

- 0.250 
- 0.135 

2.670 0.095 
2.670 0.080 

CASE 29·02 
TO·92 

MAX 
0.205 
0.165 
0.210 
0.021 
0.019 

0.055 
0.050 
-
-

0.105 
0.105 



2N5227 (continued) 

* ELECTRICAL CHARACTERISTICS (T, = 2S"C unless otherwISe noted) 

Characteristic Symbol Min Max Unit 
OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage BVCEO Vde 
(IC ; 1. 0 mAde, IB = 0) 30 -

Collector-Base Breakdown Voltage BVCBO Vde 
(IC ; 100 /lAde, IE ; 0) 30 -

Emitter-Base Breakdown Voltage BVEBO Vde 
(IE; 100 /lAde, IC ; 0) 3.0 -

Collector Cutoff Current ICBO nAde 
(V CB ; 10 Vde, IE ; 0) - 100 

Emitter Cutoff Current lEBO nAde 
(V BE ; 2. 0 V de, IC ; 0) - SOO 

ON CHARACTERISTICS 
DC Current Gain hFE -

(IC ; 100 /lAde, V CE ; 10 Vde) 30 -
(IC; 2.0 mAde, V CE ; 10 Vde) 50 700 

Collector-Emitter Saturation Voltage V CE(sat) Vde 
(IC ; 10 mAde, IB = 1. 0 mAde) - 0.4 

Base-Emitter Saturation Voltage VBE(sat) Vde 
(IC = 10 mAde, IB = 1. 0 mAde) - 1.0 

DYNAMIC CHARACTERISTICS 
Current-GaIn-Bandwidth Product IT MHz 

(IC ; 10 mAde, V CE ; 10 Vde, I; 20 MHz) 100 -

Collector- Base Capacitance Ceb pF 
(V CB ; 10 Vde, IE = 0, I; 1. 0 MHz) - 5.0 

Small-Signal Current Gain hIe -
(IC ; 2.0 mAde, V CE ; 10 Vde, I ; 1. 0 kHz) 50 1500 

"Indicates JEOEC Registered Data 
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2N5228 (SILICON) 

PNP SILICON ANNULAR TRANSISTOR 

... designed for general purpose switching applications. 

• Current Gain Specified at 10 mA and 50 mA 

• Coliector·Base Capacitance -
Ccb = 5.0 pF (Max) 

'MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Collector-Emitter Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 

Total Power Dissipation @ T A == 25°C 
Derate above 2SoC 

Total Power Dissipation @ T C == 2SoC 
Derate above 2SoC 

Operating and Storage Junction 
Temperature Range 

'THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Ambient 

Thermal Resistance, Junction to Case 

Symbol Value 

VCEO 5.0 

VCB 5.0 

VCES 6.0 

VEB 3.0 

IC 50 

Po 350 
2.8 

Po 1.0 
8.0 

TJ,Tstg -55 to +150 

Symbol Max 

R6JAI11 357 

R8JC 125 

11) ROJA is measured with the device soldered into a typical printed circuit board. 
*Indicates JEDEC Registered Data. 
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Unit 

Vdc 

Vdc 

Vdc 

Vdc 

mAde 

mW 
mW/oC 

Watt 
mW/oC 

°c 

Unit 

°CIW 

°C/W 

PNPSILICON 
SWITCHING 

TRANSISTOR 

SEATING..J~ f 
PLANE ~ 

STYLE 1. 
PIN 1 

2. 
3. 

MILLIMETERS INCHES 
DIM MIN 

A 4.450 
B 3.180 
C 4.320 
D 0.407 
F 0.4u7 
K 10uO 
L 1.150 
N 
P 6.350 
Q 3.430 
R 2.410 
S 2.030 

MAX MIN 
5.200 0.175 
4.190 0.125 
5.330 0.170 
0.533 0.016 
0.482 U.016 

U.5UU 
1.390 0.045 
1.270 -

- 0.250 
0.135 

2.670 0.095 
2.670 0.080 

CASE 29·02 
TO·92 

MAX 
0.205 
0.165 
0.210 
0.021 
0.019 

0.055 
0.050 
-

0.105 
0.105 



2N5228 (continued) _ 

*ELECTRICAL CHARACTERISTICS (TA = 2S0C unless otherwise noted) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage'(1) 
(IC = 10 mAdc, IB = 0) 

Collector-Emitter Breakdown Voltage 
(IC = 100 MAdc, V BE = 0) 

Collector-Base Breakdown Voltage 
(IC = 100 MAdc, IE = 0) 

Emitter-Base Breakdown Voltage 
(~ = 100 MAde, IC = 0) 

Collector Cutoff Current 
(VCE = 4.0 Vdc, VBE = 0) 

Emitter Cutoff Current 
(VBE = 2.5 Vdc, IC = 0) 

ON CHARACTERISTICS 
DC Current Gain 

(Ic = 10 mAdc, V CE = 0.3 Vdc) 

(IC = 50 mAdc, V CE = 1. 0 Vdc) (11 

Collector-Emitter Saturation Voltage 
(IC = 10 mAdc, IB = 3.0 mAdc) 

Base-Emitter Saturation Voltage 
(IC = 10 mAdc, IB = 3.0 mAdc) 

DYNAMIC CHARACTERISTICS 
Current-Gain-Bandwidth Product 

(Ie = 10 mAde, V CE = 5.0 Vdc, f = 100 MHz) 

Collector-Base Capacitance 
(VCB = 5.0 Vdc, IE = 0, f = 1.0 MHz) 

SWITCHING CHARACTERISTICS 

Delay Time 
(Vee = 3.0 Vde, VBE(of~ = 1.5 Vde 

Rise Time 
Ie = 10 mAde, IB1 = .0 mAdc) 

Storage Time (Vee = 3.0 Vdc, 

Fall Time 
Ie = 10 rnA, IB1 = IB2 = 3.0 mAdc) 

(l)Pulse Test: Pulse Width = 300/.1.5, Duty Cycle = 2.0%. 
* Indicates JEDEC Registered Data. 

Symbol Min 

BVCEO 
5.0 

BVCES 
6.0 

BVCBO 
5.0 

BVEBO 
3.0 

ICES -
~BO -

hFE 
30 

15 

VCE(sat) -
VBE(sat) 

0.65 

fT 
300 

Ceb -

td -
t -r 

t -s 

t f -

FIGURE 1 - SWITCHING TIME TEST CIRCUIT 

3.3 k 

Max Unit 

Vdc 
-

Vdc 
-

Vdc 
-

Vdc 
-

nAdc 
100 

MAdc 
100 

--
-

0.4 
Vdc 

Vdc 
1.25 

MHz 
-

pF 
5.0 

25 ns 

50 ns 

90 ns 

50 ns 

Vee' 3,0 V 

210 

""---0 SCOPE 

,,~~""] r 
-lo,ssv_D 

TURN·ON INPUT PULSE 

9, 'Vl [ 
-10.7V~ 

TURN-OFF INPUT PULSE 

IN >---"'VIr-----I 

GENERATOR SOURCE IMPEDANCE = SO ohms 

INPUT PULSE: 
RISE TIME" 2.0 ns 
FALL TIME..;;;; 2.0 nl 
NOMINAL PUlSEWIOTH = 300 ns 
NOMINAl OUTY CYCL6 • 2,0% 

2-104 

OSCILLOSCOPE' 
RISE TIME 0;;;; 0.4 ns 
INPUT RESISTANCE;<It 50 ohms 
INPUT CAPACITANCE .. 4,0 pF 



2N5229 (SILICON) 
2N5230 
2N5231 

PNP SI LICON ANNULAR TRANSISTORS 

· •. designed for low·level, chopper applications requiring high speed 
operation. This series of devices offers excellent characteristics for 
use in servo·loop, sensing instrumentation and control amplifier for 
motor drive systems. These transistors can also be used as replace· 
ment devices for alloy·typetransistorswhere high BVEBO is required. 

• Low Offset Voltage - VEC(off) = 0.5mVdc(Max)@IB= 100"Adc 

• Low Dynamic "ON" Series Resistance -
redON)= 6.0 Ohms (Max) @ IB = 1.0 mAdc 

• Space Saving TO·46 Package 

MAXIMUM RATINGS 

Rating Symbol 2N5229 2N5230 2N5231 

·Collector-Emitter Voltage VCEO 10 20 30 

·Collector-Base Voltage VCB 15 30 50 

-Emitter-Sase Voltage VEB 15 30 50 

·Collector Current - Continuous IC _50_ 

Total Device Dissipation@TA = 2SoC Po ..-- 0.5------'" 

Derate above 2SoC ----2.86-

-Total Device Dissipation@Tc = 2SoC Po ~2.0~ 

Derate above 2SoC "---'12~ 

·Operating and Storage Junction TJ,Tstg ~ -65 to +200 ----
Temperature Range . Indicates JEOEC Registered Data. 
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Unit 

Vdc 

Vdc 

Vdc 

mAde 

Watt 

mW/oC 

Watts 
mW/oC 

°c 

STYLE 1: 

PNPSILICON 
CHOPPER 

TRANSISTORS 

SEATING 
PLANE 

PIN 1. EMITTER 

~: ~~~~EeTOR ---j G 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 

A 5.31 5.84 0.209 0.230 
B 4.52 4.95 0.178 0.195 
e 1.65 2.16 0.065 0.085 
0 0.406 0.533 0.016 0.021 
E 1.02 0.040 
F 0.305 0.483 0.012 0.019 
G 2.54 BSe 0.100 BSe 
H 0.914 1.17 0.036 0.046 
J 0.711 1.22 0.028 0.048 
K 12.70 0.500 
L 6.35 0.250 
M 45u BSe 450 BSe 
N 1.27 BSC 0.050 BSC 
P 1.27 0.050 

All JEOEC dimensions and notes apply 
CASE 26.Q3 

TO·46 



2N5229, 2N5230, 2N5231 (continued) 

-ELECTRICAL CHARACTERISTICS (TC = 25°C unless otherwise noted) 

Characteristic Symbol Min Max Unit 

OFF CHARACTERISTICS 

Emitter·Collector Breakdown Voltage BVECO Vdc 
(Ie = 10 "Adc, IB = 01 2N5229 10 -

2N5230 20 -
2N5231 30 -

Collector·Base Breakdown Voltage BVCBO Vdc 
(lc = 10 "Adc, IE = 0) 2N5229 15 -

2N5230 30 -
2N5231 50 -

Emitter·Base Breakdown Voltage BVEBO Vdc 
(Ie = 10 "Adc, IC = 0) 2N5229 15 -

2N5230 30 -
2N5231 50 -

Collector Cutoff Current ICBO nAdc 
(VCB = 12 Vdc, IE = 0) 2N5229 - 1.0 
(VCB = 25 Vdc, IE = 0) 2N5230 - 1.0 
(VCB = 40 Vdc, IE = 0) 2N5231 - 1.0 

Emitter Cutoff Current lEBO nAdc 
(VEB = 12 Vdc, IC = 0) 2N5229 - 1.0 
(VEB = 25 Vdc, IC = 01 2N5230 - 1.0 
(VEB = 40 Vdc, IC = 0) 2N5231 - 1.0 

ON CHARACTERISTICS 

DC Current Gain hFE -
(IC= 100 "Adc, VCE = 1.0Vdc) 50 -
(lC = 200 "Adc, VCE =0.5 Vdc) (Inverted Connection) 15 -

Offset Voltage Vec(offl mVdc 
(lB = 100 "Adc, IE = 0) 2N5229,2N5230 - 0.5 

2N5231 - 0.8 

(lB· 1.0 mAdc, Ie = 0) 2N5229 - 0.8 
2N5230,2N5231 - 1.0 

DYNAMIC CHARACTERISTICS 

Collector·Base Capacitance Ccb - 5.0 pF 
(VCB = 10 Vdc, IE = 0, f· 140 kHz) 

Emitter·Base Cepacitanee Ceb - 4.0 pF 
(VEB = 10 Vde, IC = 0, f = 140 kHz) 

Small-Signal Current Gain hfa 2.0 - -
(lC= 1.0 mAde, VCE =5.0 Vde,f =4.0 MHzl 

"ON" Saries Resistance rec (on) Ohms 
(lB = 1.0 mAde, IE =0, Ie = 100 "A- f\M~, f= 1.0 kHz) 2N5229 1.0 6.0 

2N5230 2.0 8.0 
2N5231 2.0 10 

iIIlndic8tes JEDEC Registered Date. 
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2N5229, 2N5230, 2N5231 (continued) 

TYPICAL CHARACTERISTICS 
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2N5229, 2N5230, 2N5231 (continued) 
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2NS241 (SILICON) 

HIGH VOLTAGE NPN SILICON TRANSISTOR 

· .. designed for use in high-voltage switching regulators, inverters, 
converters and line operated amplifiers. 

• High Collector-Emitter Voltage - 400 Volts 

• DC Current Gain -
hFE = 10 (Min) @ IC = 3.5 Adc 

• Low Collector-Emitter Saturation Voltage -
VCE(sat) = 0.7 Vdc (Max) @ IC = 2.5 Adc 

• SWitching Times - @ IC = 2.5 Adc 
ton = 0.8 /ls (Max) 
toft = 1.7 /ls (Max) 

"MAXIMUM RATINGS 

Rating Svmbol 

Collector-Emitter Voltage VCEO 
Collector-Base Voltage VCS 
Emitter-Base Voltage VES 
Collector Current Continuous IC 

Base Current IS 

Total Device Dissipation @TC = 62.SoC Po 
Derate above 62.SoC 

Value 

400 

400 

5.0 

5.0 

2.0 

125 
1.43 

Operating Junction Temperature Range TJ -65'0+150 

Storage Temperature Range Tstg -65'0+200 

HERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance, Junction to Case 8JC 0.7 

"Indicates JEDEC Registered Data 

2-109 

Unit 

Vdc 

Vdc 

Vdc 

Adc 

Adc 

Watts 
wfOc 
°c 
°c 

Unit 

°C/W 

STYLE I: 

5.0 AMPERE 

POWER TRANSISTOR 
NPN SILICON 

400 VOLTS 
125 WATTS 

llF":=tt---t' 
~" SE/jTlNG D I 

PLANE 
t----- F-

PIN 1. BASE r- J -2. EMITIER 

CASE COL~ECTOR V ~ 1 
"H§ -{t l;t 11 

NOTE. I ~r L ~ 
J. OIM "U" IS OIA. 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 

A - 39.37 - 1.550 
B 22.23 0.B75 
C 6.35 11.43 0.250 0.450 
0 0.97 1.09 0.038 0.043 
E 3.43 0.135 
F 29.90 30.40 1.177 1.197 
G 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 
Q 3.84 4.09 0.151 0.161 
R 26.67 1.050 

CASE 11·03 



2N5241 (continued) 

ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 

Characteristic Svmbol Min 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage BVCEOlsus) 325 
(lC = 100 mAde, IB = 0) 

Collector Cutoff Current ICEO -
(VCE = 400 Vde, IB = 0) 

Collector Cutoff Current ICEX 
(VCE = 400 Vdc, VEB(off) = 1.5 Vde) -

(VCE = 400 Vdc, VEBlolf) = 1.5 Vde, TC = 125°C) -
Emitter Cutoff Current lEBO -

(VBE = 5.0 Vde, IC = 0) 

ON CHARACTERISTICS 

DC Current Gain hFE 
(lC = 2.5 Ade, VCE = 5.0 Vdc) 15 

(lc = 3.5 Adc, VCE = 5.0 Vdc) 10 

Collector-Emitter Saturation Voltage VCElsat) 
(lc = 2.5 Adc, IB = 0.5 Adc) -
II C = 5.0 Adc, I B = 1.0 Adc) -

Base-Emitter Saturation Voltage VBElsat) 
(lc = 2.5 Adc,IB = 0.5 Adc) -

(lC = 5.0 Adc,IB = 1.0 Adc) -

DYNAMIC CHARACTERISTICS 

Current-Gain-Bandwidth Product 
(lc = 0.2 Adc, VCE = 12 Vdc, I = 1.0 MHz) 

SWITCHING CHARACTERISTICS 

Turn-On Time ton -
(VCC = 125 Vdc,IC = 2.5 Adc,lBI = 0.25 Adcl 

Turn-Off Time toll -
(VCC = 125 Vdc,IC=2.5 Adc,lBI =0.25 Adc, IB2 = 0.5 Adc) 

Pulse Energy Test - 300 
(VCC = 200 Vdc, IC = 0.3 Adc, tp = 5.0 ms, Duty Cycle = 1.0%) 

FIGURE 1 - COLLECTOR-EMITTER SUSTAINING 
VOLTAGE TEST CIRCUIT AND WAVEFORM 
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2N5241 (continued) 

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 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 TJ{pk) = 1500 C; TC is 
variable depending on conditions. Second breakdown pulse limits 
are valid for duty cycles to 10% provided T J(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. (See AN-415) 
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2N5265 
thru (SILICON) 

2N5270 

P-Channel junction depletion mode (Type A) field­
effect transistors designed for general-purpose amplifier 
applications. 

CASE 20(5) 
(TO·72) 

MAXIMUM RATINGS 

Rating 

Drain-Source Voltage 

Drain-Gate Voltage 

Reverse Gate-Source Voltage 

Drain Current 

Gate Current -forward 

2 O STYLE 5 
o PIN 1. SOURCE 

1 0 0 3 2. GATE 1 
o 3. DRAIN 
4 4. CASE 

Symbol 

VDS 

VDG 

V GS(r) 

ID 

IG(f) 

Total Device Dissipation @ T A = 25°C 
Derate above 25°C 

PD 

Storage Temperature Range Tstg 

Operating Junction Temperature Range TJ 

2·112 

Value Unit 

60 Vdc 

60 Vdc 

60 Vdc 

20 mAdc 

10 mAdc 

300 mW 
2.0 mWrC 

-65 to +200 °c 

-65 to +175 °c 



2N5265 thru 2N5270 (continued) 

ELECTRICAL CHARACTERISTICS (T. = 2S"C unless otherwise noted) 

Characteristic Symbol Min Max Unit 

OFF CHARACTERISTICS 
Gate-Source Breakdown Voltage 

V(BR)GSS Vde 
(IG = 10 /LAde, Vos = 0) 60 -

Gate-Source Cutoff Voltage VGS(off) Vde 
(VOS = 15 Vde, ID = 1. 0 /LAde) 2N5265, 2N5266 - 3.0 

2N5267, 2N5268 - 6.0 
2N5269, 2N5270 - 8.0 

Gate Reverse Current IGSS 
(VGS = 30 Vde, Vos = 0) - 2.0 nAde 

(VGS = 30 Vde, VDS = 0, T A = 150·C) - 2.0 /LAde 

ON CHARACTERISTICS 
Zero-Gate Voltage Drain Current IDSS mAde 

(Vos = 15 Vde, V GS = 0) 2N5265 0.5 1.0 
2N5266 0.8 1.6 
2N5267 1.5 3.0 
2N5268 2.5 5.0 
2N5269 4.0 8.0 
2N5270 7.0 14 

Gate-Source Voltage VGS Vde 
(Vos = 15 Vde, ID = 0.05 mAde) 2N5265 0.3 1.5 

(Vos = 15 Vde, ID = 0.08 mAde) 2N5266 0.4 2.0 

(VOS = 15 Vde, ID = 0.15 mAde) 2N5267 1.0 4.0 

(VDS = 15 Vde, ID = 0.25 mAde) 2N5268 1.0 4.0 

(VDS = 15 Vde, ID = 0.4 mAde) 2N5269 2.0 6.0 

(VDS = 15 Vdc, ID = 0.7 mAde) 2N5270 2.0 6.0 

SMALL-SIGNAL CHARACTERISTICS 
Forward Transadmittanee IYlsl /LmhoS 

(VDS = 15 Vde, VGS = 0, 1= 1. 0 kHz) 2N5265 900 2700 
2N5266 1000 3000 
2N5267 1500 3500 
2N5268 2000 4000 
2N5269 2200 4500 
2N5270 2500 5000 

Forward Transconductance Re(yf.) /Lmhos 
(Vos = 15 Vde, V GS = 0, f = 100 MHz) 2N5265 800 -

2N5266 900 -
2N5267 1400 -
2N5268 1700 -
2N5269 1900 -
2N5270 2100 -

Output Admittance IYosl /Lmhos 
(VDS = 15 Vde, VGS = 0, 1= 1. 0 kHz) - 75 

Input Capacitance Ciss pF 
(VDS = 15 Vde, VGS = 0, 1= 1.0 MHz) - 7.0 

Reverse Transfer Capacitance Crss pF 
(VDS = 15 Vde, VGS = 0, f = 1. 0 MHz) - 2.0 

Common-Source Noise Figure NF dB 
(VDS = 15 Vde, V GS = 0, - 2.5 

RG = 1. 0 M ohm, f = 100 Hz, BW = 1. 0 Hz) 

Equivalent Short-Circuit Input Noise Voltage en nV/JHz 
(VDS = 15 Vdc, VGS = 0, - 115 

1= 100 Hz, BW = 1. 0 Hz) 
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2N5265 thru 2N5270 (continued) 
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FIGURE 2 
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2N5265 thru 2N5270 (continued) 

FIGURES 7-12 - TYPICAL AND MINIMUM FORWARD TRANSFER ADMITTANCE 

j 2000 

! 
w 

~ 1000 

iii 700 
c 
.. 500 

~ 
z 
;:i 300 .... 
C 

0: 20 

! 
~ 

0 

i. 100 
~ 0.1 

is 4000 

! 3000 
w 

~ 2000 

~ i 1000 

~ 700 

.... 500 
~ 

! ~ 300 

.-
/'" 

"1 200 
0.2 0.3 

0 ~ 10,00 

! 7000 
w 
'" Z 500 

~ 
0 

iii 
~ 300 0 
0: 
W 

~ 200 z 0 

;:i .... 
C 
0: 

! 
1000 

~ 700 

i--"'~ 

i.--~~ 

~ 500 
0.5 0.7 

FIGURE 7 

H- Typ 

f..-- ..-
M!n 

2N52B5 ..-

VOs-15 V-

t=1.°rZ-

0.2 0.3 0.5 0.7 1.0 2.0 

10, DRAIN CURRENT (rnA) 

FIGURE 9 

-- TYPr-

V 2N5267 

~ ~ 
Min 

..-I--'" 

VOS-15V_ 
t -to kHz 

I 
0.5 0.7 1.0 2.0 3.0 4.0 

10, DRAIN CURRENT (rnA) 

FIGURE 11 

2N52B9 

-- Typ --- - Min 

V ..-
I-"" 

VDS-15V 
t =1.0 kHz 

1.0 2.0 3.0 5.0 7.0 10 
10, ORAIN CURRENT (rnA) 

... 2000 

i 
w 
'" Z 1000 

~ 
~ 700 .. 
~ 500 

---Z 

;:i 300 .... 
~ 200 

! 
~ 

1 100 
0.1 

~10,OOO 

! 7000 
w 
'" Z 5000 

~ 
iii 
~ 3000 
0: 

~ 2000 
~ 
0: .... 
C 
0: 

! 1000 

~ 100 

.J} 500 

-I-

-I-

0.5 0.7 

is 10,00 

! 700 

0 

0 
w 
'" Z 500 0 

~ 
iii 
~ 300 0 

~ 200 
~ 
0: .... 

0 

~ 1000 

! 
~ 700 

"J:! 500 

-I-

i-

0.5 0.7 

2-115 

.... 

FIGURE 8 

-~ H1ryp 

.-i-- Ji.l 2N526B 

.-

VOS=15V-

-j"1.
0kHi-

0.2 0.3 0.5 0.7 1.0 2.0 

10, ORAIN CURRENT (rnA) 

FIGURE 10 

2N5268 

..... Typ -.- Min -~"'"'" 

VDS=15V 
t -1.0 kHz 

1.0 2.0 3.0 5.0 7.0 10 

10, ORAIN CURRENT (rnA) 

FIGURE 12 

2N5270 

Typ 

-I--- ~ 

"'"'" - i.-- Mt f--P'"' -..- I 
VOS-1SV 
t = 1.0 kHz 

1.0 2.0 3.0 5.0 7.0 10 

10, ORAIN CURRENT (rnA) 



2N5265 thru 2N5270 (continued) 

TYPICAL CURVES 

1000 

'" 500 
'" :I: 
0 

"" w 
u 

'" « 
t;; 
u; 
W 
0: 
l-
::> 
:= 
::> 
0 

~ 

"' :s 
w 
0: 
::> 

'" u: 
w 

'" ;:; 
z 
~. 

'" 

300 
I--

200 

100 

SO 

30 

20 

10 
0.1 

10 

9.0 

8.0 

7.0 

6.0 

5.0 

4.0 

3.0 

2.0 

1.0 

o 

1\ 
r-... 

10 20 

FIGURE 13 - OUTPUT RESISTANCE 
versus DRAIN CURRENT 

VOS=15V 

lOSS = 0.7 mA C- C-' 1.0 kHz 

r-

r--.. 1.5mA 

....... 1-0. 

4.5mA 

N. 

9.~mA 
III 

0.2 0.5 1.0 2.0 5.0 

10. DRAIN CURRENT (mA) 

FIGURE 15 - NOISE FIGURE versus 
FREQUENCY 

~~~ ~ ~~~flli 
RS = 1.0 Megohm 

10 

50 100 200 500 1000 2000 5000 10.000 

'. FREUUENCY (Hz) 

+0.01 

FIGURE 17 - DRAIN CURRENT TEMPERATURE 
COEFFICIENT versus DRAIN CURRENT 

G 

1 
!Z -0.0 1 
w 
;:; 
~ -0.02 

8.a.03 
w 
0: 

i= -0.04 
« 
0: 
w 
~ -0.05 

ci -0.06 
0; 

-0.07 
o 

........... 

2.0 

VDS=15V 

.......... l'. 
...... 

r-.... 
...... , 

'" i'-.. 
4.0 6.0 8.0 10 12 14 16 

10. DRAIN CURRENT (mA) 

10 

9.0 

B.O ~ 

" 

FIGURE 14 - CAPACITANCE versus 
DRAIN-80URCE VOLTAGE 

u. 7.0 
,g, 

~ 6.0 

~ 5.0 
~ 

....... r--. 

~ 4.0 
~ U 3.0 
I\, -....... 

"' :s 
w 
0: 
::> 

'" u: 
w 

'" ;:; 
z 
..:: 
z 

2.0 

1.0 

o 
o 

10 

9.0 

B.O 

7.0 

6.0 

5.0 

4.0 

3.0 

2.0 

1.0 

o 
1.0 

"-.. 

r-- Ciss 

Co .. -
C", 

10 20 30 

VDS. DRAIN·SOURCE VOLTAGE (VOLTS) 

FIGURE 16 - NOISE FIGURE versus 
SOURCE RESISTANCE 

J~sJ1H 
VGS = 0 V 
,= 1.0 kHz 

I" 
t' 

,..... 

10 100 
RS. SOURCE RESISTANCE (k OHMS) 

40 

1000 

-0. 5 

FIGURE 18 - FORWARD TRANSADMITTANCE 
COEFFICIENT versus DRAIN CURRENT 

G 

~ 
;: -0.4 

ffi 
;:; 
u: 
tti -0 . 
o 
u 
W 
0: 

~ -0. 
« 
0: 

I:! 
'" 

3 ..... 

2 

~ -0. 1 

~ 0 
0.01 0.02 

2·116 

0.05 0.1 0.2 0.5 1.0 2.0 5.0 10 

10. DRAIN CURRENT (rnA) 



2N5265 thru 2N5270 (continued) 

FIGURE 19 - EQUIVALENT LOW FREQUENCY 
CIRCUIT 

·Cosp IS Cost In parallel WIth Sann CQmbil'llltlon of C,. ~nd ens 

BIAS NETWORK DESIGN 

Common Source 
y Paramlttn for FrtquencllS 

811low 30 MHz 

'IIS=JWC. 
Yos=JwCosp-.l/roSl 

Yfs"[YIsI 
Yrs=-IWCrss 

FOR WORST CASE lOSS VARIANCE 

This Designers Data Sheet has been published to assist the circuit 
designer in optimizing his "worst case" design. The following ex· 
ample illustrates the use of the forward transfer characteristics 
curves I Pigures 1 thru 6) in the design of a typical bias network. 

Given: VOO = -30 Vdc. '0 = 1.0 ± 0.25 mAde from -550 C 
to +1250 C 

Procedure: The 2N5268 "worst case" bias conditions across the 
temperature range (from Figure 4) are reproduced in Figure A. 
The first step in the bias network deSign is to determine the value 
of the source resistance IRS) necessary to hold the ± 0.25 mAde 
10 bias tolerance. To solve RS. plot 'Olmax) and 'Olmin) on 
Figure A and calculate RS. and VG. 

-1.0 

;( 
5.0 .§ 

.... 
1::i 4.0 
~ 
'" 3.0 " z 
<1 
a: 2.0 
Q 

ci IOlmBx) 
- 1.0 

IOlminl 

-0.5 

¥-550 C 

0.5 t 1.0 1.5 2.5 3.0 
VGSlmin) VGSlmax) 

VGS. GATE·SOURCE VOLTAGE IVOLTSI 

FIGURE A 

VGSlmax) - VGSlmin) 1.9 Vde - 0.8 Vde 
RS = = 2.2 k Ohms 

'Olmax) - 'Olmin) 11.25 mA - 0.75 mA) 

'Olmax) VGSlmin) - 'O(min) VGSlmax) 
VG=-------------------------

'Olmax) - 'Olmin) 

1.25 X 0.80 - 0.75 X 1.9 

0.5 
= -0.9 Vde 

In Figure B the maximum allowable value for R, will be determined 
by loading due to gate reverse current. Gate reverse current varia­
tions with temperature follow the pattern of all silicon devices, and, 
as a rule. we can assume that it will double with each 1 SoC tempera­
ture rise. Therefore, we can assume a maximum reverse current of 
approximately O.S/lAde at 1250 C. based on the specified maximum 
2.0 /lAde reverse at 1500C. The variation in V G bias versus tem· 
perature will not be too great if we chose 8 value for R 1 wh ich .. 
suits in a bias network CUFrent U 1 in Figure S) greater than 5 tim8$ 
the maximum reverse current. Assuming a value for R 1 of 9.1 Meg-. 
ohms. R 2 can be solved from the equation: 

Using the above values of Rl and R2. the variation in VG can be 
computed for IG = 0 to IG = 0.5 /lAde. VG will vary from 0.81 Vdc 
at IG = 0.5 /lAde to 0.96 Vde @ IG = O. This variation will have a 
minimal effect on '0. as ean be seen from Figure A by plotting load 
lines with a slope equal to /IRS from VG = 0.81 Vdc and 0.96 Vdc 
respectively. 

FIGURE B 

RS' 
2.2 k 
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2NS271 (SILICON) 

NPN SILICON ANNULAR AVALANCHE 
TRANSISTOR 

.. designed for AVALANCHE mode operation for the generation 
of high-current pulses with nanosecond rise times. Ideal for applica­
tions such as laser diodes, high-current pulse generators, vacuum 
tube driver and other applications requiring ultra high-speed, high­
voltage or high-current pulses. 

• Rise Time - tr = 1.0 ns,(Max) 

• Delay Time - td = 5.0 ns (Max) 

• Output Pulse Amplitude -
Vo = 130 Vdc (Typ) @ RL = 50 Ohms 

"MAXIMUM RATINGS 

Rating 

Emitter-Base Voltage 

Collector Current - Peak 

Total DevIce Dissipation @TA = 25°C 
Derate above 25°C 

Operatmg and Storage Junction 
Temperature Range 

*lndicatesJEDEC Registered Data 

Symbol 

VEB 

IC 

PD 

TJ, Tstg 

Value Unit 

7.0 Vdc 

5.0 Adc 

600 mW 
3.43 mW/oC 

-65 to +200 °c 

2-118 

DIM 
A 
B 
C 
0 
E 
F 
G 
H 
J 
K 
L 
M 
p 
Q 

R 

NPN SILICON 
AVALANCHE 
SWITCHING 

TRANSISTOR 
tr < 1.0 ns 

MILLIMETERS INCHES 
MIN MAX MIN MAX 
8.89 9.40 0.350 0.310 
8.00 8.51 0.315 0.335 
6.10 6.60 0.240 0.260 
0.406 0.533 0.016 0.021 
0.229 3.18 0.009 0.125 
0.406 0.483 0.016 0.019 
4.83 5.33 0.190 0.210 
0.711 0.864 0.028 0.034 
0.131 1.02 0.029 0.040 

12.10 - 0.500 
6.35 - 0.250 
450 NOM 450 NOM 

1.27 0.050 
900 NOM 900 NOM 

2.54 - 0.100 -

All JEDEC dimensions and notes apply. 
CASE 79-02 

TO·39 



2N5271 (continued) 

*ELECTRICAL CHARACTERISTICS (T A ~ 250C unless otherwise noted) 

Characteristic Symbol Min Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage BVCER 200 2BO Vdc 
(lC ~ 500 "Adc, RBE ~ 100 Ohms) 

Emitter-Base Breakdown Voltage BVEBO 7,0 - Vdc 
(IE ~ 10 "Adc, IC = 0) 

Collector Cutoff Current ICER - 20 nAdc 

(VCE ~ 160 Vdc, RBE = 100 Ohms) 

Collector Holdoff Current (1) ICER(H) 0.5 - mAde 

(RBE ~ 100 Ohms, T A ~ +550 C) 

Emitter Cutoff Current lEBO - 10 nAdc 

(VEB = 5.0 Vdc, IC = 0) 

DYNAMIC CHARACTERISTICS 

Collector-Base Capacitance Ccb - 6.0 pF 

(VCB = 20 Vdc, IE = 0, f ~ 140 kHz) 

Emitter-Base Capacitance Ceb - 16 pF 

(VEB = 0.5 Vdc, IC = 0, f = 140 kHz) 

SWITCHING CHARACTERISTICS (Figure 11 

Delay Time td 5.0 ns 

Rise Time tr - 1.0 ns 

Output Pulse Amplitude (Figure 1) Vo 100 - Vdc 

*Indicates JEDEC Registered Data. 
(1)Collector Hotdoff Current is that value of collector cutoff current above which the reverse voltage-current characteristic 

exhibits negative resistance. 

GENERATOR 
tr <1.0 ns 

PRR.;; 50 kHz 
Zo = 50n 

FIGURE 1 - SWITCHING TIME TEST CIRCUIT 

INPUT 

100 

POINT"A" 
(WITHOUT DEVICE 

IN SOCKET) 

OUTPUT 

A 

100 

2-119 

Vee =300 V 

100 k 

75 pF 

50 

OUTPUT (2) 

OSCILLOSCOPE 
tr"'-0.2 os 

Rin;> 100 k 
Cin';; 3.0 pF 

(2) Output must be attached directly to 
scope input without cabling. Scope 
should not have an internal delay line. 



2N530 1 (SILICON) 

2N5302 
2N5303 

HIGH-POWER NPN SILICON TRANSISTORS 

· .. for use in power amplifier and switching circuits applications. 

• High Collector· Emitter Sustaining Voltage -
BVCEO(sus) = 80 Vdc (Min) @ IC = 200 mAdc (2N5303) 

• Low Collector-Emitter Saturation Voltage -
VCE(satl = 0.75 Vdc (Maxi @ IC = 10 Adc (2N5301, 2N5302) 

1.0 Vdc (Max) @ IC = 10 Adc (2N5303) 

• Excellent Safe Operating Area -
200 Watt dc Power Rating to 30 Vdc (2N5303) 

• Complements to PNP 2N4398, 2N4399 and 2N5745 

*MAXIMUM RATINGS 

Rating Symbol 2N5301 2N5302 2N5303 

CollectorwErnitter Voltage VeEO 40 60 80 

Collector-Base Voltage Ves 40 60 SO 

Collector Current - Continuous Ie 30 30 20 

Base Current 18 ---7.5-

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 

Characteristic Symbol Max 

Thermal Resistance, Junction to Case 9JC 0.875 

Thermal Resistance, Case to A,mbient 9CA 34 

-Indicates JEOEC Registered Data. 

FIGURE 1 - POWER TEMPERATURE DERATING CURVE 
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z 
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~ 4.0 100 
o 
'" 
~ 
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"'" 1'r-.. J 
..... r--. 

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

TA 

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

..... r--. " t'-. 
r--. ..... ~ 
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TEMPERATURE (OCI 

2-120 

Unit 

Vdc 

Vdc 

Adc 

Adc 

Watts 
W/oC 

°e 

Unit 

°C/W 

°C/W 

20 AND 30 AMPERE 
POWER TRANSISTORS 

NPN SILICON 

40-60-80 VOLTS 
200 WATTS 

STYLE 1: 

r------ F -- 2. E 
PIN 1 BASE 

MITTER 
OllECTOR r-- J -

CASE- C 

Q I~Vo ~ 1 
1. t---j&! R 

~ \~' I L~ tG ! 
MILLIMETERS INCHES 

DIM MIN MAX MIN MAX 

A - 39.37 - 1.5511 
. B - 21.08 - 0.830 

C - 7.62 0.300 
D 1.22 1.32 0.048 0.052 
E - 3.43 0.135 
F 29.90 30.40 1.177 1.197 
G 10.67 11.18 0.420 0.4411 
H 5.21 5.72 0.205 0.225 
J I .64 17.15 0.655 0.675 
K 11.18 12.19 0.440 0.480 
Q 3.84 4.09 0.151 0.161 
R 26.67 - 1.050 

CASE 12-01 



2N5301,2N5302,2N5303 (continued) 

ELECTRICAL CHARACTERISTICS (TC = 25° unless otherwise noted) 

Chanc .... lnlc Symbol Min - Unit 

·OfF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage INate 11 VCEO(sos) Vdc 
(Ie = 200 mAde, IS '" 0) 2N5301 40 

2N5302 60 
2N5303 SO 

Collector Cutoff Current IceO mAde 
(VeE = 40 Vdc, IS::= 01 2N5301 5.0 

(VeE = 60 Vdc, 18 = 0) 2N5302 5.0 

(YeE = 80 Vdc, IS '" 01 2N5303 5.0 

Collector Cutoff Current 'CEX mAde 
(YeE = 40 Vdc, VEBlaff) = 1.5 Vdcl 2N5301 1.0 

tVeE = 60 Vdc, VEBtoff) ::= 1.5 vdcl 2N5302 1.0 

(YeE = 80 Vdc. VEBloff) = 1.5 Vdc) 2N5303 1.0 

Collector Cutoff Current ICEX mAde 
(VeE = 40 Vdc, VESIaff) = 1.5 Vdc, TC '" 1500CI 2N5301 10 

(YeE = 60 Vdc, VEBtoff)"' 1.5 Vdc, TC = 16CPCI 2N5302 10 

(YeE = 80 Vdc, VEBtoffl '" 1.5 Vdc, TC = 15QOC) 2N5303 10 

Collector Cutoff Current leBO mAd. 
(Yes"" 40 Vdc, Ie = 01 2N5301 1.0 

(Vea = 60 Vdc, Ie = 0) 2N5302 1.0 

(Ves = 80 Vdc, Ie = 0) 2N5303 1.0 

Emitter Cutoff Current leso 5.0 mAde 
IVSE '" 5.0 Vde, IC '" 0) 

ON CHARACTERISTICS 
DC Current Gain (Note 11 hFE 
"'IIC = 1.0Ade, VCE = 2.0 Vde) ALL TYPES 40 

"'(Ie'" 10 Ade, VCE = 2.0 Vdd 2N5303 15 60 

"'(Ie = 15 Ade, VeE'" 2.0 Vdel 2N5301,2N5302 15 60 

(Ie'" 20 Ade, VCE =4.0 Vdel 2N5303 5.0 

(Ie:; 30 Ade, VCE '" 4.0 Vde) 2N5301,2N5302 5.0 

Collector-Emitter Saturation Voltage (Note 11 VeEtsad Vde 
IIC'" 10 Adc, IS '" 1.0 Adel 2N5301,2N5GQ2 0.75 

IIc'" lOAde, IS '" '.0 Ade) 2N5303 1.0 

(lC"" 15 Ade.IS = 1.5 Adcl 2N5303 1.5 

(Ie = 20 Adc, '8 = 2.0 Ade) 2N5301,2N5302 2.0 

tie"" 20Adc, IS'" 4.0Adcl 2N5303 2.0 

(Ie = 30Ade,Is = 6.0 Ade) 2N5301,2N5302 3.0 

8ase-Emitter Saturation Voltage (Note 1) VBElsat) Vde 
(Ie = 10 Ade, 'S .. 1.0Ade) ALL TYPES 1.7 

(lC = 15 Adc, IS = 1.5 Adc) 2N5301,2N5302 18 

(lC"" 15 Adc, 10 '" 1.5 Adc) 2N5303 2.0 

(Ie = 20 Adc, IB '" 2.0 Adc) 2N5301.2N5302 2.5 

He= 20Adc, IS = 4.0 Adc) 2N5303 2.S 

Base-Emitter On Voltage (Note " VBE(onl Vde 
(Ie = 10 Adc, veE'" 2.0 Vdcl 2N5303 I.S 

lie = 15 Adc, VCE '" 2.0 Vdcl 2N5301,2N5302 1.7 

IIc = 20 Adc, VCE ~ 4.0 Vdc) 2N5303 2.5 

(lc'" 30 Adc, VeE'" 4.0 Vdc) 2N5301,2N5302 3.0 

"'DYNAMIC CHARACTERISTICS 

Current-Gain-Bandwidth Product IT 2.0 MH, 
(Ie = 1.0 Ade, VCE = 10 Vdc, f = 1.0 MHz) 

SmaU.signal Current Gain h,. 40 
IIC'" 1.0 Adc. VeE = 10 Vdc, f "" 1.0 kHz) 

·SWITCHING CHARACTERISTICS 

(VCC = 30 Vdc, Ie = 10 Adc, IBl = 182 ~ 1.0 Adcl 

"'Indicates JEDEC Registered Data. 
Note1: Pulse Teet: Pu'. Width ~ 300 ,",S, Duty Cycle s: 2.0%. 

SWITCHING TIME EQUIVALENT TEST CIRCUITS 

FIGURE 2 - TURN-QN TIME 

INPUT PULSE VCC 

tr~20ns +30 V 
pw, 10to 100", 
DUTY CYCLE' 2.0% 

3.0 

."'-~JJ TO 
10 SCOPE 

tr,,20 ns 
-2.0 V 

-= 
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FIGURE 3 - TURN-OFF TIME 
VCC 

INPUT PULSE 
tr,,20 ns 
pw, 101. 100", 
DUTY CYCLE' 2.0% 

+30V 

3.0 

10 

+l1V--Cl 

o --- - - - - - ()--.JV\I'v---.l--I 

/:--,,--u TO 
SCOPE 

tr<20ns 

-9.0V------

0: COLLECTOR·BASE DIODE 
OF 2N3252. VBB' -4.0 V 



2N5301, 2N5302, 2N5303 (continued) 
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2N5301, 2N5302, 2N5303 (continued) 
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2N5304 (SILICON) 

RADIATION-R ESISTANT 

NPN SI LICON POWER TRANSISTOR 
designed for high·speed switching and wide· band amplifier ap­

plications in radiation environments. 

• Coliector·Emitter Sustaining Voltage -
VCEO(sus} = 40 Vdc (Min) @ IC = 100 mAde 

• DC Current Gain -
hFE = 30·120@ IC = 2.0 Adc 

= 25 (Min) @ IC = 5.0 Adc 
= 12 (Min) @ IC = 10 Adc 

• Coliector·Emitter Saturation Voltage -
VCE(sat} = 0.4 Vdc (Max) @ IC = 2.0 Adc 

= 0.8 Vdc (Max) @ IC = 5.0 Adc 
= 1.2 Vdc (Max) @IC= 10 Adc 

• Current·Gain - Bandwidth Product-
fT = 100 MHz (Min) @ IC = 0.5 Adc 

• Collector Cutoff Current, DC Current Gai nand 
Collector·Emitter Saturation Voltage Limits 
Guaranteed After Exposure to 1 x 1014 Fast 
Neutron/cm2. 

GUARANTEED RADIATION RESISTANCE CAPABILITIES 
After 1 x 1014 n/cm2 Fast Neutron!E > 10 keY) Exposure (FISSion Spectrum) 

Chlirace ... SlIC 

DC Current Garn 
(Ie = 2 o Adc, Vce" 20 Vde) 

Collector Cutoff,Current 
(VCE = 45 Vde, VES/off) .. 1 5 Vde 

Coliectof·Emltter Saturation vortage 
He"2 0 Adc, IS" 04 Adc) 

MAXIMUM RATINGS 
Rating 

Cotlector-BaseVoltage 

Coliector·Emitter Voltage 

Emitter-Base Voltage 

Collector Current Contmuous 

Base Current 

Symbol Min 

hFE 
5.0 

'CEX 

VCE/sad 

Symbol 

VCR 
VeEO 

Po 

Mox 

50 

1.5 

50 

40 

6.0 
10 

2.0 

25 Total Device Dlssipatlon@TC" 12SoC 
Derate above 125°C 0333 

Operating and Storage Junction Temperature 
Ranae 

-65 to +200 

Fast Neutron Rachatlon Lllvel 
THERMAL CHARACTERISTICS 

Thermal Resistance, JunctIOn to case 

·1ndlcates JEOEC Registered Data 

5 

5 

• 
D 

• 

Symbol Mo. 
3. 

FIGURE 1 - POWER DERATING 

" I'.. 
"'-I, 

-

" rn m m ~ ~ ~ rn ~ ~ m 

Te, CASE TEMPERATURE (DCI 
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Unit 

Vd, 

Unit 

Vd, 

Vd, 

Vd, 

Ad, 

Ad, 

Won, 
wl"c 

Un. 

10AMPERE 
POWER TRANSISTOR 

NPN SILICON 

DIM 

A 
B 
C 
E 
f 
G 
H 
J 
K 
L 
N 
P 
Q 

R 
S 
T 

40 VOLTS 
25 WATTS 

STYLE 1: 
PIN 1. EMITTER 

2. BASE 
3. COLLECTOR 

MILLIMETERS INCHES 
MIN MAX MIN MAX 

19.30 20.07 0.760 0.790 
16.94 17.45 0.667 0.6B7 
8.26 11.68 0.325 0.460 
2.29 3.81 0.090 0.1511 
1.17 1.96 0.046 0.077 
8.64 10.54 O.~ 0.415 

2.29 0.090 
10.72 11.56 0.422 0.455 
16.26 22.23 0.640 0.875 
4.32 5.41 0.170 0.213 

6.86 - 0.270 
5.59 6.32 0.220 0.249 
1.19 1.83 0.047 0.072 

14.48 15.49 .7 0.610 
5.651 5.761 0.2225 0.2268 

15.49 17.45 0.610 0.687 

Collector connected to case 
All JEDEC dimensions and notes apply 

CASE 9 
T().61 



2N5304 (continued) 

*ELECTRICAL CHARACTERISTICS (TC = 25°C unless otherwise noted) 

Characteristic I Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage 
(IC = 100 mAde, IS = 0) 

Collector Cutoff Current 

(VCE = 25 Vde, IS = 01 
Collector Cutoff Current 

(VCE = 50 Vde, VES(off) = 1.5 Vde) 
(VCE = 25 Vde, VES(off) = 1.5 Vde TC = 1500C) 

Collector Cutoff Current 

(VCS = 50 Vde, IE = 0) 

Emitter Cutoff Current 

(VSE = 3.0 Vde, Ie = 0) 

ON CHARACTERISTICS 11) 

DC Current Gain 
(Ie = 2.0 Ade, VeE = 2.0 Vdc) 
(Ie = 5.0 Ade, VeE = 2.0 Vde) 
(Ie = 10 Ade, VeE = 2.0 Vde) 

Collector-Emitter Saturation Voltage 

(lc = 2.0 Ade, IS = 200 mAde) 
(Ie = 5.0 Ade, IS = 500 mAde) 
(Ie = 10 Ade, Is = 1.0 Ade) 

Base-Emitter Saturation Voltage 
(Ie = 2.0 Ade, IS = 200 mAde) 
(Ie = 10 Ade, IS = 1.0 Ade) 

DYNAMIC CHARACTERISTICS 

Current--Gain - Bandwidth Product 
(lc = 0.5 Ade, VeE = 10 Vde, f test = 10 MHz) 

Output Capacitance 
(VCS = 10 Vde, IE = 0, f = 0.1 MHz) 

SWITCHING CHARACTERISTICS 

Rise Time 

(VCC ~20 Vde, IC = 2.0 Ade, lSI = 200 mAdcl 

Storage Time 

(VCC ~ 20 Vde, IC = 2.0 Ade, IS 1 = 200 mAde, IS2 = 100 mAde) 

Fall Time 
(VCC ~ 20 Vde, IC = 2.0 Ade, lSI = 200 mAde, 182= 100 mAdcl 

* IndIcates JEDEC Registered Data 
(1) Pulse Test: Puis. Width = 3ool's, Duty Cyele",,2.0%. 

FIGURE 2 - SWITCHING TIME TEST 
CIRCUIT 

NOTE: FOR INFORMATION ON FIGURE 3 
RB and Re WERE VARIED TO OBTAIN 
DESIRED TEST eONDITIONS 
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FIGURE 3 - SWITCHING TIMES 
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Unit 

Vde 

I'Ade 

i'Ade 
mAde 

i'Ade 

i'Ade 

-

Vde 

Vdc 

MHz 

pF 

ns 

ns 

ns 

Vee - 20 V 
leliB 10 
TJ = 250 e 

1'"--1'--

5.0 7.0 10 



2N5304 (continued) 

FIGURE 4 - THERMAL RESPONSE 
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2N5304 (continued) 

FIGURE 9 - DC CURRENT GAIN 
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2N5324 (GERMANIUM) 
2N5325 

PNP GERMANIUM POWER TRANSISTORS 

.. designed primarily for switching, inverter, and industrial power 
supply applications. 

• Low Collector Cutoff Current -
ICEX = 7.0 mAdc (Max) @VCEX = 250 Vdc (2N5324) 

7.0 mAdc (Max) @VCEX = 325 Vdc (2N5325) 

• Low Collector·Emitter Saturation Voltage -
VCE(sat) = 0.5 Vdc (Max) @ IC = 10 Adc 

• Low Base·Emitter Saturation Voltage -
VBE(sat) = 0.75 Vdc (Max) @ IC = 10 Adc 

• Guaranteed Excellent Safe Operating Area (VCER(sus)) 
Specified at 3.0 Amps and 10 Amps 

• 100% Stabilization Bake at 1250 C for 100 Hours 

*MAXIMUM RATINGS 

Rating Symbol 2N5324 2N5325 

Collector·Emitter Voltage 

Collector·aase Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 

Base Current - Continuous 

Total Device Dissipation @ T C = 25°C' 
Derate above 2SoC 

Operating and Storage Junction 
Temperature Range 

"IndIcates JEDEC Registered Data. 
THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance. Junction to Case 

VCEO 150 200 

Vca 250 325 

VEa 4.0 

IC 10 

la 3.0 

Po 56 
0.67 

TJ, Tot9 -65 to +110 

Max 

1.5 

FIGURE 1 - POWER·TEMPERATURE DERATING CURVE 

60 I I I I I 

Unit 

Vdc 

Vdc 

Vdc 

Adc 

Adc 

Watts 
WIDe 

°c 

I 50 
FOR TRANSIENT THERMAL RESISTANCE AND 

z 
0 
;:: 
~ 
~ 
2i 
a: 
~ 
~ 

~ 

40 

30 

20 

10 

o 
o 10 20 30 

r-.. SAFE OPERATING AREA INFORMATION,SEE 
FIGURES 2.3 AND 5. 

"-
~ 
I' 

r-... 
I' 

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

40 50 60 70 80 90 100 110 

TC, CASE TEMPERATURE (OCI 
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10 AMPERE 
POWER TRANSISTORS 

PNP GERMANIUM 

EPITAXIAL BASE 

250-325 VOLTS 
56 WATTS 

I ~ I 
L t=='::j==t 
r~K ESEATIN(~ ! 

PLANE 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 
B - 22.23 0.B75 
C 6.35 11.43 0.250 0.450 
D 0.97 1.09 0.038 0.043 
E 3.43 0.135 
F 29.90 30.40 1.177 1.197 
G 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 7.92 0.312 
Q 3.B4 4.09 0.151 0.161 
S - 13.34 0.525 
T - 4.78 - O.IBB 
All JEDEC dimenSIOns and notes apply 

CASE 1·03 
(TO·31 



2N5324, 2N5325 (continued) 

ELECTRICAL CHARACTERISTICS (TC ~ 25°C unless otherwise noted) 

Characteristic Svmbol 

OFF CHARACTERISTICS 

tColiector-Emitter Breakdown Voltage BVCEO 
(lC = 0.1 Adc,IB = 0) 2N5324 

2N5325 

Collector-Emitter Sustaining Voltage VCER(sus) 
(lC= 3.0 Adc, RBE = 10 Ohms) (Figure 4, Test Condition 1) 2N5324 

2N5325 

(lC = 10 Adc, RBE = 10 Ohms) (Figure 4, Test Condition 2) 2N5324 
2N5325 

• Collector Cutoff Current (See Note 1) 'CEV 
(VCE = 250 Vdc, VBE (off) = 0.2 Vdc) 2N5324 
(V CE = 250 Vdc, V BE (off) = 0.2 Vdc, T C = 850 C) 
(VCE = 325 Vdc, VBE (off) = 0.2 Vde) 2N5325 
(VCE = 325 Vdc, VBE (off) = 0.2 Vdc, TC = 85°C) 

*Emitter Cutoff Current 'EBO 
(V BE = 4.0 Vdc, IC = 0) 

ON CHARACTERISTICS 

.. DC Current Gain hFE 
(lC = 5.0 Adc, VCE = 2.0 Vdc) 

"Collector-Emitter Saturation Voltage VCE(satl 
(lc = 10 Ade,IB = 1.0 Adc) 

*Base-Emitter Saturation Voltage VBE(satl 
(lC = 10 Ade,IB ~ 1.0 Adc) 

DYNAMIC CHARACTERISTICS 

Current-Gain-Bandwidth Product 
(lC = 0.5 Adc, VCE = 5.0 Vde, f = 0.5 MHz) 

SWITCHING CHARACTERISTICS 

"Rise Time tr 

"Storage Time (lC= 5.0Adc,IBl = IB2 = 0.5 Adc) (See Figure 6) ts 

"'Fall Time 

Note 1. Pulse Test: Pulse Width S 300 #los, Duty Cycle ~ 2.0%. 

·lndicatesJEOEC Registered Data. 

tJEOEC Registration Defined as V(BR)CEO 

tf 

FIGURE 2 - TRANSIENT THERMAL RESPONSE 
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2N5324, 2N5325 (continued) 

0 

FIGURE 3 - COLLECTOR-EMITTER 
SUSTAINING VOLTAGE 
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2N5324. 2N5325 (continued) 

FIGURE 9 - DC CURRENT GAIN 
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2N5336 (SILICON) 
thru 

2N5339 
Medium-power NPN silicon transistors designed for 

switching and wide band amplifier applications. 

CASE 79 
(TO·39) 

2 STYLE 1: 

1 00 0 3 PIN 1. EMITTER 
2. BASE 
3. COLLECTOR 

MAXIMUM RATINGS 

Rating Symbol 2N5336 2N5338 
2N5337 2N5339 

Collector-Emitter Voltage VCEO 80 100 

Collector-Base Voltage VCB 80 100 

Emitter-Base Voltage VEB 6.0 

Collector Current - Continuous IC 5.0 

Base Current IB 1.0 

Total Device Dissipation @ TC = 25°C PD 6.0 

Derate above 25°C 34.3 
Operating. and Storage Junction T J' Tstg -65 to +200 

Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symb91 Max 
Thermal ReSistance, Junction to Case () JC 29.2 

FIGURE 1 - POWER-TEMPERATURE DERATING CURVE 
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Unit 

Vdc 

Vdc 

Vdc 

Adc 

Adc 

Watts 
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2N5336 thru 2N5339 (continued) 

ELECTRICAL CHARACTERISTICS (T c = 25'C unless otherw>se noted) 

I Characteristic Fig. No. Symbol Min I Max I Unit 
OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage (1l - BVCEO(sus) Vdc 
(IC = 50 mAde, IB = 0) 2N5336, 2N5337 80 -

2N5338, 2N5339 100 -
Collector Cutoff Current - ICEO }.LAdc 

(VCE = 75 Vde, IB = 0) 2N5336, 2N5337 - 100 

(VCE = 90 Vdc, IB = 0) 2N5338, 2N5339 - 100 

Collector Cutoff Current 12 ICEX }.LAdc 

(V CE = 75 Vdc, VEB(off) = 1. 5 Vdc) 2N5336, 2N5337 - 10 

(V CE = 90 Vdc, VEB(off) = 1. 5 Vdc) 2N5338, 2N5339 - }O 

(V CE = 75 Vdc, VEB(off) = 1. 5 Vdc, TC = 150"C) 2N5336, 2N5337 - 1.0 mAde 

(V CE = 90 Vdc, V EB(off) = 1. 5 Vdc, T C = 150" C) 2N5338, 2N5339 - 1.0 

Collector Cutoff Current - ICBO }.LAdc 
(VCB = 80 Vdc, ~ = 0) 2N5336, 2N5337 - 10 

(V CB = 100 Vdc, IE = 0) 2N5338, 2N5339 - 10 

Emitter Cutoff Current - lEBO }.LAde 
(V BE = 6. 0 Vdc, IC = 0) - 100 

ON CHARACTERISTICS 

DC Current Gain- (1l 8 hFE -
(IC = 500 mAdc, V CE = 2.0 Vde) 2N5336, 2N5338 30 -

2N5337, 2N5339 60 -
(IC = 2.0 Ade, VCE = 2.0 Vde) 2N5336, 2N5338 30 120 

2N5337, 2N5339 60 240 

(Ic = 5.0 Adc, VCE = 2.0 Vde) 2N5336, 2N5338 20 -
2N5337, 2N5339 40 -

Collector-Emitter Saturation Voltage 111 9,11,13 VCE(sat) 
Vde 

(IC = 2.0 Adc, IB = 0.2 Adc) - 0.7 

(IC = 5.0 Adc, IB = O. 5 Adc) - 1.2 

Base-Emitter Saturation Voltage 111 11,13 VBE(sat) 
Vdc 

(IC = 2.0 Adc, IB = 0.2 Adc) - 1.2 

(IC = 5.0 Adc, IB = O. 5 Adc) - 1.8 

DYNAMIC CHARACTERISTICS 

Current-Gain-Bandwidth Product - fT MHz 

(IC = 0.5 Ade, V CE = 10 Vdc, f = 10 MHz) 30 -
Output Capacitance 7 Cob 

pF 

(V CB = 10 Vde, IE = 0, f = 100 kHz) - 250 

Input Capacitance 7 Cib pF 

(VBE = 2.0 Vde, IC = 0, f = 100 kHz) - l,pOO 

SWITCHING CHARACTERISTICS 

Delay Time (V CC = 40 Vdc, V EB(ofl) = 3. 0 Vdc, 2,3 td - 100 ns 

Rise Time IC = 2. 0 Adc, IB} = 0.2 Adc) 
tr - 100 ns 

Storage Time (V CC = 40 Vdc, IC = 2.0 Adc, 2,6 t - 2.0 }.LS 
s 

Fall Time lBl = IB2 = 0.2 Adc) tf - 200 ns 

(1l Pulse Test: Pulse Width", 300 }.LS, Duty Cycle", 2.0%. 
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2N5336 thru 2N5339 (continued) 

FIGURE 2 - SWITCHING TIME TEST CIRCUIT 
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There are two limitations on the power han­
dling ability of a transistor: junctiontemperature 
and secondary breakdown. 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. 

The data of Figure 5 is based on T J(pk) = 
20o"C; TC is variable depending on conditions. 
Pulsecurvosare valid for duty cycles of 10% pro­
videdTJ(pk) S;20o"C. TJ(Pk) maybe 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. 

FIGURE 7 - CAPACITANCE versus VOLTAGE 
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2N5336 thru 2N5339 (continued) 
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2N5344 (SILICON) 
2N5345 

~ .. CASE80 
, (T0-66) 

High voltage power PNP silicon transistors designed 
for high-voltage switching and amplifier applications. 

Collector connected to case 

(:)

0 2 ST~I':t BASE 
o 0 2. EMIITER 

@1 CASE. COLLECTOR 

MAXIMUM RATINGS 

Rating Symbol 2N5344 2N5345 Unit 

Collector-Emitter Voltage VCEO 250 300 Vdc 

Collector-Base Voltage VCB 250 300 Vdc 

Emitter-Base Voltage VEB 5.0 Vdc 

Collector Current - Continuous IC 1.0 Adc 

Base Current - Continuous IB 0.5 Adc 

Total Device Dissipation @TC = 25° C PD 40 Watts 

Derate above 25°C 228 mW/oC 

Operating and Storage Junction TJ , Tstg -65 to +200 °c 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max I Unit 
Thermal Resistance, Junction to Case e JC 4.38 I °C/W 

FIGURE 1 - POWER·TEMPERATURE DERATING CURVE 
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2N5344, 2N5345 (continued) 

Characteristic 
OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage (II 
(Ic = 10 mAdc, lB = 0) 2N5344 

2N5345 

Collector Cutoff Current 
(VCE =225 Vdc, VBE{off) = 1.5 Vdc) 2N5344 

(VCE = 270 Vqc, VBE(off) = 1. 5 Vde) 2N5345 

(VCE = 225 Vde, VBE ( if) = 1.5 Vdc, TC = 150·C) 
o 2N5344 

(VCE = 270 Vde, VBE ( if) = 1.5 Vdc, TC = 150·C) 
o 2N5345 

Collector Cutoif Current 
(VCB = Rated VCB ' IE = 0) 

Emitter Cutoff Current 
(VBE = 5.0 Vdc, lC = 0) 

ON CHARACTERISTICS 

DC Current Gain 111 
(IC = 500 mAdc, V CE = 5.0 Vdc) 

(IC = 1.0 Ade, V CE = 5.0 Vdc) 

Collector-Emitter Saturation Voltage 
(IC = 1.0 Ade, IB = O. 2 Ade) 

Base-Emitter Saturation Voltage 
(IC = 1. 0 Ade, lB = 0.2 Ade) 

DYNAMIC CHARACTERISTICS 

Current-Gatu-Bandwidth Product 
(IC = 100 mAde, V CE = 20 Vde, f = 10 MHz) 

Output Capacitance 
(VCB = 10 Vde, ~ = 0) 

SWITCHING CHARACTERISTICS 

Delay Time (V CC = 100 Vde, V BE (off) = O. 85 Vde, 

Rise Time lC = 500 mAde, lBl = 50 mAde) 

Storage Time (V CC = 100 Vde, IC = 500 mAde, 

Fall Time lBl = lB2 = 50 mAde) 

{II Pulse Test: Pulse Width" 300I'S, Duty Cycle" 2.0%. 

FIGURE 2 - SWITCHING TIME TEST CIRCUIT 
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2N5344, 2N5345 (continued) 
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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-VeE limits of the tran­
sistor that must be observed for reliable operation; i.B., the tran­
sistor must not be subjected to greater dissipation than the curves 
indicate. 

The data of Figure 5 is based on T Jlpk) = 200°C; T C is var· 
iable depending on conditions. Pulse curves are valid for duty 
cycles of 10% provided TJ(pk) :!S: 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. 
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2N5344, 2N5345 (continued) 

TYPICAL DC CHARACTERISTICS 
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2N 5346 (SILICON) 

thru 

2N5349 

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 = 7.0 Adc 

• DC Current Gain Specified to 5 Amperes 

• Excellent Safe Operating Area 

• Packaged in the Compact, High Dissipation TO-59 Case 

• Isolated Collector Configuration 

'MAXIMUM RATINGS 

Rating Symbol 2NS346 2NS348 Unit 2NS347 2NS349 
Collector-Emitter Voltage VCEO 80 100 Vdc 

Collector-Base Voltage VCB 80 100 Vdc 

Emitter-Base Voltage VEB 6.0 Vdc 

Collector Current - Continuous IC 7.0 Adc 

Base CUrrent IB 1.0 Adc 

Total Device Dissipation@ TC = 25'C PD 60 Watts 

Derate above 25°C 343 mW/'C 

Operating and storage Junction TJ • Tstg -65 to +200 'c 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Max 
Thermal Resistance, Junction to Case 2.91 

-Indicates 'JEDEC Registered Data 

FIGURE 1 - POWER-TEMPERATURE DERATING CURVE 
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Safe Area Curves are mdicated by Figure 5. All flmitsare applicable and must be observed. 
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7 AMPERE 
POWER TRANSISTORS 

OIM 

8· 
C , 
• H 
J 
K 
l 

• p 
n 
• S 
T 

NPN SILICON 

80-100 VOLTS 
60 WATTS 

MILLIMETERS INCHES 
MI. MAX MIN. MAX 

1077 11.1 0.424 0.437 
813 1189 0.320 0.468 
2.29 3.81 0.090 0.150 
4.70 546 0.185 0215 

1.98 0078 
10.16 11.56" 0.400 0.455 
14.48 19.38 0.570 0763 
2.29 2.19 0.090 0.110 

6.35 0.250 
4.14 4.80 0.183 0.189 U, 1.6 0.040 0.085 
an8 9" 0.31B 0.380 
4.212 4.310 0.1658 0.1697 
9. 1110 0.380 0:437 

AlIJEDECdllTJenslOnsandnotasapply 
Coliectorlso~t8dfromCllS8. 

CASE 16().()3 
TO·59 

ISOLATED COLLECTOR 



2N5346 thru 2N5349 (continued) 

ELECTRICAL CHARACTERISTICS (Tc == 2S0C unless otherwise noted) 

I Characteristic Fig. No. Symbol Min Max Unit 

OFF CHARACTERISTICS 
Collector-Emltter SustaJ.nmg voltage (1) - VCEO(sus} Vde 

(Ie = 50 mAde, IB = 0) 2N5346, 2N5347 80 
2N5S48, 2N5349 100 -

Collector Cutoff Current 
"Ade (VeE"" 75 Vdc, IB = 0) 2N5346, 2N5347 -

leEO 
- 100 

(V CE = 90 Vdc, IS :;;: 0) 2N5348, 2N5349 100 

Collector Cutoff Current 12 ICEX ~Adc 

(VeE'" 75 Vdc, VEB(oH) = 1. 5 Vdc) 2N5346, 2N5347 - 10 

(VeE'" 90 VdC, VEB(off) '" 1. 5 Vdc) 2N5348, 2N5349 - 10 

(VeE = 75 Vdc, VEB(off) = 1. 5 Vdc, TC = 150DC) 2N5346, 2N5347 - 1.0 mAde 

(VeE = 90 Vdc, VEB{Off) = 1. 5 Vdc, TC == 150DC) 2N5348, 2NS349 - 1.0 

Collector Cutoff Current 1CBO /.LAde 
(V CB = Rated V CB' 'B = 0) - 10 

Emitter Cutoff Current 'BBD $.LAde 
(VES '" 6.0 Vdc, Ie ::: 0) - 100 

ON CHARACTERISTICS II. 
DC Current Gain hFE 

(Ie::: 500 mAde, VeE'" 2.0 Vdc) 2N5346, 2N5348 30 
2N5347, 2N5349 60 

(Ie'" 2.0 Adc, VCE '" 2.0 Vdc) 2N5346, 2N5348 30 120 
2N5347, 2N5349 60 240 

(IC = 5.0 Adc, VCE ::: 2.0 Vdc) 2N5346, 2N5348 20 
2N5347, 2N5349 40 

Collector-Emitter Saturation Voltage 9,11,13 VCE(sat) Vde 
(Ie = 2.0 Ade, IS "" 0.2 Adc) 0.7 

(IC = 7.0 Ade, Is = 0.7 Adc) 1.2 

Base-Emitter Saturation Voltage 11,13 VBE(sat) Vde 
(IC = 2.0 Ade, [s = 0.2 Adc) 1.2 

(IC::: 7.0 Adc, IS = 0.7 Adc) 2.0 

DYNAMIC CHARACTERISTICS 
Current-Gain-Bandwidth Product fT MHz 

(Ie ::: 500 mAde, V CE = 10 Ydc, f:z 10 MHz) 30 

Output Capacltance Cob pF 
(VeB = 10 Vdc, IE = 0, f = 100 kHz) 250 

Input Capacitance C'b pF 
(VBE =2,OVdC, IC:::O, f:::100kHz) 1,000 

SWITCHING CHARACTERISTICS 
Delay Time (VCC =40Vdc, VEB(olf)=3.0Vdc, 2,3 'd 100 

Rise Time IC ::: 2.0 Adc, lBl ::: 200 mAdc) , 
r 100 

Storage Tlme (Vec = 40 Vdc, Ie = 2.0 Adc, 2,6 's 2.0 "s 
Fall Tlme IS! ::: IB2 = 200 mAde) 

'f 200 

*Indicates JEDEC Registered Data, 
(l)Pulse Test: Pulse WIdth .. 300 /-LS, Duty Cycle", 2.0%. 

FIGURE 2 - SWITCHING TIME TEST CIRCUIT FIGURE 3 - TURN·ON TIME 
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2N5346 thru 2N5349 (continued) 

FIGURE 4 - THERMAL RESPONSE 
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There are two limitations on the power han­
dling ability of a transistor: junction tempera­
ture 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 sub­
jected to greater dissipation than the curves 
indicate. 

!he data of Figure 5 is basad on T J(pk) = 
200 C; T C is variable depending on conditions. 
Pulse curves are valid for duty cycles of 10% 
provided TJ(pk)<200oC. 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 bV secondary 
breakdown_ 

FIGURE 7 - CAPACITANCE versus VOLTAGE 
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2N5346 thru 2N5349 (continued) 

FIGURE 8 - DC CURRENT GAIN 
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2N5358 (SILICON) 
thru 

2N5364 Silicon N-channel junction field-effect transistors de­
pletion mode (Type A) devices designed primarily for 
general-purpose amplifier applications. 

MAXIMUM RATINGS 

Rating 

Forward Gate Current 

Reverse Gate-Source Voltage 

Drain-Gate Voltage 
CASE 20 

(TO-72) 
2 

Total Device Dissipation @TA = 25° C 
Derate above 25°C 

Storage Temperature Range 103 

4 
STYLE 3 

Operating Junction Temperature Range 

PIN 1. DRAIN 
2. SOURCE 
3. GATE 
4. CASE LEAD 

ELECTRICAL CHARACTERISTICS (TA = 25'C unless otherWise noted) 

Characteristic 

OFF CHARACTERISTICS 
Gate-Source Breakdown Voltage 

(IG = 10 JiAde, Vns = 0) 

Gate-Source Cutoff Voltage 
(Vns = 15 Vde, ~ = 100 nAdc) 2N5358 

2N5359 
2N5360 
2N5361 
2N5362 
2N5363 
2N5364 

Gate Reverse Current 
(V GS = 20 Vde, Vns = 0) 

(V GS = 20 Vde, Vns = 0, T A = 150°C) 

2-144 

Symbol Value Unit 

IG(f) 10 mAdc 

VGS(r) 40 Vdc 

VDG 40 Vdc 

PD 300 mW 
2.0 mW/oC 

Tstg -65 to +200 °c 

TJ -65 to +175 °c 

Symbol Min Max Unit 

V(BR)GSS Vde 
40 -

V GS(off) Vde 
0.5 3.0 
0.8 4.0 
0.8 4.0 
1.0 6.0 
2.0 7.0 
2.5 8.0 
2.5 8.0 

IGSS nAde 
- 0.1 

- 0.1 JiAde 



2N5358 thru 2N5364 (continued) 

ELECTRICAL CHARACTERISTICS (continued) 

I Characteristic Symbol Min Max Unit 

ON CHARACTERISTICS 
Zero-Gate Voltage Drain Current ~SS mAdc 

(VDS = 15 Vdc, V GS = 0) 2N5358 0.5 1.0 
2N5359 0.8 1.6 
2N5360 1.5 3.0 
2N5361 2.5 5.0 
2N5362 4.0 8.0 
2N5363 7.0 14 
2N5364 9.0 18 

Gate-Source Voltage VGS Vdc 
(V DS = 15 Vdc, '0 = 50 /.lAdc) 2N5358 0.3 1.5 

(V DS = 15 Vdc, '0 = 80 /.lAdc) 2N5359 0.4 2.0 

(VDS = 15 Vdc, '0 = 150 /.lAdc) 2N5360 0.5 2.5 

(VDS = 15 Vdc, ~ = 250 /.lAdc) 2N5361 1.0 5.0 

(VDS = 15 Vdc, ~ = 400 /.lAdc) 2N5362 1.3 5.0 

(VDS = 15 Vdc, '0 = 700 /.lAdc) 2N5363 2.0 6.0 

(V ns = 15 Vdc, '0 = 900 /.lAdc) 2N5364 2.0 6.0 

SMALL·SIGNAL CHARACTERISTICS 

Forward Transadmittance IYfsl /.lmnos 
(VDS = 15 Vdc, VGS = 0, f = 1.0 kHz) 2N5358 1000 3000 

2N5359 1200 3600 
2N5360 1400 4200 
2N5361 1500 4500 
2N5362 2000 5500 
2N5363 2500 6000 
2N5364 2700 6500 

Forward Transconductance Re(yfs) /.lmhos 
(V DS = 15 Vdc, V GS = 0 Vdc, f = 100 MHz) 2N5358 800 -

2N5359 900 -
2N5360 1400 -
2N5361 1700 -
2N5362 1900 -
2N5363 2100 -
2N5364 2200 -

Output Admittance IYosl /.lmhos 
(V DS = 15 Vdc, V GS = 0, f = 1. 0 kHz) 2N5358, 2N5359 - 10 

2N5360, 2N5361 20 
2N5362, 2N5363 40 

2N5364 60 

Input Capacitance Ciss pF 
(VDS =15Vdc, Vas =0, f=1.0MHz) - 6.0 

Reverse Transfer Capacitance C pF 
(VDS = 15 Vdc, VGS=O, f=1.0MHz) 

rss - 2.0 

Common-Source Noise Figure NF dB 

(V DB = 15 Vdc, V GS = 0, RG = 1. 0 Megohm, f = 100 Hz, - 2.5 

BW = 1.0 Hz) 

Equivalent Short-Circuit Input Noise Voltage e ~V/JHz 
(VDS = 15 Vdc, VGS = 0, f = 100 Hz, BW = 1.0 Hz) 

n - 115 
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2N5358 thru 2N5364 (continued) 
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2N5358 thru 2N5364 (continued) 

« 
.§ 
.... 

~ 
a 
2: 

~ 
0 

E 

8.0 

7.0 
I 

DRAIN CURRENT versus GATE 
SOURCE VOLTAGE 
FIGURE 7 - 2N5361 

VOS=15V 

6. 
!\ TA = -55DC 

0~~25DC 5.0 

4.0 

3.0 

2.0 

1.0 

o 
o 

10 

" ,,,< 

~ 
125DC 

- !---M,x 

- - -Min 

V 125DC 

~ -55DC 

;::...c 25DC 

"-....... ... -~ 
1.0 2.0 3.0 

VGs. GATE·SOURCE VOLTAGE (VOLTS) 

FIGURE 9 - 2N5362 

4.0 

1\ VOS=15V 

« 
.§ 
.... z 

~ 
a 
z 
;;: 
'" 0 

E 

9.0 
\ TA = -55DC 

8.0 

7 . 

6.0 

or'\.. I'< 25DC - t--Max 

./< - --Min 

1"- " .~ 
125DC 

5.0 

4.0 ~5~" r'\. 
~~v' 25D~ ~ 

3.0 

2.0 

1.0 

o 
o 

0 

'~ k- 125DC ......... ~ 
I'~ !'... 

1' ... .......... !'-..... 
1.0 2.0 3.0 4.0 

VGS. GATE·SOURCE VOLTAGE (VOLTS) 

FIGURE 11 - 2N5363 

5.0 

8 I 
VOS= 15 V 

6~TA=-55DC 

'" 25D~ 
21"... '\J/ :25DO 

114 
.... 
~ 1 

~ 1 

~ 8. 

o 6. 
E 

4. 

o I'.. "< l'Y" 
"<~" o ",";55DC ~ ~ 

0~25DC ~ 
o 1'~ ... 
o 125DC .... _ 
0 

2. 

- t---Max 

- --Min 

"" -......... 1.0 2.0 3.0 4.0 5.0 6.0 
VGs. GATE·SOURCE VOLTAGE (VOLTSI 

7.0 8.0 

.... 3000 

i 
~ 200 0 

FORWARD TRANSFER ADMITTANCE 
versus DRAIN CURRENT 

FIGURE 8 - 2N5361 

....... r- Typ 

-.....-
1-"' .... r-"" -g 

'" o I--
l.--' 
~ -- Min 

« 
~ 100 
tl; 
2: 

~ 70 
I-

~ 

0 

0 

~ 500 

~ 

1. 300 
0.5 

0 S 10,00 

1 700 0 
w 

'" ::1 500 0 

1:: 
'" o 
« 
'" w 

3000 

'" 200 z 
0 

;li .., 
~ 100 

~ 
0 

~ 70 0 

~ 

0 1 50 
0.5 

i! 10,00 

1 700 
w 
'" 

0 

0 

Z 500 

~ 
0 

iiE 
~ 300 0 

-
0.7 

l-

r-

0.7 

-

VOS-15V 
t= 1.0 kHz-

I 
1.0 2.0 3.0 5.0 

10, DRAIN CURRENT (mAl 

FIGURE 10 - 2N5362 

~ f0- r- Typ 

_r-
J...-..-- Min 

I--' I-r-

~ 

VOS= 15 V 

~tik~Z 
1.0 2.0 3.0 5.0 7.0 10 

10, DRAIN CURRENT (rnA) 

FIGURE 12 - 2N5363 

Typ 

-I--' I-
L.--- Min ---~ :--

~ 
0 

VOS=15V-
t=1.0kHz= 

0 ~ ;e 50 
1.0 5.0 7.0 10 20 2.0 3.0 

10, DRAIN CURRENT (rnA) 

2-147 



2N5358 thru 2N5364 (continued) 
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2N5358 thru 2N53.64 (continued) 

FIGURE 19 - TYPICAL NOISE FIGURE 
versus FREQUENCY 

FIGURE 20 - TYPICAL NOISE FIGURE 
versus SOURCE RESISTANCE 
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·Casp is Coss in parallel with Series Combination of Ciss and erss. 

Common Source 
y Parameters for Frequencies 

Below 30 MHz 

Vis = j(.i)Ciss 
Vos = jw Cosp* + lIross 
Yfi -IVIsI 
Yrs=-jwCrss 

NOTE: Graphical data is presanted for de conditions. Tabular 
data is given for pulsad conditions (Pulsa Width = 630 ms, 
Duty Cycle = 10%). 
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2N5400 (SILICON) 

2N5401 

PNP SI LICON ANNULAR TRANSISTORS 

· .. designed for general·purpose, high·voltage amplifier applications. 

• High Collector·Emitter Breakdown Voltage -
BVCEO= 120and 150Vdc (Min) 

• Low Saturation Voltage 
VCE(sat) = 0.5 V (Max) @ IC = 50 mA 

• Current Gain Specified from 1.0 mAde to 50 mAdc 

• Excellent for Nixie® Driver Applications 

MAXIMUM RATINGS 

Rating Symbol 2N5400 2N5401 Unit 

*Collector-Emitter Voltage VCEO 120 150 Vdc 

·Collector-Base Voltage VCB 130 160 Vdc 

*Emitter-Base Voltage VEB 5.0 Vdc 

"'Collector Current - Continuous IC 600 mAde 

*Total Power Dissipation@ T A - 25°C Po 350 mW 

Derate above 25°C 2.8 mW/oC 

Total Power Dissipation@Tc= 2SoC Po 1.0 Watt 
Derate above 25°C 8.0 mW/oC 

·Operating and Storage Junction TJ.Tstg -55 to +150 °c 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

*Thermal Resistance, Junction to Ambient ROJA(11 357 °CIW 
Thermal Resistance, Junction to Case ROJC 125 °C/W 

* I ndicates JED EC Registered Data 
(1) ROJA is measured with the device soldered into a typical printed circuit board. 
®rrademark of Burroughs Corporation. 

2-150 

HIGH VOLTAGE 

PNPSILICON 
AMPLIFIER TRANSISTORS, 

STYLE 1 
PIN 1 EM!TTER 

2 BASE 
3 COLLECTOR 

MILLIMETERS INCHES 
DIM MIN 

A 4.450 
B .1BO 
c 4.320 
D 0.407 

0.407 
1.7 

L 1150 
N 
p 6.350 
Q 3.430 
R 2.410 
S 2.030 

MAX MIN 
5.200 0.175 
4.1 0.125 
5.330 0.170 
0.533 0016 
0.482 O. 16 

1.390 0.045 
1.270 

0.250 
0.135 

2.670 0.095 
2670 O.OBO 

CASE 29.(J2 
TO·92 

MAX 
0.205 
0.165 
0.210 
0.021 
0019 

0.055 
0.050 

0.105 
0.105 



2N5400, 2N5401 (continued) 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted) 

Characteristic Symbol 

OFF CHARACTERISTICS 
·Collector-Emitter Breakdown Voltage (1) BVCEO 

IIC = 1.0 mAde, IB = 0) 2N54oo 
2N5401 

Colleetor·Base Breakdown Voltage BVCBO 
IIC = 100 /lAde, IE = 0) 2N5400 

2N5401 

Emitter-Base Breakdown Voltage BVEBO 
liE = 10 "Ade, IC = 0) 

Collector Cutoff Current ICBO 
(VCB = 100 Vde, IE = 0) 2N5400 
(VCB = 120 Vde, IE = 0) 2N5401 
(VCB = 100Vde, IE =0, TA = 100°C) 2N5400 
(VCB = 120 Vde, IE = 0, TA = 100°C) 2N5401 

Emitter Cutoff Current lEBO 
(VEB= 3.0 Vde, IC = 0) 

ON CHARACTERISTICS (1) 

*DC Current Gain hFE 
IIC = 1.0 mAde, VCE = 5.0 Vde) 2N5400 

2N5401 
IIC = 10 mAde, VCE = 5.0 Vde) 2N5400 

2N5401 
II C = 50 mAde, V CE = 5.0 Vde) 2N5400 

2N5401 

·Collector-Emitter Saturation Voltage VCE(sat) 
IIC = 10 mAde, IB = 1.0 mAde) 
IIC = 50 mAde, IB = 5.0 mAde) 

*Base-Emitter Saturation Voltage VBE(sat) 
IIC = 10 mAde, IB = 1.0 mAde) 
IIC = 50 mAde, IB = 5.0 mAde) 

DYNAMIC CHARACTERISTICS 
Current·Gain-Bandwidth Product fT 

IIC = 10 mAde, VCE = 10 Vde, f = 100 MHz) 2N5400 
2N5401 

Output Capacitance Cob 
(VCB = 10 Vde, IE = 0, f = 1.0 MHz) 

Small-Signal Current Gain hfe 
IIC = 1.0 mAde, VCE = 10 Vde, f = 1.0 kHz) 2N5400 

2N5401 

Noise Figure NF 
IIC = 250 "Ade, VCE = 6.0 Vde, 
RS = 1.0 k ohm, f = 10 Hz to 15.7 kHzl 

"Indicates JEDEC Registered Data 
(11 Pulse Test: Pulse Width = 300 "s, Duty Cycle = 2.0%. 

2·151 

Min Max 

120 -
150 -

130 -
160 -

5.0 -

- 100 
- 50 
- 100 
- 50 

- 50 

30 -
50 -
40 180 
60 240 
40 -
50 -

- 0.20 
- 0.5 

- 1.0 

- 1.0 

100 400 
100 300 

- 6.0 

30 200 
40 200 

- 8.0 

Unit 

Vde 

Vde 

Vde 

nAde 

"Ade 

nAde 

-

Vde 

Vde 

MHz 

pF 

-

dB 

Ii 
II 

il 
I; 
Ii 
1: 
I' 
I 
I: 



2N5400, 2N5401 (continued) 
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2N5400, 2N5401 (continued) 
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2N5427 (SILICON) 
thru 

2N5430 

~ 
Medium-power NPN silicon transistors designed for 

switching and wide-band amplifier applications. 

CASE 80 
(TO·66) o 0 PIN ~: ~~~irER 0' STYLE 1: 

@, CASE. COLLECTOR Collector connected to case 

MAXIMUM RATINGS 

Rating Symbol 

Collector-Emitter Voltage VCEO 

Collector-Base Voltage VCB 

Emitter-Base Voltage VEB 

Collector Current - Continuous IC 

Base Current IB 

Total Device Dissipation @ TC :: 25°C PD 
Derate above 25°C 

Operating and Storage Junction TJ , Tstg 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol 
Thermal Resistance, Junction to Case (J JC 

2N5427 2N5429 
2N5428 2N5430 

80 100 

80 100 

6.0 

7.0 

1.0 

40 

228 

-65 to +200 

Max 
4.37 

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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Unit 

vdc 

Vdc 
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Adc 

Adc 

Watts 

mW/oC 

"c 

Unit 
°C/W 



2N5427 thru 2N5430 (continued) 

ELECTRICAL CHARACTERISTICS (T c = 2S"C unless otherw"e noted) 

Characteristic 
OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage 111 BVCEO(sus) 
(IC = 50 mAde, IB = 0) 2N5427, 2N5428 - 80 

2N5429 2N5430 100 

Collector Cutoff Current ICEO 
(VCE = 75 Vde, IB = 0) 2N5427, 2N5428 -
(VCE = 90 Vdc, [B = 0) 2N5429, 2N5430 -

Collector Cutoff Current 12 ICEX 
(VCE = 75 Vde, VEB(O!!) = 1. 5 Vde) 2N5427, 2N5428 -
(VCE = 90 Vde, VEB(o!!) = 1. 5 Vdc) 2N5429, 2N5430 -
(VCE = 75 Vde, VEB(ol!) = 1. 5 Vde, TC = 150·C) 2N5427, 2N5428 -
(VCE = 90 Vde, VEB(off) = 1. 5 Vde, TC = 150·C) 2N5429, 2N5430 -

Collector Cutoff Current ICBO 
(VCB = Rated VCB' ~ = 0) - -

Emitter Cutoff Current lEBO 
(VBE = 6.0 Vde, IC = 0) - -

ON CHARACTERISTICS 
DC Current Gain (1) 8 hFE 

(IC = 500 mAde, V CE = 2.0 Vde) 2N5427, 2N5429 30 
2N5428, 2N5430 60 

(IC = 2.0 Ade, VCE = 2.0 Vde) 2N5427, 2N5429 30 
2N5428, 2N5430 60 

(Ic = 5.0 Ade, VCE = 2.0 Vde) 2N5427, 2N5429 20 
2N5428, 2N5430 40 

Collector-Emitter Saturation Voltage (11 VCE(S") 
(IC = 2.0 Ade, IB = 0.2 Ade) 9,11,13 -
(IC = 7.0 Ade, IB = 0.7 Ade) -

Base-EmItter Saturation Voltage (1. 11,13 VBE(s") 
(IC = 2.0 Ade, IB = 0.2 Ade) -
(IC = 7.0 Adc, IB = 0.7 Ade) -

DYNAMIC CHARACTERISTICS 
Current-GaIn-Bandwidth Product - IT 

(IC = 500 mAde, V CE = 10 Vde, I = 10 MHz) 30 

Output Capacitance 7 Cob 
(V CB = 10 Vde, IE = 0, I = 100 kHz) -

Input Capacitance 7 Cib 
(V BE = 2.0 Vde, IC = 0, 1= 100 kHz) -

SWITCHING CHARACTERISTICS 
Delay Time (VCC = 40 Vdc, VEB(ofl) = 3.0 Vde, 2,3 td -
Rise Time IC = 2.0 Ade, IB1 = 200 mAde) 

tr -
Storage Time (VCC = 40 Vde, IC = 2.0 Adc, 2,6 Is -
Fall Time lSI = IS2 = 200 mAde) 

If -
111 Pulse Test: Pulse Width ~ 300 ~s, Duty Cycle ~ 2.0%. 
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2N5427 thru 2N5430 (continued) 
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FIGURE 4 - THERMAL RESPONSE 
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Bonding Wire Limited 
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There are two limitations on the power han­
dling abilityof a transistor: junctiontemperature 
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 fndicate. 

:5 0.2 - - - - Thermal Limitations TC - 250e The data 'of Figure 5 is based on TJ(pk) = 
2000C; T C is variable depending on conditions. 
Pulse cu rves are valid for duty cycles of 10% pro­
videdTJ(pk) ,;;200oC. TJ(pk) maybeealeulated 
from the data in Figure 4. At high case tem­
peratures, thermar limitations will reduce the 
power that can be handled to values less than 
the limitations imposed by secondary break­
down. 
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FIGURE 7 - CAPACITANCE versus VOLTAGE 
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2N5427 thru 2N5430 (continued) 

FIGURE 8 - DC CURRENT GAIN 
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2N5431 (SILICON) 

STYLE I: 

Silicon annular unijunction transistors characterized 
primarily for low interbase-voitage operation in sensing, 
pulse triggering, and timing circuits. 

PIN 1. EMITTER 
. 2. BASE 1 

3. BASE 2 

CASE 22A 
(TO-18 Modified) 

Lead 3 connected to case 

MAXIMUM RATINGS (TA = 25·C unless otherwise noted) 

. Rating Symbol Value Unit 
RMS Power Dissipation* P 

D 
* 300 mW 

RMS Emitter Current I 50 rnA e 

Peak-Pulse Emitter Current ** i ** 1.5 A e 

Emitter Reverse Voltage VB2E 30 V 

Interbase Voltage :t VB2B18 35 V 

Operating Junction Temperature Range TJ -65 to +125 ·C 

Storage Temperature Range Tstg -65 to +200 ·C 

*Derate 3.0 mW /0 C increase in ambient temperature. 
**Duty Cycle,;; 1. 0%, PRR = 10 PPS (see figure 5). 

:tBased upon power dissipation at T A = 25° C. 

FIGURE 1 - UNIJUNCTION TRANSISTOR 
SYMBOL AND NOMENCLATURE 

'B2 

'E Lead 1 -
E 

VB2B1 

FIGURE 2 -STATIC EMITTER 
CHARACTERISTICS CURVES 
VE NEGATIVE 

CUTOFF RESISTANCE S TURATION 
REGION I .. REGION -1- A REGION 

I 
Vp 

EMITTER-TO­
BASE ONE 

CHARACTERISTIC 

VBE1(sat) 

Vv 

-+-+-L-. ___ -J.. __ -J.._ 'E 
Ip IV 
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2NS431 (continued) 

ELECTRICAL CHARACTERISTICS (TA = 25'C unless otherwise noted) 

Characteristic Fig. No. Symbol Min Max Unit 
Intrinsic Standoff Ratio (i> 4 1/<1> -

(V B2B1 = 10 V) 0.72 0.80 

Interbase Resistance RBB kll 
(VB2B1 =3.0V, ~ =0) 6.0 8.5 

Interbase Resistance Temperature Coefficient aRBB %ie 
(VB2B1 =3.0V, ~ =0, TA =Oto 100°C) 0.4 0.8 

Emitter Saturation Voltage ® VEB1(sat)® V 
(VB2B1 = 10 V, ~ = 50 mAl 3.0 -

Modulated Interbase Current IB2(mod) rnA 
(V B2B1 = 10 V, IE = 50 mAl 5.0 30 

Emitter Reverse Current IEB20 nA 
(VB2E = 30 V, IB1 = 0) - 10 

Peak-Point Emitter Current Ip /J.A 
(V B2B1 = 25 V) - 0.4 

(VB2B1 = 4. 0 V) - 4.0 

Valley-Point Current ® ly(i) rnA 
(V B2B1 = 20 V, RB2 = 100 ohms) 2.0 -

Base-One Peak Pulse Voltage 3 VOB1 1.0 - V 
(V BB = 4.0 volts) 

iJJ1), Intrinsic standoff ratio, is defined in terms of the peak-point voltage, Vp, by means of the equation: Vp = 
"V B2B10+ V F' where V F is about 0.49 volt at 25° C @ ~ = 10 JlA and decreases with temperature at about 2.5 

mV 1°C. The test circuit is shown in Figure 4. Components R1, C1, and the UJT form a relaxation oscillator; 
the remaining circuitry serves as a peak-voltage detector. The forward drop of Diode D1 compensates for VF. 
To use, the "cal" button is pushed, and R3 is adjusted to make the current meter, M1,read full scale. When 
the "cal" button is released, the value of 1) is read directly from the meter, if full scale on the meter reads 1. O. 

® Use pulse techniques: PW ~ 300 JlS, Duty Cycle s 2. 0% to avoid internal heating, which may result in erroneous 
readings. 

FIGURE 3 - V OBI TEST CIRCUIT 
veB 

+4.0 V 

FIGURE 4 - ~ TEST CIRCUIT 

+10 V 

CAL.-1 

910 kll 

Cl 0.1 "F 

/ M,. IO/-LA FUll SCALE . 

® Dl-dlOdewlththefo!Jowmqchar3cterlstics 

VF' 0.49 V@IF' 10 #A 
IR"; 2.0 "A@VR'20V 
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FIGURE 5 - PRR TEST CIRCUIT 
AND WAVEFORM 

DUTY CYCLE" 1.0%, PRR <; 10 PPS 

0.151:t==t=====*"---r:= 

CURRENT WAVEFORM THRU Rl 

15pF 
Rl0.Hl 

20-30 V 
(Adjust for 1.5 A 
peak in R1I 



2N5435 (GERMANIUM) 
thru 

2N5440 PNP germanium power switching transistors designed 
for high-current, fast-switching applications requiring low 
saturation voltage and excellent safe operating area. 

L~' ~ te K 
SEATING D j 

PLANE 

iFAe-=1 rC 

~)L 1 I 
• :.J" D te ~ 

CASE 161 U SEATING pL ~ I 
r--- F-- CASE 3·04 L IMETERS IN H -F-

t--J- DIM MIN X MIN X L_J-
Q~V ~ 1 

MILLIMETERS INCHES 
DIM MIN MAX MIN MA 

I tl ~ I A - 39.37 - IS'"' 

H " , ~------{f/ I i B - 21.08 - 0.830 
C - 9.14 - o.m 

t ~o./ G 

A - 39.37 - 1.550 

Q~Vl-~ 1 B 21.08 0.830 
C 9.14 - 0.380 
D 3.56 - 0.140 

H ·)-~t--~ I R E .43 0.'35 
F 29.90 30.40 1.177 1.'" 

I "'-1-/ lG r 0 1.52 1.6 I 

E - 3.43 - 01 G 10.67 11.18 0.420 0 ..... 
F 29.90 30.40 1.177 1.197 H 5.33 5.59 11,21]1 JI.~_ 

G 10.67 11.18 0.420 0.440 J 16.64 17.15 . 65 O • 
STYLE 1: H 5.33 5.59 0.210 O. 20 K 15.49 1 .27 .61 STYLE 1: 

PIN 1. BASE J 16.64 17.15 0,655 0.675 N 3.05 3.30 0.120 0.130 PIN 1. BASE 
2. EMITTER K 15.49 18.03 0.610 0.710 Q 3.84 4.08 0.151 0.161 2. EMITTER 

CASE. CO LLECTO R Q 3.84 4.09 0.151 0.161 R 26.67 1.050 CASE: COllEC70R 
R - 26.67 1.050 U 1.83 0.072 

MAXIMUM RATINGS ** 
2N5435 2N5436 2N5437 

Rating Symbol 2N5438 2N5439 2N5440 
Collector-Emitter Voltage VCEO 60 90 120 

Collector-Base Voltage VCB 80 110 140 

Emitter-Base Voltage VEB 2.5 

Collector Current - Continuous IC 60 

Base Current - Continuous IB 12 

Total Device Dissipation@ TC = 25·C PD 120 

Derate above 25·C 1.43 

Operating and Storage Junction T J' Tstg -65 to +110 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 
Thermal ReSistance, Junction to Case 

71--

1.0 
O. 

~Q 0.5 
,",W 
a::!::::! 0.3 
~~ 
t- ~ 0.2 
20 
~z 
~w- 0.1 
~ ~ 0.07 
~~ 0.05 

c::m --Ell: 0.03 

I--

I--

-
-
:::0; 

0.02 

0.0 l-

o· .5 

c- .2 

c- .1 

c-,0.5 

1--'0. 2 

f;'"" 

FIGURE 1 - THERMAL RESPONSE 

~ 
8Jc{ll- r{11I8JC r= 

8JC' 0.7oclW Max ~ 
o CURV.~S.APPLY FOR POWER 
PULSE TRAIN SHOWN 

SIN L L E READ TIME AT 11 
ID-D) TJ{pk) - TC = BJC rill, D) Ppk 

Max 
0.7 

F{kfl-11 i:--
12 

DUTY CYCLE, 0 -11/12 

I II I 111111 

Unit 
Vdc 

Vdc 

Vdc 

Adc 

Adc 

Watts 

W;OC 

·C 

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 20003000 5000 10,000 

11,PUlSEWloTH (ms) 

""Maximum Ratings for MP5435 Series are tha Same as the 2N5435 Series. 
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2N5435 thru 2N5440 (continued) 

ELECTRICAL CHARACTERISTICS (Te = 25"C unless otherwISe noted) * * 
Characteristic Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage BVCEO 
(IC = O. 1 Ade, IB = 0) 2N5435, 2N5438 

2N5436, 2N5439 
2N5437, 2N5440 

Collector Cutoff Current ICEX 
(VCE = 80 Vde, VBE(off) = 0.2 Vdc) 2N5435, 2N5438 

(VCE = 110 Vde, VBE(off) = 0.2 Vde) 2N5436, 2N5439 

(VeE = 140 Vdc, VBE(off) = 0.2 Vdc) 2N5437, 2N5440 

(VCE = 80 Vdc, VBE(off) = 0.2 Vdc, TC = +85°C) 2N5435, 2N5438 

(VCE = 110 Vdc, VBE(off) = 0.2 Vdc, TC = +85"C) 2N5436, 2N5439 

(VCE = 140 Vdc, VBE(off) = 0.2 Vde, TC = +85°C) 2N5437, 2N5440 

Collector Cutoff Current ICBO 
(VCB =2.0Vdc, ~=O) 

Emitter Cutoff Current lEBO 
(VBE = 2. 5 Vdc, IC = 0) 

ON CHARACTERISTICS 
DC Current Gain* hFE* 

(IC = 25 Adc, VCE = 2.0 Vdc) 2N5435, 2N5436, 2N5437 
2N5438, 2N5439, 2N5440 

(IC = 60 Adc, VCE = 2. 0 Vdc) 2N5435, 2N5436, 2N5437 
2N5438, 2N5439, 2N5440 

Collector-Emitter Saturation Voltage* VCE(sat)* 
(IC = 60 Adc, IB = 6.0 Adc) 2N5435, 2N5436, 2N5437 

2N5438, 2N5439, 2N5440 

Base-Emitter Saturation Voltage* VBE(sat>* (IC = 60 Ade, IB = 6.0 Ade) 2N5435, 2N5436, 2N5437 
2N5438, 2N5439, 2N5440 

SMALL·SIGNAL CHARACTERISTICS 
urrent-Galn-Bandwidth Product 
(IC = 5.0 Ade, V CE = 5.0 Vdc, f = 100 kHz) 

SWITCHING CHARACTERISTICS 
Rise Time tr 

Storage Time (IC = 25 Ade, IB1 = 2.5 Adc, IB2 = 2. 5 Adc) 
ts 

(See Figure 4) 
Fall Time tf 

··Electrlcal Characteristics for MP5435 series are the same as the 2N5435 series. 
* To avoid excessive heating of the coUector junction, perform test with pulse method. 

160 

....... 

FIGURE 2 - POWER· TEMPERATURE 
DERATING CURVE 

FO~ TRAN~IENT T~ERMA~ RESI~ANCE 
AND SAFE OPERATING AREA INFORMA· 
TION. SEE FIGURES 1.5. AND 6. 

" " ........ 

" " "" '" i'-.. 

20 

10 

j 7.0 

~ 5. 
>= 

0 

3.0 

2.0 

r---
-

Min Unit 

Vde 
60 -
90 -

120 -
mAde 

- 10 

- 10 

- 10 

- 30 

- 30 

- 30 

I'Ade 
- 200 

mAde 
- 500 

20 60 
40 120 

10 -
15 -

Vde 
- 0.75 
- 0.50 

Vde 
- 1.2 
- 0.9 

- 12 I'S 

- 10 I's 

- 8.0 I'S 

FIGURE 3 - SWITCHING TIMES 

VCC=30V 
IS1"ICIl0 

Vi-" IS2'ISI 

~ ...... 
VIr IX 

V I'-. 
If 

r-

o 
20 40 60 80 100 110 

1.0 
1.0 2.0 3.0 5.0 7.0 10 20 30 50 70 100 

TC. CASE TEMPERATURE (OC! IC. COLLECTOR CURRENT (AMPS! 

2·161 



2N5435 thru 2N5440 (continued) 

FIGURE 4 - SWITCHING TIME FIGURE 5 - ACTIVE REGION SAFE 
OPERATING AREA 

10 
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0 

~ 0 
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'" 
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~ :: 0 
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TEST CIRCUIT 
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" "" .... SECONDARY BREAKDDWN LIMITATION 
r--o-.o-THERMAL LIMITATION TC = 250C, CONTINUOUS DUTY 

THERMAL LIMITATION, TC = 250C, PULSE OUTY CYCLE -10% 

1.0 
1.0 

SEE FIGURE 1 FOR LIMITATION AT OTHER DUTY CYCLES 
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~ 

30 50 70 100 

VCE, CDLLECTOR·EMITTER VOLTAGE (VOLTS! 
There ... e two limitations on the power handhng abtllty of a 

transLStOl' Junetlon temP"f8tul"$ and secondary b ... kdown. Safe 
operatll'lg area CUrYft indicate Ie - VeE hmlts of the transistor 
that must be obsarved for reliable operation, I.e .• tha uanslstor 
must not be SUbjected to greater dlltipation than the turv .. indI­
cate. 

The data of Figure 5 III ~ on TJ(pld" nooc; TC IS varI­
able depending on conditions. Pulse curves are valid for duty 
eveln to 1096 provided T J(pk) < , 100c. T J(pkllNV ba calculated 
from the oatH In F9Ire 1. At high CIS8 temperfiu ..... thatmal 
limitations WIll reduce the power that can be h .. dlflt to valu_ 
lea than tha hmltations Imposed by secondary bt88kdOwn. 

FIGURE 6 - CLAMPED INDUCTIVE 
SAFE OPERATING AREA 

FIGURE 7 - CLAMPED INDUCTIVE SAFE 
OPERATING AREA TEST CIRCUIT 

SEE FIGURE 7= 0.04 0.25 mH, 0.06 n 
FOR TEST -
CIRCUIT -

2N5435 
V' 

2N5437 f--
2N5438 2N5440 f--

2N5436/ \ \ I'< 
2N5439 

01---8 3. 

E 2. 

I- TJ" 110°C \ 

0 

1. 0 
10 

0 

500 

30 

20 of-
-

o 
Of-' 
0 ... • 

0 

0 

0 1 

7 
5. 

.0 
0 

\ 
I II \ 

20 30 50 70 100 200 

VCE, COLLECTOR·EMITTER VOLTAGE (VOLTS! 
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·Sat to allow reverse surge current to by pass power supply. Not 
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FIGURE 9 - DC CURRENT GAIN 
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2N5435 thru 2N5440 (continued) 

FIGURE 10 - COLLECTOR SATURATION REGION 
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2N5441 thru 2N5446 (SILICON) 

MAC40688 thru MAC40690 

MT20~MT1 

SILICON BIDIRECTIONAL THYRISTORS 

· .. designed primarily for industrial and military applications for the 
control of ac loads in applications such as light dimmers, power sup­
plies, heating controls, motor controls, welding equipment and power 
switching systems; or wherever full-wave, silicon gate controlled 
solid-state devices are needed. 

• Glass Passivated Junctions and Center Gate Fire 

• Isolated Stud for Ease of Assembly 

• Gate Triggering Guaranteed In All 4 Quadrants 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

*Repetltlve Peak Off-State Voltage (1) VORM Volts 
(T J " -65 to +11 OoC) 
1/2 Sine Wave 50 to 60 Hz, Gate Open 

·Peak Principal Voltage 
2N5441, 2N5444, MAC40688 200 
2N5442, 2N5445, MAC40689 400 
2N5443, 2N5446, MAC40690 600 

·Peak Gate Voltage VGM 30 Volts 

*On-State Current RMS IT(RMS) Amp 
(T C " -65 to +70~C) 40 
(T C " +1000C) 20 
Full Sine Wave, 50 to 60 Hz 

*Peak Surge Current ITSM 300 Amp 
(One Full Cycle of surge current at 60 Hz, 
preceeded and followed by a 40 A RMS current, 

TJ " +1100 C) 

·Peak Gate Power PGM 40 Watts 
(Pulse Width" 10,,, Maxi 

.. A verage Gate Power PG(AV) 0.75 Watt 

• Peak Gate Current (10 IJ.S Maxi IGM 4.0 Amp 

·Operatmg Junction Temperature Range TJ -65 to +110 DC 

• Storage Temperature Range T 519 -65 to +150 °c 
·Stud Torque 30 in. lb. 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

*Thermal Resistance, Junction to Case ROJC °cm 
2N5441, 2N5442, 2N5443 0.8 
2N5444, 2N5445, 2N5446 0.9 
MAC40688, MAC40689, MAC40690 1.0 

*Indlcates JEDEC Registered Data for 2N5441 thru 2N5446. 
(1) Ratings apply for open gate conditions. Thyristor devices shall not be tested with a 

constant current source for blocking capability such that the voltage applied exceeds 
the rated blocking voltage. 
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TRIACS 
(THYRISTORS) 

40 AMPERES RMS 

CASE 2:f1 

CASE 238 

CASE 239 

2N5441 
2N5442 
2N5443 

2N5444 
2N5445 
2N5446 

MAC40688 
MAC40689 
MAC40690 



2N5441 thru 2N5446/MAC40688 thru MAC40690 (continued) 

ELECTRICAL CHARACTERISTICS (Te = 25°C unless otherwise noted) 

Characteristic Symbol Min Typ Max Unit 

"'Peak Blocking Current (Either Direction) IDRM - 0.5 4.0 mA 
Rated VDRM@TJ = 11o"e 

"'On-State Voltage (Either Direction) ViM - 1.65 1.85 Volts 
ITM = 56 A Peak, Pulse Width ';;;1.0 ms, Duty Cycle ';;;2.0% 

Gate Trigger Current (1) IGT mA 
Main Terminal Voltage = 12 Vdc, R L = 50 Ohms 

MT2 (+1, G(+I - 15 70 
MT2(+I,G(-1 - 15 70 
MT2 <-I, G<-I - 15 70 
MT2 <-I, G(+I - 20 100 

'MT2 (+1, G(+I; MT2 <-I, G H Te = _65°C - - 125 
'MT2 (+1, G(-I; MT2 <-I, G(+I TC = -65°C - - 240 

Gate Trigger Voltage VGT Volts 
Main Terminal Voltage = 12 Vdc, RL = 50 Ohms 

MT2 (+1, G(+I - 1.1 2.0 
MT2(+I,G(-1 - 1.1 2.0 
MT2 <-I, G(-I - 1.1 2.0 
MT2 <-I, G(+I - 1.3 2.5 

'All Quadrants, TC = ..o5OCI - - 3.4 
'Main Terminal Voltage = Rated VDRM = RL = 10k ohms, TJ = +1100 e 0.2 - -
Holding Current IH mA 

Main Terminal Voltage = 12 Vdc, Gate Open 
Initiating Current == 150 rnA 

MT2(+1 - 10 70 
MT2H - 10 70 
·Either Direction. TC = -65°C - - 100 

*Turn-On Time Igt - 1.0 2.0 I'S 
Main Terminal Voltage = Rated VDRM,ITM =56 A, 
Gate Source Voltage = 12 V, RS = 12 Ohms, Rise Time = O.ll's, 
Pulse Width = 2.0 "s 

"Critical Rate--of -Rise of Commutation Voltage 
Rated VDRM, ITM = 40 A, Commutating 
dildt = 22 Alms, gate energized 

TC = 7o"C 2N5441,2N5442,2N5443 
= 65°C 2N5444,2N5445,2N5446 
= 6o"C MAC40688, MAC40689, MAC40690 

Rated VDRM, Exponential Voltage Rise, 
Gate Open, TC = 11o"C 

2N5441 , 2N5444, MAC40688 
2N5442, 2N5445, MAC40689 
2N5443, 2N5446, MAC40690 

'Ind,cates JEDEC RegIStered Data for 2N5441 thru 2N5446. 
(1) All voltage polarity referenced to Main Terminal 1. 

QUADRANT DEFINITIONS 

MT2(+1 
QUADRANT II QUADRANT I 

MT2(+), G(-) MT2(+), G(+) 

GH -------+-------G(+I 

QUADRANT 11/ QUADRANT IV 

MT2H,GH MT2H, G(+) 

dv/dt VII'S 

5.0 30 -
5.0 30 -
5.0 30 -

50 
30 
20 

Trigger devices are recommended for gating on Triaes. They provide: 

. 1. Consistent predictable turn-on points. 
2. Simplified circuitry. 
3. Fast turn-on time for cooler, more efficient 

and reliable operation. 

ELECTRICAL CHARACTERISTICS of RECOMMENDED 
BIDIRECTIONAL SWITCHES 

USAGE General Lamp Dimmer 

PART NUMBER MBS4991 MBS4992 MBS100 

Vs 6.0-10V 7.5-9.0V 3,0 - 5.0 V 

IS 350l'A Max 120"A Max l00-400I'A 

VSl - VS2 0.5 V Max 0.2 V Max 0.35 V Max 

Temperature 
O.02%/oC Typ 

Coefficient 
.. .. See AN-526 for Theory and CharacteristiCS of SIlicon Bidirectional SWitches . 

MT2(-1 
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2N5441 thru 2N5446/MAC40688 thru MAC40690 (continued) 
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2N5441 thru 2N5446/MAC40688 thru MAC40690 (continued) 

FIGURE 6 - MAXIMUM ON·STATE CHARACTERISTICS 
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O1M .IN MAX "IN MAX 
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"10 'N..., 
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I or-
Pin I MTl 

[!~ 2 Gats 
Case MT2 

NOTE 
lDIM"G"&"H"TOBEMEASUREDATCA.N 

CASE 237'Dl 

2NS445 
2N5446 

Pin! MTl 
2 Ban 

Stud MT2 

1400 14.20 , , 
." 4.0B 

216 241 
0671158 
- 1102 
699 775 
140 165 
152 178 

153415&0 
NOTE 
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05 050 
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- 0160 

0085D!I95 
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.670 
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2N5457 (SILICON) 

2N5458 
2N5459 

Silicon N-channel junction field-effect transistors de­
pletion mode (Type A) designed for general-purpose 
audio and switching applications. 

CASE 29 
(TO·92) 

STYLE 5' 
PIN) DRAIN 

2 SOURCE 
3. GATE 

MAXIMUM RATINGS 

Rating 

Drain-Source Voltage 

Drain-Gate Voltage 

Reverse Gate-Source Voltage 

Gate Current 

Drain and source may be 
interchanged. 

Total Oevice Olssipation @ T A = 25·C 

Oerate above 250C 

Operating Junction Temperature 

Storage Temperature Range 

ELECTRICAL CHARACTERISTICS CT. = 25'C "., ... othe"" ... oted) 

Characteristic Symbol Min 

OFF CHARACTERISTICS 

Gate-Source Breakdown Voltage BVGSS 
(IG = -IO/LAdc, Vos = 0) 25 

Gate Reverse Current ioss 
(VGS = -15 Vdc, VOS = 0) -
(VGS = -15 Vde, Vos = 0, TA = l000C) -

Gate-Source Cutoff Voltage VGS(off) 
(Vos = 15 Vde, 10 = 10 nAde) 2N5457 0.5 

.2N5458 1.0 

2N5459 2.0 

Gate-Source Voltage VGS 
(VOS = 15 Vde, 10 = 100/LAde) 2N5457 -
(VOS = 15 Vde, 10 = 200 /LAdc) 2N5458 -
(Vos = 15 Vde, 10 = 400 /LAdc) 2N5459 -

ON CHARACTERISTICS 

Zero-Gate-Voltage Oraln Current 111 lOSS 
(VOS = 15 Vde, V GS = 0) 2N5457 1.0 

2N5458 2.0 

2N5459 4.0 

DYNAMIC CHARACTERISTICS 

Forward Transfer Admittance (' I I Yfsl 
(Vos = 15 Vdc, VGS = 0, f - 1 kHz) 2N5457 1000 

2N5458 1500 

2N5459 2000 

OUtput Admittance 111 IYosl 
(VOS = 15 Vdc, VGS = 0, f = 1 kHz) -

Input Capacitance Cisa 
(Vos = 15 Vdc, VGS = 0, f = 1 MHz) -

Rev,erse Transfer Capacitance Crss 
(Vos = 15 Vdc, VGS = 0, f = 1 MHz) -

111 Pulse Test: Pulse Width S 630 ma; Duty Cycle S 10% 

Symbol Value 

Vos 25 

VOG 25 

VGs(r) 25 

io 10 

Po 12) 310 

2.82 

TJ (2) 135 

Tstg (2) -65 to + 150 

Typ Max 

- -

- 1.0 

- 200 

- 6.0 

- 7.0 

- 8.0 

2.5 -
3.5 -
4.5 -

3.0 5.0 

6.0 9.0 

9.0 16 

3000 5000 

4000 5500 

4500 6000 

10 50 

4.5 7.0 

1.5 3.0 

(2) Continuous package improvements have enhanced these guaranteed Maximum Ratings as follows. Po = 1.0 W @ TC:< 25°C, 
Derate above 25°C - 8.0 mW/oC, T J = -65 to +1500 C. 0JC = 125° C/W. 
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Unit 

Vdc 

Vdc 

Vdc 

mAdc 

mW 

mW/oC 

°c 

Oc 

Unit 

Vdc 

nAdc 

Vde 

Vdc 

mAde 

/Lmbos 

/Lmbos 

pF 

pF 



2N5460 (SILICON) 

thru 

2N5465 

CASE 29 
(TO-92l 

1 1 3 STYLE 7· e PIN 1 SOURCE 
1 DRAIN 
3. GATE 

P-channel depletion mode (Type A) junction field­
effect transistors designed for use in general-purpose am­
plifier applications. 

MAXIMUM RATINGS 

2N5460 2N5463 
2N5461 2N5464 

Rating Symbol 2N5462 2N5465 Unit 
Drain-Gate Voltage VDG 40 60 Vdc 

Reverse Gate-Source Voltage VGS(r) 40 60 Vdc 

Forward Gate Current IG(f) 10 mAdc 

Total Device Dissipation @ T A = 25·C PDI'} 310 mW 

Derate above 25°C 2.82 mW/"C 

Storage Temperature Range T III 
stg -65 to +150 ·C 

Operating Junction Temperature Range T III 
J 

-65 to +135 ·C 

(1) Continuous package improvements have enhanced these guaranteed Maximum Ratings as 
follows. Po = 1.0 W @ T C '" 25°C, Derate above 2SoC - 8.0 mW/oC, T J == -65 to + 150°C. 
0JC == 12SoC/W. 

ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwISe noted) 

I Characteristic I Symbol Min Typ Max Unit 
OFF CHARACTERISTICS 

Gate-Source Breakdown Voltage V(BR)GSS Vdc 
(IG = 10 /lAdc, V DS = 0) 2N5460, 2N5461, 2N5462 40 - -

2N5463, 2N5464, 2N5465 60 - -
Gate -Source Cutoff Voltage VGS(off) Vdc 

(VDS = 15 Vde, ID = 1. 0 /lAde) 2N5460, 2N5463 0.75 - 6.0 
2N5461, 2N5464 1.0 - 7.5 
2N5462, 2N5465 1.8 - 9.0 

Gate Reverse Current IGSS nAde 
(V GS = 20 Vde, VDS = 0) 2N5460, 2N5461, 2N5462 - - 5.0 

(V GS = 30 Vde, VDS = 0) 2N5463, 2N5464, 2N5465 - - 5.0 

(VGS = 20 Vdc, VDS = 0, TA = 100·C) 2N5460, 2N5461, 2N5462 - - 1.0 /lAdc 

(VGS = 30Ndc, VDS = 0, TA = 100·C) 2N5463, 2N5464, 2N5465 - - 1.0 

ON CHARACTERISTICS 
Zero-Gate Voltage Drain Current IDSS mAde 

(VDS = 15 Vdc, V GS = 0) 2N5460, 2N5463 1.0 - 5.0 
2N5461, 2N5464 2.0 - 9.0 
2N5462, 2N5465 4.0 - 16 

Gate-Source Voltage VGS Vdc 
(VDS = 15 Vde, ID = 0.1 mAdc) 2N5460, 2N5463 0.5 - 4.0 

(VDS = 15 Vde, In = 0.2 mAdc) 2N5461, 2N5464 0.8 - 4.5 

(VDS = 15 Vde, In = 0.4 mAdc) 2N5462, 2N5465 1.5 - 6.0 

SMALL·SIGNAL CHARACTERISTICS 
Forward Transadmittance I Yfs I J,.Lmhos 

(VDS = 15 Vdc, V GS = 0, f = 1. 0 kHz) 2N5460, 2N5463 1000 - 4000 
2N5461, 2N5464 1500 - 5000 
2N5462, 2N5465 2000 - 6000 

Output Admittance I Yos I ",mhos 
(VDS = 15 Vde, V GS = 0, f = 1. 0 kHz) - - 75 

Input Capacitance Ciss pF 
(VDS = 15 Vdc, VGS = 0, f = 1. 0 MHz) - 5.0 7.0 

Reverse Transfer CapaCitance Crss pF 
(VDS = 15 Vdc, V GS = 0, f = 1. 0 MHz) - 1.0 2.0 

Common-Source Noise Figure NF dB 
(VDS = 15 Vdc, V GS = 0, RG = 1. 0 Megohm, f = 100 Hz, 

BW = 1.0 Hz) - 1.0 2.5 

Equivalent Short-Circuit Input Noise Voltage e n nV/JRZ 
(VDS = 15 Vdc, VGS = 0, f = 100 Hz, BW = 1. 0 Hz) - 60 115 

2·169 



" ..s 
I-

~ 
'" ::> 
u 
z 

~ 
Q 

!2 

" ..s 
I-

~ 
'" B 
z 
~ 
Q 

!2 

<i: ..s 
I-

~ 
'" B 
z 

~ 
Q 

!2 

2N5460 thru 2N5465 (continued) 
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2N5460 thru 2N5465 (continued) 
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2NS471 (SILICON) 
thru 

2NS476 

P-CHANNEL JUNCTION FIELD-EFFECT 
TRANSISTORS 

Depletion mode Junction Field-Effect Transistors designed for 
general-purpose amplifier and switching applications. 

• High Gate·Source Breakdown Voltage -
V(BR)GSS = 40 Vdc (Min) for All Types 

• High DC Input Resistance -
IGSS = 100 pAdc (Max) @ VGS = 10 Vdc 

• Low Reverse Transfer Capacitance -
Crss = 1.0pF (Max)@VDs=-15Vdc 

• Tight IDSS Range for Easier Circuit Design 

• Drain and Source Interchangeable 

'MAXIMUM RATINGS 

Rating Symbol Value Unit 

Drain-Gate Voltage VOG 40 Vde 

Reverse Gate-Source Voltage VGSR 40 Vde 

Forward Gate Current IGF 10 mAde 

Total Power Dissipation @TA = 250 C Po 300 mW 
Derate above 2SoC 2.0 mW/oC 

Operating Channel Temperature Range T channel -65 to +175 °c 
Storage Temperature Range T stg -65 to +200 °c 

*Indicates JEDEC Registered Data. 

2-172 

P-CHANNEL 

JUNCTION FIELD-EFFECT 
TRANSISTORS 

STYLE 2 
PIN 1. 

2. 
3. 
4. 

SOURCE 
GATE 

rdcB 
~Ir -18 

F I K 
SEATING . - ___ t 

PLANE ~ 

--11-0 
ORAIN 
SUBSTRATE AND 
CASE LEAD 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 

A 5.31 5.B4 0.209 0.230 
B 4.52 4.95 0.178 0.195 
C 4.32 5.33 0.170 0.210 
0 0.41 0.53 0.016 0.021 
E 0.76 0.030 
F 0.41 0.48 0.D16 0.019 
G 2.54 BSe 0.100 BSe 
.H 0.91 1.17 0.036 0.046 
J 0.71 1.22 0.028 0.048 
K 12.70 - 0.500 
L 6.35 - 0.250 
M 45,,!!Se 4!i".BSe 
N 1.27 BSe 0.050 BSe 
p - 1.27 - 0.050 

ALL JEOEC dimenSIOns and notes apply 

CASE 2()'03 
TO·72 



2N5471 thru 2N5476 (continued) 

*ElECTRICAl CHARACTERISTICS ITA = 25°C unless otherwISe noted.1 

I Characteristic: I Symbol 

OFF CHARACTERISTICS 

Gate-Source Breakdown Voltage 
(lG = 10llAdc, VOS = 0) 

Gate·Source CUlOff Voltage 
(VOS = -15 Vdc, 10 = -10 nAdcl 2N5471 

2N5472 
2N5473 
2N5474 
2N5475 
2N5476 

Reverse Gate Current 
(VGS = 10 Vdc, VOS~ 0) 
IVGS = 20 Vdc, VOS = 0) 
IVGS = 20 Vdc, VOS = 0, TA = 1500 CI 

ON CHARACTERISTICS 

Zero-Gate Voltage Drain Current (1) 
(VOS = -15 Vdc, VGS = 0) 2N5471 

2N5472 
2N5473 
2N5474 
2N5475 
2N5476 

Gate-Source Voltage 
IVOS = -15 Vdc, 10 = 2.0 IlAdc) 2N5471 
(VOS = -15 Vdc, 10 = 5.0!,Adc) 2N5472 
IVOS = -15 Vdc,'O = 101lAdc) 2N5473 
IVOS·= -15 Vdc, 10 = 20llAdcl 2N5474 
(VOS = -15 Vdc, 10 = 401lAdc) 2N5475 
(VOS = -15 Vdc,IO = BOIlAdc) 2N5476 

SMALL·SIGNAL CHARACTER ISTICS 

Forward Transfer Admittance (1) 
IVOS = -15 Vdc, VGS = 0, f = 1.0 kHz) 2N5471 

2N5472 
2N5473 
2N5474 
2N5475 
2N5476 

Output Admittance 11) 
(VOS = -15 Vdc, VGS = 0, f = 1.0 kHz) 2N5471 

2N5472 
2N5473 
2N5474 
2N5475 
2N5476 

I "put Capacitance 
(VOS = -15 Vdc, VGS = 0, 140 kHz';; f';; 1.0 MHz) 

Reverse Transfer Capacitance 
IVOS=-15 Vdc, VGS=O, 140kHz';; f ';;1.0 MHz) 

Common-SOurce Noise Figure 
IVOS = -15 Vdc, VGS = 0, RS = 1.0 Megohm, 
f = 1.0 kHz, BW = 1.0 Hz} 

Equivalent Short-Circuit Input Noise Voltage 
(VOS = -15 Vdc, VGS = 0, f = 1.0 kHz, BW = 1.0 Hz) 

(1) Pulse Test: Pulse Width ';;630 ms, Duty Cycle ';;2.0%­
·Indicate. JEOEC Registered Data. 

V(BR)GSS 

VGSloff) 

IGSS 

lOSS 

VGS 

IVlsl 

IYosl 

Ciss 

Crss 

NF 

en 

2-173 

Min Max Unit 

40 - Vdc 

Vdc 
0.5 4.0 
0.7 4.0 
0.9 6.0 
1.2 7.0 
1.5 B.O 
2.0 9.0 

nAdc 
- 0.1 
- 0.5 
- 1.0 IlAdc 

mAdc 
0.02 0.06 
0.05 0.12 
0.10 0.25 
0.20 0.50 
0.40 1.0 
O.BO 2.0 

Vdc 
0.5 3.0 
0.7 3.5 
0.9 4.5 
1.2 6.0 
1.5 7.5 
2.0 8.0 

iJ.mhos 

60 lBO 
90 225 
120 300 
160 400 
200 500 
260 650 

~mhos 

- 1.0 
- 1.0 
- 2.5 
- 2.5 
- 5.0 
- 10 

- 5.0 pF 

- 1.0 pF 

- 2.5 dB 

- 110 nV/.,fHZ 



2N5471 thru 2N5476 (continued) 
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2N5471 thru 2N5476 (continued) 

TYPICAL LIMIT TRANSFER CHARACTERISTICS 
(TEMPERATURES NOTED ARE T channel) 

FIGURE 6 - 2N5471 
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2N5484 (SILICON) 
thru 

2N5486 
N-channel depletion mode (Type A) junction field­

effect transistors designed for VHF/UHF amplifier ap­
plications. 

CASE 29 
(TO·92) 

MAXIMUM RATINGS 

Rating 

Drain-Gate Voltage 

Reverse Gate-Source Voltage 

Drain Current 

Forward Gate Current 

Total Device Dissipation @TC = 25° C 
Derate above 25° C 

Operating and Storage Junction 
Temperature Range 

1 2 3 STYlE 5 e PIN 21. DRAIN 
SOURCE 

3. GATE 

Symbol Value 

VDG 25 

VGS(r) 25 

ID 30 

IG(f) 10 

PD 111 310 
2.82 

T T 1" 
J' stg 

-65 to +150 

(1) Continuous package improvements have enhanced these guaranteed Maximum Ratings as follows: Po = 1.0 W @ TC = 25°C. 
Derate above 25°C - 8.0 mW/oC, T J = -:65 to +150o C. 0JC = 1250 C/W. 

ELECTRICAL CHARACTERISTICS (Te = 25°C unless otherWise noted) 

Characteristic 

OFF CHARACTERISTICS 
Gate-Source Breakdown Voltage V(BR)GSS 

(IG = -1. 0 /lAdc, VDS = 0) 25 - -
Gate-Source Cutoff Voltage V GS(off) 

(V DS " 15 Vdc, ID = 10 nAdc) 2N5484 0.3 - 3.0 
2N5485 0.5 - 4.0 
2N5486 2.0 - 6.0 

Gate Reverse Current IGSS 
(V GS = -20 Vdc, V DS = 0) - - 1.0 

(V GS = -20 Vdc, VDS = 0, T A = 100°C) - - 0.2 

ON CHARACTERISTICS 
Zero-Gate Voltage Drain Current IDSS 

(VDS = 15 Vde, VGS = 0) 2N5484 1.0 - 5.0 
2N5485 4.0 - 10 
2N5486 8.0 - 20 

2·176 

Unit 

Vdc 

Vdc 

mAdc 

mAdc 

mW 
mW/oC 

°c 

Vdc 

Vdc 

nAdc 

/lAde 

mAdc 



2N5484 thru 2N5486 (continued) 

ELECTRICAL CHARACTERISTICS (continued) 

Characteristic 

SMAll-SIGNAL CHARACTERISTICS 
Forward Transadmittance I Yfsl p..mhos 

(V DS = 15 Vde, V GS = 0, f = 1. 0 kHz) 2N5484 3000 · 6000 
2N5485 3500 · 7000 
2N5486 4000 · 8000 

Forward Transconductance Re(Yfs) /lmhos 
(VDS = 15 Vde, V GS = 0, f = 100 MHz) 2N5484 2500 · · 

, 
(VDS = 15 Vde, V GS = 0, f = 400 MHz) 2N5485 3000 · · 

2N5486 3500 · · 

Output Admittance IYosl /lmhos 
(V DS = 15 Vde, V GS = 0, f = 1. 0 kHz) 2N5484 · · 50 

2N5485 · · 60 
2N5486 · · 75 

Output Conductance Re(yos) J.lmhos 
(VDS = 15 Vde, V GS = 0, f = 100 MHz) 2N5484 · · 75 

(Vns = 15 Vde, V GS = 0, f = 400 MHz) 2N5485, 2N5486 · · 100 

Input Conductance Re(yiS) /lmhos 
(VDS = 15 Vde, VGS = 0, f = 100 MHz) 2N5484 · · 100 

(VDS = 15 Vde, V GS = 0, f = 400 MHz) 2N5485, 2N5486 · · 1000 

Input Capacitance C. pF 
(V DS = 15 Vde, V GS = 0, f = 1. 0 MHz) 

ISS 
· · 5.0 

Reverse Transfer Capacitance C pF 
(VDS = 15 Vde, VGS = 0, f = 1.0 MHz) 

rss 
· · 1.0 

Output Capaci tance C 
oss 

pF 
(VDS = 15 Vde, VGS = 0, f = 1.0 MHz) · · 2.0 

Common-Source Noise Figure NF dB 
(VDS = 15 Vde, V GS = 0, RG = 1. 0 Megohm, f = 1. o kHz) All Types · · 2.5 

(Vns = 15 Vde, ID = 1.0 mAde, RG ~ 1.0 k ohm, 2N5484 · · 3.0 

f = 100 MHz) 
(VDS = 15 Vde, In = 1. 0 mAde, RG ~ 1. 0 k ohm, 2N5484 · 4.0 . 

f = 200 MHz) 
(VDS = 15 Vde, In = 4.0 mAde, RG ~ 1. 0 k ohm, 2N5485, 2N5486 · · 2.0 

f = 100 MHz) 
(V DS = 15 Vde, In = 4. 0 mAde, RG ~ 1. 0 k ohm, 2N5485, 2N5486 · - 4.0 

f = 400 MHz) 

Insertion Power Gain Gps dB 
(Vns = 15 Vde, ID = 1. 0 mAde, f = 100 MHz) 2N5484 16 · 25 

(Vns = 15 Vde, ID = 1. 0 mAde, f = 200 MHz) 2N5484 - 14 -
(V ns = 15 Vde, ID = 4. 0 mAde, f = 100 MHz) 2N5485, 2N5486 18 · 30 

(V DS = 15 Vde, ID = 4.0 mAde, f = 400 MHz) 2N5485, 2N5486 10 - 20 

FIGURE 1 - 100 MHz AND 400 MHz NEUTRALIZED AMPLIFIER 

INPUT 

r-~~M~~G~r-----------i 
: COIL 1 \ C, C3 I 

I 
I 

ADJUST V GS FOR 

ID",S.OmA 

VGS< o VOLTS 

-­TO 500 
LOAD 

17 turns (approximately - dependmg upon circuit layout), 
AWG ,2B enameled copper wIre, close wound on 9/32" 
ceramlC call form. Tumng provided by a powdered 
Iron slug. 

4 1/2 turns, AWG *18 enameled copper wue, 5/16" long, 
S/B" J. D. (AIR CORE). 

3 1/2 turns, Awe #lB enameled copper Wire, 1/4" long, 
3/B" I. D. (AIR CORE). 

Reference VALUE 
DesignatlOn 100 MHz 400 MHz 

C , 1-12 pF 0.8-8.0 pF 

C, 1000 pF 27 pF 

C3 1-12 pF 0.8-8.0 pF 

NOTE: 
C. 1-12 pF 0.8-8.0 pF 

C 5 1-12 pF 0.8-8.0 pF 

The nOise source IS a h.ot-cold body 
(AIL type 70 or eqUlvalent) with a 
test receiver (AIL type 136 or 
equivalent). 

C. 
C7 

L, 

0.0015 jJF O.OOljJ.F 

O.OO151J,F 0.001 jJF 

3.0 ¢I. 0.2 ~** 

2-177 

L, 0.25 J.iH* 

L3 0.14 J.iH* 

6 turns (approximately - depending upon Circuit layout), 
AWe #24 enameled copper wire, close wound on 7/S2" 
ceramic COlI form. Tumng provided by an aluminum 
slug. 

0.03 1JlI** 
0.022 I-'Ii** 

L2 1 turn, AWG U6 enameled copper Wire, 3/8" I. D. (AIR CORE). 

La 1/2 turn, AWe U6 enameled copper wire, 1/4" I. D. (AIR CORE). 



2N5550 (SILICON) 

2N5551 

NPN SILICON ANNULAR TRANSISTORS 

· .. designed for general·purpose, high·voltage amplifier applications. 

• High Voltage Ratings -
BVCEO = 140 and 160 Vdc (Min) 

• Low Collector·Emitter Saturation Voltage 
VCE(sat) = 0.25 Vdc (Max) @ IC = 50 mA - 2N5550 

= 0.20 Vdc (Max) @ IC = 50 mA - 2N5551 

• Current Gain Specified from 1.0 mAdc to 50 mAdc 

• Excellent for Nixie® Driver Applications 

"MAXIMUM RATINGS 

Rating Symbol 2N5550 2N5551 

Collector-Emitter Voltage VCEO 140 160 

Collector-Base Voltage VCB 160 180 

Emitter-Base Voltage VEB 6.0 

Collector Current - Continuous IC 600 

Total Power Dissipation @ T A = 25°C PD 350 
Derate above 25°C 2.8 

Total Power Dissipation@ TC = 2SoC PD 1.0 
D~rate above 2SoC 8.0 

Operating and Storage Junction TJ,Tstg -55 to +150 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance, Junction to AmbIent R8JA(1I 357 

Thermal Resistance, Junction to Case R8JC 125 

* Indicates JEDEC Registered Data 
(1) RaJA is measured with the device soldered into a typical printed c'ircuit board. 

®-rrademark of Burroughs Corporation. 
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Unit 

Vdc 

Vdc 

Vdc 

mAde 

mW 
mW/oC 

Watt 
mW/oC 

°c 

Unit 

°CIW 

°C/W 

HIGH VOLTAGE 

NPN SILICON 

AMPLIFIER TRANSISTORS 

SEATINGJ~ { 
PLANE ~ 

STYLE l' 
PIN 1 EMITTER 

2 
3 

MILLIMETERS INCHES 
DIM 

A 
B 
C 
D 
F 
K 
L 
N 
p 
Q 
R 
S 

MIN MAX MIN 
4.450 , 5.200 0.175 
3.180 
4.320 
0.407 
0.407 
'.700 

1.150 

6.350 
3.430 
2.410 
2.030 

4.190 0.125 
5.330 0.170 
0.533 0.D16 
0.482 0.D16 

u .• uu 
1.390 0.045 
1.270 

0.250 
- 0.135 

2.670 0.095 
2.670 0.080 

CASE 29·02 
TO·92 

MAX 
0.205 
0.165 
0.210 
0.021 
0.019 

0.055 
0.050 
-
-

0.105 
0.105 



2N5550, 2N5551 (continued) 

* ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 

I Characteristic Symbol Min Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage (1) BVCEO Vde 
(lc = 1.0mAde,IB = 0) 2N5550 140 -

2N5551 160 -
Collector-Base Breakdown Voltage BVCBO Vde 

(Ie = 100 "Ade, IE = 0) 2N5550 160 -
2N5551 180 -

Emitter-Base Breakdown Voltage 8VEBO Vde 
(IE = 10 "Ado, IC = 0) 6.0 -

Collector Cutoff Current ICBO nAde 
(VCB = 100 Vde, IE = 0) 2N5550 - 100 

(Vce = 120 Vde, IE = 0) 2N5551 - 50 

(VCB = 100 Vde, IE = 0, TA = l000C) 2N5550 - 100 "Ade 

(Vce = 120 Vde, IE = 0, T A = l000C) 2N5551 - 50 

Emitter Cutoff Current lEBO nAde 
(VEe = 4.0 Vde, Ie = 0) - 50 

ON CHARACTERISTICS (1) 

DC Current Gain hFE -
(lC = 1.0 mAde, VCE = 5.0 Vde) 2N5550 60 -

2N5551 60 -
(lC = 10 mAde, VCE = 5.0 Vde) 2N5550 60 250 

2N5551 SO 250 

(I C = 50 mAde, V CE = 5.0 Vde) 2N5550 20 -
2N5551 30 -

Collector-Emitter Saturation Voltage VCE(satl Vde 
(lC = 10 mAde,lB = 1.0 mAde) Both Types - 0.15 

(lC = 50 mAde, Ie = 5.0 mAde) 2N5550 - 0.25 
2N5551 - 0.20 

Base-Emitter saturation Voltage veE (sat) Vde 
(lc = 10 mAde, Ie = 1.0 mAde) Both Types - 1.0 

(Ie = 50 mAde, Ie = 5.0 mAde) 2N5550 - 1.2 
2N5551 "- 1.0 

DYNAMIC CHARACTERISTICS 

Current--Gain-Bandwidth Product for MHz 
(Ie = 10 mAde, VCE = 10 Vde, f=loo MHz) 100 300 

Output Capacitance Cob pf 
(Vce = 10 Vde, IE = 0, f = 1.0 MHz) - 6.0 

I nput Capacitance Cib pF 
(VBE = 0.5 Vde,lc = 0, f= 1.0 MHz) 2N5550 - 30 

2N5551 - 20 

Small-5ignal Current Gain hfe -
(lC = 1.0 mAde, VCE = 10Vde, f = 1.0 kHz) 50 200 

Noise Figura NF de 
(lc = 250,.Ade, VCE = 5.0 Vde, RS= 1.0 k ohm, 2N5550 - 10 
f = 10 Hz to 15.7 kHz) 2N5551 - 8.0 

·Ind,cates JEDEC RegIstered Data 
(1) Pulse Test: Pulse Width = 300 !,S, Duty Cycle = 2.0% 
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2N5550, 2N5551 (continued) 
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2N5550, 2N5551 (continued) 
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2N5555 (SILICON) 

SILICON N-CHANNEL 
JUNCTION FIELD-EFFECT TRANSISTOR 

Depletion Mode (Type A) Junction Field-Effect Transistor designed 
for high-speed switching applications. 

• Low Drain-Source "On" Resistance -
rds(on) = 150 Ohms (Max) 

• Low Reverse Transfer Capacitance -
Crss = 1.2 pF (Max) @ f = 1.0 MHz 

• Fast Turn-On Time - t(on) = 10 ns (Max) 

MAXIMUM RATINGS 

Rating Symbol 

Drain-Source Voltage VDS 

Drain-Gate Voltage VDG 

Gate-Source Voltage VGS 

Forward Gate Current IG(f) 

Total Device Dissipation @TC = 25'C 
Derate above 25' C 

Pili 

Operating Junction Temperature Range Till 

Storage Temperature Range Tstg 

Value Unit 

25 Vdc 

25 Vdc 

25 Vdc 

10 mAdc 

310 mW 
2.82 mW/'C 

-65 to +175 'c 

-65 to +150 'c 

(11 Continuous package improvements have enhanced these guaranteed Maximum Ratings as 
follows: Po'" 1.0 W @TC = 2SoC, Derate above 2SoC - 8.0 mWI'C, T J "'" -65 to + 150°C, 
9JC'" 12SoC/W. 
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N-CHANNEL 
JUNCTION FIELD-EFFECT 

TRANSISTOR 

TYPE A 

r A1 

SEATING4iJ~ PLANE L- K 

D-jll-'-H-L 

::::jR~ 

, , , STYLE 5' 
PIN 1. 

1. 
3. 

lwor~ 
DRAIN 00 0 10 S B 

DIM 
A 
B 
C 
D 
F 

L 
N 
P 
0 
R 
S 

SOURCE I-r-T 
GATE --I S _I I 

MILLIMETERS INCHES 
MIN 
4.450 
3.1,IDL 
4.320 
0.407 

"lJ,4!II. 

1.150 
-

6.350 
3.430 
1.410 
1.030 

MAX MIN 
5.100 0.175 
4 . .!!!l!. ~ 
5.330 0.170 
0.533 0,016 
~ l'J,",-"--

1.390 0.045 
1.170 

0.150 
0.13 

2.670 0.095 
2.670 0.080 

CASE 29.02 
TO·92 

MAX 
O. 05 

....!!J.t!'l. 
0.110 
0.011 

--"""-'~ 
0.055 
0.050 
-
-

0.105 
0.105 



2N5555 (continued) 

ELECTRICAL CHARACTERISTICS (T A = 25'C unless otherWISe noted) 

Characteristic Symbol Min Max Unit 

OFF CHARACTERISTICS 

Gate-Source Breakdown Voltage V(BR)GSS Vde 
(IG = 10 IlAde, VDS = 0) 25 -

Gate Reverse Current IGSS nAde 
(VGS = 15 Vde, VDS = 0) - 1.0 

Drain Cutoff Current 
lD(off) nAde 

(V DS = 12 Vde, V GS = 10 Vde) - 10 

(VDS = 12 Vde, V GS = 10 Vde, TA = 100'C) - 2.0 IlAde 

ON CHARACTERISTICS 

Zero-Gate Voltage Drain Current (11 IDSS mAde 
(VDS = 15 Vde, V GS = 0) 15 -

Gate-Source Forward Voltage VGS(f) Vde 
(IGm = 1. 0 mAde, V DS = 0) - 1.0 

Drain-Source "ON" Voltage 
VDS(on) Vde 

('n = 7.0 mAde, VGS = 0) - 1.5 

Static Drain-Source "ON" Resistance 
rDS(on) Ohms 

('n = O. 1 mAde, V GS = 0) - 150 

SMALL-SIGNAL CHARACTERISTICS 

Small-Signal Drain-Source "ON" Resistance 
rdS(on) Ohms 

(V GS = 0, 'n = 0, f = 1. 0 kHz) - 150 

Input Capacitance Ciss pF 
(VDS = 15 Vde, V GS = 0, f = 1.0 MHz) - 5.0 

Reverse Transfer Capacitance Crss pF 
(VDS =0, VGS = 10 Vde, f = 1.0 MHz) - 1.2 

SWITCHING CHARACTERISTICS 

Turn-On Delay Time (VDD = 10 Vdc, 'n(on) = 7.0 mAde, td(on) - 5.0 ns 

Rise Time V GS(on) = 0, V GS(off) = -10 Vde) t -r 5.0 ns 

(See Figure 1) 

Turn-Off Delay Time (VDD = 10 Vdc, 'n(on) = 7. 0 mAde, td(off) - 15 ns 

Fall Time V GS(on) = 0, V GS(off) = -10 Vde) tf - 10 ns 

(See Figure 1) 

(II 
Pulse Test: Pulse Width < 300 /lS, Duty Cycle < 3.0%. 

FIGURE 1 - SWITCHING TIMES TEST CIRCUIT 

VDD 

10k 

10k 

SDOhm 
Coaxial 
Cob1, 

TEKTRONIX 
567 

SAMPLING 

PULSE 50 Ohm Coaxial Clble ,-...+--'VIfV--8=::::3(:,} SCOPE 

GENERATOR feE~~§~3:;~'f"-r-(t!:~ 
(500hmsj 

INPUT PULSE 
Ri. Time < 1 Ons 
FaIITiml<1.0ns 
Nominal V.liIt of "on" Pul. Width ~ 400 ns 
DutyCvcll~l.Q% 
Generator Source Impedanet = 50 Ohms 

Rin"SOOllms 
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2N5556 (SILICON) 
thru 

2N5558 

SILICON N-CHANNEL 
JUNCTION FIELD-EFFECT TRANSISTORS 

Depletion Mode (Type A) devices designed for low-noise amplifier 
appl ications_ 

• Low Noise Figure - NF = 1.0 dB (Max) @ 100 Hz 

• Low Gate Leakage Current - IGSS = 0.1 nAdc (Max) 

• Low Input Capacitance - Ciss = 6.0 pF (Max) 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

Drain-Source Voltage VDS 30 Vdc 

Drain-Gate Voltage VDG 30 Vdc 

Gate-Source Voltage VGS 30 Vdc 

Forward Gate Current IG(f) 10 mAde 

Total Deviee Dissipation @TA = 25'C PD 300 mW 
Derate above 25°C 2.0 . mW/"C 

Operating Junction Temperature Range TJ -65 to +175 ·c 

Storage Temperature Range Tstg -65 to +200 ·C 

FIGURE 1 - EQUIVALENT LOW FREQUENCY CIRCUIT 

Cgd 

~~r-OS~-----C-dS-'----IY-~-IV-i~------~ 

Vis= jw Giss 
Vos = 1/ross + jw Coss 
YI, = [YIsI 
Yrs= -jw Crss 

Ciss = Cgd + Cgs 
Crs, = Cgd 
Coss = Cgd + Cds 
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SILICON N-CHANNEL 
JUNCTION FIELD-EFFECT 

TRANSISTORS 

STYLE 1 
PIN 1. 

2. 
3. 
4. 

DIM 

A 

F 
G 
H 
J 
K 1 
L 
M 
N 
P 

TYPE A 

All JEDEC dimensions and notes apply 

CASE 20.03 
TO·72 



2N5556 thru 2N5558 (continued) 

ELECTRICAL CHARACTERISTICS (TA = 25'C unle55 otherwISe noted) 

Characteristic Symbol Min Typ Max Unit 

OFF CHARACTERISTICS 
Gate-Source Breakdown Voltage V(BR)GSS Vdc 

(IG = -10 !lAdc, V DS = 0) 30 - -

Gate -Source Cutoff Voltage V GS(off) Vdc 
(V DS = 15 Vdc, ~ = 1. 0 nAdc) 2N5556 0.2 - 4.0 

2N5557 0.8 - 5.0 
2N5558 1.5 - 6.0 

Gate Reverse Current lass nAdc 
(Vas = -15 Vdc, VDS = 0) - - -0.1 

(Vas = -15 Vdc, VDS = 0, TA = 150'C) - - -100 

ON CHARACTERISTICS 

Zero-aate Voltage Drain Current (1) IDSS mAdc 
(VDS = 15 Vdc, V GS = 0) 2N5556 0.5 - 2.5 

2N5557 2.0 - 5.0 
2N5558 4.0 10 

DYNAMIC CHARACTERISTICS 

Forward Transadmittance 111 
IYfsl Jlmhos 

(V DS = 15 Vdc, Vas = 0, f = 1. 0 kHz) 1500 3500 6500 

Output Admittance III IYosl !lmhos 
(V DS = 15 Vdc, Vas = 0, f = 1. 0 kHz) - - 20 

Input Capacitance C. pF 
(VDS = 15 Vdc, Vas = 0, f = 1.0 MHz) lSS - 4.5 6.0 

Reverse Transfer Capacitance C pF 
(V DS = 15 Vdc, V GS = 0, f = 1. 0 MHz) 

rss - 1.2 3.0 

Noise Figure NF dB 
(V DS = 15 Vdc, Vas = 0, RS = 500 k ohms, - - 1.0 

f = 10 Hz, BW = 1. 0 Hz) 

(V DS = 15 Vdc, V GS = 0, RS = 100 k ohms, - - 1.0 

f = 100 Hz, BW = 1. 0 Hz) 

Equivalent Input Noise Voltage e nV ljifz 
(VDS = 15 Vdc, Vas = 0, f = 10 Hz, BW = 1. 0 Hz) n 

20 35 -
(V DS = 15 Vdc, Vas = 0, f = 100 Hz, BW = 1. 0 Hz) - 10 20 

(11 Pulse Test: Pulse Width = 630 ms, Duty Cycle = 10%. 
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2N5571 thru 2N5574 (SILICON) 

2N6145 thru 2N6147 
MAC40797, MAC40798· 

MT20~MTI 

SILICON BIDIRECTIONAL THYRISTORS 

· .. designed primarily for industrial ~nd military applications for the 
control of ac loads in applications such as light dimmers, power sup· 
plies, heating controls, motor controls, welding equipment and power 
switching systems; or whereverfull·wave, silicon gate controlled solid· 
state devices are needed. . 

• All Diffused and Passivated Junctions for Greater Stability 

• Pressfit, Stud and Isolated Stud Packages 

• Gate Triggering Guaranteed In All 4 Quadrants 

MAXIMUM RATINGS 
Rating Symbol Value Unit 

*Repetitive Peak Off-5t8te Voltage (1) VORM Volts 
IT J = -65 to +1250 CI and 
1/2 Sine Wave 50 to 60 Hz, Gate Open VRRM 

2N5571, 2N5573, 2N6145 200 
2N5572, 2N5574, 2N6146 400 
MAC40797. MAC40798. 2N6147 600 

*Peak Gate Voltage VGM 10 Volts 

*On-5tate Current RMS ITIRMS) Amp 
IT C = -65 to +800 Cl 15 
ITC = +850 Cl 10 

*Peak Surge Current ITSM Amp 
(One Full cycle of surge current 'at 60 Hz, 100 
preceeded and followed by 15 A current, 
TC = +800 Cl 

Circuit Fusing Considerations 12t A2s 
ITC = -65 to +80DC, t = 1.0 to 8.3 msl 40 

·Peak Gat. Power 121 PGM Watts 
IT C = +800 C. Pulse Width = 2.0 /lsI 20 

* Average Gate Power PGIAVI Watt 
ITC = +800 C. Puis. Width = 8.3 msl 0.5 

*Peak Gate Current IGM 2.0 Amp 

·Operating Junction Temperature' Range TJ 65 to +100 DC 

*Storage Temperature Range Tstg 65 to +150 °c 
*Stud Torque - in.lb. 

2N6573. 2N5574 30 
2N6145. 2N6146. 2N6147 

THERMAL CHARACTERISTICS 

Characteristic 

-Thermal Resistance, Junction to Case 

., ndicates JE DEC Registered Oata. 

(1 )Ratings apply for open gate conditions. Thyristor devices shall not be tested with a 
constant current source for blocking capability such that the voltage applied exceeds 
the rated blocking voltage. 

(2)2N5511 thru 2N5574. PGM Rating"" 16 Watts. 
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TRIACS 
(THYR ISTORS) 

15 AMPERES RMS 
200-600 VOLTS 

CASE 174 
TO-203 

CASE 175 

CASE 235 

2N5571 
2N5572 
MAC40797 

2N5573 
2N5574 
MAC40798 

2N6145 
2N6146 
2N6147 



2N5571 thru 2N5574, 2N6145 thru 2N6147, MAC40797, MAC40798 (continued) 

ELECTRICAL CHARACTERISTICS (TC = 250 C unless otherwise noted) 

Charact8t'istic Symbol Min Typ Max Unit 

"Peak Blocking Current (Either Direction) IORM mA 
Rated VORM @TC = 10o"C - - 2.0 

'On-8tate Voltage (Either Oireetion) VTM Volts 
'TM - 21 A Peak. Pulse Width = 1.0 to 2.0 ms. Outy Cycle ';;2.0% - 1.3 1.8 

Gate Trigger Current. Continuous de (1) IGT mA 
Main Terminal Voltage = 12 Vde. RL = 30 ohms 

MT2 (+). G(+); MT2H. GH - - 50 
MT2 (+). GI-I; MT21-1. G(+) - - 80 

'MT2 (+1. G(+); MT2H. GH TC = -650 C - - 150 
'MT2 (+). G(-); MT2H. G(+) TC = -650 C - - 200 

Gate Trigger Voltage. Continuous de (All Quadrants) VGT Volts 
Main Terminal Voltage = 12 Vde. RL = 30 ohms 

TC = 250 C - - 2.5 
*TC = -65°C - - 4.0 

'Main Terminal Voltage = Rated VORM. RL = 10 k ohms. TC = +1000 C 0.2 - -
Holding Current If.-! mA 
Main Terminal Voltage = 12 Vde. Gate Open 
Initiating Current = 500 rnA 

TC = 25°C - - 75 
*TC = -65°C - - 300 

*Turn-On Time tgt "s 
Rated VORM • 'TM = 21 A Peak. - 1.0 2.0 

IGT = 160 mAo Rise Time = 0.1 "S. Pulse Width = 2.0 "S 
·Critical Rate-at-Rise of Commutation Voltage 

Rated VORM. 'TM = 21 A Peak. Commutating 
dv/dt VII's 

di/dt = 8 Alms. gate unenergized 
TC = 80°C 2N5571 thru 2N5574. MAC40797. MAC40798 2.0 10 -
TC = 75°C 2N6145 thru 2N6147 2.0 10 -

'Critical Rat .. of·Rise of Off-8tate Voltage 
Rated VORM. Exponential Voltage Rise. Gate Open. 

dv/dt V/"s 

TC = 100°C: 
2N5571. 2N5573. 2N6145 30 150 -
2N5572.2N5574.2N6146 20 100 -
MAC40797. MAC40798. 2N6147 10 75 -

* Indicates JEDEC Registered Data. 

(1)AII Voltage polaritv reference to main terminal 1. 

QUADRANT DEFINITIONS 

MT2(+) 
Trigger devices are recommended for gating on Triaes. They provide: 

QUADRANT II QUADRANT I 

MT21+). GI-) MT21+1. GI+) 

1. Consistent predictable turn-on points. 
2. Simplified circuitry. 
3. Fast turn-on time for cooler, more efficient 

and reliable operation. 

ELECTRICAL CHARACTERISTICS of RECOMMENDED 
BIDIRECTIONAL SWITCHES 

G(-) -------+-------G(+) 
USAGE General Lamp Dimmer 

PART NUMBER MBS4991 MBS4992 MBS100 
QUADRANT III QUADRANT IV 

Vs 6.0 -10 V 7.5 -9.0 V 3.0 - 5.0 V 

IS 350l'A Max 120"A Max 100-400"A 

MT2H. GI-) MT2H.G(+) 
VSl -VS2 0.5 V Max 0.2 V Max 0.35 V Max' 

Temperature Coefficient = O.02%/oC Typ 

See AN-526 for Theory and Characteristics of Silicon Bidirectional Switches. 

MT2H 
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2N5571 thru 2N5574, 2N6145 thru 2N6147, MAC40797, MAC40798 (continued) 
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2N5571 thru 2N5574, 2N6145 thru 2N6147, MAC40797, MAC40798 (continued) 

FIGURE 7 - MAXIMUM ON-STATE CHARACTERISTICS 

100 

70 y 

TJ=2S·C /' ..... 100·C 
//' 

50 

V 
30 

'/ 
0 

I 
II 

10 

7.0 

5.0 

0 I 
/, 
I 

3. 

2.0 

1.0 I 
7 O. 

o. 5 I 

O. 3 

O. 2 

O. I 
0.8 0.8 1.0 1.2 1.4 1.6 1.8 2.0 2.2 2.4 2.6 2.8 3.0 3.2 3.4 

VTM. ON.S'fATE VOLTAGE (VOLTS) 
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2N5571thru 2N5574, 2N6145'thru.;2N6141, MAC407Q7, MAC4:Q798 (conttnued) 

."'-

2N5571 
2N5572 
MAC40797 

A 0.501 0.505 
.4 5 47 

0.33 
0.100 

F.' 1.72 0.035 0.068 
J 2.46 0.080 O. 7 
K 20.32 0.800 
N 12.95 0510 
Q 1.66 2.28 0.065 0.090 

All JEDEC dimensions and notes apply 

CASE 174.02· 
T(}203AA 

=u, I R@!I ~~ A B 
3 G 

STYLE 2: 
PIN 1. MAIN TERMINAL 1 

2. GATE 
3. MAIN TERMINAL '2 

STUD·ISOLATED 
TERM. 1. MAIN TERMINAL 1 

2. GATE 
STUD: MAIN TERMINAL 2 

L 

2N5573 
2N5574 
MAC40798 

2N6145 
2N6146 
2N6147 MI LlMETERS INCHES 

MI LLlMEJERS 
DIM MIN MAX 

A 15.34 15.60' 
B 14.00 14.20 

20.70 24.13 
F 1.40 1.65 
H 2.29 REF 
J 10.67 11.56 
K 9.78 10.54 
L 6.99 7.75 
Q 2.03 2.41 
R .1.65 REF 
T 12.70 12.83 

CASE 175 

2N 5581, 2N5582 (SILICON) 

DIM 

A 
B 
C 
F 
G 
H 
J 
K 
L 
N 
Q 

R 
T 

MIN' MAX MIN 

i4.00 1'4.20 0.551 
12.73 12.83 0.501 

- 26.16 -
2,03 2.41 0.080 

6.48 -
2.16 2.41 0.085 

10.67 . 11.56 0:420 
9.78 10,54 0.385 
6.99 7.75 0.275 
6.48 6.99 0.255 
3.43 3.81 0.135 
1.52 1.78 0.060 
1.40 1.65 0.055 

CASE 235 

For Specifications, See 2N2218S,AS Data, Volume I. 
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MAX 

0.559'" 
0.505 
1.030 
0.095 
0.255 
0.095 
0.455 
0.415 
0.305 

10.275 
10.150 
0.070 
0.065 



2N5583 (SILICON) 

PNP SILICON ANNULAR TRANSISTOR 

... designed for applications in high frequency amplifiers and non· 
saturated switching circuits. Large signal capabilities. low·noise and 
high gain·bandwidth product characteristics of the 2N5583 provide 
excellent performance in a variety of small signal and linear amplifier 
applications. I deal for CAT V circuits. 

• High Current·Gain-8andwidth Product -
fT = 1300 (Min) @ IC = 100 mAdc 

MAXIMUM RATINGS 

Rating Symbol 

'" Collector-Emitter Voltage VeEO 

'" Collector-Base Voltage Ves 

'" Emitter-Base Voltage VES 

'" Collector Current - Continuou~ Ie 

Total Device Dissipation @TA = 25°C Po 
Derate above 2SoC 

• Total Device Dissipation @ T e = 25°C Po 
Derate above 25°C 

·Operating and Storage Junction TJ.Tstg 
Temperature Range 

"'I ndieatel JE DEC Registered Data. 

Value Unit 

30 Vdc 

30 Vdc 

3.0 Vdc 

500 mAde 

1.0 Watt 

5.71 mw/oe 

5.0 Watts 

2S.6 mW/oC 

-65 to +200 °e 

2-191 

PNP SILICON 
AMPLIFIER 

TRANSISTOR 

STYLE 1, ~I1A PIN 1. EMITTER R 8 
2. BASE 
3. COLLECTOR 

I .==== P C 

-r;- -- L 

~K 

~ 
SE~LT~~~ --11-0 

0/'1 
N 

DIM 
A 8.89 
B 8.00 
C S.10 
D 0.40S 
E 0.229 
F 0.40S 
G 4.83 
H 0.711 
J 0.737 
K 12.70 
L S.35 
M 450 NOM 
P 1.27 
Q 900 NOM 
R 2.54 

All JEDEC dimensions and notes apply. 

CASE 79·02 
TO·39 



2N5583 (continued) 

ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 

Characteristic 

'OFF CHARACTERISTICS 

Collector·Emitter Breakdown Vol~ (1) 
(lC = 10 mAde, IB = 0) 

Collector·Base Breakdown Vol~ 
(lc = 10 "Ade, IE = 0) 

Emitter·Base Breakdown Voltage 
(IE = 100 "Ade, IC = 0) 

Collector Cutoff Currant 
(VCB = 20 Vde, IE = 0) 

Emitter Cutoff Current 
(VEB = 2.0 Vde, IC = 0) 

'ON CHARACTERISTICS (1) 

DC Current Gain 
(lC = 40 mAde, VCE = 2.0 Vde) 
(lC = 100 mAde, VCE = 2.0 Vde) 
(lC = 300 mAde, VCE = 5.0 Vde) 

Collector·Emitter Saturation Voltage 
(lC = 100 mAde, IB = 10 mAde) 

Base-Emitter On Voltage 
(lC = 100 mAde, VCE = 2.0 Vde) 

SMALLcSlGNAL CHARACTERISTICS 

·Current·Gain-Bandwidth Product 
(lC = 40 mAde, VCE = 10 Vde, f = 100 MHz) 
(lC = 100 mAde, VCE = 10 Vde, f = 100 MHz) 

"'Collector-Base Capacitance 
(VCB = 15 Vde, IE = 0, f = 100 kHz) 

·Emitter~Base Capacitance 
NEB = 0.5 Vde, Ie = 0, f = 100 kHz) 

• Indicates JEOEC Registered Data. 
(1) Pulse T •• t: Pulse Width:S: 300 " .. Duty Cyel. = 2.0%. 

Figure 
No. 

-

-

-

4 

-

1 

2,3 

3 

7 

5 

5 
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Svmbol 

BVCEO 

BVCBO 

BVEBO 

ICBO 

lEBO 

hFE 

VCE(sat) 

VBE(on) 

fT 

CeI> 

Cab 

Min Max Unit 

30 - Vde 

30 - Vde 

3.0 - Vde 

- 50 nAde 

- 0.5 "Ade 

-
20 -
25 100 

15 -
- O.B Vde 

- 1.B Vde 

MHz 
1000 -
1300 -
- 5.0 pF 

- 35 pF 



2N5583 (continued) 

z 
;;: 
co .... 
iii 
a: 
a: 
::> 
'-' 
'-' 
Q 

$ 

~ 
0 
2: 
w 
co « :; 
0 
> 
:> 

"-
"" w 
'-' z « .... 
<3 
:: 
;3 
<.i 

100 

70 

50 

30 

20 

10 

7.0 

5.0 

FIGURE 1 - DC CURRENT GAIN 

TJ • 175°C @ VCE' 2.0 Vdc 

- f-250C @ VCE' 5.0 Vdc 

25°C @ VCE - 2.0 Vdc' 
t--. 
1\\ 

-55°C @ VCE' 2.0 Vdc 

"-

l\, 
1,\ \ 

3.0 5.0 7.0 10 20 30 50 70 100 200 300 

IC. COLLECTOR CURRENT (mA) 

FIGURE 3 - "ON" VOLTAGES 

2.8 

r-tJI'2M 
2.4 

I 
2.0 I 

1.6 

1.2 

0.8 

r- r- IC 

r- r- VeE(sat)@i'5tol0 I 
III II~' 

VCE(sat) @ ~ • 5.0 
I 

1IIIII II 
VeE (on) @VCE • 2.0 Vdc V-

I 1.-1 ...... 
1/ J 

0.4 VCE(sat) @ I~. 10 ill.. 
Ie 

o 
0.1 0.2 0.5 10 20 50 10 20 50 100 200 500 

IC. COLLECTOR CURRENT (mA) 

FIGURE 5 - CAPACITANCES 
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2N5583 (continued) 

FIGURE '1-CURRENT·GAIN-aAND.WIDTH PRODUCT 
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2NSS89 (SILICON) 

NPN SILICON RF POWER TRANSISTOR 

· .. designed for 13.6 volt, VHF large signal power amplifier applica­
tions required in military and industrial equipment operating to 
240 MHz. 

• Low lead inductance stripline package for easier design and increased 
broadband capability. 

• Balanced Emitter Construction for increased Safe Operating Area. 
The 2N5589 is designed to withstand an Open or Shorted Load 
at rated Output Power. 

• Specified 13.6 Volt, 175 MHz Characteristics­
Output Power = 3.0 Watts 
Minimum Gain = 8.2 dB 
Efficiency = 50% 

*MAXIMUM RATINGS 
Rating Svmbol Value 

Collector-Emitter Voltage VCEO 18 

Collector-Base Voltage VCB 36 
Emitter-Base Voltage VEB 4.0 
Collector Current - Continuous IC 0.6 

Total Device Dissipation @TA - 25°C Po 15 
Derate above 25°C 86 

Operating and Storage Junction TJ,Tstg -65 to +200 
Temperature Range 

-Indicates JEOEC Registered Datil. 

2-195 

Unit 

Vdc 

Vdc 

Vdc 

Ado 

Watts 
mWf'C 

°c 

DIM 

A 
B 
C 
0 
E 
F 
H 
J 
K 
l 
M 
N 
p 
R 
S 
T 
U 
V 

NPNSILICON 
RFPOWER 

'TRANSISTOR 

MILLIMETERS INCHES 
MIN MAX MIN .J!!1!.X 
9.40 9.78 0.370 0.385 
8.13 8.38 0.320 0.330 

17.63 19.46 0.694 0.766 
0.64 0.89 0.025 0.035 
1.78 2.03 0.070 0.080 
5.59 5.84 0.220 0.230 

26.16 27.69 1.030 1.090 
0.10 0.15 0.004 0.006 

13.08 13.84 0.515 0.545 
7.11 7.37 0.280 2l!!!. 
4()O 50· 40· 50· 
1.27 1.52 0.050 0.060 

7 !.U!I.\l 
7.59 7.80 0.299 .307 
4.01 4.52 0.158 .17J!. 
2.16 2.41 0.085 0.095 
2.54 3.30 0.100 0.130 
10· 20· 10· 20· 

CASE 144B·03 



2N5589 (continued) 

*ELECTRICAL CHARACTERISTICS IT A = 25°C unless otherwise noted) 

.1 Characteristic 1 Symbol 1 Min 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage (Note 1) 

(lc = 200 mAdc,lB = 0) 

Collector-Emitter Breakdown Voltage (Note 1) 

(lC = 200 mAdc, VBE = 0) 

Emitter-Sase Breakdown Voltage 
(IE = 1.0 mAdc,lC = 0) 

Collector Cutoff Current 
(VCB = 15 Vdc, IE = 0) 

ON CHARACTERISTICS 

OC Current Gain 
(lC = 100 mAdc. VCE = 5.0 Vdc) 

DYNAMIC CHARACTERISTICS 

Output Capacitance 
(VCB = 15 Vdc,lE = O. f = 0.1 to 1.0 MHz) 

FUNCTIONAL TEST 

Power Input (Figure 1) 
(Pout = 3.0 W, VCE = 13.6 Vdc, f = 175 MHz) 

Common-Emitter Amplifier Power Gain (Figure 1) 
(Pout = 3.0 W, VCE = 13.6 Vdc, f = 175 MHz) 

Collector Efficiency (Figure 11 
(Pout = 3.0 W, VCE = 13.6 Vdc, f = 175 MHz) 

*'ndicates JEDEC Registered Data. 
Note1: Pulsed through 25 mH inductor. 

BVCEO IS 

BVCES 36 

BVEBO 4.0 

ICBO -

Pin -

GpE S.2 

11 50 

Typ Max 

- -

- -

- -

- 1.0 

0.35 0.45 

- -

- -

FIGURE 1 - 175 MHz TEST CIRCUIT 

r--_--4~-oV.CC 

O"IlF~-= 
RFC 

1000 pF 
~BUTTON 

2-196 

All capacitance values in pF unless otherwise indicated 
Ll - 1-3/8" length of 1114 AWG Wi .. 
L2 - 2Turns#16 AWG Wire. 114" Dio.I·1I2" Long 

Unit 

Vdc 

Vdc 

Vdc 

mAdc 

Watt 

dB 

% 



2N5589 (continued) 
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2N5589 (continued) 
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2N5590 (SILICON) 

NPN SILICON RF POWER TRANSISTOR 

... designed for 13.6 volt, VHF large signal power amplifier applica· 
tions required in military and 'industrial equipment operating to 
240 MHz. 

• Low lead inductance striplin. packageforeasierdesignand increased 
broadband capability. 

• Balanced Emitter Construction for increased Safe Operating Area. 
The 2N5590 is designed to withstand an Open or Shorted Load 
at rated Output Power . 

• Specified 13.6 Volt, 175 MHz Characteristics -
Output Power = 10 Watts 
Minimum Gain = 5.2 dB 
Efficiency = 50% 

-MAXIMUM RATINGS 

RatirnL Svmbol Value 

Collector-Emitter Voltage Vr.~(') 18 

Coliector·B ... Voltage VrR 36 
Emitter-Base Voltage VEB 4.0 
Collector Current - Continuous IC 2.0 
Total Device Dissipation @ T A = 25°C Po 30 

Derate above 25°C 171 

Operating and Storage Junction TJ,T stg -65 to.+200 
Temperature Range 

·'ndicatesJEDEC Registered Data. 

2-199 

Unit 

Vdc 

Vdc 

Vdc 

Adc 

Watts 
mV'lL°C 

°c 

DIM 

A 
B 
C 
D 
E' 
F 
H 
J 
K 
L 
M 
P 
R 
S 
T 
U 

NOTE' 

NPN SILICON 
RF POWER 

TRANSISTOR 

MILLIMETERS INCHES 
MIN MAX MIN MAX 

9.40 9.78 0.370 0.385 
8.13 8.38 0.320 0.330 

18.03 19.05 0.710 0.750 
5.59 5.84 0.220 0.230 
1.78 2.03 0.070 0.080 
2.79 2.92 0.110 0.115 

26.42 28.70 1.040 1.130 
0.10 0.15 0.004 0.006 

13.21 14.35 0.520 0.565 
1.40 1.65 0.055 0.065 

45° NOM 45° NOM 
- 1.27 0.050 

7.59 7.80 0.299 0.307 
4.01 4.52 0.158 0.178 
2.16 2.41 0.085 0.095 
2.54 3.30 0.100 0.130 

CASE 145A·Ol USE 8·32NC2A STUD 
CASE 145A·Ol 



2N5590 (continued) 

ELECTRICAL CHARACTERISTICS (T A = 25°C unless' otherwise noted) 

Characteristic Symbol Min Typ 

OFF CHARACTERISTICS 
·Collector-Emitter Sustaining Voltage (Nota 1) VCEO(sus) 18 -

(lC = 200 mAde,lB = 0) 

"Collector-Emitter Sustaining Voltage (Nota 1) 
(lC = 200 mAde, RBE = 0) 

VCES(sus) 36 -

'Emitter-Bese Br .. kdown Voltage BVEBO 4.0 -
(IE = 2.5 mAde, IC = 0) 

Collector Cutoff Current ICBO - -
(VCB = 15 Vde, IE = 0) 

ON CHARACTERISTICS 

"DC Current Gain 
(lC = 250 mAde, VCE = 5.0 Vde) 

DVNAMIC CHARACTERISTICS 

'Output Capacitance 
(VCB = 15 Vdc,lE = 0, f = 0.1 to 1.0 MHz) 

FUNCTIONAL TEST 

"Power Input (Figure 1) Pin - -
(Pout = 10 W, VCE = 13.6 Vde, f = 175 MHz) 

'Common-Emitter Amplifier Power Gain (Figure 1) GpE 5.2 -
(Pout = 10 W, VCE = 13.6 Vdc, f = 175 MHz) 

Collector Efficiency (Figure 1) 11 50 -
(Pout = 10 W, VCE = 13.6 Vde, f = 175 MHz) 

• J ndicates JE OEC Aegisteted Data. 
Note 1 ~ Pulsed through 25 mH Inductor. 

FIGURE 1 - 175 MHz TEST CIRCUIT 

,--...... - ...... --oVCC 

RFC 

1000 pF * BUnON 

All capacitance values in pF unless otherwise indicated 
L1 - 1-3/8" length of #14 AWG Wire 
L2 -1 TUrn #14 AWG Wire, 3/8" Di8. 1-112" Long 

2-200 

Mu Unit 

- Vde 
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3.0 Watts 

- dB 
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2N5590 (continued) 

POWER OUTPUT versus FREQUENCY 
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2N5590 (continued) 

PARALLEL EQUIVALENT INPUT CAPACITANCE versus FREQUENCY 

FIGURE 8 
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2N5591 (SILICON) 

NPN SILICON RF POWER TRANSISTOR 

· .. designed for 13.6 volt. VHF large signal power amplifier applica· 
tions required in military and industrial equipment operating to 
240 MHz. 

• Low lead ind4ctance stripline packagefor easier design and increased 
broadband capability. 

• Balanced Emitter Construction for increased Safe Operating Area. 
The 2N5591 is designed to withstand an Open or Shorted Load 
at rated Output Power. 

• Specified 13.6 Volt. 175 MHz Characteristics -
Output Power = 25 Watts 
Minimum Gain = 4.4 dB 
Efficiency = 50% 

*MAXIMUM RATINGS 
Rating Symbol Value 

Collector~Emitter Voltage VCEO 18 

Collector-Base Voltage VCB 36 

Emitter-Base Voltage VEB 4.0 

Collector Current - Continuous Ie: 4.0 

Total Device Dissipation @ T C "" 25°C Po 70 
Derate above 2SoC 400 

Operating and Storage JUnction TJ.Tstg -65 to +200 
Temperature Range 

010 Indicates JEDEC Registered Data. 

FIGURE 1 - 175 MHz TEST CIRCUIT 

0 

r--~-~-"'Vcc 

RFC O.I'F~ 1000 
~BunON 

ALL CAPACITORS IN pf UNLESS OTHERWISE INDICATED 
1.1 - #14 AWG STRAIGHT WIRE. 1-3/8" LONG 
L2 -I TURN #14 AWG WIRE.3IS·· CIA. 1-1I2··lCNG 

FIGURE 2 - POWER OUTPUT venus FREQUENCY 

f'... vee = 13.6 Vdc "'- '" I" '" ~in=8.0W 
0",- ",,- ~.OW "" 5 r---. 

~ 
"- ~W 

"" 0 
"- "- ~ 

r.... 1.0W~ "-
LI "-

6. 0 O.5W 1 1 " " 50 70 100 150 200 300 

t, FREUUENCY (MHz) 

2-203 

Unit 

Vdc 

Vdc 

Vdc 

Adc 

Wans 
mWI"C 

DC 

STYLE 1. 

NPN SILICON 
RFPOWER 

TRANSISTOR 

PIN 1. EMITTER 
2. BASE 
3. EMITTER 
4. COLLECTOR 

I 

L j_ "I A I ~J ~ 

}j;;;:t fI' I =il. 1 E - u ts 
:EATING PLANE =I~U I 
WRENCH FLAT ~ ~ 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 

A 9.40 9.78 0.370 0.385 
B 8.13 8.38 0.320 0.330 
C 18.03 19.05 0.710 0.750 
D 5.59 5.84 0.220 0.2 0 
E 1.78 2.03 0.070 0.080 
F 2.79 2.92 0.110 0.115 
H 26.42 28.70 1.040 1.130 
J 0.10 0.15 0.004 0.006 
K 13.21 14.35 0.520 0.565 
L 1.40 1.65 0.055 0.065 
M 450 NOM 45 0 NOM 
P - 1.27 - 0.050 
R 7.59 7.80 0.299 0.307 
S 4.01 4.52 0.158 0.178 
T 2.16 2.41 0.085 0.095 
U 2.54 3.30 0.100 0.130 

NOTE 
CASE 145A·OI USE 8·32NC2A STUD 

CASE 145A·Ol 



2N5591 (continued) 

ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 

I Characteristic I Symbol I Min Typ Max Unit 

OFF CHARACTERISTICS 

• Collector-Emitter Sustaining Voltage (Note 1) 
IIc· 200 mAde, IS = 0) 

• Collector-Emitter Sustaining Voltage (Note 1) 
(lC· 200 mAde, VSE = 0) 

• Emitter-Sase Breakdown Voltage 
liE = 5.0 mAde, IC = 0) 

Collector Cutoff Current 
(VCB = 15 Vde, IE = 0) 

'ON CHARACTERISTICS I OC Current Gain 
(I C = 0.5 Ade, V CE = 5.0 Vdc) 

• DYNAMIC CHARACTERISTICS I Output Capacitance 
(VCB = 15 Vde, IE = 0, f = 0.1 to 1.0 MHz) 

• FUNCTIONAL TEST 

Power Input (Figure 1) 
(Pout = 25 W, VCE = 13.6 Vde, I = 175 MHz) 

Common-Emitter Amplilier Power Gain (Figure 1) 
(Pout = 25 W, VCE = 13.6 Vdc, f = 175 MHz) 

Collector Efficiencv (Figure 1) 
(Pout = 25 W, VCE = 13.6 Vdc, f = 175 MHz) 

-Indicates JEDEC Registered Data. 
Note1: Pulsed through 25 mH inductor. 

VCEO(sus) 

VCES(sus) 

BVEBO 

ICBO 

I 
hFE 

I Cob 

Pin 

GpE 

'I 

FIGURE 3 - PARALLEL EQUIVALENT INPUT 
CAPACITANCE versus FREQUENCY 
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2N5629 (SILICON) 

2N5630 
2N5631 

HIGH-VOLTAGE - HIGH POWER NPN TRANSISTORS 

· .. designed for use in high power audio amplifier applications and 
high voltage switching regulator circuits. 

• High Coliector·Emitter Sustaining Voltage -
VCEO(sus) = 100 Vdc - 2N5629 

= 120 Vdc - 2N5630 
= 140 Vdc - 2N5631 

• High DC Current Gain - @ IC = 8.0 Adc 
hFE = 25 (Min) - 2N5629 

= 20 (Min) - 2N5630 
= 15 (Min) - 2N5631 

• Low Coliector·Emitter Saturation Voltage -
VCE(sat) = 1.0 Vdc (Max) @ IC = 10 Adc 

• Complement to PNP Transistor Series 2N6029, 2N6030, 2N6031 

"MAXIMUM RATINGS 

Rating Symbol 2N5629 2N5630 2N5631 Unit 

Coliector·Emitter Voltage 

Collector-Base Voltage 

Emitter·Base Voltage 

Collector Current - Continuous 
Peak 

Base Current - Continuous 

Total Device Dissipation @ T C = 2SoC 
Derate above 2SoC 

Operating and Storage Junction 
Temperature Range 

"THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case 

·'ndicates JEDEC Registered Data. 

VCEO 
Vca 
VEa 

la 

100 120 140 

100 120 140 
-7.0_ 

-16--
-20-

-5.0-

-200-
_1.14_ 

-65 to +200 

FIGURE 1 - POWER OERATING 

200 

@ 
150 ! 

~ 

i 100 ili 
is 

'" ~ 
Ii! 50 
~ 

"-
" ..... 

" i'.. 

r........ 

" " 
""" 20 40 110 811 100 120 140 160 1811 200 

TC, TEMPERATURE fOCI 

Vdc 

Vdc 

Vdc 

Adc 

Adc 

Safe Area Curves are indicated by Figure 5. All Limits are applicable and mUlt ba observed. 

2-205 

o 

16 AMPERE 
POWER TRANSISTORS 

NPN SILICON 

le 

100-120-140 VOLTS 
200 WATTS 

SEATING 
PLANE 

c 

STYLE 1: 
PIN 1. BASE 

2. EMITTER NOTE: 
CASE: COLLECTOR 1. DIM "a" IS DIA. 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 

A - 39.37 - 1.550 
8 21.0B - 0.B30 
C 6.35 7.62 0.250 0.300 
D 0.99 1.09 0.039 0.043 
E - 3.43 - 0.135 
F 29.90 30.40 1.177 1.197 
G 10.67 11.1B 0.420 0.440 
H 5.33 5.59 0.210 0.220 
J 16.64 17.15 0.655 0.675 
K 11.1B 12.19 0.440 0.480 
Q 3.84 4.09 0.151 0.161 
R 28.67 1.050 

Collector connsctsd to case. 
CASE 11·01 



2N5629, 2N5630, 2N5631 (continued) 

*ELECTRICAL CHARACTERISTICS (TC = 25°C unless otherwise noted) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage (I} 
(lc = 200 mAdc, 18 = 0) 

Collector-Emitter Cutoff Current 
(VCE = 50 Vdc, IB = 0) 
(VCE = 60 Vdc, IB = 0) 
(VCE = 70 Vdc, IB = 0) 

Collector-Emitter Cutoff Current 

(VCE = Rated VCB, VEB(oll) =1.5 Vdc) 
(VCE = Rated VCB, VEB(o") = 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 
IIc = B.O Adc, VCE = 2.0 Vac) 

IIc = 16 Adc, VCE = 2.0 Vdc) 

Collector-Emitter Saturation Voltage 
IIc = 10 Adc, IB = 1.0 Adc) 
IIc = 16 Adc, IB = 4.0 Adc) 

Base-Emitter Saturation Voltage 
IIc = 10 Adc, la = 1.0 Adc) 

aase-Emitter On Voltage 
IIc = 8.0 Adc, VCE = 2.0 Vdc) 

DYNAMIC CHARACTERISTICS 

Currant-Gain-Bandwidth Product (2) 
(lc = 1.0 Adc, VCE = 20 Vdc, ' test = 0.5 MHz) 

Output Capacitance 
(VCB = 10 Vdc, Ie = 0, I = 0.1 MHz) 

Small-Signal Currant Gain 
(lc = 4.0 Adc, VCE = 10 Vdc, I = 1.0 kHz) . 
Indicates JEDEC Registered Data. 

(1) Pulse Test: Pulse Width ~300 p.s, Duty Cycle ;;;e::2.0%. 
(2) fT = Ihf.\ • f te .. 

FIGURE 2 - SWITCHING TiMeS TEST CIRCUIT 

VCC 
+30 V 

H RC 

2N5629 
2N5630 
2N5631 

2N5629 
2N5630 
2N5631 

2N5629 
2N5630 
2N5631 
All Types 

All Types 

+;] --1--, R8 
SCOPE 

-g.O V . 
51 01 

tr,tf~10ns -= DUTY CYCLE = 1.0% -4V 

R8 imd RC VARIED TO 08TAIN DESIRED CURRENT LEVELS 

01 MUST 8E FAST RECOVERY TYPE, 'g: 

Symbol 

VCEO(sus) 
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ICBO 

lEBO 

hFE 

VCE(satl 

VBE(satl 

VBE(on) 
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.,. 0.5 
.=. 
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1 O. 
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'T 
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..... 1-

Min Max Unit 

Vdc 
100 -
120 -
140 -

mAde 
- 1.0 
- 1.0 
- 1.0 

mAdc 
- 1.0 , 
- 5.0 

- La mAdc 

- 1.0 mAdc 

-
25 100 
20 ao 
15 60 
4.0. -

Vdc 
- 1.0 
- 2.0 

- 1.8 Vdi: 

- 1.5 Vdc 

1.0 - MHz 

- 500 pF 

15 - -

.FIGURE 3 - TURN-ON TIME 

I' 
. TJ< 250C 

ICliB= 10 I L VCe-30 v 

I, 

r- --Id@VBElotl) = 5.0'V-

MBD5300 USED ABOVE 18 ~100 mA 
MSD6100 USED BELOW 18 ~100 mA 

0.2 0.3 0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 
IC~ COLLECTOR CURRENT (AMP) 
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2N5629, 2N5630, 2N5631 (continued) 

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 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)';;; 2000C. 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. 
(See AN-415) 
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2N5629, 2N5630, 2N5631 (continued) 

FIGURE 8 - DC CURRENT GAIN 
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FIGURE 12 - COLLECTOR CUTOFF REGION 
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2N5632 (SILICON) 
2N5633 
2N5634 

HIGH VOL TAGE-HIGH-POWER 
NPN SILICON 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) - 2N5632 

= 120 Vdc (Min) - 2N5633 
= 140 Vdc (Min) - 2N5634 

• High DC Current Gain @ IC = 5.0 Adc -
hFE = 25 (Min) - 2N5632 

= 20 (Min) - 2N5633 
= 15 (Min) - 2N5634 

• Low Collector· Emitter Saturation Voltage -
VCE(sat) = 1.0 Vdc (Max) @ IC = 7.5 Adc 

• Complement to PNP Transistor Series 
2N6229,2N6230,2N6231 

*MAXIMUM RATINGS 
Rating Symbol 2N56321 2N56331 2N5634 

Collector-Emitter Voltage VeEO 100 1 120 I 140 

Collector-Base Voltage Ves 100 I 120 I 140 

Emitter-Base Voltage VES --- 7.0 

Collector Current - Continuous Ie 10 ---
- P .. k - 15 ---

Base Current - Continuous IS 5.0 -
Total Device Dissipation @ T C = 25°C Po - 150 -Derate above 2SoC 0.857 

Operating and Storage Junction TJ,Tstg __ -65 to +200 --
Temperature Range 

*THERMAL CHARACTERISTICS 
Characteristic 

Thermal Resistance, Junction to Case 

·'ndicates JEDEC Registered Data. 

FIGURE 1 - POWER DERATING 
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TC. CASE TEMPERATURE I'CI 

Safe area limits are Indicated by Flgur. 5. 
Both limits ar. applicable and mUlt be observed. 
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Unit 

Vdc 

Vdc 

Vdc 

Adc 

Adc 

Watts 
wIDe 
°e 

STYLE 1: 

10 AMPERE 

POWER TRANSISTOR 

NPN SILICON 

100-120-140 VOLTS 
150 WATTS 

L~'"~=r ~ K 
SEATING 0 I 

PLANE 
I-F-

ASE r- J -MITTER 
PIN 1. B 

2. E 
CASE: C OL~ECTOR V ~ 1 
J~ :t -i~ I R 

t ~o./' ~l 
MILLIMETERS INCHES 

DIM MIN MAX MIN MAX 

A - 39.37 - 1.550 
B 11.08 0.830 
C 6.35 7.61 0.250 0.300 
D 0.99 1.09 0.039 0.043 
E 3.43 0.135 
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 11.78 11.19 0.440 0.480 
n 3.84 4.09 0.151 0.161 
R 26.67 1.050 

NOTE: Collector connected to case. 
1. OIM "U"IS alA. eASE 11·01 



2N5632, 2N5633, 2N5634 (continued) 

·ELECTRICAL CHARACTERISTICS (TC = 25°C unless otherwise noted) 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage'· 
(lc· 200 mAde, lB· 0) 

Collector-Emitter CutPff Current 
(VCE • 50 Vde, IB = 0) 
(VCE • 60 Vde, IB = 0) 
(VCE • 70 Vdc, IS = 0) 

Collector-E mitter Cutoll Current 

(VCE = Rated VCB, VES(off) = 1.5 Vde) 
(VCE = Rated VCB, VEB(off) = 1.5 Vdc, TC = 1500C) 

Collector Base Cutoff Current 
(VCB· Rated VCB, IE = 0) 

Emitter-Base Cutoff Current 
""BE· 7.0 Vde, IC = 0) 

ON CHARACTERISTICS 

DC Current Gainl1 ) 

(lC = 5.0 Ade, VCE = 2.0 Vde) 

(lC = 10 Ade, VCE = 2.0 Vde) 

Collector-Emitter Seturation Voltage 
(lC = 7.5 Ade. IB = 0.75 Ade) 
(lC = 10 Ade, IB = 2.0 Ade) 

Base-Emitter Seturation Voltage 
(lC = 7.5 Ade, IB = 0.75 Ade) 

Base-Emitter On Voltage 
(lC = 5.0 Ade, VCE = 2.0 Vde) 

DYNAMIC CHARACTERISTICS 

Current-Gain-Bandwidth Product (2) 

(lC = 1.0 Ade, VCE = 20 Vde, Itest = 0.5 MHz) 

Output Capaeitanca 
(VCB = 10 Vdc, IE = 0, 1=0.1 MHz) 

Small Signal Current Gain 
(VCE = 10 Vde, IC = 2.0 Ade, 1·'.0 kHz) 

"Indica .. 1 JEDEC Reg_ad Oat •. 
11) Pul .. Toot: Pul .. Width';; 300 1", Duty Cycl.~ 2.0%. 
(2) IT = I h,. I • ftest 

1
25j1S 

1 

FIGURE 2 - SWITCHING TIME TEST 
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Symbol 

VCEO(sus) 

ICED 

ICEX 

ICBO 

lEBO 

hFE 

VCE(satl 

VBE(satl 

VBE(on) 

IT 

Cob 

hIe 

2.0 

1.0 

0.5 

0.2 

o. 1 

0.05 

0.02 
0.1 

Min Mex Unit 

Vde 
100 -
120 -
140 -

mAde 
- 1.0 
- 1.0 
- 1.0 

mAde 
- 1.0 
- 5.0 

- 1.0 mAde 

- 1.0 mAde 

-
25 100 
20 BO 
15 60 
5.0 -

Vde 
- 1.0 
- 2.0 

- 2.0 Vde 

- 1.5 Vde 

1.0 - MHz 

- 300 pF 

15 - -

FIGURE 3 - TURN·ON TIME 
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2N5632, 2N5633, 2N5634 (continued) 

FIGURE 4 - THERMAL RESPONSE 
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FIGURE 5 - ACTIVE-REGION SAFE OPERATING AREA 
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LIMIT FOR 2N5632 
2N5633 
2N5634 

0.5ms 

\. 

"-

0.1 ms 
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 F igur. 5 is based on T Jlpk) = 200; T C is variable 
depending on conditions. Second breakdown pulse limits are valid 
for duty cvcles to 10% provided T J(pk) ~ 2000C. 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 limitations imposed by second b.eakdown. 
lSoe AN-415) 
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2N5632, 2N5633, 2N5634 (continued) 
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FIGURE B - DC CURRENT GAIN 

VCE=2.0V 

~'500C 

I r-
250C t- ......... r-.... 

-550C -. 
........ 

0.2 0.3 0.5 1.0 2.0 3.0 5.0 

IC, COLLECTOR CURRENT lAMP) 

FIGURE 10 - "ON" VOLTAGES 

~TJ=250C 

,/ 

VBEI .. tl@ Ic/lB = 10 
....----..l--t-H'n:--

VB~12.blv 

II II I-'" 
VfEljtl[@ [I~/I[B[= 10 

V -f-"'" 
I 

0.2 0.3 0.5 1.0 2.0 3.0 5.0 

IC, COLLECTOR CURRENT lAMP) 
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2N5635 (SILICON) 

2N5636 
2N5637 

NPN SILICON RF POWER TRANSISTORS 

· .. designed for VHF/UHF amplifier applications. These devices are 
suitable for use in 28 volt systems to 470 MHz. These transistors are 
ideal for 225·400 MHz communications equipment. 

• Balanced Emitter Construction to provide the designer with the 
device technology that assures ruggedness and resists transistor 
damage caused by load mismatch. 

• Low inductance strip line packaging for easier and better broad· 
band designs. 

• Ceramic Package 

• Choice of Power Levels at 400 MHz. 28 Vdc -
2N5635 - 2.5 Watts - 6.2 dB (Min) Gain 
2N5636 - 7.5 Watts - 5.7 dB (Min) Gain 
2N5637 - 20 Watts - 4.6 dB (Min) Gain 

*MAXIMUM RATINGS 
Rating Symbol 2N5636i 2N5636i 2N1i637 

Collector-Emitter Voltage VCEO 
Coliector·Ba .. Voltage VCB 
Emitter-Base Voltage VEB 
Collector Current IC 
Total Device DissipationflllTC =250 C Po 

Derate above 25°C 

Operating and Storage Junction TJ.Tstg 
Temperatura Range 

-Indicatel JEOEC Registered Oate. 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 

A 9.40 9.78 0.370 0385 • 8.13 '.38 0320 0.330 
C 11.83 19.46 0.694 0.76 
0 054 0" 0.025 0.035 
E 1.78 2.03 -0070 O.DBO 
F 5.59 5.84 0.220 0.2 
H 26.16 27.89 1.030 1000 • 0.10 5 004 0006 • 13.1]8 "84 0.515 0.545 
l 7.11 7.7 
M <D' 50' , 
• 127 1.52 0.050 00 
P I. 

• 759 7.BO .299 3 
S 4.01 4.52 .,58 011 
T 2,. 241 .085 0095 

254 3.30 0.100 01 
V 10' 20' 10' 20' 

CASE 1448.()3 

- 35 -- 60 - 4.0 -
1.0 I 1.5 I 3.0 

7.5 I 15 I 30 
43 86 171 

-65 to +200 

STYLE 1 
PIN 1 EMITTER 

2 BASE 
3 EMITTER 
4 COLLECTOR 

2N5635. 2N5636 

2-213 

Unit 

Vdc 

Vdc 

Vdc 

Adc 

Watts 
mWf'C 

°c 

STYLE 1 
PIN 1 EMITTER 

28ASE 
J EMITTER 
4 COLLECTOR 

2N5637 

NPN SILICON 
RF POWER 

TRANSISTORS 

2N5635 
2N5636 

2N5637 

L j_ -j A I :=fJ.1 

lb[ ij I =l'!. 
l E - U t8 

=~ATlNG PLANE =I-.-lu 1 
WRENCH flAT ~~ 

A 
B 
C 
D 
E 
F 
H 
J 

• l 
M 
P 

• 
NOTE 

CASE 145A-Ol USE 8 32NCZA STUO 

CASE 145A·01 



2N5635, 2N5636, 2N5637 (continued) 

*ELECTRICAL CHARACTERISTICS (T A ~ 25°C unless otherwise noted) 

Characteristic 

OFF CHARACTERISTICS 

Coliector·Emitter Breakdown Voltage (Note 1) 
(lC ~ 100 mAde, IB ':0) 2N5635 
(lC = 200 mAde, IB = 0) 2N5636,2N5637 

Colleetor·Emitter Breakdown Voltage (Note 1) 
(lC = 100 mAde, VBE = 0) 2N5635 
(lC = 200 mAde, VBE = 0) 2N5636,2N5637 

Emitter·Ba .. Breakdown Voltage 
(IE = 1.0 mAde, IC = 0) 2N5635 
(IE = 5.0 mAde, IC = 0) 2N5636 
(IE = 10 mAde, IC = 0) 2N5637 

Collector Cutoff Current 
(VCB = 30 Vde, IE = 0) 2N5635 

2N5636 
2N5637 

ON CHARACTERISTICS 

DC Current Gain 
(Ie = 100 mAde, VCE = 5.0 Vde) 2N5635 
(lC = 200 mAde, VCE = 5.0 Vde) 2N5636 
(lC = 500 mAde, VCE = 5.0 Vde) 2N5637 

DYNAMIC CHARACTERISTICS 

Output Capacitance 
(VCB = 30 Vde, IE = 0, f = 0.1 to 1.0 MHz) 2N5635 

2N5636 
2N5637 

FUNCTIONAL TEST 

Common·Emitter Amplifier Power Gain 
(Pout = 2.5 Watts, VCE = 2B Vde, f = 400 MHz) 2N5635 
(Pout = 7.5 Watts, VCE = 2B Vde, f = 400 MHz) 2N5636 
(Pout = 20 Watts, VCE = 2B Vde, f = 400 MHz) 2N5637 

Power Output 
(Pin = 0.6 Watt, VCE = 28 Vde, f = 400 MHz) 2N5635 
(Pin = 2.0 Watts, VCE = 28 Vde, f = 400 MHz) 2N5636 
(Pin = 7.0 Watts, VCE = 28 Vde, f = 400 MHz) 2N5637 

I COllector Efficiency 
(Pout = 2.5 Watts, VCE ~ 28 Vde, f = 400 MHz) 2N5635 
(Pout = 7.5 Watts, VCE = 28 Vde,. f = 400 MHz) 2N5636 
(Pout = 20 Watts, VCE = 28 Vdc, f = 400 MHz) 2N5637 

-'ndleates JEDEC Registered Data. 
Note 1: Pulsed through 25 mH inductor. 

FIGURE 1 - 400 MHz TEST CIRCUIT (2N5635,2N5636) 

Output 

1.3 

co 

ll,l2,L3-1 wm,#14 AWG,1/4"lHa. 

C6-1.o.20pFpmontrimmar 
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Symbol 

BVCEO 

BVCES 

BVEBO 

ICBO 

hFE 

Cob 

GpE 

Pout 

'1 

Min Typ Max Unit 

Vde 
35 - -
35 - -

Vde 
60 - -
60 - -

Vde 
4.0 - -
4.0 - -
4.0 - -

mAde 
- - 0.1 
- - 1.0 
- - 1.0 

-
5.0 - -
5.0 - -
5.0 - -

pF 
- 5.0 10 
- 10 20 
- 20 30 

dB 
6.2 9.2 -
5.7 7.0 -
4.6 5.8 -

Watts 
2.5 3.2 -
7.5 8.4 -
20 22 -

% 
50 - -
50 - -
60 - -

FIGURE 2 - 400 MHz TEST CIRCUIT (2N5637) 

500 F 0.01 'p'F U 
'Fe 

O.IS1tH 

l2 -30 nH,3TumsfI6AWG. '.4"0. D., J!,H L 
Cl, ca, C4 -1.0·10 pF picton trimmlr 1:.3 -4(1 nH, 1 Tumf16 AWG.3Js O. D. 
L 1 - 12 nH, #1. straight wire, 3/4"lonp L4 -10 nH, 1/4" wide, 3/8" long Cu Strap 



2N5635, 2N5636, 2N5637 (continued) 
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2N5635, 2N5636, 2N5637 (continued) 
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2N5635, 2N5636, 2N5637 (continued) 

CIRCUIT DESIGN DATA 
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2N5635, 2N5636, 2N5637 (continued) 

CIRCUIT DESIGN DATA 

LARGE S.IGNAL OUTPUT CAPACITANCE versus FREOUENCY 
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2N5635, 2N5636, 2N5637 (continued) 
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2N5635, 2N5636, 2N5637 (continued) 

APPLICATION INFORMATION 

In addition to a fine selection of quality R F Semiconductors, Motorola 
provides applications information in the form of Application Notes. Any 
of the notes listed on this page may be obtained by writing to the Technical 
Information Center, Motorola Semiconductor Products Inc., P. O. Box 
20912, Phoenix, Arizona. 

Small Signal RF Design 

AN-139A- Understanding Transistor Response 
Parameters 

AN-166 - Using Linvill Techniques for RF Amplifiers 

AN-215A - RF Small Signal Design Using 2-Port 
Parameters 

AN-238 - Transistor Mixer Design Using Admittance 
Parameters 

AN-247A- An Integrated Circuit RF-IF Amplifier 
AN-419 - UHF Amplifier Design Using Data Sheet 

Curves 

AN-421 - Semiconductor Noise Figure Considerations 
AN-423 - Field-Effect Transistor RF Amplifier Design 

Techniques 

RF Power Transistor Circuit Design 

2-220 

AN-267 - Matching Network Designs with Computer 
Solutions 

AN-282A - Systemizing RF Power Amplifier Design 



2N5638 (SILICON) 

2N5639 
2N5640 

N-CHANNEL JUNCTION 
FIELD-EFFECT TRANSISTORS 

· .. depletion mode (Type A) Junction Field·Effect Transistors 
designed for chopper and high·speed switching applications. 

• Low Drain-Source "ON" Resistance -
rds(on) = 30 Ohms (2N5638) 

60 Ohms (2N5639) 
100 Ohms (2N5640) 

• Low Reverse Transfer Capacitance -
Crss = 4.0 pF (Max) @ f = 1.0 MHz 

• Fast Switching Characteristics -
tr = 5.0 ns (Max) (2N5638) 

MAXIMUM RATINGS 

Rlting Svmbol 

Orain..source Voltage VOS 
·Drain~Gate Voltage VOG 
• Reverse Gate-Source Voltage VGSR 
• Forward Gate Current IGF 
"Total Device Oi .. ipation @ T A = 25°C Po III 

Derate above 25°C 

'Storage Temporature Range Tsto 
Operating Junction Temperature Range TJ 111 

Valu. Unit 

30 Vde 

30 Vdc 

30 Vde 

10 mAde 

310 mW 
2.82 mW/oC 

-65 to +150 °c 

-65 to +135 °c 

(1) Continuous package improvements have enhanced these guaranteed Maximum Ratings 85 

follows: Po = 1.0 W @TC" 2SoC, Derate above 2SoC - B.O mW;oC. T J = -65 to +150o C. 
6J~ == 12SoC/W. 

FIGURE 1 - SWITCHING TIMES TEST CIRCUIT 

INPUT 
(SCOPl' AI 

OUTPUT 
ISCOPE BI 

·Indicates JEDEC Regist.red Data. 

50 

Von:: 10Vdc 

~lpF 

+ J--TO 50 OHM SCOPE B 

O.OOI.F 

+-+--------.TO 50 OHM SCOPE A 
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N-CHANNEL 
JUNCTION 

FIELD-EFFECT 
TRANSISTORS 

TYPE A 

r Al 

SEATING~DBF C 
PLANE L- ~Fr 

D-::Ilf-LI-h 
::::h I-=-

lor 
" . STYLE 5' 

PIN I. 
2 
3 

~.-l 
DRAIN 00 0 0 5 B 

DIM 
A 
B 
C 
D 
F 

L 
N 
P 
Q 

R 
S 

SOURCE I---r-T 
GATE --I S ~I I 

MILLIMETERS INCHES 
MIN 
4.450 
3.180 
4.320 
0,401 
0.40' 

1.150 
-

6.350 
3.430 
2.410 
2.030 

MAX MIN 
5.200 u.175 
4.19_0 0.125 
5.330 0.170 
0.533 0.016 
0.4lI u.ol6 

1.390 0.045 
1.210 -
- 0.250 
- 0.135 

2.610 0.095 
2.610 0.080 

CASE 29-02 
TO·92 

MAX 
U.205 
0.165 
0.110 
0.021 
0.019 
-

0.055 
0.050 
-
-

0.105 
0.105 



2N5638, 2N5639, 2N5640 (continued) 

*ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 

Characteristic Symbol Min Max Unit 

OFF CHARACTERISTICS 

Gate-SOuree Breakdown Voltage V(BR)GSS 30 - Vde 
(lG = 10 "Ade, VOS = 0) 

Gate Reverse Current IGSS 
(VGS = -15 Vde, VOS = 0) - 1.0 nAde 

IVGS = -15 Vde, VOS = 0, TA = 1000C) - 1.0 "Ade 

Drain Cutoff Current 10(off) 
(VOS = 15 Vde, VGS = -12 Vde) 2N5638 - 1.0 nAdc 

(VOS = 15 Vde, VGS = -8.0 Vde) 2N5639 - 1.0 
(VOS = 15 Vde, VGS = -6.0 Vde) 2N5640 - 1.0 
(VOS = 16 Vde, VGS = -12 Vde, T A = 1000C) 2N563B - 1.0 "Ade 
(VOS = 15 Vde, VGS = -8.0 Vde, TA = l000C) 2N5639 - 1.0 
(VOS = 15 Vde, VGS = -6.0 Vde, TA = 100°C) 2N5640 - 1.0 

ON CHARACTERISTICS 

Zero·Gate Voltage Drain Current (Note 1) lOSS mAde 
(VOS = 20 Vde, VGS = 0) 2N5638 50 -

2N5639 25 -
2N5640 5.0 -

Orain·Souree "ON" Voltage VOS(on) Vde 
(10 = 12 mAde, VGS = 0) 2N563B - 0.5 
(10 = 6.0 mAde, VGS = 0) 2N5639 - 0.5 
(10 = 3.0 mAde, VGS = 0) 2N5640 - 0.5 

Static Drain-5ource "ON" Resistance rOS(on) Ohms 

(10 = 1.0 mAde, VGS = 0) 2N563B - 30 
2N5639 - 60 
2N5640 - 100 

SMALL-SIGNAL CHARACTERISTICS 

Static Drain-8ource "ON" Resistance rds(on) Ohms 
(VGS = 0,10 = O"f = 1.0 kHz) 2N563B - 30 

2N5639 - 60 
2N5640 - 100 

Input Capacitance Ciss - 10 pF 
(VOS = 0, VGS = -12 Vde, f = 1.0 MHz) 

Reverse Transfer Capacitance Crss - 4.0 pf 
(VOS = 0, VGS = -12 Vde, f = 1.0 MHz) 

SWITCHING CHARACTERISTICS (Figure 1) 

Turn·On Delay 10(on) = 12 mAde 2N563B !d(on) - 4.0 ns 
Time 6.0 mAde 2N5639 - 6.0 

3.0 mAde 2N5640 - B.O 

Rise Time VOO=10 Vdc, 
10(on) = 12 mAd~ 2N5638 tr - 5.0 ns 

6.0 mAde 2N5639 - 8.0 
VGS(on) = 0, 3.0 mAde 2N5640 - 10 

Turn·Off Delay. VGS(off) = -10Vde, 10(on) = 12 mAde 2N563B !d(off) - 5.0 ns 
Time 6.0 mAde 2N5639 - 10 

- RG'=500hms 3.0 mAde 2N5640 - 15 

Fall Time 1010n) = 12 mAde 2N563B tf - 10 ns 
6.0 mAde 2N5639 - 20 
3.0 mAde 2N5640 - 30 

-'ndicatas JEDEC Registered Oata. 
Note 1. Pulse Test: Pulse Width ~ 300 IJ,s. Duty ~ycla S;3.0%. 
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2N5641 (SILICON) 

2N5642 
2N5643 

NPN SILICON RF POWER TRANSISTORS 

. designed for VH F power amplifier or oscillator applications in 
military and industrial equipment. These devices are particularly 
suited for use in Class AB, B, or C amplifier applications to 400 MHz. 

• Balanced Emitter Construction to provide the designer with the 
device technology that assures ruggedness and resists transistor 
damage caused by load mismatch. 

• Stripline packaging for lower lead inductance and better broad· 
band capability. 

• Ceramic Packaging 

• Specified 2B Volt, 175 MHz Characteristics-
2N5641 - 7.0 Watts Output Power at B.4 dB Gain 
2N5642 - 20 Watts Output Power at 8.2 dB Gain 
2N5643 - 40 Watts Output Power at 7.6 dB Gain 

-MAXIMUM RATINGS 

Rating Symbol 2N564112N5642j2N5643 

Collect.,..·Emitter Voltago VeEO ---35-
Collector·Sase Voltago Ves 65 

Emitter·Sase Voltage VES -4.0-

Collector Current - Continuous Ie 1.0 I 3.0 I 5.0 

Unit 

Vde 

Vde 

Vde 

Ade 

Totel Device Dissipation @ T A = 250 e Po 15 I 30 I 60 Watts 
Derate above 250 e 

Operating and Storage Junction 
Temperature Range 

·lndlcatel JEOEC Registered Data. 

MILLIMETERS INCHES 
DIM MI. MAX MI. MAX 

• 9.40 9.78 !l3l§ • "' S." 0". 
17.63 19.46 0.766 

D D." 0 .. 0.035 • 1.78 ,., 0.080 
F 5.59 5.B4 D 
H 26.16 27.89 1.(190 
J 010 0" 

~1i= K 13 .• 13.84 
l 711 7 
M ... 50' • 1.27 152 
P 

• 759 7.80 0.299 D.D7 
S 4 , •. S I 17 
T 2.16 2.41 D .... 0095 

2.54 ". 0.100 0.10 
V 10' '0' 10' 

, 
CASE 1448-03 

86 171 342 

TJ,T stg 

STYLE 1 
PIN 1 EMITTER 

2 BASE 
3 EMITTER 

-65 to +200 

4 COLLECTOR 

2N5641 
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mW/oe 

°e 

STYLE 1 
PIN 1 EMITTER 

2 BASE 
3 EMITTER 
4 COLLECTOR 

2N5642 
2N5643 

NPNSILICON 
RF POWER 

TRANSISTORS 

2N5641 

2N5642 
2N5643 

rT "1 A I J 

~I- " coh~ 1"6 - _ -=-l-:h: t E - U s :,.,:,.,,} L.lu 1 
WRENCH FLAT ~~ 

MILLIMETERS INCHES 
DIM MI. MAX MIN M.X 

• 94D 9.78 0370 0.385 

• B.13 '.38 0.320 03," 
C 18.03 1905 0.110 0.750 
0 5.59 5.84 • 1.78 '03 0.070 0.080 
F 2.79 2.92 0.110 0.115 
H 26.42 28.10 1. 11 
J 010 0.15 0'" 0.00& 
K 13.21 "35 11.520 0.565 
L 1.40 I D. D. 
M 45' DM "'N , 1.27 
R 759 780 0299 0.301 
S '0' 4.52 0'58 ., 
T 2.16 2.41 0 O. 

'54 '.D "DO , 
NOTE 

CASE 14SA 01 USE 8 32NC2A STUD 

CASE 145A-Ol 



2N5641, 2N5642, 2N5643 (continued) 

*ElECTRICAl CHARACTERISTICS (T A = 25°C unless otherwise noted) 

Characteristic Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breekdown Voltage (Note 1) BitCEO 
(lC = 200 mAde, IB = 0) 

Collector-Emitter Breekdown Voltage BVCES 
(lC = 200 mAde, VBE = 0) 

Emitter-Base Breekdown Volt1lge BVEBO 
(IE = 6.0 mAde, IC = 0) 2N5641 
(IE = 10 mAde,lc = 0) 2N5642,2N6643 

Collector Cutoff Current 
(VCB = 30 Vde, IE = 0) 

ICBO 

ON CHARACTERISTICS 

DC Current Gain hFE 
(lc = 100 mAde, VCE = 5.0 Vde) 2N6641 
(lC = 200 mAde, VCE = 5.0 Vde) 2N5642 
(lc = 500 mAde, VCE = 5.0 Vde) 2N5643 

DYNAMIC CHARACTERISTICS 

Output Capacitance Cob 
(VCB = 30 Vde, IE =0, f = 0.1 to 1.0 MHzl 2N5641 

2N5642 
2N5643 

FUNCTIONAL TEST 

Power Input (Figure 11 Pin 
(Pout = 7.0 Watts, VCE = 28 Vde, f = 175 MHzl 2N5641 
(Pout = 20 Watts, VCE = 28 Vde, f = 175 MHz) 2N5642 
(Pout = 40 Watts, VCE = 28 Vde, f = 175 MHz) 2N5643 

Common-Emitter Amplifier Power Gain (Figure 11 GpE 
(Pout = 7.0 Watts, VCE = 28 Vde, f = 175 MHz) 
(Pout = 20 Watts, VCE = 28 Vde, f = 175 MHz) 
(Pout = 40 Watts, VCE = 28 Vde, f = 175 MHz) 

Collector Efficiency (Figure 11 
(Pout = 7.0 Watts, VCE = 28 Vdc, f = 175 MHzl 
(Pout = 20 Watts, VCE = 28 Vde, f = 175 MHz) 
(Pout = 40 Watts, VCE = 28 Vde, f = 175 MHz) 

Note 1: Pulsed 'through 25 mH Inductor. 
-Indicates JEOEC Registered Data. 

0.1 

2N5641 

2N5641 
2N5642 
2N5643 

'1 
2N5641 
2N5642 
2N5643 

FIGURE 1 - 175 MHz TEST CIRCUIT 

2N5643 

Min Typ 

35 -

66 -

4.0 -
4.0 -
- -

5.0 -
5.0 -
5.0 -

- 8.5 
- 22 
- 45 

- 0.4 
- 1.9 
- 5.0 

8.4 12.5 
8.2 10.2 
7.6 8.1 

60 -
60 -
60 -

C" C3, C4 - 5.0 - 80 pF 

CZ-9.0-180pF 

l,-1%" Straight #14 AWG 

2N5642 

Cl-3.0-30pF 

C2, C3, C4, - 9.0 - 180 pF 

Ll -1" Straight #t4AWG 

C" C2' C3' C4,· ARCO 464 25-280 pF 

Ll-l .. Str~ght#14AWG 

LZ - 1 Turn #16 AWG, %" 1:0: 

L2 - 3 Turns #18 AWG, "00'.0. LZ -1 Tum #16 AWG, %"1.0. 
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Max Unit 

- Vde 

- Vde 

Vde 
-
-

1.0 mAde 

-
-
-
-

pF 
15 
35 
65 

Watts 
1.0 
3.0 
7.0 

dB 
-
-

% 
-
-
-



2N5641, 2N5642, 2N5643 (continued) 
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2N5641, 2N5642, 2N5643 (continued) 
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2N5641, 2N5642, 2N5643 (continued) 

CIRCUIT DESIGN DATA 
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2N5641, 2N5642, 2N5643 (continued) 
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CIRCUIT DESIGN DATA 
LARGE SIGNAL OUTPUT CAPACITANCE versus FREQUENCY 
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2NS644 (SILICON) 

NPN SILICON RF POWER TRANSISTOR 

... designed for 12.5 Volt, UHF large signal amplifier applications reo 
quired in industrial and consumerFMequipmentoperating to520 MHz. 

• Low lead inductance stripline package for ease of design and in· 
creased broadband capability 

• Balanced Emitter Construction to protect against device damage 
due to load mismatch 

• Specified 12.5 Volt, 470 MHz Characteristics -
Output Power = 1.0 Watt 
Minimum Gain = 7.0 dB 
Efficiency = 60% 

'MAXIMUM RATINGS 

Rating Symbol Value 
Collector-Emitter Voltage Vceo 18 
Collector-Base Voltage VCB 36 
Emitter-Base Voltage Ve8 4.0 
Collector Current Continuous I~ 0.25 
Total Device Oissipation@Tc=25oC Po 3.5 

Derate above 25°C 0.02 
Operating and Storage Junction TJ,T,tg -65 to +200 

Temperature Range 

Unit 

Vde 
Vde 

Vde 
Ade 

Watts 
W/oe 

°c 

'ELECTRICAL CHARACTERISTICS (Te = 250 e unless otherwise noted) 

Characteristic I Symbol Min Max Unit 
OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage (Note') 
IIc=50mAde.IB=OI 

Collector-Emitter Breakdown Voltage (Note 11 
(Ie'" 50 mAde, Vee"'" 0) 

Emitter-Base Breakdown Voltage 
lie = 1.0 mAde,lC = 01 

Collector Cutoff Current 
(Vce -15Vde.Vee=O, TA = 1250CI 

Collector Cutoff Current 
(VCB - 15 Vde. Ie "01 

ON CHARACTERISTICS 

I DC Current Gain 
IIC - 0.1 Ade, Vce = 5.0 Vdel 

DYNAMIC CHARACTERISTICS 

Current-Gain-Bandwidth Product (Note 2) 
IIc=50mAde. VCE -12Vde,f= l00MHzl 

Output Capacitance 
(Vce= 12Vde,IE =0, f = 1.0 MHzl 

FUNCTIONAL TEST 

Common-Emitter Amplifier POlN8r Gain (Figure 1) 
(Pout =I.0W, Vee = 12.5Vde,lc=0.133Ade, 
f=470MHzI 

Collector Efficiency 
(Pout"1.0W. VCC=12.5Vdc,IC=0.133Ade, 
f=470MHzl 

·Indh::ates JEOEC Registered Data. 
Note 1: Pulsed through 25 mH Inductor. 

BVCEO 18 

BVces 36 

BVeBO 4.0 

ICES 

ICBO 

GpE 7.0 

~ 60 

Note 2: fT Is defined al the frequency at which ihfelextrapolates to unity. 

- Vde 

Vde 

Vde 

10 mAde 

0.1 mAde 

- dB 

- % 
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DIM 

A 
B 
C 
0 
E 
F 
H 
J 
K 
L 
M 
P 
R 
S 
T 
U 

NOTE' 

NPN SILICON 
RF POWER 

TRANSISTOR 

MILLIMETERS INCHES 
MIN MAX M(N MAX 

9.40 9.78 0.370 0.385 
8.13 8.38 0.320 0.330 

18.03 19.05 0.710 0.750 
5.59 5.84 0.220 0.230 
1.78 2.03 0.070 0.080 
2.79 2.92 0.110 0.115 

26.42 28.70 1.040 1.130 
0.10 0.15 0.004 0.006 

13.21 14.35 0.520 0.565 
1.40 1.65 0.055 0.065 

450 NOM 450 N M 
1.27 - 0.050 

7.59 7.80 0.299 0.307 
4.01 4.52 0.158 0.118 
2.16 2.41 0.085 O.O~ 
2.54 3.30 0.100 0.130 

CASE 145A·Ol USE 8·32NC2A STUD 
CASE 145A·Ol 

I 

'i 



2N5644 (continued) 

DESIGN DATA 

u; ,. 
:J: 

S 
w 
u 
z 
« 
t; 

~ 
>-
~ 
;;!: 
C 

iF 

20 

15 

10 

5.0 

o 
200 

FIGURE 1 - 470 MHz TEST CIRCUIT 

+12.5Vdc 

RFC2 

II =COPPERSTRAP 1" lOllg,5/32"Wlde 

l2=1 Turn i'16 AWG WJRE,3J32" I D, Total length 
ofCollandLeadF1J/16" 

Io:- 24DOBUTTON 

1.0·10 

10·10 

RFC 1 = 0 15 ~H MOLDED CHOKE with Ferrite Bead on G,round lead 

RFC2= STurns#20WIRE, 1/32"1.0 ,3/8" long 

All CapaCitance Values In pF E~cept As Noted 

FIGURE 3 - POWER OUTPUT versus FREQUENCY 

t, FREQUENCY (MHz) 

FIGURE 5 - PARALLEL EQUIVALENT INPUT 
RESISTANCE versus FREQUENCY 

\'VCC.12.5VdC V 
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~ / Pout '1.0 W -
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I, FREQUENCY (MHz) 
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~ 
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20 

15 
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5.0 

FIGURE 2 - POWER OUTPUT versus POWER INPUT 

VCC '12.5 VdYZ25 MHz :/ / 

""'---I 350 MHz./" V 470MHz // 
/ / // ........ 512 MHz 

/ / / :/" 
1/ // 
// '/ 
// , 

0.1 0.2 0.3 0.4 

Pin, POWER INPUT (WATTS) 

FIGURE 4 - PARALLEL EQUIVALENT OUTPUT 
CAPACITANCE versus FREQUENCY 

~ VCC • 12.JdC 

~ 
~out'I.0W 

r--... 

0.5 

i'--r--

200 300 400 500 550 

I,.FREQUENCY (MHz) 

FIGURE 6 - PARALLEL EQUIVALENT INPUT 
CAPACITANCE versus FREQUENCY 

100~-------r------r-----r----r--------r-~ 

300 500 550 

I, FREQUENCY (MHz) 



2N 5645 (SILICON) 

NPN SILICON RF POWER TRANSISTOR 

· .. designed for 12.5 Volt, UHF large signal amplifier applications re­
quired in industrial and consumer FM equipment operating to520 MHz. 

• Low lead inductance stripline package for ease of design and in­
creased broadband capability 

• Balanced Emitter Construction to protect against device damage 
due to load mismatch 

• Specified 12.5 Volt, 470 MHz Characteristics­
Output Power: 4.0 Watt 
Minimum Gain: 6.0 dB 
Efficiency: 60% 

"MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage VCEO 18 

Collector-Base Voltage Vea 36 

Emitter-Base Voltage VEa '.0 

Collector Current - Continuous IC 1.0 

Total Device Dissipation@Tc-25DC Po 12 
Derate above 25°C 0.068 

Operating and Storage Junction TJ,Tstg -65 to +200 

Temperature Range 

Unit 

Vde 

Vdc 

Vdc 

Adc 

Watts 

wl"e 

°c 

• ELECTRICAL CHARACTERISTICS (TC = 25°C unless otherwise noted) 

I ettar.-.irtic I Symbol I Min I Max I Unit 
OFF CHARACTERISnCS 

Collector-Emitter Breakdown Voltage (Note l' BVeEO 18 - Vdc 
lie" 100 mAde. 10 = O. 

Collector-Emitter Breakdown Voltage (Note 1) BVCES 36 Vdc 
(Ie" 100 mAde, VSE = 0) 

Emitter-Base Breakdown Voltage BVEBO 4.0 Vdc 
lie" 1.0 mAde, Ie" 0) 

Collector Cutoff Current 
(VeE = 15 Vdc. Vae" D. T A'" 12SOC) 

ICES 10 mAde 

Collector Cutoff Current leBO - 0.5 mAde 
(Vca'" 15 Vdc, Ie = 01 

ON CHARACTERISTICS 

I 
DC Current Gain 

I hFE I 15 I I lie = 0.5 Ade. VCE = 5.0 Vdel 

DYNAMIC CHARACTERISTICS 

Current-Gain Bandwidth Product (Note 21 tr 400 MHz 
(Ie'" 100 mAde. Vce '" 12 Vdc. 
f= 100 MHz) 

Output Capacitance Cob - 20 OF 
(VCB'" 12 Vdc. Ie '" O. f = 1.0 MHz) 

FUNCTIONAL TEST 

Common-Emitter Amplifier Power Gain (Figure ,) GpE 6.0 da 
(Pout = 4.0W. Vcc" 12.6 Vdc.IC "" 0.53 Adc, 
f= 470 MHz) 

Collector Efficiency " 60 - " (Pout'" 4.0 W. Vee'" 12.5 Vdc. Ie'" 0.53 Adc. 
f-470MHz) 

i Indicates JEDEC Registered Data. 
Note 1: Pulsed thrOUgh 25 mH Inductor. 
Note 2: tT II dllflned es the frequency at which !h,.lextrBPol8tes to unity. 
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I 

I 

NPNSILICON 
RF POWER 

TRANSISTOR 

I ,~~~ BF,1+ -'\--~ t t I R--l 3 STYLE 1 GJJ ,~,~" PIN t EMITTER 
2 BASE 

L 1_ I A I" :=IJ ~ 
}bt tJ: I ::ij. 
l E - u ts 
~EATINGPlANE =1_fU I 
WRENCH FLAT ::::....j ~ 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 

A 9.40 9.78 0.370 0.385 
B 8.13 8.38 0.320 0.330 
C 18.03 19.05 0.710 0.750 
D 5.59 5.84 0.220 0.230 
E 1.78 2.03 0.070 0.080 
F 2.79 2.92 0.110 0.115 
H 26.42 28.70 1.040 1.130 
J 0.10 0.15 0.004 0.006 
K 13.21 14.35 0.520 0.565 
L 1.40 1.65 0.055 0.065 
M 450 NOM 450 NOM 
P 1.27 - 0.050 
R 7.59 7.80 0.299 0.307 
S 4.01 4.52 0.158 o 1Z!! 
T 2.16 2.41 0.085 0.095 
U 2.54 3.30 0.100 0.130 

NOTE 
CASE 145A·Ol USE 8·32NC2A STUD 

CASE 145A·Ol 



2N5645 (continued) 

DESIGN DATA 

FIGURE 1 - 470 MHz TEST CIRCUIT 

Ll '" COPPER STRAP 1" Long, 5/32" Wide 

L2 = !fTC!~ :~3 t::~s ~llW1:'32" 1.0., Total Length 

RFC 1 = o.151lH MOLDED CHOKE with Ferrite Bead on Ground Lead 

RFC 2 '" 8 Turns 120WIRE. 7132" 1.0., 3181' long 

All Capar.itance Values in pF Except As Noted. 

FIGURE 3 - POWER OUTPUT v ...... FREQUENCY 
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FIGURE 5 - PARALLEL EQUIVALENT INPUT 
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FIGURE 2 - POWER OUTPUT venus POWER INPUT 
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FIGURE 4 - PARALLEL EQUIVALENT OUTPUT 
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FIGURE 6 - PARALLEL EQUIVALENT INPUT 
CAPACITANCE v ...... FREQUENCY 

~ 
I 

VCC -12.5 Vd. 

"" '" " "'- Pout"4.0W 

2.0W 

~ 

200 250 300 400 500 550 
t. FREQUENCY (MHz) 



2N5646 (SILICON) 

NPN SILICON RF POWER TRANSISTOR 

· .. designed for 12.5 Volt, UHF large signal amplifier applications re­
quired in industrial and consumerFMequipmentoperating to520 MHz. 

• Low lead inductance stripline package for ease of design and in· 
creased broadband capability 

• Balanced Emitter Construction to protect against device damage 
due to load mismatch 

• Specified 12.5 Volt, 470 MHz Characteristics­
Output Power = 12 Watt 
Minimum Gain = 4.7 dB 
Efficiency = 60% 

-MAXIMUM RATINGS 

Rating Symbol Value 

Coliector·Emitter Voltage VCEO 18 

Collector·8818 Voltage VC8 36 

Emitter·Base Voltage VE8 4.0 

Collector Current - Continuous IC 2.0 

Total Device Dissipation@Tc=250 C Po 30 

Derate above 2SoC 0.171 

Operating and Storage Junction TJ,Tstg -65 to +200 

Temperature Range 

Unit 

Vde 

Vde 

Vde 

Ade 

watts 

wfDc 

°c 

-ELECTRICAL CHARACTERISTICS (TC = 250 C unless otherwise noted) 

I Characteristic I Symbol I Min I Max I Unit 

OFF CHARACTERISTICS 

Colleetor·Emitter Breakdown Voltage (Note 11 
(lc = 200 mAde, IB = 01 

Collector-Emitter Breakdown Voltage (Note 1) 
(lc = 200 mAde, VBE = 01 

Emitter-Base Breakdown Voltage 
(IE = 1.0 mAde, IC = 01 

Collector Cutoff Current 
(VCE = 15 Vdc, V8E = 0, T A = 1250 CI 

Collector Cutoff Current 
(VCB = 15 Vde, IE = 0) 

ON CHARACTERISTICS 

DC Current Gain 
(lc = 1.0 Adc, VCE = 5.0 Vde) 

DYNAMIC CHARACTERISTICS 

Current-Gain - Bandwidth Product (Note 2) 
(IC = 250 mAde, VCE = 12 Vde, f = 100 MHz) 

Output Capacitance 
(VCB = 12 Vde, IE = 0, f = 1.0 MHz) 

FUNCTIONAL TEST 

Common-Emitter Amplifier POMr Gain (Figure 1) 
(Pout = 12W, VCC= 12.5Vde,lc= 1.6 Ade, 
f = 470 MHz) 

Collector Efficiency 
(Pout = 12 W, VCC = 12.5 Vdc, IC = 1.6 Ade, 
f= 470 MHz) 

*Indicates JEDEC Registered Data. 
Note1: Pulsed through 25 mH inductor. 

BVCEO 18 -

BVCES 36 -

BVEBO 4.0 -

ICES - 10 

ICBO - 1.0 

fT 400 -

Cob - 40 

GpE 4.7 -

'1 60 -

NOta 2: fT I-s defined as the frequency at which IhfelextrapOlates to unity. 
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Vde 

Vde 

Vdc 

mAde 

mAde 

MHz 

pF 

dB 

% 

DIM 

A 
8 
C 
0 
E 
F 
H 
J 
K 
L 
M 
P 
R 
S 
T 
U 

NOTE' 

NPNSILICON 
RF POWER 

TRANSISTOR 

MILLIMETERS INCHES 
MIN MAX MIN MAX 

9.40 9.78 0.370 0.385 
8.13 8.38 0.320 0.330 

18.03 19.05 0.710 0.750 
5.59 5.84 0.220 0.230 
1.78 2.03 0.070 0.080 
2.79 2.92 0.110 0.115 

26.42 28.70 1.D4D 1.130 
0.10 0.15 0.004 0.006 

13.21 14.35 0.520 0.565 
1.40 1.65 0.055 0.065 

450 NOM 450 NOM 
1.27 - 0.050 

7.59 7.80 0.299 0.307 
4.01 4.52 0.158 0.17 
2.16 2.41 0.085 0.095 
2.54 3.30 0.100 0.130 

CASE 145A-Ol USE 8-32NC2A STUD 
CASE 145A-Ol 



2N5646 (continued) 

DESIGN DATA 

u; .. 
:z: 
E! 
w 
'" '" ~ 
i1i 
a; 
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~ 
~ 
c 

Ii' 
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FIGURE 1 - 470 MHz TEST CIRCUIT 

II '" COPPER STRAP i .. long, 5/32" WIde 

L2:= 1 Turn #16 AWG WIRE, 3132"'1.0., Total Length 
of COl! and Leads"' 13/16" 

RFC 1 = O.15,uH MOLDED CHOKE With Ferrite Bead on Ground Lead. 

RFC 2" 8 Turns ~20 WIRE, 7/32" I D., 3/S" long 

All Capacitance Values in pF Except As Noted. 

FIGURE 3 - POWER OUTPUT versus FREQUENCY 

f. FREUUENCY(MHzl 

FIGURE 5 - PARALLEL EQUIVALENT INPUT 
RESISTANCE versus FREQUENCY 
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FIGURE 2 - POWER OUTPUT versus POWER INPUT 
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For Specifications See 2N4957 Data, Volume I. 
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2N5653 (SILICON) 
2N5654 

SILICON N-CHANNEL 
JUNCTION FIELD-EFFECT TRANSISTORS 

Depletion Mode (TypeA) Junction Field-EffectTransistorsdesigned 
primarily for low-power. chopper and switching applications. 

• Fast Switching Times - 2N5653 
td(on) ; 4.0 ns (Max) 

tr; 5.0 ns (Max) 
td(off) ; 5.0 ns (Max) 

tf; 10 ns (Max) 

• Low Drain-Source "ON" Resistance -
rds(on); 50 Ohms (Max) @ ID; 1.0 mAdc - 2N5653 

• Low Reverse Transfer Capacitance -
Crss ; 3.5 pF (Max) @ VGS; -12 Vdc 

*MAXIMUM RATINGS 

Rating Svmbol Value 

Drain-Gate Voltage VOG 30 

Reverse Gate-Source Voltage VGSR 30 

Forward Gate Current IGF 10 

Total Device Dissipation @TA == 25°C Po 111 310 
Derate above 2SoC 2.82 

Storage Temperature Range Tstg 
111 

-65 to +150 

"Indicates JEDEC Registered Data. 

Unit 

Vdc 

Vdc 

mAde 

mW 
mW/oC 

°c 

(1) Continuous package Improvements have enhanced these guaranteed MaXimum Ratings as 
follows Po == 1.0 W @TC = 25°C, Derate above 2SoC - 8.0 mW/oC, T J = -65 to + 150°C. 
BJC '" 12SoC/W. 
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N-CHANNEL 
JUNCTION FIELD-EFFECT 

TRANSISTORS 

(Type A) 

r Al 

SEATING4nB~ PLANE ~ ~F 1 
D-jll-'-I-!-L 

::::jR~ 

lor 
STYLE 5 ~ J, J., B ~~ 

PIN 1 DRAIN S 

DIM 
A 
B 
C 
D 
F 

L 
N 
P 
a 
R 
S 

2. SOURCE I---r-T 
3 GATE --I s _I I 

MILLIMETERS INCHES 
MIN 
4.450 

.1 
4.320 
0.407 
0.407 

1150 

6.350 
3.430 
2.410 
2.030 

MAX MIN 
5. 00 0.175 
4.19 0.1 
5.330 0.170 
0.533 0,016 
048 u.016 
-

1.390 0.045 
1.270 -

0.250 
0.135 

2.670 0.095 
2670 0.080 

CASE 29-02 
TO-92 

MAX 
O. 05 
0.165 
0.210 
0.021 
0.019 
-

0.055 
0.050 
-
-

0.105 
0.105 



2N5653, 2N5654 (continued) 

*ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 

Characteristic Symbol 

OFF CHARACTERISTICS 

Gate-Souree Breakdown Voltage V(BR)GSS 
tlG = 10 "Ade, VDS = 0) 

Gate Reverse Current IGSS 
(VGS = -15 Vde, VDS = 0) 

(VGS = -15 Vde, VDS = 0, TA = l00oC) 

Drain Cutoff Current ID(offJ 
(VDS = 15 Vde, VGS = -12 Vde) 2N5653 

(VDS = 15 Vde, VGS = -8.0 Vde) 2N5654 

(VDS = 15 Vde, VGS = -12 Vde, TA = 10oDC) 2N5653 

(VDS = 15 Vde, VGS = -8.0 Vde, TA = 1000 C) 2N5654 

ON CHARACTERISTICS 

Zero·Gate Voltage Drain Current (Note 1) IDSS 
(VOS = 20 Vde, VGS = 0) 2N5653 

2N5654 

Orain-Souree "ON" Voltage VOS(on) 
tiD = 10 mAde, VGS = 0) 2N5653 

tiD = 5.0 mAde, VGS = 0) 2N5654 

SMALL-SIGNAL CHARACTERISTICS 

Static Drain·Source "ON" Resistance rds(on) 
(VGS = 0, 10 = 1.0 mAde) 2N5653 

2N5654 

(VGS = O,ID = 0, f = 1.0 kHz) 2N5653 
2N5654 

I nput Capacitance Ciss 
(VOS = 0, VGS = -12 Vde, f = 1.0 MHz) 

Reverse Transfer Capacitance Crss 
(VDS = 0, VGS = -12 Vde, f = 1.0 MHz) 

SWITCHING CHARACTERISTICS 

Test Condition for 2N5653: 
Turn·On Delay Time (VDD - 10 Vde, VGS(on) = 0, 2N5653 td(on) 

VGS(off) =-12 Vde, 2N5654 
Rise Time ID(on) = 10 mAde, 2N5653 tr 

RG'= 50 Ohms) 2N5654 

Test Condition for 2N5654: 

Turn-Qff Delay Time (VDO = 10 Vde, VGS(on) = 0, 2N5653 ld(off) 
VGS(off) = -12 Vde, 2N5654 

Fall Time 10(on) = 5.0 mAde, 2N5653 tf 
RG' = 50 Ohms) 2N5654 

(Figure 1) 

• Indicates JEDEC Registered Data. 
Note 1: Pulse Test: Pulse Width S; 300 IlS, Duty Cycle S 3.0%. 

FIGURE 1 - SWITCHING TIME TEST CIRCUIT 

INPUT 
(SCOPE A) 10% 

OUTPUT 
(SCOPE BJ 

INPUT PULSE. 
Iro;;10ns 
f = 10kHl 

Duty CYtle, 1.0% 

Rl= VI~D -(rds(on) + 501 

____ -VGS(off) 
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Min Max Unit 

30 - Vde 

- 1.0 nAde 

- 1.0 "Ade 

- 1.0 nAde 

- 1.0 

- 1.0 "Ade 
- 1.0 

mAde 
40 -
15 -

Vde 
- 0.75 

- 0.75 

Ohms 
- 50 
- 100 

- 50 
- 100 

- 10 pF 

- 3.5 pF 

- 4.0 ns 
- 6.0 
- 5.0 ns 
- 8.0 

- 5.0 ns 
- 10 

- 10 ns 
- 20 

Voo 

50 



2N 5655 2N,5656 2N 5657 (SILICON) 

MJE5655 MJE5656 MJE5657 

PLASTIC NPN SILICON HIGH-VOLTAGE 
POWER TRANSISTORS 

· .. designed for use in line·operated equipment such as audio output 
amplifiers; low·current, high-voltage converters; and AC line relavs 

• 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 

• Choice of Packages - 2N5655, 2N5656, 2N5657 - Case 77 
MJE5655, MJE5656, MJE5657 - Case 199 

'MAXIMUM RATINGS 
2N5655 2N5656 2N5657 

Rating Svmbol MJE5655 MJE5656 MJE5657 

Collector-Emitter Voltage VCEO 250 300 350 

Collector-Base Voltage Vce 275 325 375 

Emitter-Base Voltage VEe - 6.0_ 

Collector Current - Continuous IC _0.5_ 
Peak ~1.0~ 

Base Current Ie _0.25_ 

2N5655 MJE5655 
Series Series 

Total Oevice Dissipation@Tc=2S0C Po 20 30 
Derate above 2SoC 0.16 0.24 

Operating and Storage Junction TJ, Tslg -65 to +150 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case 

-Indicates JEOEC Registered Data for 2N5655 Series. 

FIGURE 1 - POWER DERATING 
0 

........... 

'" 
0 ....... 

~ MJE5655151 

r--- r-..., 

2Pf' 
........... 

'" 0 -- t'---r---
0 

~ ~ 
25 50 15 lOll 125 150 

TC. CASE TEMPERATURE (·CI 
FIGURE 2 - SUSTAINING VOLTAGE TEST CIRCUIT 
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Unit 

Vdc 

Vdc 

Vdc 

Adc 

Adc 

Watts 
wfOc 

°c 

S.te Ar •• LlmiU are indicated by Figures 3 end 4. Both limits .r. applicable and mult be observed. 
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0_5 AMPERE 
POWER TRANSISTORS 

2N5655 
2N5656 
2N5657 

MJE5655 
MJE5656 
MJE5657 

NPN SILICON 

250-300-350 VOLTS 
20 and 30 WATTS 

I 
STYLE 1 

PIN 1 EMITTHI 
2 COLLECTOR 
3 BASE 

MILLIMETERS INCHES 
0'. ." .. , .ON 

A " .. "" 0.42& · 7. 0295 , 
" 

, '110 
0 '" 0.88 •. 020 

23t1BSC 
.. 

G , ... 
• '" '" 

, ... , 
J 0.015 , 15.18 , ... ",. · TYP 

• 376 .Of " .. 
" II. '40 .... 
S , '89 ,.1125 
U 368 3D' 0.145 

CASE 77-03 

160818.33 
12.5112.83 
3183.41 
051 016 
3.61 3.86 

2.54BSC 
2.61 2.92 
11<13 069 

14131U9 . 
m 

141 1.13 
7 • 

191 218 
.81 08 

T 699 T24 , . 
CASE 199-04 

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

TV .... 
0.055 
0.035 
0155 

STYLE' 
PIN' BASE 

2 COLLECTOR 
3 EMITTER 



2N5655, 2N5656, 2N5657/MJE5655, MJE5656, MJE5657 (continued) 

"ELECTRICAL CHARACTERISTICS (Tc = 250C unless otherwise noted) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage 
(Ie'" 100 mAde (inductive), L '" 50 mHI 

Collector-Emitter Breakdown Voltage 
IIc = 1.0 mAde, IB = 01 

Collector Cutoff Current 

(VCE = 150 Vdc, IB = 01 

(VCE = 200 Vdc, IB = 01 

(VCE = 250 Vdc, IB = 01 

Collector Cutoff Current 

(VeE = 250 Vdc, VEBtoff) = 1.5 Vdc) 

(VeE:' 300 Vdc. VeSloffi '" 1.5 Vdc) 

(VCE = 350 Vdc, VEB(offl = 1.5 Vdc! 

(VCE = 150 Vdc, VEB(offl = 1.5 Vdc, T C = l00,oCI 

(VeE'" 200 Vdc, VeB(off) '" 1.5 Vdc, TC = lOOOe) 

(VeE'" 250 Vdc, VeS(off) '" 1.5 Vdc. TC = lOaoe) 

Collector Cutoff Current 

(VCB = 275 Vdc, IE = 01 

(VCB'" 325 Vdc, Ie '" 0) 

(VCB = 375 Vdc, IE = 01 

Emrtter Cutoff Current 

(VEB = 6.0 Vdc, Ie = 01 

ON CHARACTERISTICS 

DC Current Gam (1) 

He'" 50 mAde. veE'" 10 Vdc) 

fie = 100 mAde, VeE = 10 Vde) 

(Ie = 250 mAde, VCE '" 10 Vde) 

(le:= 500 mAde, Vee = 10 Vde) 

Collector-EmItter SaturatIon Voltage (1) 

(Ie"" 100 mAde, 18 '" 10 mAde) 

He = 250 mAde, le::= 25 mAde) 

(IC '" 500 mAde, IS'" 100 mAde) 

Base-Emitter Voltage (1) 

(Ie = 100 mAde, VCE '" 10 Vdc) 

DYNAMIC CHARACTERISTICS 

Current-Gam-Bandwidth Product {2} 

(lC '" 50 mAde, VCE '" 10 Vde, f = 10 MHz) 

Output Capacitance 
(Vee"" 10 Vde, IE::= 0, f:= 100 kHz) 

Smail-SIgnal Current Gain 
(le:= 100 mAde, VCE = 10 Vdc, f = 1_0 kHz) 

• IndIcates JEDEC RegIstered Data for 2N5655 Series 
(1) Pulse Test: Pulse Wrdth"5 300 j.1s, Duty Cycle~ 2 0%_ 

2N5655, MJE5655 
2N5656, MJE5656 
2N5657, MJE5657 

2N5655, MJE5655 
2N5656, MJE5656 
2N5657, MJE5657 

2N5655, MJE5655 

2N5656, MJE5656 

2N5657, MJE5657 

2N5655, MJE5655 

2N5656, MJE 5656 

2N5657, MJE5657 

2N5655, MJE5655 

2N5656, MJE5656 

2N5657, MJE5657 

2N5655, MJE5655 

2N5656, MJE5656 

2N5657, MJE5557 

(2) fT IS defined as the frequency at whIch Ihfel extrapolates to unrty 

Symbol. Min Max Unit 

vceo(sus) Vde 
250 -
300 -
350 -

BVCEO Vde 
250 -
300 -
350 -

ICEO mAde 
- 0.1 

- 0.1 

- 0.1 

ICEX mAde 
- 0.1 

- 0.1 

- 0.1 

- 1.0 

- 1.0 

- 1.0 

ICBO IlAdc 
- 10 

- 10 

- 10 

lEBO 10 ",Adc 

hFE 
25 
30 250 

15 

5.0 

VCE(sat) Vdc 
1.0 

2.5 
10 

VBE 1.0 Vdc 

IT 10 MHz 

Cob 25 pF 

hie 20 

ACTIVE·REGION SAFE OPERATING AREA 
FIGURE 3 - 2N5655, 2N5656, 2N5651 FIGURE 4 - MJE5655, MJE5656, MJE5651 

1.0 0 

i D. 

5 

§ o. .. a 
.. D. 

~ 
~ 0.0 

8 
~ 

5 
, 

" " 21-- Y'lrC 

I\. 1 
Second Break own limit 

5 --Thermal Limi,fIITc = 25°C ::: 
- - - - Bonding Wire Limit 

f--

1D.,-r-
I" 500., 

"\. 
t-t-

I'" 
1.0ms 

1\ 

~de 
I" 

0.0 
CUi aPj'Y bi'Ti"jlCEO . '\. 

2 2N5655 
.D I I 2N5656-
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VCE, COLLECTOR EMITTER VOLTAGE (VOLTS) 

There are two limitations on the power handling abilitv of a 
transistor: average junction temperature and second breakdown_ 
Safe oparating araa curves Ind icate Ie - V CE limits of the transistor 
that must be observed for reliebleoperation; i.e., the transistor must 
not be subjected to greater dissipation than the curve. indicate. 

a: O. 

! 
5 

~ 10", 

~ .2!---
TJ(T 

."\ '\ I 

'" 1'\ 1\ ~O".= a 
'" 
~ 

.1 
Second Break.down limit 

- - - - - Thermal limit of TC = 25°C 

5 - - Bonding Wire limit 
de I I I I I 8 0.0 

,....-- Curves apply below rated VCEO ~ 1.0m.-

0.0 

0.0 

2 

1 
20 

I 
MJE5655 

-+ [\1 ~~~~:~~-
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VCE, COLLECTOR·EMITTER VOLTAGE (VOLTSI 

The data of Figuras 3 and 4 is based on T J(pk) = 1500 C; TC i. 
variable depending on conditions. Sacond breakdown pulse limits 
are valid for duty cvcles to 10% provided T J(pk)S1500C. At high 
case temperature., thermal limitation. will reduce the power that 
can be handled to values Ie .. than the limitation. impo.ed by second 
breakdown. (Sae AN-415) 
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2N5655, 2N5656, 2N5657/MJE5655, MJE5656, MJE5657 (continued) 

LARGE SIGNAL CHARACTERISTICS CUT-OFF CHARACTERISTICS 

FIGURE 5 - TRANSCONDUCTANCE FIGURE 6 - TRANSCONDUCTANCE 
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2N5655, 2N5656, 2N5657/MJE5655, MJE5656, MJE5657 (continued) 
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2N5668 (SILICON) 

2N5669 
2N5670 

SILICON N·CHANNEL 
JUNCTION FIELD·EFFECT TRANSISTORS 

Depletion Mode (TypeA) Junction F ield-EffectTransistors designed 
for VHF amplifier and mixer applications. 

• Low Cross Modulation and Intermodulation Distortion 

• Drain and Source Interchangeable 

• Low 100-MHz Noise Figure -
NF = 2.5 dB (Max) 

• Low Reverse Transfer and Input Capcitances­
Crss = 1.0 pF (Typ); Ciss = 4.7 pF (Typ) 

• High Maximum Stable Gain Due to Drain and Gate Lead Separation 

*MAXIMUM RATINGS 

Rating Svmbol Value Unit 

Drain-Source Voltage VOS 25 Vde 

·Drain-Gate Voltage VOG 25 Vdc 

*Reverse Gate-SOu~ce Voltage VGSR 25 Vdc 

·Forward Gate Current IGF 10 mAde 

Drain Current 10 20 mAde 

*Total Device Dissipation@TA = 250 C Po '" 310 mW 
Derate above 2SoC 2.82 mW/oC 

·Storage Temperature Range Tstg III -65 to +150 °c 
-Indicates JEDEC Registered Data. 

(11 Continuous package improvements have enhanced these guaranteed Maximum Ratings as 

follows' Po = 1.0 W @TC "" 25°C, Derate above 25°C - B,O mW~C, T J "" -65 to +150o C, 
8 JC '" 1250 C/W. 
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N·CHANNEL 
JUNCTION FIELD·EFFECT 

TRANSISTORS 

(Type A) 

STYLE 5' 
PIN 1. DRAIN 

1 SOURCE 
3. GATE 

MILLIMETERS INCHES 
DIM MIN 

A 4450 
B 3.18 
C 4.310 
D 0.407 
F O. 07 

L 1.150 
N 
P 6.350 
a 3.430 
R 1.410 
S 1.030 

MAX MIN 
5.100 0.175 
4.1 0 0.125 
5.330 0170 
0.533 0.016 
0.481 D.ul. 

1.3!/0 0.045 
1.270 -

0.150 
0.135 

2.670 0.095 
2.670 0.080 

CASE 29.(J2 
TO-92 

MAX 
0.205 
0.165 
0.110 
0.011 
0.019 
-

0.055 
0.050 
-
-

0.105 
0.105 



2N5668, 2N5669, 2N5670 (continued) 

ELECTRICAL CHARACTERISTICS ITA = 25°C unless otherwise noted} 

I Characteristic I Symbol 

'OFF CHARACTERISTICS 

Gate~Source Breakdown Voltage 

IIG = 10 /JAde, VOS = 0) 

Gate-Source Cutall Voltage 
(VOS = 15 Vde, 10 = 10 nAde) 2N5668 

2N5669 
2N5670 

Gate Reverse Current 

(VGS = -15 Vdc, VOS = 0) 

(VGS = -15 Vde, VOS = 0, TA = l00aC) 

'ON CHARACTERISTICS 

Zero-Gate Voltage Drain Current (Note 11 
(VOS = 15 Vde. VGS = 0) 2N5668 

2N5669 
2N5670 

SMALL-SIGNAL CHARACTERISTICS 

* Forward Transadmittance 
(VOS = 15 Vde. VGS = 0, f = 1.0 kHz) 2N5668 

2N5669 
2N5670 

* Forward Transconductance 
(VOS = 15 Vde. VGS = O. I = 100 MHz) 2N5668 

2N5669 
2N5670 

·Output Admittance 
(VOS= 15Vde. VGS=O,f= 1.0kHz) 2N5668 

2N5669 
2N5670 

·Output Conductance 
(VOS = 15 Vde, VGS = O. I = 100 MHz) 2N5668 

2N5669 
2N5670 

*Input Conductance 
(VOS = 15 Vde. VGS = O. I = 100 MHz) 

* I nput Capacitance 
(VOS = 15 Vde, VGS = 0, f = 1.0 MHz) 

* Reverse Transfer Capacitance 
(VOS = 15 Vde. VGS = O. f = 1.0 MHz) 

Output Capacitance 
(VOS = 15 Vde. VGS = O. f = 1.0 MHz) 

'Cammon Source Noise Figure (Figure 1) 
(VOS = 15 Vde. VGS = 0, f = 100 MHz, at RG' = 1.0 k ohm) 

Power Gain (Figure 1) 
(VOS = 15 Vde. VGS = O. I = 100 MHz) 

"Indicates JEDE,C Registered Data. excluding typical values. 

Note 1: Pulse Test: Pulse With ::= 100 ms, Duty Cycle.s; 10%. 

V(BR)GSS 

VGS(off) 

IGSS 

lOSS 

IYfsl 

Re(Yls) 

IYasl 

R'(Yas) 

Re(Yis) 

Ciss 

Crss 

Coss 

NF 

Gps 

Min Typ 

25 -

0.2 -
1.0 -
2.0 -

- -

- -

1.0 -
4.0 -
8.0 -

1500 -
2000 -
3000 -

1000 -
1600 -
2500 -

- -
- -
- -

- 10 
- 25 
- 35 

- 125 

- 4.7 

- 1.0 

- 1.4 

- -

16 -

FIGURE 1 - 100 MHz, POWER GAIN AND NOISE FIGURE TEST CI RCUIT 
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L1 

Max Unit 

- Vde 

Vde 
4.0 
6.0 
8.0 

2.0 nAde 

2.0 I'Ade 

mAde 
5.0 
10 
20 

,umhos 

6500 
6500 
7500 

,umhos 
-
-
-

",mhos 
20 
50 
75 

Ilmhos 

50 
100 
150 

800 ",mhos 

7.0 pF 

3.0 pF 

4.0 pF 

d8 
2.5 

- d8 

RL'-SOOhms 



2N5679, 2N5680 PNP (SILICON) 

2N5681, 2N5682 NPH 

LOW-POWER COMPLEMENTARY 
51 LICON TRANSISTORS 

· .. designed for use as a driver for high-power transistors in general-
purpose amplifier and switching circuit applications. 

• High Current-Gain-Bandwidth Product -
fT = 30 MHz (Min) @ IC = 100 mAdc 

• Low Collector· Emitter Saturation Voltage -
VCE(sat) = 0.6 Vdc (Max) @ IC = 0.25 Adc 

• DC Current Gain Bracketed at 0.25 Adc -
hFE = 40 (Min) and 150 (Max) 

'MAXIMUM RATINGS 

2N5679 2N5680 
Rating Symbol 2N5681 2N5682 Unit 

Collector-Emitter Voltage VCEO 100 120 Vdc 

Collector-Base Voltage VCB 100 120 Vdc 

Emitter-Base Voltage VEB 4.0 Vdc 

Collector Current - Continuous IC 1.0 Adc 

Base Current 18 0.5 Adc 

Total Power Dissipation @ T A ::: 25°C Po 1.0 Watt 

Derate above 25°C 5.7 mWf'C 

Total Power Dissipation @ T C = 2SOC Po 10 Watts 
Derate above 2SoC 57 mWf'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 17.5 °CIW 

Thermal Resistance, Junction to Ambient R9JA 175 °CIW 

-Indicates JEDEC Registered Data. 
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1 AMPERE 
COMPLEMENTARY SILICON 

POWER TRANSISTORS 

STYLE 1: 

100-120 VOLTS 
10 WATTS 

SEATING 
PLAN 

PIN 1. EMITIER 
2. BASE 
3. COLLECTOR 

DIM 

A 
B 
C 
D 
E 
F 
G 
H 
J 
K 
L 
M 
N 
p 

All JEDEC dimensions and notes apply. 
CASe 31·03 

TO·5 



2N5679, 2N5680 PNP/2N5681, 2N5682 NPN (continued). 

"ELECTRICAL CHARACTERISTICS (TC = 250 C unless otherwise noted) 

Characteristic Symbol Min 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage VCEOlsus) 
(IC = 10 mAde, la = 01 2N5679,2N5681 100 

2N 5680, 2N5682 120 

Collector Cutoff Current ICEO 
(VCE = 70 Vde, la ='0) -
(VCE = 80 Vde, la = 0) -

Collector Cutoff Current ICEX 
(VCE = 100 Vde, VEa(off) = 1.5 Vde) 2N5679,2N5681 -
(VCE = 120 Vde, VEB(off) = 1.5 Vde) 2N 5680, 2N 5682 _. 
(VCE = 100 Vdc, VE8(off) = 1.5 Vde, TC = 150°C) 2N5679,2N5681 -
(VCE = 120 Vdc, VEB(off) = 1.5 Vde, TC = 1500C) 2N5680,2N5682 -

Collector Cutoff Current Icao 
(Vca = 100 Vde, IE = a) 2N5679,2N5681 -
(VCB = 120 Vde, IE = 0) 2N5680, 2N5682 -

Emitter Cutoff Current lEBO -
(VEa = 4.0 Vde, IC = 0) 

ON CHARACTERISTICS 

DC Current Gain hFE 
IIc = 250 mAde, VCE = 2.0 Vde) 40 
IIc = 1.0 Ade, VCE = 2.0 Vde) 5.0 

Collector-Emitter Saturation Voltage VCE(sat) 
IIc = 250 mAde, IB = 25 mAde) -
IIc = 500 mAde, la = 50 mAde) -
IIc = 1.0 Ade, la = 200 mAde) -

Base-Emitter On Voltage veE (on) -
IIc = 250 mAde, VCE = 2.0 Vde) 

OYNAMIC CHARACTERISTICS 

Current-Gain~Bandwidth Product fT 30 
IIc = 100 mAde, VCE = 10 Vde, f = 10 MHz 

Output Capacitance Cob -
(VCB = 20 Vde, IE = 0, f = 1.0 MHz) 

Small-Signal Current Gain hfe 40 
IIc = 0.2 Ade, VCE = 1.5 Vde, f = 1.0 kHz) 

., ndicates JE OEC Registered Data. 

FIGURE 1 - SWITCHING TIMES TEST CIRCUIT 

01, Must Be Fast Recovery Type, e.g. Vee 
MBD5300 Used Above Ie = 100 mA 
MS06100 Used Below IS '" 100 rnA 

+30 V 

t r • tf ~10 ns 
Duty Cycle = 1.0% 

51 
01 

-4.0 V 

AS 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 
-
-

I'Ade 
10 
10 

1.0 I'Ade 
1.0 
1.0 mAde 
1.0 

I'Ade 
1.0 
1.0 

1.0 I'Ade 

-
150 
-

Vde 
0.6 
1.0 
2.0 

1.0 Vde 

- -

50 pF 

-



2N5679, 2N5680 PNP/2N5681, 2N5682 NPN (continued) 
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2N5679, 2N5680 PNP/2N5681, 2N5682 (continued) 
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There are two limitatiOns on the power handling ability of a 
transistor: average junctIOn temperature and second breakdown. 
Safe 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 diSSipation than the curves Indicate. 

The data of Figure 7 is based on T C :: 2SoC; T J(pk) is 
vanable depending on power level. Second breakdown pulse limits 
are valid for duty cycles to 10% provi~d TJ(pk) ~20aoC, T J(p~) 
may be calculated from the data 10 Figure 6. 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 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 8. 
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2N5679, 2N5680 PNP/2N5681, 2N5682 NPN (continued) 

u 
C 

200 

~ 50 

30 

vcl.)ov 

PNP 
2N5679,2N5680 

I 
TJ! 15JoC 

25°C 

I 

-5~OC 

FIGURE 9 - DC CURRENT GAIN 
300 

VC~. 210 V 

200 
z 

~ 
I-

~ 
~100 
u 
c 
~ 70 

0 

----
,/' 

..--

...--

NPN 
2N5681 , 2N5682 

IT]J!500C 

J5hJ 

-- II 
-55°C 

~ 
~:--

0 2 10 
I 

20 30 50 70 100 200 300 500 700 10k 
IC, COLLECTOR CURRENT ImAI 

0 310 20 30 50 70 100 200 300 500 700 1.0 k 
IC, COLLECTOR CURRENT ImAI 

"' 
FIGURE 10 - COLLECTOR SATURATION REGION 

~ 1. 
c 
2: 

~ O. 
~ 
c 
> 
ffi 0 
~ 

~ 
~ O. 

u O. 
w 
;; 

0 

B 

Ic=50mA 
6 

4 

2 

0 05 1.0 20 

TJ = 25°C 

\ 
\ 

200 rnA \ 500 rnA 1000 rnA 

\ ~ I 
I~ 

1\ 1'-

5.0 10 20 50 100 200 500 

IB, BASE CURRENT ImAI 

en 1. 
~ 

0 

'" > 
~ O. 

'" ~ 
'" ~ O. 

~ ,. 
~ O. 

'" g 
S 0 

~ 
> 

8 

6 

4 

2 

0 

\ TJ' 25°C 

\ 
\ 

Ic'50mA \ 200 rnA, 500 rnA l000mA 

1 

1\ 
1\ -

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

02 05 10 2.0 5.0 10 20 50 100 200 
IB, BASE CURRENT (mAl 

FIGURE 11 - "ON" VOLTAGES 

o. 

"' ~ 
2: 
w 

'" 
~ 
> O. 
.,; 

o. 

0 
TJ '" 25°C 

8 
.A--t::: 

VBEI .. tl@IC/IB' 10 I-;::: -- f.--' 

6~lonl@VCE'20Iv 

4 

2 

VCEI"tl @IC/IB - 10 

__ I--" 

0 10 20 30 50 70 100 200 300 500 700 1.0 k 

IC, COLLECTOR CURRENT ImAI 

2-247 

0 
TJ' 25°C 

...-- ,.. 
8 

VBEI~atl ~ IC/IBI. lri t:: /" --: 
o. 

6 VBElonl @VCE'2 0 V 

4 

O. 2 
f.-

VCEI"tl @IC/IB • 10 

0 
10 20 30 50 70 100 200 300 500 700 1.0 k 

IC,COLLECTOR CURRENT (mAl 



2N5679, 2N5680 PNP/2N5681, 2N5682 NPN (continued) 
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2N5683, 2N5684 PNP (SILICON) 

2N5685,2N5686 NPN 

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;25Adc 

• Low Coliector·Emitter Saturation Voltage -
VCE(sat) ; 1.0 Vdc (Max) @ IC ; 25 Adc 

*MAXIMUM RATINGS 
2N5683 

Rating Symbol 2N5685 

Collector-Emitter Voltage VeEO 60 

Collector-Base Voltage Ves 60 

Emitter-Base Voltage VES 

Collector Current - Continuous Ie 

Base Current IS 

Total Device Dissipatlon@Tc = 25°C Po 

2N5684 
2N5686 

80 

80 

5.0 

50 

15 

300 
Derate above 25°C 1.715 

Operating and Storage Junction T J. Tstg -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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TEMPERATURE (OCI 

Unit 

Vdc 

Vdc 

Vdc 

Adc 

Adc 

Watts 
w/oe 
°e 

Safe Area Curves are indicated by Figure 5. AU limits are applicable and must be observed. 
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50 AMPERE 
COMPLEMENTARY SILICON 

POWER TRANSISTORS 

60-80 VOLTS 
300 WATTS 

Ic=AS=f=l_f 

.L~-+ te K 
SEATING 0 r 

PLANE 

DIM 

A 
B 
C 
0 
E 
F 
G 
H 
J 
K 
Q 
R 

STYLE 1: 
PIN 1. BASE 

2. EM1TIER 
CASE. COLLECTOR 

MILLIMETERS INCHES 
MIN MAX MIN MAX 

38.35 39.37 1.510 1.550 
19.30 21.08 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 
5.21 5.72 0.205 0.225 

18.84 17.15 0.655 0.675 
11.18 12.19 0.440 0.480 
3.84 4.09 0.151 0.161 

24.89 26.67 0.980 1.050 

CAse 197·01 



2N5683, 2N5684 PNP, 2N5685, 2N5686 NPN(continued) 

'ELECTRICAL CHARACTERISTICS (TC = 25°C unless otherwise noted) 

Characteristic Symbol Min r Ma. Unit 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage INote 1) VCEOlsus) Vdc 
(lC = 0.2 Adc, 'B: 0) 2N 5683, 2N 5685 60 -

2N5684,2N5686 80 -
Collector Cutoff Current 'CEO mAde 

IVCE : 30 Vdc, 'B : 0) 2N5683,2N5685 - 1.0 
IVCE - 40 Vdc, 'B : 0) 2N5684, 2N5686 - 1.0 

Collector Cutoff Current 'CEX mAde 
IVCE : 60 Vdc, VEBloff) : 1.5 Vdc) 2N5683, 2N5685 - 2.0 
IV CE : 80 Vdc, VEBloff) : 1.5 Vdc) 2N5684,2N5686 - 2.0 
IVCE : 60 Vdc, VE8Ioff): 1.5 Vdc, TC: 150oC) 2N5683,2N5685 - 10 
IVCE : 80 Vdc, Veeloff): 1.5 Vdc, TC: 1500C) 2N5684,2N5686 - 10 

Collector Cutoff Current 'ceo mAde 
IVCB : 60 Vdc, IE : 0) 2N5683,2N5685 - 2.0 
IVce : 80 Vdc, Ie : 0) 2N5684,2N5686 - 2.0 

Emitter Cutoff Current 'eeo - 5.0 mAde 
IVee : 5.0 Vdc, IC: 0) 

ON CHARACTERISTICS 

DC Current Gain INote 1) hFE -
(lC: 25 Adc, Vce : 2.0 Vdc) 15 60 
(lC: 50 Adc, VCE : 5.0 Vdc) 5.0 -

Collector-Emitter Saturation Voltage (Note 11 Vcel .. ,) Vdc 
(lc = 25 Adc,la: 2.5 Adc) - 1.0 
(lc: 50 Adc,le: 10 Adc) - 5.0 

Base-Emitter Saturation Voltage INote 1) V8EI .. ,) - 2.0 Vdc 
(lC: 25 Adc,la: 2.5 Adc) 

Base-Emitter On Voltage INote 1) Veelon) - 2.0 Vdc 
(lC: 25 Adc, Vce : 2.0 Vdc) 

DYNAMIC CHARACTERISTICS 

Current-Gain-Bandwidth Product 'T 2.0 - MHz 
(lC: 5.0 Adc, Vce : 10 Vdc, I: 1.0 MHz) 

Output Capacitance 2N5683, 2N5684 Cob - 2000 pF 
IVce: 10 Vdc,IE: 0, I: 0.1 MHz) 2N5685, 2N5686 - 1200 

Small-Signal Current Gain hi. 15 -
(lC: 10 Adc, VCE : 5.0 Vdc, I: 1.0 kHz) 

• Indicates JEOEC Registered Data 
Note 1: Pulse Test: Pulse Width ~ 300 IlS, Duty Cycle ~ 2.0". 

FIGURE 2 - SWITCHING TIME TEST CIRCUIT 
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2N5683, 2N5684 PNP, 2N5685, 2N5686 NPN (continued) 
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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 limitsof 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 5 IS based on T J(pkl = 200°C; TC is variable 
depending on conditions. Second breakdown pulse limits are valid 
for duty cycles to 10% prov,ded T J(pkl .;;; 200°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 less than the limitations imposed by second breakdown. 
(See AN-4151 
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2N5683, 2N5684 PNP, 2N5685, 2N5686 NPN (continued) 

PNP 
2N5683. 2N5684 I 

NPN 
2N5685.2N5686 

FIGURE a - DC CURRENT GAIN 

z 

500 

300 

200 

~ 100 

E 70 
~ 5 0 
=> 
<.> 
<.> 311 
c 
W 20 
.ll" 

10 
7.0 
5. 0 

TJ"+1500C 

r-H+:.-
+250C 

-5SOC 

0.5 0.7 1.0 

-t-- == m:~~:-r-- z - ;;: 
to 

E 
~ 
=> 
<.> 

~ .~ <.> 

[""'.; ~ 
~ ... 

c 
..:; 
.ll" 

~ 

2.0 3.0 5.0 7.0 10 20 30 50 

IC. COLLECTOR CURRENT (AMP) 

500 

300 
TJ =+15O"C ___ m:~~:-f-:r-t--

200 
+ 25°C -... - - .... I'""~ 

100 

70 
50 -55°C 

30 

20 

., -..... r-~ ~ 
10 

[".['111 

7.0 
5.0 

0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 20 30 50 

IC. COLLECTOR CURRENT (AMP) 

FIGURE 9 - COLLECTOR SATURATION REGION 

0; 2.0 
!::; 
'" ~ 
w 1.6 
to 

~ 
'" > 1.2 

~ 
il;i 0.8 
'" c 

~ ... 
8 
..:; 

0.4 

!;; 0 
0.1 

1 
1 

IC = IDA 

1\ -
0.2 

\ Tj = ~5~d 
i 

25A \40 A 

\ 
\ 
\ 

"-

0.5 1.0 2.0 3.0 5.0 10 
18. BASE CURRENT (AMP) 

_ 2. 

13 
'" ~ 
w 1. 
to 

~ 

0 

6-

~ 1.2 

~ 
il 
"I 0.8 
'" '" 
~ ... 
'" <.> 

rl 

0.4 

> 0 
0.1 

IcLoA 

\ 
\ 
\ 

1-

0.2 0.3 

1 ~J='2JO! 
kSA 40~ f--

--
'- -

0.5 1.0 2.0 3.0 5.0 10 

'B. BASE CURRENT (AMP) 

FIGURE 10 - "ON" VOLTAGES 

2. 2.5 

2.0 

~ 
'" 1.5 ~ 
w 
to « 
!::; 1.0 
'" > 
:> 

0.5 

tJ I= 12~OC 
fj 

/i 
/. / I 

V 
........-:: /' / 

VBE( .. ~ @lelIB= 10 .... I-"" 

VBE@VCE - 2.b v 
V 

'" , , ./" 
VCE( ... ) @lc/IB = 10 

1. 

0 

TIJ ~ ~50C 1. 
'I 6 

// 
2 ~ 

........-1/ / 
Vr~(TV @ 'Cls = 10 

.... V-
8 -,.... 

VSE@VCE = 2.0 V V 
4 

V~W) @lciIS=110 
V 

o. 

o 0 
0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 20 311 50 0.5 0.7 1.0 2.0 3.0 5.0 10 20 30 50 

'C. COLLECTOR CURRENT (AMP) IC. COLLECTOR CURRENT (AMP) 

2-252 



2N5683, 2N5684 PNP, 2N5685, 2N5686 NPN (continued) 
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2N 5692 thru 2N5696 (GERMANIUM) 

PNP GERMANIUM POWER SWITCHING TRANSISTORS 

... designed for high-current, fast-switching applications requiring 

low saturation voltage and excellent safe operating area. 

MAXIMUM RATINGS 

Rating Symbol 2N&892 12N5683 12N5694 12N6695 12N5896 Unit 

Collector-Emitter Voltage VCEO 30 60 80 100 120 Vdc 

"Collector-Base Voltage Vcs 50 I 80 I 100 I 120 I 140 Vdc 

Emitter-B8$8 Voltage VES 2.5 . Vdc 

Collector Current Continuous IC 40 . Adc 
Peak 60 

Base Current Continuous IS 12 . Adc 

Total Device Dissipation@TC" 25°C Po 120 Watn 
Oerat9 above 2SoC 1.43 . wf'c 

Operating and Storage Junction TJ.Tstg . -65 to +110 . °c 
Temperature Range 

THERMAL CHARACTERISTICS 
Characteristic Symbol M .. Unit 

"Thermal Resistance, Junction to case 'JC I 0.7 I DCM I 
·lndieatesJEDEC Registered Data. 

FIGURE 1 - THERMAL RESPONSE 
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40 AMPERE "ADE" 
POWER TRANSISTORS 

PNP GERMANIUM 

50-140 VOLTS 
120 WATTS 

~ S51MG 'D K 
PLAN~ STYLE 1 

~(':~-o J;l "SE COLLECTOR 

H .. , + + R 
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DIM M" ... "" 

., , 3 '''' • " 
, 

c 91. , , 1 
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n 3 .. ." 11151 '" R 7 - "60 

CASE 3-04 
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11 f.-
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2N5692 thru 2N5696 (continued) 
ELECTRICAL CHARACTERISTICS (TC = 25°C unless otherwise noted) 

Characteristic Symbol Min Max 

OFF CHARACTERISTICS 

.. Collector-Emitter Breakdown Voltage SVCEO 
(lc = 0.1 Ade, IS = 0) 2N5692 30 -

2N5693 60 -
2N5694 80 -
2N5695 100 -
2N5696 120 -

.. Collector Cutoff Current ICEXI 
(VCE = 50 Vde) VSE(off) = 0.2 Vde 2N5692 - 10 

(VCE = 80 Vde) 2N5693 - 10 

(VCE = 100 Vde) For 2N5694 - 10 

(VCE = 120 Vde) All Types 2N5695 - 10 

(VCE = 140 Vdel 2N5696 - 10 

.. Collector Cutoff Current ICEX2( 11 
(V CE = 50 Vde) VSE(offl = 0.2 Vde, TC = +850 C 2N5692 - 30 

(VCE = SO Vde) 2N5693 - 30 
For 

(VCE = 100 Vde) 2N5694 - 30 

(VCE = 120 Vde) All Types 2N5695 - 30 

(VCE = 140 Vde) 2N5696 - 30 

.. Collector-Emitter Sustaining Voltage (See Figure 3) VCEX(sus) 
(lc = 10 Ade) 2N5692 50 -

2N5693 80 -
2N5694 100 -
2N5695 120 -
2N5696 140 -

(lc = 40 Ade) 2N5692 45 -
2N5693 50 -
2N5694 55 -
2N5695 60 -
2N5696 65 -

.. Collector Cutoff Current ICSO - 200 
(VCS = 2.0 Vde, IE = 0) 

* Emitter Cutoff Current lEBO - 500 
(VSE = 2.5 Vde, IC = 0) 

ON CHARACTERISTICS (11 

.. DC Current Gain hFE 
(lC = 25 Ade, VCE = 2.0 Vde) 20 65 

IIc = 40 Ade, VCE = 2.0 Vde) 10 -

* Collector-Emitter Saturation Voltage VCE(sati - 0.75 
(lc = 60 Ade, IS = 12 Ade) 

.. Base-Emitter Saturation Voltage VBE(sati - 1.2 
(lC = 60 Ade, IB = 12 Ade) 

SMALL-5IGNAL CHARACTERISTICS 

.. Current-Gain-Bandwidth Product 
IIC = 5.0 Ade, VCE = 5.0 Vde, f = 100 kHz) 

SWITCHING CHARACTERISTICS 

.. Rise Time tr - 20 

.. Storage Tim IIC = 25 Ade, lSI = 2.5 Ade, IS2 = 2.5 Adel ts - 8.0 

.. Fall Time (See Figure 2) 
tf - 15 

Indicates JEDEC Registered Data. 
(1 )To avoid excessive heating of the collector junction, perform test with pulse method. (PW~ 300,",5, DC'S 2.0%). 

FIGURE 2 - SWITCHING TIME TEST CIRCUIT 

+12':~-1L 

-13VlJ 1-
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t r• tf-< 10 os 

PRF=60Hz 

5.0 
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1.2 

seOPE 

2-255 

FIGURE 3 - CLAMPED INDUCTIVE SAFE 
OPERATING AREA TEST CIRCUIT 

0.04 L (Note 1 J 0.060 ohms 

9 Set to allow reverse surge current to by pass power supply. Not 
needed for power supply with low reverse impedance. 

NOTE 1. l = 10 mH at Ie = 10 A 
l=O.25mHatle:z40 A 
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2N5716 (SILICON) 
2N5717 
2N5718 

SILICON LOW NOISE N·CHANNEL 
JUNCTION FIELD·EFFECT TRANSISTORS 

Depletion Mode Junction Field·Effect Transistors designed for 
audio amplifiers in low·power or battery operated applications. 

• Low Zero- Gate-Voltage Drain Current @ VDS = 15 Vdc -
IDSS= 5O/lAdc to 250 /lAde - 2N5716 

200 /lAde to 1.0 mAde - 2N5717 
800 /lAde to 4.0 mAde - 2N 5718 

• High Forward Transadmittance @ VDS = 15 Vdc, f = 1.0 kHz -
I Vls\= 350 /lmhos (Typ) @ ID = 50 /lAde - 2N5716 

550/lmhos (Typ) @ ID = 200/lAdc - 2N5717 
900/lmhos (Typ) @ I D = 800 /lAde - 2N5718 

• Low Noise Voltage -
en = 75 nV Ij""HZ (Max) @ f = 1.0 kHz 

• Drain and Source Interchangeable 

'MAXIMUM RATINGS 

Rating Symbol Value 

Drai n~Gate Vol tage VOG 40 

Reverse Gate-Source Voltage VGSR 40 

Forward Gate Current, IGF 10 

Total Power Dissipation @ T A = 25°C Po 350 
Derate above 2SoC 2.8 

Operating Channel Temperature Tehannel 150 

Storage Temperature Range Tstg -65 to +150 

., ndicates JEOEC Registered Data. 

MECHANICAL CHARACTERISTICS: 

Maximum Lead Temperature for Soldering: 
2400C, not less than 1116" from caoe for 10 s. 
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Unit 

Vdc 

Vdc 

mAde 

mW 
mW/oC 

°c 
°c 

LOW NOISE 
N·CHANNEL 

JUNCTION FIELD·EFFECT 
TRANSISTORS 

en = 75 nV/.JHz 

STYLE 5 
PIN 1 DRAIN 

2 SOURCE 
3 GATE 

MILLIMETERS INCHES 
DIM MIN 

A 4.450 
B .180 
C 4.320 
D . 0.407 
F 0.407 

L 1.150 
N 
P 6.350 
0 3.430 
R 2.410 
S 2.030 

MAX MIN 
5.200 0.175 
4.190 0125 
5.330 0.170 
0.533 0.016 
0.48Z I 0.016 
-

1.390 0.045 
1.270 
- 0.250 
- 0.1 5 

2.670 0.095 
2.670 0.080 

CASE 29·02 
TO-92 

MAX 
O. 05 
0.165 
0.210 
0.021 
0.019 

0.055 
0.050 
-
-

0.105 
0.105 



2N5716, 2N5717, 2N5718 (continued) 

ELECTRICAL CHARACTERISTICS (TA = 250 C unless otherwise noted.1 

I Characteristic I Symbol Min Max Unit 

'OFF CHARACTERISTICS 

Gate-Orain Breakdown Voltage V(BRIG55 40 - Vde 
(10 = 1.0/lAde, IS = 01 

Gate-Source Cutoff Voltage VGS(off) Vde 
(VOS = 15 Vde, 10= 1.0 nAdel 2N5716 0.2 3.0 

2N5717 0.5 5.0 
2N5718 1.0 8.0 

Gate Reverse Current IGSS 
(V GS = 20 Vde, VOS • 01 - 1.0 nAdc 
(VGS = 20 Vde, VOS· 0, TA = 1000CI - 1.0 /lAde 

'ON CHARACTERISTICS 

Zero-Gate Voltage Drain Current (1) lOSS mAde 
(VOS = 15 Vde, VGS· 01 2N5716 0.05 0.25 

2N5717 0.2 1.0 
2N5718 0.8 4.0 

SMALL·SIGNAL CHARACTERISTICS 

*Forward Transadmittance (1) IYlsl ",mhos 
(VOS = 15 Vde, VGS = 0, 1= 1.0 kHzl 2N5716 200 1000 

2N5717 400 1600 
2N5718 500 2000 

·Output Admittance IYosl - 25 ",mhos 
(VOS = 15 Vde, VGS = 0, I = 1.0 MHzl 

*Input Capacitance Ciss - 5.0 pF 
(VOS = 15 Vde, VGS = 0, I = 1.0 MHzl 

·Output Capacitance Crss - 1.5 pF 
(VOS = 15 Vde, VGS = 0, I = 1.0 MHzl 

Equivalent Short-Circuit Input Noise Voltage en - 75 nVJ[Hz 
(VOS = 15 Vde, VGS = 0, I = 1.0 kHz, BW = 1.0 Hzl 

*Indicates JEDEC Registered Data. 
(11 Pulse Test: Pulse Width ';;630 ms, Duty CycleS 10% 

TYPICAL SMALL-SIGNAL CHARACTERISTICS 

FIGURE 1 - FORWARD TRANSFER ADMITTANCE 
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FIGURE 2 - CAPACITANCE 
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2N5716, 2N5717, 2N5718 (continued) 

NOISE DATA 

w 
to 

50 

~ 
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w 
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FIGURE 3 - TYPICAL NOISE VOLTAGE 

II1111 T~=~5b~ I 

r--.." VGS = 0 
VOS= 15V 

Bandwidth = 1.0 Hz 

1"'-
1\ 

where 

Example: 

VT = total noise voltage at the FET input (volts/.jH;1 
en = noise voltage of the FET referred to the input 

IFigure 3). 
K = Saltzman', constant 11.38 x 10-23 j/aK) 
T = temperature of the source resistance (oK) 

AS = source resistance (ohmsl 

Find the total noise at the input of a 2N5716 FET with a 
source impedance of 10 kilohms at a frequency of 1.0 kHz 
and at a temperature of 25°C. 

Read en = 20.5 nV,.JHz from Figure 3. (Note that this is for 
a one cycle bandwidth l. 
VT = [120.5xl0-9 )2 + (4)(1.38x10-23 (300)(lxl04 )] 1/2 

= 24.2 nV/.JHz 

0.01 0.02 0.05 0.1 0.2 0.5 1.0 2.0 5.0 10 20 50 100 Noise over a frequency hmd can be handled in one of two ways 
depending upon whether FET noise is constant or variable over 
the bandwidth of interest. 

I, FREaUENCY 1kHz) 

In a Junction field-effect transistor, the current flow is due to 
carrier drift, therefore total noise at the input may be expressed as 

1. For constant FET noise, multiply VT by the square root 
of bandwidth, i.e., V'T = VT • .6..f% 

2. Forvariable FET noise, plot V'T (where.6.f = 1.0 Hz) versus 
frequency over the bandwidth and integrate the result. 

Total noise voltage at the output of the FET stage can be found 
by mUltiplying VT by the voltage gain of the stage. 

FIGURE 4 - LOW FREQUENCY CIRCUIT MODEL 

~. 
Cgs fOS 
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YIS=jWC 1SS 
Yas: 1/ross+ Iweoss 
Vfs= Ivtsl 
Vrs=-]wC rss 

CLSS = Cgd + Cgs 
Crss = Cgd 
Coss ::: Cgd + Cds. Cds ~ 0 



2N5716, 2N5717, 2N5718 (continued) 
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TYPICAL LIMIT TRANSFER CHARACTERISTICS 

FIGURE 5 - 2N5716 
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FIGURE 6 - 2N5717 
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FIGURE 7 - 2N5718 
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FIGURE 8 - AMPLIFIER EQUATIONS 
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For Specifications, See 2N4398, Volume 1. 
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2N 5758(SILICON) 
2N5759 
2N5760 

HIGH-VOLTAGE HIGH-POWER 
NPN SILICON 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 

= 120 Vdc (Min) - 2N5759 
= 140 Vdc (Min) - 2N5760 

• DC Current Gain @ IC = 3.0 Adc -
hFE = 25 (Min) - 2N5758 

= 20 (Min) - 2N5759 
= 15 (Min) - 2N5760 

• Low Collector·Emitter Saturation Voltage -
VCE(sat) = 1.0 Vdc (Max) @ IC = 3.0 Adc 

• Complement to PNP transistors 2N6226. 2N6227. 2N6228 

*MAXIMUM RATINGS 

Rating 

Collector·Emitter Voltage 

Collector·Base Voltage 

Emitter-Base Voltage 

Collector Current· Continuous 
Peak 

Base Current 

TotalDeviceDissipation@Tc 2SoC 
Derate above 25°C 

Operating and Storage Junction, 
Temperature Range 

THERMAL CHARACTERISTICS 

Symbol 

VCEO 

Vce 
VEe 

IC 

Ie 

Po 

TJ. T stg 

2N5758 2N5759 I 2N5760 

100 I 120 I 140 

100 ..1 120 I 140 

-7.0-
_6.0_ 
_10_ 

_4.0_ 

150_ 
_0.857_ 

_ -65 to +200 -

Unit 

Vdc 

Vdc 

Vdc 

Adc 

Adc 

Watts 
wf'c 

°c 

Characteristic Symbol 1 Max Unit 

Thermal Resistance, Junction to Case 8JC I 1.17 

-Indicates JEDEC Registered Data 

FIGURE 1 - POWER OERATING 
16o,--,---,r_-,--,---,--,.--,--, 

1401--,,-

i 1211 "" 

is l00I--+--t--f"'o .......... +--;--t--+--J 
~ ~ 
iii 801---+--+--t---t' .............. :-+-+-t-__j 
i5 --" ~ OOI--+--t--t--+--i~ ......... ~-t--'---1 

I ~I--~-~---+--~----t---'~~-t---J 
201---+--+--t--t---t----jr-~---'K___j 
°oL-~2~5-~50~-1~5--7.10~0-~1~25~~15~0r--7.11~~--~200 

TC. CASE TEMPERATURE IDC) 

Safe area limits ar. indicated bV Figure 5. 
80th limits Bra applicable and must be obsarvecr. 
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°CIW 
I 
I 

6AMPERE 
POWER TRANSISTORS 

NPN SILICON 

10()'12()'140 VOLTS 
150 WATTS 

r;= AB=;-
LI r- 1 

~ "I D ~ 
SE~li~~ ----~: 

r--- F - PIN ~: ::~ER 
r-- J - CASE: COLLECTOR 

Q, v~ 1 
~ :t~ R 

t ~ ./ ~l 
MILLIMETERS INCHES 

DIM MIN MAX MIN MAX 

A -
B 
C 6.35 
D 0.99 

f 29.90 
G 1Il.67 
H 5.33 
J 16.64 

CASE 11·01 K 11.18 
Q 3.64 
R -

Collector connected to case. 

39.37 
21.08 
7.62 
1.09 
3.43 

30.40 
11.18 
5.59 

17.15 
12.19 

4.09 
26.87 

0.250 
0.039 

1.177 
O.~ 
0.210 
0.655 
0.440 
O. 51 

1.550 
0.830 
0.300 
0.043 
0.135 
1.197 
0.440 
0.220 
0.675 
0.480 
0.161 
1.050 

NOTE: 1. DIM "u" IS OIA. 



2N5758, 2N5759, 2N5760 (continued) 

"ELECTRICAL CHARACTERISTICS (TC = 2SoC unla •• otharwise noted) 

I Characteristic I Symbol 

OFF CHARACTERISTICS 

COliector·Emitter Sustaining Voltage (11 VCEO(ous) 
(lC = 200 mAde, IS = 0 

Collector Cutoff Current 
(VCE = 50 Vde, IS = 0) 
(VCE = 60 Vde, IS = 01 
(VCE = 70 Vde, IS = 01 

Collector Cutoff Current 
(VCE = Rated VCS, VSE (oft) = 1.5 Vde) 
(VCE = Rated VCS, VSE(oft) = 1.5 Vde, TC = 150°C) 

Collector Cutoff Current 

(VCS = Rated VCS, IE = 0) 

Emitter Cutoff Current 
(VSE = 7.0 Vde, IC = 0) 

ON CHARACTERISTICS (11 

DC Current Gain 
(lC = 3.0 Ade, VCE = 2.0 Vdel 

(lC = 6.0 Ade, VCE = 2.0 Vdel 

COllector-Emitter Saturation Voltage 
(IC = 3.0 Ade, Is = 0.3 Adel 
(lC = 6.0 Ade, IS = 1.2 Ade) 

Base-Emitter On Voltage 
(IC = 3.0 Ade, VCE = 2.0 Vdel 

DYNAMIC CHARACTERISTICS 

Current-Gam - Bandwidth Product 
(lc = 0.5 Ade, VCE = 20 Vde, f •• st = 0.5 MHzl 

Output Capacitance 
(VCS = 10 Vde, IE = 0, f = 0.1 MHz) 

Small-Signal Current Gain 
(lc = 2.0 Ade, VCE = 10 Vde, f = 1.0 kHzl 

-Indicates JEDEC Aeglstered Data 

(1) Pulse Test: Pulse Width ~ 300 ,us, Duty Cycle ~2.0% 
(2) fT = I hfe I • f test 

FIGURE 2 - SWITCHING TIME TEST 
CIRCUIT 

VCC 

+30 V 

2N575B 
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2N5760 
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A 
+~~vL_I __ 1 
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RB 
SCOPE 
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51 

tr.tf~10ns 
~UTY CYCLE = 1.0% -4.0 V 

RB and RC VARIED TO OBTAIN DESIRED CURRENT LEVELS 

01 MUST BE FAST RECOVERY TYPE, .g: 

.:g 0.3 

w 
,. 0.2 
;:: 
~. 

O. 1 

0.01 

0.05 

ICED 
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ICSO 
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hFE 

VCE(sa.1 
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iT 

Cob 

hf. 

-
'" 

MB05300 USED ABOVE IB ~lDO mA 
MSOS100 USED BELOW IB ~ 100 mA 

O.OS 0.1 
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Min Max Unit 

Vde 
100 -
120 -
140 -

mAde 

- 1.0 

- 1.0 

- 1.0 

mAde 

- 1.0 

- 5.0 

mAde 

- 1.0 

mAde 

- 1.0 

-
25 100 
20 80 
15 60 
5.0 -

Vde 

- 1.0 

- 2.0 

Vde 
- 1.5 

MHz 
1.0 

pF 

300 

15 

FIGURE 3 - TURN'()N TIME 
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2N5158, 2N5159, 2N5160 (continued) 

FIGURE 4 - THERMAL RESPONSE 
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FIGURE 6 - TURN-OFF TIME 
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READ TIME Attl ,I .1 J,U II T J(pki - TC' = P(pk) 9JCIt) 
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" TIME 1m,) 

There are two limitations on the power handling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate Ie - v CE I imits 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(pkl = 200; TC is variable 
depending on conditions. Second breakdown pulse limits are valid 
for duty cycles to 10% provided TJlpkl~ 200oC. 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. 
(Se. AN-41S) 
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2N5758, 2N5759, 2N5760 (continued) 

FIGURE 8 - DC CURRENT GAIN 
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FIGURE 10 - "ON" VOLTAGE 
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2N5777 thru 2N 5780 (SILICON) 

MRD14B 

PLASTIC NPN SILICON PHOTO 
DARLINGTON AMPLIFIERS 

· .. designed for applications in industrial inspection, processing and 
control, counters, sorters, switching and logic circuitsor any design re­
qu,iring extremely high radiation sensitivity. and stable characteristics. 

• Economical Plastic Package 

• Sensitive Throughout Visible and Near Infra-Red Spectral Range 
for Wide Application 

• Range of Radiation Sensitivities and Voltages for Design Flexibility 

• TO-92 Clear Plastic Package for Standard Mounting 

• Annular Passivated Structure for Stability and Reliability 

• Precision Die Placement 

MAXIMUM RATINGS 
2N5777' 2N5778' 

Rating Symbol MR0148 2N5779 2N5780 

Collector-Emitter Voltage VCEO 12 25 40 

Collector-Base Voltage VCBO 18 25 40 

Emitter-Base Voltage VEBO 8.0 8.0 12 

Light Current IL _250 -
Total Device Disslpation@TA::<250C Po _200-

Unit 

Volts 

Volts 

Volts 

mA 

mW 
Derate above 25°C ~ 2.67 _______ mW/oC 

Operating and Storage Junction TJ.Tstg' 1) -65 to +100 °c 
Temperature Range 

'"Indicates JEOEC Registered Data. 
(!) Heat Sink should be applied to leads during soldering to prevent case temperature 

from e)(ceedlng 100°C. 

FIGURE 1 -CONSTANT ENERGY SPECTRAL RESPONSE 

10 0 

/ 
"""" TA' 25°C I 0 

I \ 
0 / \ 

/ \ 
./ , 

'\ 
0 / \ 

\ 

> 4ll 

~ 
0 
0.4 0.5 0.6 0.1 0.8 0,9 to 1.1 1.2 

A. WAVELENGTH (~ml 
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12,25,40 VOLT 
PHOTO DARLINGTON AMPLIFIERS 

NPN SILICON 

DIM 
A 
B 
C 
D 
F 
K 
L 
N 
P 
0 
R 
S 

200 MILLIWATTS 

MILLIMETERS INCHES 
MIN 
4,450 
3. 80 
4,320 
0.407 
0.407 

1.150 
-

6.350 
3.430 
2.410 
2.030 

MAX MIN 
5.200 0.115 
4.190 O. 5 
5,330 0.110 
0,533 0.016 
0.482 I u,ul. 

1.390 0,045 
1.270 -

0.250 
0.135 

2,610 0.095 
2.610 0.080 

CASE 29-02 
TO·92 

MAX 
0.205 
0.1 5 
0,210 
0,021 
u,ul9 
-

0.055 
0,050 
-
-

0.105 
0.105 



2N5777 thru 2N5780/MRD14B (continued) 

* STATIC ELECTRICAL CHARACTERISTICS (TA" 25°C uniessotherwi,e noted I 

Characteristic Symbol Min Typ Max Unit 

Collector Dark Current (Note 2) iCED - - 0.1 "A 
(VCE" 12 VI 

Collector-Emitter Breakdown Voltage (Note 2) BVCEO Volts 
(lC" 10mAI MR014B 12 - -

2N5777,2N5779 25 - -
2N5778, 2N5780 40 - -

Collector-Base Breakdown Voltage (Note 2) BVCBO Volts 
(lC" 100 "AI MRD14B 18 - -

2N5777,2N5779 25 - -
2N5778,2N5780 40 - -

Emitter-Base Breakdown Voltage (Note 2) BVEBO Volts 
(IE - 100 "AI MRD14B 8.0 - -

2N5777,2N5779 8.0 - -
2N5778, 2N5780 12 - -

* OPTICAL CHARACTERISTICS (T A- 2Soe uniess otherw"e noted I 

Characteristic Fig. No. Svmbol Min Typ Max Unit 

Collector Light Current (Notes 1,4,5) - 'L rnA 
(VCE - 5.0 V) MRD14B 0.5 2.0 -

2N5777,2N5778 0.5 4.0 -
2N5779,2N5780 2.0 8.0 -

DC Current Gain (Note 2) - hFE -
(VeE - 5.0 V, ie - 0.5 mAl 2N5777,2N5778 2.5 k - -

2N5779,2N5780 5.0k - -
Wave Length of Maximum Sensitivity 1 "s 0.7 0.8 1.0 "m 
Turn-On Delay Time (Notes 3, 41 2,3 tdl - - 100 ", 
Rise Time (Notes 3, 4) 2,3 tr - - 250 '" Turn-Off Delay Time (Notes 3, 4) 2,3 td2 - - 5.0 '" Fall Time (Notes 3, 4) 2,3 tf - - 150 '" Collector-Base Capacitance - Ccb pF 

(VCB -10 V, f" 1.0MHz, 'E -01 2N5777 thru 2N5780 - - 10 

NOTES: 
·'ndlcates JEDEC Registered Data. 

1. Radiation Flux Density (HI equal to 2.0 mW/cm2 emitted from 
a tungsten source at a color temperature of 2870 K. 

11m) with a pulse width equal to or greater than 500 micro­
seconds (see Figures 2 and 3). 

2. Measured under dark conditions. (H~O). 

3. For unsaturated rise time measurements, radiation is provided by 
a pulsed GaAs (gallium-arsenide) light-emitting diode (;\ ~ 0.9 

FIGURE 2 - PULSE RESPONSE TEST CIRCUIT 

N.G 

OUTPUT 

4. Measurement mode with no electrical connection to the 
base lead. 

5. Die faces curved side of package. 

FIGURE 3 - PULSE RESPONSE TEST WAVEFORM 

Output Pulse 

Output Voltage---'r---", 
90% ------1-----1-\---

10% ----I--+----t+-+__ 
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2N5793 (SILICON) 
2N5794 

DUAL NPN SILICON ANNULAR TRANSISTORS 

· .. designed for high·speed switching circuits, dc to VH F amplifier 
applications and complementary circuitry to the PNP 2N5795 and 
2N5796. 

• DC Current Gain Specified - 0.1 mAdc to 300 mAdc 

• Low Coliector·Emitter Saturation Voltage -
VCE(sat) = 0.3 Vdc (Max) @ IC = 150 mAdc 

• All Leads Electrically Isolated for Design Flexibility 

• Each Transistor Similar to 2N2218A or 2N2219A 

*MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage VeEO 40 

Collector-Base Voltage VeB 75 

Emitter-Base Voltage VEB 6.0 

Collector Current - Continuous Ie 600 

Operating and Storage Junction TJ,Tstg -65 to +200 
Temperature Range 

Both Die 
One Equal 
Die Power 

Total Power Dissipation @ T A = 2SoC Po 500 600 
Derate above 250C 2.9 3.4 

Total Power Dissipation @ TC = 2SoC Po 1.2 2.0 
Derate above 2SoC 6.9 11.43 

*Indicates JEDEC Registered Data. 
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Unit 

Vde 

Vde 

Vde 

mAde 

°e 

mW 
mWfOe 

Watts 
mWfOe 

NPN SILICON 
DUAL TRANSISTORS 

, 

MILLIMETE 
DIM MIN MAX 

A 8.51 9.40 
B 7.75 8.51 
C 3.81 4.70 
D 0.41 0.53 
G 5.0B BSC 
H 0.71 0.88 
J 0.74 1.14 
K 12.70 
M 45' BSC 
N 2.54BSC 

STYLE 1: 
PIN 1. COLLECTOR 

2. BASE 
3. EMITTER 
4. OMITTED 
5. EMITTER 
6. BASE 

G 7. COLLECTOR 
8.:0MITTEO 

CASEB5«7 



2N5793. 2N5794 (continued) 
*ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 

I Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltagell) 
IIc = 10 mAde, IB = 0) 

Coliector·Base Breakdown Voltage 
IIc = 101'Ade, IE = 0) 

Emitter-Base Breakdown Voltage 
liE = 10 I'Ade, IC = 0) 

Collector Cutoff Current 
IVCB = 50 Vde, IE = 0) 

Emitter Cutoff Current 
IVEB = 4.0 Vde, IC = 0) 

Collector 1 to Collector 2 Leakage Current 
IV1C-2C = ±50 Vde) 

ON CHARACTERISTICS 

DC Current Gain 
IIc = 100 I'Ade, VCE = 10 Vde) 

IIc = 1.0 mAde, VCE = 10 Vde! 

IIc = 10 mAde, VCE = 10 Vde)ll) 

IIc = 150 mAde, VCE = 1.0 Vdelll) 

lic = 150 mAde, VCE = 10 Vde!11l 

IIc = 300 mAde, VCE = 10 Vdelll) 

Collector-Emitter Saturation Voltage(1) 
lic = 150 mAde, IB = 15 mAde! 

IIc = 300 mAde, IB = 30 mAde) 

Base-Emitter Saturation Voltage! 1) 
lic = 150 mAde, IB = 15 mAde) 

IIc = 300 mAde, IB = 30 mAde) 

DYNAMIC CHARACTERISTICS 

Current-Gain-Bandwidth Product(2) 

IIc = 20 mAde, VCE = 20 Vde, I = 100 MHz) 

Collector-Base Capacitance 
IVeB = 10 Vde, IE = 0, I = 100 kHz) 

Emitter-Base Capacitance 
IVEB = 0.5 Vde, Ie = 0, I = 100 kHz) 

SWITCHING CHARACTERISTICS 

Delay Time 
IVee = 30 Vde, VSE~offl = 0.5 Vde, 
IC = 150 mAde, IBI = 15 mAde! 

Rise Time ISee Figure 1) 

Storage Time 
IVee = 30 Vde, Ie = 150 mAde, 
IBI = IS2 = 15 mAde) 

Fall Time (See Figure 2) 

·'ndicates JEDEC Registered Data. 

(1)Pulse Test: Pulse Width ~ 300 J.J.s, Duty Cycle.~2.0%. 

(2hT is defined as the frequency at which lhfel extrapolates to unity. 

FIGURE 1 - TURN-ON TIME TEST 

GENERATOR 
RISE TlME.;;;;2 0 ns 
PW",,200 ns 
DUTY CYCLE~1 0% 

I 

*CS*';;;;12PF 
I 
I ____ J 

2N5793 
2N5794 

2N5793 
2N5794 

2N5793 
2N5794 

2N5793 
2N5794 

2N5793 
2N5794 

2N5793 
2N5794 

Symbol Min Max Unit 

BVCEO 40 - Vdc 

BVCBO 75 - Vde 

BVEBO 6.0 - Vde 

ICBO - 10 nAdc 

lEBO - 10 nAdc 

IC1-C2 - ±1.0 nAdc 

hFE -
20 -
35 -
25 -
50 -

35 -
75 -

20 -
50 -
40 120 
100 300 

25 -
40 --

VCElsat! Vde 
- 0.3 

- 0.9 

VSElsat! Vde 
0.6 1.2 

- 1.8 

IT 250 - MHz 

eeb - 8.0 pF 

eeb - 25 pF 

I<J - 15 ns 

tr - 30 ns 

ts - 250 ns 

tl - 60 ns 

FIGURE 2 - TURN-OFF TIME TEST CIRCUIT 

OSCILLOSCOPE 
tr.;;;;5 0 ns 

I 

::res·.;;;; 12pF 

I _____ J ":n." '" DUTY CYCLE"., 2 0% 
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*CSlstotal shunt capacitance of oscilloscope and test fixture 
RC mcludes o~cliloscope resistance. 



2N5795 (SILICON) 
2N5796 

DUAL PNP SILICON ANNULAR TRANSISTORS 

· .. designed for high-speed switching circuits, de to VHF amplifier 
applications and complementary circuits with the NPN 2N5793 and 
2N5794. 

• DC Current Gain Specified - 0.1 mAde to 500 mAde 

• Low Collector-Emitter Saturation Voltage -
VCE(sat) = 0.4 Vdc (Max) @ IC = 150 mAde 

• All Leads Electrical'ly Isolated for Design Flexibility 

• Each Transistor Similar to 2N2904A or 2N2905A 

*MAXIMUM RATINGS 

Rating Symbol Value 

CoII8Ctor~Emitter Voltage VCEO 60 

Collector-Ba .. Voltage VCB 60 

Emitter-Base Voltage VEB 5.0 

Collector Current - Continuous IC 600 

Operating and Storage Junction TJ,Tstg -65 to +200 
Temperature Range 

On. Both Die 

Die 
Equal 
Power 

Total Power Dissipation @ T A = 25°C Po 500 600 
Derate above 2SoC 2.9 3.4 

Total Power Dissipation @ T C = 2SoC Po 1.2 2.0 
Derate above 25°C 6.9 11.43 

., ndicates JE OEC Registered Date. 

FIGURE 1 - SATURATED SWITCHING TIMES TEST CIRCUIT 

Unit 

Vdc 

Vdc 

Vdc 

mAde 

°c 

mW 
mW/oC 

Wetts 
mW/oC 

+21.9 V -30 V 

~ 

1.0k 200 

O.l.F 1.0k (1/) , 

'V' ~ 
50 ,jp 

PW=200ns 
.,<5.0", 
DUTY CYCLE = 2.0% 

-= 
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PNPSILICON 
DUAL TRANSISTORS 

A 8.51 9.40 
B 1.15 B.51 
C 3.81 4.10 
D 0.41 0.53 
G 5.0B BSC 
H 0.11 O.BB 
J 0.14 1.14 
K 12.10 
M 450 8SC 
N 2.54 8SC 

STYLE 1: 
PIN I. COLLECTOR 

2. BASE 
3. EMITTER 
4. OMITTED 
5. EMITTER 
B. BASE 
1. COLLECTOR 
B. OMITTED 

CASE 654-07 



2N5795, 2N5796 (continued) 

'ELECTRICAL CHARACTERISTICS (T A ~ 25°C unless otherwise noted) 

Characteristic Symbol Min Max Unit 

OFF CHARACTERISTICS 

! l,;O ector-t:.mltter tsreakdown va tage BVCEO 60 Vde 
flC = 10 mAde, IB ~ 0) 

Collector-Base Breakdown Voltage BVCBO 60 Vde 
flC = 10 /.lAde, IE = 0) 

Emitter-Base Breakdown Voltage BVEBO 5.0 Vde 
fiE = 10 /.lAde, IC = 0) 

Collector Cutoff Current ICBO - 20 nAdc 
(VCB = 50 Vde, IE = 0) 

Emitter Cutoff Current lEBO - 100 nAde 
(VEB = 3.0 Vde, IC = 0) 

Collector 1 to Collector 2 Leakage Current IC1·C2 - ±1.0 nAdc 
(V1C.2C = ±50 Vde) 

ON CHARACTERISTICS 

DC Current Gain hFE 
(lc = 100 /.lAde, VCE = 10 Vde) 2N5795 40 -

2N5796 75 -
flc = 1.0 mAde, VCE = 10 Vde) 2N5795 40 -

2N5796 100 -

(lC = 10 mAde, VCE = 10 Vde)(l) 2N5795 40 -
2N5796 100 -

(lC = 150 mAde, VCE = 1.0 Vde)(1) 2N5795 20 -
2N5796 50 -

flC = 150 mAde, VCE = 10 Vde)(l) 2N5795 40 120 
2N5796 100 300 

flc = 500 mAde, VCE = 10 Vde)(l) 2N5795 40 -
2N5796 50 -

Collector-Emitter Saturation Voltage(1) VCE(sat) Vde 
flC = 150 mAde, IB = 15 mAde) - 0.4 

fI C = 500 mAde, I B = 50 mAde) - 1.6 

8ase-E mitter Saturation Voltage( 1) VBE(sat) Vde 
flc = 150 mAde, IB = 15 mAde) - 1.3 

(I C = 500 mAde, I B = 50 mAde) - 2.6 

DYNAMIC CHARACTERISTICS 

Current-Gain-Bandwidth Product(21 IT 200 - MHz 
flC = 50 mAde, VCE = 20 Vde, I = 100 MHz) 

Collector-Base Capacitance Ceb - 8.0 pF 
(VCB = 10 Vde, IE = 0, I ~ 100 kHz) 

Emitter-Base Capacitance Ceb - 30 pF 
(VEB = 2.0 Vde, IC = 0, I = 100 kHz) 

SWITCHING CHARACTERISTICS (See Figure 1) 

: Delay Time td - 12 ns 
(VCC = 30 Vde, VBE(off) = 0.5 Vde, 

Rise Time 
IC = 150 mAde, IBl = 15 mAde) 

tr - 35 ns 

Storage Time 
(VCC = 30 Vde, IC = 150 mAde, 

ts - 100 ns 

Fall Time 
IBl = IB2 = 15 mAde) 

tl - 40 ns 

*Indicates JEDEC Registered Data. 

(1 )Pulse Test: Pulse Width :=;300 J,Ls, Duty Cycle ~2.0% 

(2)fT is defined as the frequency at which Ihfel extrapolates to unity. 
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2N5797 (SILICON) 
thru 

2N5800 

SILICON P·CHANNEL 
JUNCTION FIELD·EFFECT TRANSISTORS 

Symmetrical depletion mode Junction Field·Effect Transistors de· 
signed primarily for low-power, audio amplifier applications. 

• Low Reverse Transfer Capacitance -
Crss = 1.0 pF (Maxi 

• Drain and Source Interchangeable 

• Low Gate Reverse Current -
IGSS = 1.0 nAdc (Maxi 

• Unibloc Plastic Package Encapsulation 

*MAXIMUM RATINGS 
Rating Symbol 

Drain-Source Voltage VOS 

Drain-Gate Voltage VOG 

Reverse Gate-Source Voltage VGSR 

Forward Gate Current IGF 

Total Device Dissipation @TC"" 2SoC Po 
Derate above 25°C 

Operating and Storage Junction TJ,TsIg 
Temperature Range 

"'Indicates JEDEC Registered Data. 

Value Unit 

40 Vdc 

40 Vdc 

40 Vdc 

10 mAde 

350 mW 
2.8 mW/oC 

-651o +150 °c 

2-270 

P·CHANNEL 
JUNCTION FIELD·EFFECT 

TRANSISTORS 

'~H",r-01 
PLANE ~ ~ U 

D-ll!ttll PIN 1 SOURCE --'I 
2 ORAIN 

3 GATE ~V¥, E, M 

r-'" 0 

G J I 

DIM 
C 
D 

G 
J 
K 
L 
M 

2.160 2.420 
12.700 

TP 1.270 TP 
0.013 0.076 0.33 

CASE 29·01 

TO-92 



2N5797 thru 2N5800 (continued) 

*ELECTRICAL CHARACTERISTICS (TA = 250 C unless otherwise noted) 

Characteristic: Symbol Min Max Unit 

OFF CHARACTERISTIC 

Gate-Source Breakdown Voltage V(BR)GSS Vdc 
(IG = 1Ol'Adc, VOS = 0) 40 -

Gate-Source Cutoff Voltage VGS(oll) Vdc 
(VOS = -15 Vdc, 10 = -10 /'Add 2N5797 0.5 4.0 

2N5798 0.8 6.0 
2N5799 1.2 8.0 
2N5800 2.0 9.0 

Gate Reverse Current IGSS 
(VGS = 20 Vdc, VOS = 0) - 1.0 nAdc 
(VGS = 20 Vdc, VOS = 0, TA = 1000C) - 1.0 I'Adc 

ON CHARACTERISTICS 

Zero Gate Voltage Drain Current lOSS mAde 
(VOS = -15 Vdc, VGS = 0) 2N5797 0.02 0.1 

2N5798 0.08 0.4 
2N5799 0.25 1.0 
2N5800 0.70 2.0 

SMALL-SIGNAL CHARACTERISTICS 

Forward Transfer Admittance (1) I Yls I mmhos 
(VOS = -15 Vdc, VGS = 0, 1= 1.0 kHz) 2N5797 60 225 

2N5798 100 400 
2N5799 160 500 
2N5800 250 700 

Output Admittance (1) I Yos I ,umhos 
(VOS = -15 Vdc, VGS = 0, 1= 1.0 kHz) 2N5797 - 1.0 

2N5798 - 2.5 
2N5799 - 5.0 
2N5800 - 10 

Input Capacitance Ciss pF 
(VOS=-15Vdc, VGS=O,I= 1.0MHz) - 5.0 

Reverse Transfer Capacitance Crss pF 
(VOS=-15Vdc, VGS=O,I= 1.0MHz) - 1.0 

Common-Source Noise Figure NF dB 
(VOS = -15 Vdc, VGS = 0, RS = 1.0 Megohm, I = 1.0 kHz, - 2.5 
BW=1.0Hz) 

Equivalent Short-Circuit Input Noise Voltage en nV/.JHz 
(VOS = -15 Vdc, VGS = 0, 1= 1.0 kHz, BW = 1.0 Hz) - 110 

*Indicates JEDEC Registered Data. 
(1) Pulse Test: Pulse Width = 360 ms, Duty Cycle = 2.0%. 
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2N5797 thru 2N5800 (continued) 

TYPICAL SMALL·SIGNAL CHARACTERISTICS 

FIGURE 1 - FORWARD TRANSFER ADMITTANCE FIGURE 2 - CAPACITANCE 
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2N5797 thru 2N5800 (continued) 
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TYPICAL LIMIT TRANSFER CHARACTERISTICS 
(TEMPERATURES NOTED ARE TJI 
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For Specifications, See 2N4957 Data, Volume I. 
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2N5835 (SILICON) 
2N5836 
2N5837 

NPN SI LICON HIGH-FREQUENCY TRANSISTORS 

· .. designed primarily for use in fast current-mode switching circuits 
in military and industrial equipment. Suitable for use in general 
high-frequency amplifier applications to 1.5 GHz. 

• High Current-Gain-Bandwidth Product -
fT = 2.5 GHz (Min) @ IC = 10 mAdc - 2N5835 

2.0 GHz (Min) @ IC = 50 mAdc - 2N5B36 
1.7 GHz (Min) @ IC = 100 mAdc - 2N5837 

• Fast Non-Saturated Switching Times-
tr = 250 ps (Typ) @ IC = 10 mAdc - 2N5835 

320 ps (Typ) @ IC = 50 mAdc - 2N5836 
650 ps (Typ) @ IC = 100 mAdc - 2N5837 

• Characterized with Scattering Parameters 

*MAXIMUM RATINGS 

Rating Symbol 2N5835 2N5836 2N5837 

Collector-Emitter Voltage VCEO 10 10 5.0 

Collector-Base Voltage VCB 15 15 10 

Emitter-Base Va tage VE.ij 3.5 ;S." "'." 
Collector Current ContinuQus IC 15 20u 300 

Total Device Dissipation @TA 25uC Po 200 
Derate above 25°C 1.14 - -

Total Device Dissipation @TC- 25uC Po 2.0 
Derate above 2SoC - 11.43 

Storage Junction Temperature Range Tstg - -65to +200_ 

·1 ndicates JE DEC Registered Data. 

Unit 

Vde 

Vde 

vae 

mAde 

mW 
mW/oC 

Watts 
mWfOC 

uC 

CASE 26-03 
TO-46 MILLIMETERS INCHES 

STYLE l' 

SEATING 
PLANE 

PIN 1. EMITTER 
2. BASE 
3 COLLECTOR -J G 

DIM MIN MAX MIN MAX 

A 5.31 5.84 0.209 0.230 
8 4.52 4.95 0.178 0.195 
C 1.65 2.16 0.065 0.085 
0 0.406 0.533 0.016 0.021 
E 1.02 0.040 
F 0.305 0.483 0.012 0.019 
G 2.54 esc 0.100 esc 
H 0.914 1.17 0.036 0.046 
J 0.711 1.22 0.028 0.048 
K 12.70 0.5111L 
L 6.35 0.250 
M 450 esc 45u esc 
N 1.27 esc 0.050 esc 
p 1.27 0.050 

All JEDEC dimensions and notes apply 
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NPN SILICON 
HIGH-FREQUENCY 

TRANSISTORS 

~~ /f2~~~36 

STYLE 1 

TO-72 
2N5835 

PIN 1. EMITTER 
2. eASE 
3. COLLECTOR. 
4. CASE ' 

MILLIMETERS 
DIM MIN MAX 

A 5.31 5.84 
B 4.52 4.95 
C 4.32 5.33 
0 0.41 0.53 
E 0.76 
F 0.41 0.48 
G 2.54 esc 
H 0.91 1.17 
J 0.71 1.22 
K 12.70 -
L 6.35 
M 45 0 88C 
N 1.27 SSC 
p 1.27 

INCHES 
MIN MAX 

0.209 0.230 
0.178 0.195 
0.170 0.210 
0.016 0.021 

0.030 
0.016 0.019 

0.100 esc 
0.036 0.046 
0.028 0.048 
0.500 
0.250 

4~BSC 
0.050 esc 

0.050 

ALL JEDEC dimensions and notes apply 

CASE 20-03 
TO-72 

2N6837 



2N5835, 2N5836, 2N5837 (continued) 

*ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted) 

'I Characteristic 1 Svmbol 

OFF t;HARACTIi'RISTICS 

Collactor-Base Breakdown Voltaga 
(lC = 10 "Ade, Ie = 0) 

(lc = 100 "Ade, 'E S 0) 

Emitter-Ba.e Breskdown Voltage 
(Ie· 100 "Ade, Ic· 0) 

Collector Cutoff Current 
(VCB = 7.5 Vde, Ie • 0) 

(Vce = 10 Vde, 'E = 0) 

(Vce = 5.0 Vde, Ie = 0) 

Emitter Cutoff Current 
(VEB = 3.0 Vde, IC = 0) 

ON CHARACTERISTICS 

DC Current Gain 
(lc = 10 mAde, VCE = 6.0 Vde) 

(lC = 50 mAde, VCE = 6.0 Vde) 

(lC = 100 mAde, VCE = 3.0 Vde) 

Base--Emitter On Voltage 
(lc = 10 mAde, VCE = 6.0 Vde) 

(lC = 50 mAde, Vce = 6.0Vde) 

(lC = 100 mAde, VCE = 3.0 Vde) 

OYNAMIC CHARACTERISTICS 

Current-Gain-Bandwidth Product <D 
(lC = 10 mAde, VCE = 6.0 Vde, f = 200 MHz) 

(lC = 50 mAde, VCE = 6.0 Vde, f = 200 MHz) 

(lc - 100 mAde, VCE = 3.0 Vde, f = 200 MHz) 

Collector-Base Capacitance 
(VCB = 10 Vde, 'E = 0, f = 0.1 to 1.0 MHz) 

(VC8 = 5.0 Vde, IE = 0, 1= 0.1 to 1.0 MHz) 

Collector-Base Time Constant <2> 
(lc = 10 mAde, VCE = 6.0 Vde, 1= 63.6 MHz) 

(lC = 50 mAde, VCE = 6.0 Vde, f = 63.6 MHz) 

(lC = 100 mAde, VCE = 3.0 Vde, I = 63.6 MHz) 

SWITCHING CHARACTERISTICS <2> 
Rise Time (See Figure 1) (lC = 10 mAde) 

(lC = 40 mAde) 
(I = 100 mAde) 

-Indicates JEDEC Registered Data 

2N5835 

2N5836 
2N5837 

2N5835 

2N5836 

2N5837 

2N5835 

2N5836 

2N5837 

2N5835 

2N5836 

2N5837 

2N5835 

2N5836 

2N5837 

2N5835 
2N5836 

2N5837 

2N5835 

2N5836 

2N5837 

2N5835 
2N5836 
2N5837 

(D,T is defined as the frequency at which Ihfelaxtrapolatas to unity. 

~ Typical values shown in addition to JEOEC Registered Data. 

BVCBO 

BVEBO 

IC80 

lEBO 

hFE 

V8E(on) 

IT 

Coo 

rb'Ce 

Min 

15 

15 
10 

3.5 

-
-
-
-

25 

25 

25 

-
-
-

2.5 

2.0 

1.7 

-
-
-

-

-
-

FIGURE 1 - SWITCHING TIME TEST CIRCUIT 

V:~ 
t" tf < 0.5 no 

Ie RE RL RK 
mA Ohms Ohma Ohms 
10 380 100 50 
4D 95 25 0 
100 38 10 0 
200 19 5.0 0 

To Oscilloscope Vertical Inputs 
(Tektronix 568 or Equivalent) 

Channal1 
Vin 

50 

Channel 2 
Vout 
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RL 

RS 

TVp Max Unit 

Vde 
- -
- -
- -
- - Vde 

/lAde 
- 0.01 

- 10 

- 10 

- 100 "Ade 

-
- -

- -

- -
Vde 

- 0.9 

- 0.9 

- 0.9 

GHz 
- -

- -
- -

pF 
- 0.8 
- 3.5 

- 5.0 

ps 
5.0 -
6.0 -
6.0 -

+1.3 Vdc 

This test set-up is designed to simulate 

RL ~~~~~~u~f~~~~t!rl stages. RS= RL 

aref is a transistor of the 
same type as the transistor 
under test. 

I-t---o -0.5 Vdc 

-4.5 Vdc - 2N5B35, 2N5836 
-2.5 Vdc - 2N5837 



2N5835, 2N5836, 2N5837 (continued) 

FIGURE 2 - SWITCHING TIME 
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2N5835, 2N5836, 2N5837 (continued) 

2N5835 SCATTERING PARAMETERS 
(Ie = 5.0 mAde, VeE = 6.0 Vde, ZG = ZL = 50 Ohms) 

FIGURE 8 - S11, INPUT REFLECTION COEFFICIENT FIGURE 9 - S22, OUTPUT REFLECTION COEFFICIENT 

FIGURE 10 - S12, REVERSE TRANSMISSION COEFFICIENT FIGURE 11 - S21. FORWARD TRANSMISSION COEFFICIENT 
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2N5835, 2N5836, 2N5837 (continued) 

2N5836 SCATTERING PARAMETERS 
(lc = 100 mAde. VCE = 10 Vde. ZG = ZL = 50 Ohms) 

FIGURE 12 - S11.INPUT REFLECTION COEFFICIENT FIG.URE 13 - S22. OUTPUT REFLECTION COEFFICIENT 

FIGURE 14 - S12. REVERSE TRANSMISSION COEFFICIENT FIGURE 15 - S21. FORWARD TRANSMISSION COEFFICIENT 
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2N5835, 2N5836, 2N5837 (continued) 

2N5837 SCATTERING PARAMETERS 
(lc = 100 mAde, VCE = 3.0 Vde, ZG = ZL = 50 Ohms) 

FIGURE 16 - Sll, INPUT REFLECTION COEFFICIENT FIGURE 17 - 522, OUTPUT REFLECTION COEFFICIENT 

FIGURE 18 - S12. REVERSE TRANSMISSION COEFFICIENT FIGURE 19 - 521. FORWARD TRANSMISSION COEFFICIENT 
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2N5841 (SILICON) 
2N5842 

NPN SILICON RF TRANSISTORS 

. designed to provide ultra·fast switching times in current· mode 
circuits at collector currents to 80 mAdc. 

• High Current·Gain-Bandwidth Product - @ IC = 25 mAdc 
fT = 2.2 GHz (Min) 2N5841 

1.7 GHz (Min) 2N5842 

• Low Collector· Base Capacitance-
Ccb = 1.5 pF (Max) @ VCB = 4.0 Vdc 

• Fast Non·Saturated Switching Times - @ IC = 30 mAdc 
Typical Values 

td(on) = 0.4 ns 
tr = 0.18 ns 
td(off)= 0.3 ns 
tf = 0.20 ns 

'MAXIMUM RATINGS 

Rating 

COllector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 

Total Device Dissipation @TC - 25°C 
Derate above 25°C 

Operating and Storage Junction 

Temperature Range 

• Indicates JEDEC Registered Data. 

Symbol Value 

VeEO 10 

Vee 20 

VEe 3.0 

Ie 100 

Po 350 
2.0 

TJ, Tstg -65 to +200 

2-280 

Unit 

Vdc 

Vdc 

Vdc 

mAde 

mW 
mw/oe 

DC 

STYLE 10 

NPN SILICON 
RF TRANSISTORS 

f 
F' F=Ufri 

SEATINi I[I~~ K 

PLANE ~ 
PIN 1. EMITTER 

2. SASE --II--0 
3. COLLECTOR -N 
4. CASE ~ 

l{.:;-oJ G 

M l 
~~J 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 

A 5.31 5.84 0.209 0.230 
B 4.52 4.95 0.17S 0.195 
C 4.32 5.33 0.170 0.210 
0 0.41 0.53 0.D16 0.021 
E - 0.76 0.030 
F 0.41 0.48 0.D16 0.019 
G 2.54 sse 0.100 ase 
H 0.91 1.17 0.036 0.046 
J 0.71 1.22 0.028 0.048 
K 12.70 0.500 
L 6.35 0.250 
M 45 sse 45" ase 
N 1.27 SSC 0.050 SSC 
p - 1.27 0.050 

ALL JED EC dimensions and notes apply 
CASE2()'03 

TO·72 



2N5H41, 2N5H42 (continued) 

*ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 

I Characteristic I Symbol Min 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage VCEO(sus) 10 
IIC = 5.0 mAde, IB = 0) 

Collector-Base Breakdown Voltage BVCBO 20 
IIc = 100 "Ade, IE = 0) 

Emitter-Base Breakdown Voltage BVEBO 3.0 
(IE = 100 "Ade, IC = 0) 

Collector Cutoff Current ICBO -
IVCB = 10 Vde, IE = 0) 

Emitter Cutoff Current lEBO -
(VBE = 2.5 Vde, IC = 0) 

ON CHARACTERISTICS 

DC Current Gain hFE 
IIc = 25 mAde, VCE = 4.0 Vdcl 2N5841 25 

2N5842 25 

Base-E mitter On Voltage VBE(on) -
IIC = 25 mAde, VCE = 4.0 Vde) 

DYNAMIC CHARACTERISTICS 

Current-Gain-Bandwidth Product t,-
(lC = 10 mAde, VCE = 4.0 Vde, f = 200 MHz) 2N5841 2.0 

2N5B42 -
IIc = 25 mAde, VCE = 4.0 Vde, f = 200 MHz) 2N5841 2.2 

2N5842 1.7 

IIc = 50 mAde, VCE = 4.0 Vde, f = 200 MHz) 2N5B41 -
2N5842 -

Collector-Base Capacitance Ceb -
(VCB = 4.0 Vde, IE = 0, f = 100 MHz) 

Emitter-Base Capacitance Ceb -
IVEB = 0.5 Vde, IC = 0, f = 100 MHz) 

Collector-Base Time Constant rb'Ce 
(lC = 25 rrAde, VCE = 4.0 Vde, f = 31.8 MHz) 2N5B41 -

2N5842 -

SWITCHING CHARACTERISTICS 

Turn-On Delay Time 'dlon) -

Rise Time 
(lC = 30 mAde) 

tr -
Turn-Off Delay Time 'd(off) -

Fall Time 
IIC = 30 mAde) 

tf -

tlndicates JEDEC Registered Data 

FIGURE 1 - SWITCHING TIMES TEST CIRCUIT 

~1~ 
tr =tf:!:1.0 ns 

50 

TO OUAl·CHANNEl 
SAMPLING SCOPE 
WITH 50·0HM INPUTS 

~ 
Vin Vout 

950 
950 

+1.3 V 

RC 

Vin and Vout are attenuated 20: 1 at scope inputs. Before attenuation, Vin = Vout = 1.0 V. 
Draf is a transistor of the same type as the transistor under test. 

2-281 

RC 

-0.5 V 

Typ Max Unit 

- - Vde 

- - Vde 

- - Vde 

- 20 nAdc 

- 100 "Ade 

-
- 200 
- 250 

- 1.5 Vde 

GHz 
2.6 -
2.0 -
2.7 -
2.0 -
2.2 -
1.5 -

0.9 1.5 pF 

0.7 1.1 pF 

ps 
18 25 
25 40 

DAD - ns 

0.18 - ns 

0.30 - ns 

0.20 - ns 

IC RE RC RK 
mA Ohms Ohms Ohms 

1.0 3.8 k 1.0 k 950 
2.0 1.9 k 500 450 
4.0 950 250 200 
6.0 635 167 117 
8.0 475 125 75 
10 380 100 50 
20 190 50 0 
40 95 25 0 
60 B4 16-17 0 
80 48 12·13 0 

100 38 10 0 



2N5841, 2N5842 (continued) 

FIGURE 2 - CURRENT GAIN BANDWIDTH PRODUCT 
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2N5841, 2N5842 (continued) 

VCE = 4.0 Vde, IC = 10 mAde 

FIGURE 8 - INPUT ADMITTANCE versus FREQUENCY FIGURE 9 - OUTPUT ADMITTANCE versus FREQUENCY 

20 

18 

S 16 
"E 
.5. 14 
w 

'"' z 12 

~ ;; 10 

" "" 8.0 

~ 6.0 

~ 4.0 

2. 
0 __ 

b" 

~ 

~ 

V t:/ 
./ '/ V-

.....-: ::::: ~ 
gie 

o 
100 150 200 300 500 800 1000 

.." 50 ,g 
E 45 

.5. 
w 

'"' z 
'"'-

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

~ ;; 

40 

35 

30 / 
" "" ~ 25 

z 20 
~ 
I- 15 

'" '" 10 

~!? _ 5.0 

o 
100 

f. FREQUENCY (MHz) 

FIGURE 10 - FORWARD TRANSFER 

ADMITTANCE ve .. us FREQUENCY 

....... -bfe 

V 
-< 

............ t-,. 

r--... 
I"-

'-.,gfe 

f'.-

...... , 

I"'-

200 300 500 800 1000 

f. FREQUENCY (MHz) 

20 

18 

116 

~ 
14 

z 
~ 12 
;; 
" "" I- 8. 
'" ~ 6. 
o 
~ 4. 

>-
2. 

0 

0 

0 

0 

0 

0 
100 

"§' +2.0 
"E 
.5. 
w 

'"' 
~ 
~ -2.0 

"" '" w 
u. 

'" ~ -4.0 

I­
w 
'" ffi -6.0 

~ 

I--

! -8.0 
100 

boe ....... 

I--V:I 
goe 

200 300 500 

f. FREUUENCY (MHz) 

FIGURE 11 - REVERSE TRANSFER 

ADMITTANCE versus FREQUENCY 

Ure --- r- ....... bre 

r-....... 

200 300 500 

f. FREUUENCY (MHz) 

NON·SATURATED SWITCHING APPLICATIONS 

SCHMITT TRIGGER HIGH·SPEED CLOCK DRIVER 

360 50 

INPUTS { o-----t-----+----' 

All Resistor Values are in Ohms 75 35 

All Transistors are 2N5841 
All Oiodes are 1 N4001 
tr< 1.0 nswith 50 pF Capacitive Load VEE' -5.2 V 

2-283 

V 
V-

800 1000 

r--

i'-... , 

800 1000 

OUTPUT 



2N5841, 2N5842 (continued) 

VCE = 4.0 Vde. IC = 10 mAde 

FIGURE 12 - Sll. INPUT REFLECTION COEFFICIENT FIGURE 13 - S22. OUTPUT REFLECTION COEFFICIENT 

FIGURE 14 - S21. FORWARD TRANSMISSION COEFFICIENT FIGURE 15 - S12. REVERSE TRANSMISSION COEFFICIENT 

1500 1600 1700 1800 1900 2000 2100 
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2N5841, 2N5842 (continued) 

VCE = 4.0 Vde, IC = 10 mAde 

FIGURE 16 - 511. INPUT REFLECTION COEFFICIENT 

FIGURE 17 - 522. OUTPUT REFLECTION COEFFICIENT 
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2N5845 (SILICON) 
2N5845A 

NPN SILICON ANNULAR TRANSISTORS 

. designed for high·current saturated switching and core driver 
applications. 

• Fast Switching Times@ IC = 500 mAde -
ton = 30 ns (Max) - 2N5845A 

40 ns (Max) - 2N5845 

toff = 50 ns (Max) - 2N5845A 
60 ns (Max) - 2N5845 

• High Current Gain - Bandwidth Product -
fT = 250 MHz (Min) - 2N5845A 

200 MHz (Min) - 2N5845 

• Low Collector-Emitter Saturation Voltage - @ IC = 500 mAde -
VCE(sat) = 0.5 Vdc (Max) - 2N5845A 

0.6 Vdc (Max) - 2N5845 

*MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage VCEO 40 Vdc 

Collector-Base Voltage VeB 50 Vdc 

Emitter-Base Voltage VEB 6.0 Vdc 

Collector Current - Continuous IC 1.0 Adc 

Total Power Dissipation @ T A ::::I 25°C Po 625 mW 
Derate above 2SoC 5.0 mW/oC 

T9tal Power Dissipation @ TC ::: 26°C Po 1.5 Watt 

Derate above 25°C 12 mW/oC 

Operating and Storage Junction TJ,Tstg -55 to +150 °c 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Case R6JC 83.3 °C/W 

Thermal Resistance, Junction to Ambient ReJA/ 1) 200 °C/W 

'Indicates JEOEC RegIstered Data. 

(1) ROJA is measured with the device soldered into a typical printed circuit board. 
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NPN SILICON 
SWITCHING 

TRANSISTORS 

r A1 

"'n""r~ 
M' L'-~p 

D:::1rcr~ 
STYLE I: 1 Q r 

PIN 1 EMITTER -.1 
2. BASE ~ 
3 COLLECTOR .... i· S B 

DIM 
A 
B 
C 
0 
F 

L 
N 
P 
Q 
R 
S 

-1s~t T 

MILLIMETERS INCHES 
MIN 
4.450 

4.30 
0.407 

_ 0~4II' 

1.ISO 
-

6.350 
3.40 
2.410 
2.030 

MAX MIN 
5.200 0.175 

10.125 
5. 30 0.1 
0.533 0.016 

.'."'- •• 01. 
-

1.390 0.045 
1.270 -
- 0.250 
- 0.135 

2.670 0.095 
2.670 0.080 

CASE 29-02 
TD-92 

MAX 
0.205 
0.165 

.210 
0.021 
0.019 
-

0.055 
0.050 
--

0.105 
0.105 



2N5845, 2N5845A (continued) 

*ELECTRICAL CHARACTERISTICS (TA = 250 C unle .. otherwise noted 1 

Characteristic Symbol Min Max 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage <D BVCEO 40 -
(lC = 10 mAde, IB = 01 

Collector-Base Breakdown Voltage BVCBO 50 -
(lC = 100 "Adc, IE = 01 

Emitter-Base Breakdown Voltage BVEBO 6_0 -
(IE = 10 "Adc, IC = 01 

Collector Cutoff Current ICBO - 500 
(VCB = 40 Vdc, IE = 01 

Emitter Cutoff Current lEBO - 50 
(VBE = 4_0 Vdc, IC = 01 

ON CHARACTERISTICS 

DC Current Gain <D hFE 
(lC = 10 mAde, VCE = 1.0 Vdcl 50 -

(lC = 100 mAde, VCE = 1.0 Vdcl 50 200 

(lC = 500 mAde, VCE = 1.0 Vdcl 2N5845 25 150 
2N5845A 35 150 

Collector-Emitter Saturation Voltage CD VCE(sat! 
(lC = 100 mAde, 18 = 10 mAdcl - 0.25 

(lC = 500 mAde, 18 = 50 mAdel 2N5845 - 0.6 
2N5845A - 0.5 

Base-Emitter Saturation Voltage VBE(sat! 
(lC = 100 mAde, 18 = 10 mAde 1 - 0.85 

(I C = 500 mAde. I B = 50 mAdel 0.8 1.1 

DYNAMIC CHARACTERISTICS 

Current-Gain-Bandwidth Product <2> fT 
(lC = 50 mAde, VCE = 10 Vde, f = 100 MHzl 2N5845 200 -

2N5845A 250 -
Collector-Base Capacitance Ceb - 9.0 

(VCB = 10 Vdc, IE = 0, f = 100 kHz 1 

Emitter-Base Capacitance Ceb - 70 
(VES = 0.5 Vde, IC = 0, f = 100 kHzl 

SWITCHING CHARACTERISTICS 

Turn-On Time 2N5845 ton - 40 
2N5845A - 30 

Delay Time (V CC = 40 Vde, 1 C = 500 mAde, 2N5845 td - 17 
IBI = 50 mAde, VBE(ott) = 4.0 Vdcl 2N5845A - 15 

Rise Time 2N5845 tr - 28 
2N5845A - 25 

Turn-Off Time 2N5845 toff - 60 
2N5845A - 50 

Storage Time 
(VCC = 40 Vde,lc = 500 mAde, 

2N5845 ts - 40 
lSI = IS2 = 50 mAdel 2N5845A - 38 

Fall Time 2N5845 tf - 30 
2N5845A - 27 . 

Indicates JEDEC Registered Data. 

<DPulse Test: Pulse Width S 300 Ill, Duty Cycle'S 2.0%. 

@fT is defined as the frequency at which Ihfel extrapolates to unity. 

FIGURE 1 - SWITCHING TIMES TEST CIRCUIT 

o~ 
Vm'" 10Vdc 
lin'" 50 Ohms 
Pulse Width = 1 OIJS 
tr <20ns 

~"F 5"1 

-40V 

10k 

RS = 100 Ohms 

... 0 V 

~...;----:--- SCOPE 

I 

;;:!::: CS· < 70pF 
1 __ ..J 

+T otal Shunt Capaclt!mce of Test Jig, Connectors, and OSCilloscope 
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Unit 

Vdc 

Vdc 

Vdc 

nAdc 

nAdc 

-

Vdc 

Vde 

MHz 

pF 

pF 

ns 

ns 

ns 

ns 

ns 

ns 



2N5845, 2N5845A (continued) 

TRANSIENT CHARACTERISTICS 
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2N5845, 2N5845A (continued) 
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2N5846 (SILICON) 

2N5847 

The RFLine 

NPN SILICON RF POWER TRANSISTORS 

· .. designed primarily for use in large-signal amplifier driver and pre­
driver stages, these devices are intended for use in industrial commun­
ications equipment operating at frequencies to 80 MHz. 

• Optimized for Operation from a 12.5 Volt Supply 

• Power Output@ 12.5 Vdc, 50 MHz 
Pout = 3.5 W - 2N5846 

8.0 W - 2N5847 

• Large-Signal Impedance Data Permit Convenient 
Matching Network Design 

*MAXIMUM RATINGS 

Rating Symbol 

Coliector~E mitter Voltage VCEO 

Coliector·Base Voltage VCB 

Emitter·Base Voltase VEB 

Collector Current - Continuous IC 

Total Device Dissipation@Tc=250C Po 
Derate above 25°C 

Operating and Storage Junction TJ. Tstg 
Temperature Range 

• Indicates JEOEC Registered Data. 

2N5847 
CASE 145A-Ol 

[T --j A I 
L-I_ " I d"~~ ~b -_ -+1, r - C t, Ip E = U S 

SEAT:G PLAN] l_fU I 
WRENCH FLAT :::..j ~ 

2N5846 I 2N5847 Unit 

18 Vdc 

36 Vdc 

4.0 Vdc 

1.0 I 2.0 Adc 

10 I 20 Watts 
57.2 114 mW/oC 

-65 to +200 °c 

STYLE I: 
PIN I. EMITTER 

2. BASE 
3. EMITTER 
4 COLLECTOR 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 

A 9.40 9.78 0.370 0.385 
B 8.13 8.38 0.320 0.330 
C 18.03 19.05 0.710 10.750 
D 5.59 5.84 0~20 LlI,l3D_ 
E 1.78 2.03 0.070 0.080 
F 2.79 2.92 0.110 0.115 
H 26.42 28.70 1.040 1.130 
J 0.10 0.15 0.004 0.006 
K 13.21 14.35 0.520 0.565 
L 1.40 1.65 0.055 0.065 
M 45" OM 45" NOM 
P 1.27 - 0.050 
R 7.59 7.80 0.299 0.307 
S 4.01 4.52 0.158 0.178 
T 2.16 2.41 0.085 0.095 
U 2.54 3.30 0.100 0.130 

NOTE 
CASE 145A·ol USE 8·32NC2A STUD 
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3.5 W. 7.0 W - 50 MHz 
RFPOWER 

TRANSISTORS 
NPN SILICON 

TO-102 

CASE 24 

CASE 145A-Ol 

2N5846 

DIM 

A 
B 
C 
0 
E 
f 
G 
H 
J 
K 
L 
N 
p 
R 
S 
T 
U 

T PIN I. EMITTER 
2. BASE 
3. COLLECTOR 

MILLIMETERS INCHES 
MIN MAX MIN MAX 

10.49 11.00 0.413 0.433 
9.19 9.53 0.362 0.375 
5.33 5.72 0.210 0.225 
0.406 0.533 o.D1B 0.021 
1.65 1.78 0.065 0.070 
0.406 0.483 

I 
~ 2.5 SSC ~ 0.508 0.8B9 10.035 

6.73 7.42 ~ 
12.70 --=-6.35 

1.27 BSe -arc-
1.27 D.ii5o 

8.89 9.14 0.350 0.360 
4.45 4.83 0.175 0.190 
4.11 4.29 0.162 0.169 
1.14 1.52 0.045 0.060 

CASE 24 
TO-l02 

All JED EC dimensions and notes apply 



2N5846, 2N5847 (continued) 

*ELECTRICAL CHARACTERISTICS (TC; 25°C unless otherwise noted) 

I Characteristic 

OFF CHARACTERISTICS 

Coliector~Emitter Breakdown Voltage (1) 
(lC' 200 mAde, lB' 01 

Coliector~Emltter Breakdown Voltage (1) 

(lC' 50 mAde, VBE • 01 

Emitter-Base Breakdown Voltage 
(I E • 0.25 mAde, IC • 01 
(IE' 5.0 mAde, IC· 01 

Collector Cutoff Current 
(VCE· 15 Vde, VBE· 0, TC' 1250 CI 

Collector Cutoff Current 
(VCB· 15 Vde, IE· 01 

ON CHARACTERISTICS 

DC Current Gain 
(I C • 250 mAde, V CE • 5.0 Vdel 
(I C • 500 mAde, V CE • 5.0 Vdel 

DYNAMIC CHARACTERISTICS 

Output Capacitance 
(VCB; 15 Vde, IE· 0,1'0.1 to 1.0 MHz) 

FUNCTIONAL TEST 

Common-Emitter Amplifier Power Gain 
(VCC· 12.5 Vde, Pout· 3.5 W, 1·50 MHz) 
(Vee· 12.5 Vde, Pout· 8.0 W, 1·50 MHz) 

Power Output 
(Vce· 12.5 Vde, Pin· 350 mW, 1·50 MHzl 
(Vee· 12.5 Vde, Pin· 800 mW, 1·50 MHzl 

Collector Efficiency 
(Vee· 12.5 Vde, Pout· 3.5 W, 1·50 MHzl 
(Vee· 12.5 Vde, Pout· 8.0 W, 1·50 MHzl 

• Indicates JEOEC Registered Data. 

(1)Pulsed thru a 25 mH inductor. 

2N5846 
2N5847 

2N5846 
2N5847 

2N5846 
2N5847 

2N5846 
2N5847 

2N5846 
2N5B47 

2N5846 
2N5847 

2N5846 
2N5847 

2N5846 
2N5847 

2N5846 

VCC 

FIGURE 1 - 50 MHz TEST CIRCUITS 

Cl. C1, C5 
C3 
C4 
C6 
C7 
II 
L1 
l3 
l4 

~ 
l4 1 

25·280 pF, Area 464 or Equivalent 
40 pF, 500 Vdc, Unelco 
9.0 -180 pF, Area 463 or Equivalent 
1000 pF Feedthru 
0.1 MF, 75 Vdc 
1 Turns, #18 AWG, 3/8" 1.0. 
Small Ferrite Bead, 2% Turns 
5 Turns, #18 AWG, 3/8" 1.0. 
1.0 ~H, RF Choke 

C4 

2-291 

Svmbol 

BVCEO 

BVCES 

BVEBO 

ICES 

ICBO 

GpE 

Pout 

1/ 

Cl, C3, C4 
C1 
C5 
C6 
11 
l1 
l3 
l4 

Min 

18 

36 

4.0 
4.0 

-
-

-
-

10 
10 

3.5 
8.0 

50 
50 

2N5847 

VCC 

~
C6 

l4 

Max 

-

-

-
-

5.0 
10 

0.5 
1.0 

-
-

-

-

-
-

l3 C4 

C3 

25-280 pF, Areo 464 or Equivalent 
80·480 pF, Areo 466 or Equivalent 
0.1 ~F, 75 Vdc 
1000 pF Feedth,u 
1 Turn, #14 AWG II" 1.0. 
Large Ferrite Bead 2~ Turns 
3Turns, #14 AWG II" 1.0. 
20 Turns, #18 AWG NVClAD Wire, 

2 Lavers no Turns Per Layer) 
14" 1.0. 

Unit 

Vde 

Vde 

Vde 

mAde 

mAde 

dB 

Watts 

% 



2N5846, 2N5847 (continued) 

6.0 
VCC = 12.5 Vdc 

f =50MHz 

E! 
5.0 

f-

'" ~ 4.0 

'" ~ 
~ 3.0 
f-

ii' 
f- V 

2.0 5 
.} 

1.0 / 
II 

o 
o 0.1 

5.0 

E! 4.0 
f-

'" ~ 
"' ~ 3.0 
~ 
f-

ii' 2.5 f-

5 
" 2.0 ~ 

1.5 
25 30 35 

10 

9.0 

g 8.0 

~ 7.0 
z 
~ 6. 
f-

~ 5. 
Bi 
~ 4. 

~ 
~ 2. 

0 

0 

0 

0 

0 

0 1. 

o 

'" J'.,. 

o 25 50 

POWER OUTPUT versus POWER INPUT 

FIGURE 2 - 2N5846 FIGURE 3 - 2N5847 
14 

_VC~=12.5V ~ 
~ 

t----I--

--V V 

E! 
f-

'" ~ 
'" >g 
~ 

~ 
f-

5 

~ 

0.2 0.3 0.4 0.5 0.6 

Pin, INPUT POWER (WATTS) 

12 

10 

B.O 

6.0 

/' 
40 

2.0 
0.4 

f= 50 MHz 

~ 
I-'" 

/ 
/ 

V 

0.6 O.B 1.0 1.2 

Pin, INPUT POWER (WATTS) 

POWER OUTPUT versus FREQUENCY 

FIGURE 4'- 2N5846 

E! 
f-

'" ~ 
'" 

~ 
f-

'" := 
'" 0 

~ 

f, FREUUENCY (MHz) 

FIGURE 5 - 2N5847 

20 

15 

10 

l;;:- t----, 

E:::: ~ ~ r-.,..., 

B.O 

6.0 

4.0 

~ i;>"-. :::--.. 
f-Pin = LOW ./ ../ ...... --.... 
r-~.BW LL ...... .:::::: 

O.7W,/ /" ...... 
r--0.6~/ 
r--0.5W 

3.0 

2.0 
20 30 40 50 

f, FREQUENCY (MHz) 

=---....... --.... 
...... ;;:::::: 

t-.. 
r----.. 

70 

POWER DISSIPATION DERATING CURVES 

FIGURE 6 - 2N5846 

""" "" i'.. 
........ 

"" ........ 

20 

18 

E 16 

~ 14 
z 
o 1 ;:: 
~ 1 
~ 
o 8. 

'" w 
~ 6. 

2 

0 

0 

0 

0 

FIGURE 7 - 2N5847 

'" r-... 
......... 

"" l'::-,. 

" 
"" " 

1.4 

~ 
~ b., 
["'-- t-.. 

r--

100 

" 
~ 4. 

'" 
"" 

0 

~ 0 

2. 

75 100 125 150 175 200 25 50 75 100 125 150 175 200 

TC, CASE TEMPERATURE (DC) TC, CASE TEMPERATURE (DC) 

2-292 



2N5846, 2N5847 (continued) 

PARALLEL EQUIVALENT INPUT RESISTANCE versus FREQUENCY 

FIGURE 8 - 2N5846 
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2N5848 (SILICON) 

The RF Line 

NPN SILICON RF POWER TRANSISTOR 

· .. designed primarily for use in large-signal amplifier driver and 
output stages, the 2N5B4B is intended for use in industrial communi­
cations equipment operating at frequencies to BO MHz. 

• Optimized for Operation from a 12.5 Volt Supply 

• 20 Watts (Min) R F Power Output at 50 MHz 

• Balanced Emitter Construction for Burn Out Protection 

*MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage VCEO 24 Vdc 

Collector-Base Voltage VCB 4B Vdc 

Emitter-Base Voltage VEB 4.0 Vdc 

Collector Current - Continuous IC 3.5 Adc 

Total Device Dissipation @;rC- 25°C Po 50 Watts 
Derate above 25°C 285 mW/oC 

Storage Temperature Range Tstg -65 to +200 °c 
Stud Torque (11 6.5 in-Ibs. 

"Indicates JEOEC Registered Data. 

(1)For repeated assembly use 5 in-Ibs. 

2-294 

20W-50MHz 

RF POWER 
TRANSISTOR 

NPN SILICON 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 

A 940 978 0370 0.385 
8 81' 838 0.320 0330 
C lS03 "" (]710 0750 
0 55' '84 22 .1 
E 178 20' 0070 OOBO 
F 279 191 0.110 0115 
H 2642 2870 1040 1130 
J 010 015 0.004 0000 
K 1321 1435 0520 0565 
l 1.40 16' 0055 0065 
M 45° NOM ON M 
P 127 - 0.050 
R 759 780 0299 0307 
S 401 452 0158 0 
T 116 241 0085 0095 
U 154 330 0100 0130 

NOTE 
CASE 145A 01 USE83?NC2ASTUD 

CASE 145A-01 



2N5848 (continued) 

*ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 

I Characteristic Symbol Min Typ Max 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) 

IIc = 100 mAde, IB = 0) 

Collector-Emitter Breakdown Voltage(1) 

IIc = 50 mAde, VBE = 0) 

Emitter-Base Breakdown Voltage 

liE = 5.0 mAde, IC = 0) 

Collector Cutoff Current 
(VCE = 15 Vde, VBE = 0, TA = +1250 C) 

Collector Cutoff Current 
(VCB = 15 Vde, IE = 0) 

ON CHARACTERISTICS 

DC Current Gain 

IIc = 1.2 Ade, VCE = 5.0 Vde) 

DYNAMIC CHARACTERISTICS 

Output Capacitance 
(VCB = 12.5 Vde, IE = 0, f = 0.1 to 1.0 MHz) 

FUNCTIONAL TEST 

Common-Emitter Amplifier Power Gain 

(Pout = 20 W, VCC = 12.5 Vde, IC =3.2 Ade, f = 50 MHz) 

Collector Efficiency 

(Pout = 20W, VCC = 12.5 Vde, IC = 3.2 Ade, f = 50 MHz) 

• Indicates JEDEC Registered Data. 
(1)Pulsed thru a 25 mH Inductor. 

BVCEO 24 - -

BVCES 48 - -

BVEBO 4.0 - -

ICES - - 10 

ICBO - - 1.0 

8.0 

50 

FIGURE 1 - 50 MHz POWER GAIN TEST CIRCUIT 
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G2 
G3, G4 
G5 
G6 
C7 
L1 
L2 
L3 

L2 

20-300 pF AReO 464 Capac'or 
40-600 pF AReO 466 Capacitor 
100 pF UNDERWOOD 
0.001 ,uF MICA Dipped Capacitor 
20,uF Capacitor 
O.OOI"F UNDERWOOD Capacitor 
3/4 Turn, #16 AWG, 3/8" 10, 1-1/4" Long 
2Turns #18 AWG,3/8" 10,1-1/4" Long 
13Turns#16AWG. 1/4" to 

G8 

Unit 

Vde 

Vde 

Vde 

mAde 

mAde 

dB 

% 

FIGURE 2 - OUTPUT POWER versus INPUT POWER FIGURE 3 - OUTPUT POWER versus FREQUENCY 
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2N5848 (continued) 
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2N5849 (SILICON) 

NPN SILICON RF POWER TRANSISTOR 

· .. designed primarily for use in large·signal amplifier output stages, 
the 2N5849 is intended for use in industrial communications equip· 
ment operating at frequencies to 80 MHz. 

• Optimized for Operation from a 12.5 Volt Supply 

• 40 Watts (Min) RF Power Output at 50 MHz 

• Balanced Emitter Construction for Burn Out Protection 

'MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage VCEO 24 Vdc 

Collector-Base Voltage VCB 4B Vdc 

Emitter-Base Voltage VEB 4.0 Vdc 

Collector Current Continuous IC 7.0 Adc 

Total Device Dissipation @TC - 25°C PD 100 Watts 
Derate above 25°C 571 mW/oC 

Storage Temperature Range T stg -65 to +200 °c 

-Indicates JEDEC Registered Data. 

This device IS designed for RF operation. The total device dissipation rating applies 
onlv when the device is operated as an RF amplifier. 

2-297 

DIM 

A 
8 
C 
0 
E 
F 
H 
J 
K 
L 
M 
P 
A 
S 
T 
U 

40W-50 MHz 

RF POWER 
TRANSISTOR 

NPN SILICON 

MILLIMETERS INCHES 
MIN MAX MIN MAX 

12.57 12.90 0.459 0.508 
10.54 10.80 0.415 0.425 
21.21 21.46 0.835 0.845 
5.59 5.84 0.220 0.230 
1.83 1.98 0.072 0.078 
2.79 2.92 0.110 0.115 

26.42 28.70 1.040 1.130 
0.10 0.15 0.004 0.006 

13.21 14.35 0.520 0.565 
1.65 1.90 0.065 0.D75 

45 0 NOM 45 0 NOM 
1.27 0.050 

9.78 10.01 0.385 0.394 
3.89 4.45 0.153 0.175 
2.03 2.29 0.080 0.090 
2.54 3.30 0.100 0.130 

NOTE: 145A·02 USES 10·32NF2ASTUO. 
CASE 145A-02 



2N5849 (continued) 

*ELECTRICAL CHARACTERISTICS (TC ~ 250C unless otherwise noted) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(l) 
(lC = 200 mAde, IB = 0) 

Collector-Emitter Breakdown Voltage(l) 
(lC = 100 mAde, VBE = 0) 

Emitter-Base Breakdown Voltage 
(Ie = 10 mAde,lc = 0) 

Collector Cutoff Current 

(VCE = 15 Vde, VBE = 0, T A = +1250 C) 

Collector Cutoff Current 

(VCB = 15 Vde, IE = 0) 

ON CHARACTERISTICS 

DC Current Gain 
(I C = 2.4 Ade, V CE = 5.0 Vde) 

DYNAMIC CHARACTERISTICS 

Output Capacitance 

(VCB = 12.5 Vde, IE = 0, f = 0.1 to 1.0 MHz) 

FUNCTIONAL TEST 

Common-Emitter Amplifier Power Gain 

(Pout = 40 W, VCC = 12.5 Vde, f = 50 MHz) 

Collector Efficiency 

(Pout = 40 W, VCC = 12.5 Vde, f = 50 MHz) 

·'ndicates JEDEC Registered Data. 
(1)Pulsed thru a 25 mH Inductor. 

BVCEO 

BVCES 

BVEBO 

ICES 

ICBO 

GpE 

1] 

24 - -

48 - -
4.0 - -

- - 10 

- - 1.0 

7.5 - -

50 - -

FIGURE 1 - 50 MHz POWER GAIN TEST CIRCUIT 

Vee 

+ t10PF 1.° T "F Cl 25·280 pF, Area 464 or Equivalent 
C2 80·480 pF, Area 466 or Equivalent 

L3 
e4 

C3 0-75 pF, Hammarlund MAPC 75 or Equivalent 
C4 0-50 pF, Hammarlund MAPC 50 or Equivalent 
L1 lTurn #14 AWG 5/1S" I.D. 
L2 2-1/2 Turns #22 AWG on 3/8" Ferrite Bead 
L3 18 Turns #18 AWG 3/8"1.0. 2 Layers, 9 Turns Each 
L4 4Turns#14AWG 711S"I.D.7/1S" Long 
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Vde 

Vde 

Vde 

mAde 

mAde 

dB 

% 



2N5849 (continued) 
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2N5849 (continued) 

40 WATT. 50 MHz TRANSMITTER SCHEMATIC 
(Information obtained from AN-502Aj 

,--4>-------.-------.,....----,..-----.-----.--0 +12.5 Vdc 

0.005pF 1 

20 pF 

2N4073 

2N5847 

170·780 
pF 

9-180pF I RFC 
VK200' 

-= 

IOn 
1I2W 

-= 

P.=40W 
Pin = 20 mW 

* Ferroxcube Part Number 

Overall Gain = 33 dB 
Overall Efficiency = 59.2% 

RFCI - 20 Turns #18 AWG, 3/16" 1.0., 2 Layers, 
10 Turns Each, Close Wound. 

RFC2 - 18 Turns, #18 AWG, 3/16" 1.0., 2 Layers, 
9 Turns Each. Close Wound. 

APPLICATION INFORMATION 

In addition to a fine selection of quality AF Semiconductors. 
Motorola provides applications information in the form of Appli~ 
cation Notes. Any of the notes listed on this page may be obtained 
by writing to the Technical Information Center, Motorola Semi~ 
conductor Products Inc., P.O. Box 20924. Phoenix, Arizona 85036. 

AN-267 Matching Network Designs with Computer 
Solutions 

AN-282A Systemizing A F Power Amplifier Design 

AN-481 A Broadband 4-Watt Aircraft Transmitter 

AN-495 A 25-Watt.175-MHz Transmitterfor 12.5-Volt 
Operation 

AN-502A A 40-Watt, 50-MHz Transmitter for 12.5-Volt 
Operation 

AN-507 A 13-Watt Broadband AM Aircraft Transmitter 
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2N5859 (SILICON) 

NPN SILICON ANNULAR SWITCHING TRANSISTOR 

... designed for high·current, !ligh·speed switching applications. 
Ideally suited for ferrite core and plated wire memory driver, 
hammer driver, or MOS translator applications. 

• Excellent Current·Gain - Bandwidth Product -
fT = 250 MHz (Min) @ IC = 50 mAde 

• Low Collector·Base Capacitance -
Ccb = 7.0 pF (Max) @VCB = 10 Vdc 

• Low Coliector·Emitter Saturation Voltage -
VCE(sat) = 0.7 Vdc (Max) @ IC = 1.0 Adc 

• Fast Switching Times @ IC = 1.0 Adc 
ton = 35 ns (Max) 
toff = 60 ns (Max) 

"MAXIMUM RATINGS 

Rating Symbol Value 

Coliector~Emitter Voltage VCEO 40 

Collector-Base Voltage Vce 80 

Emitter·Base Voltage Vee 6.0 

Collector Current - Continuous IC 2.0 

Total Power Dissipation @TA • 25°C Po 1.0 
Oerate above 25°C 6.72 

Total Power Dissipation@Tcz: 25°C Po 5.0 
Derate above 25°C 28.6 

Operating and Storage Junction TJ,T stg -65 to +200 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Aesistance, Junction to Ambient R8JA 175 

Thermal Resistance. Junction to Case R8JC 35 

"Indicates JEDEC Registered Data 

2-301 

Unit 

Vdc 

Vdc 

Vdc 

Adc 

Watt 
mW/oC 

Watts 
mWf'C 

°c 

Unit 

°CIW 

°CIW 

NPN SILICON 
SWITCHING 

TRANSISTOR 

STYLE 1 :~ PIN 1. EMITIER R 
2.8ASE B 
3. COLLECTOR 

I ===== P C 

-r;- -- L 

_~K 

---.l 
SE~T~~~ --H-o 

Q/"'1 
N 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 
A 8.89 9.40 0.350 0.370 
8 8.00 8.51 0.315 0.335 
C 6.10 6.60 0.240 0.260 
D 0.406 0.533 0.016 0.021 
E 0.229 3.18 0.009 0.125 
F 0.406 0.483 0.016 0.019 
G 4.83 5.33 0.190 0.210 
H 0.711 0.864 0.028 0.034 
J 0.737 1.02 0.029 0.040 
K 12.70 0.500 
L 6.35 - 0.250 -
M 450 NOM 450 NOM 
P 1.27 0.050 
Q 900 NOM 900 NOM 
R 2.54 - 0.100 -

All JEDEC dirnensionsand notes apply. 

CASE 79·02 
TO·39 



2N5859: (continued) 

-ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted.1 

Characteristic Svmbol Min Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Sreakdown Voltage (11 SVCEO 40 - Vde 
(lC = 10 mAde,lB ~ 01 

Coliector·Ba .. Breakdown Voltage BVCBO BO - Vde 
(lC = 100 jtAde,.IE = 01 

Emitter-aa .. Breakdown Voltage SVEBO 6.0 - Vde 
(IE = 10 "Ade, IC = 01 

Collector Cutoff Current ICEX "Ade 
(VCE = 50 Vde, VSE(offl = 2.0 Vdel - 0.2 
(VCE = 50 Vde, VBE(offl = 2.0 Vde, TA = 7s"CI - 5.0 

Collector Cutoff Current ICBO jtAde 
(VCB = 50 Vde; IE" 01 - 0.25 
(VCS = 50 Vde, IE = 0, TA = 7s"CI - 5.0 

Emitter Cutoff Current lEBO - 0.1 "Ade 
(VBE = 5.0 Vdc, IC = 01 

ON CHARACTERISTICS (11 

DC Current GailT hFE -
(lc = 500 mAde, V CE = 1.0 Vdel 30 120 

(lC = 1.D.Ade, VCE = 1.0 Vdel 15 100 

(lc = 1.0 Ade, VCE = 1.0 Vde, TA = -5s"CI 10 -
Collector-Emitter Saturation Voltage VCE(satl Vde 

(lC = 500 mAde, IS = 50 mAdel - 0.4 
(lC = 1.0 Ade, IS = 100 mAdel - 0.7 

Base-Emitter Saturation Voltage VSE(satl Vdc 
(lC = 500 mAde, IB = 50 mAdel 0.8 1.0 
(lc = 1.0 Ade,IB = 100 mAdel 0.9 1.25 

DYNAMIC CHARACTERISTICS 

Current-Gain-Bandwidth Product fT 250 - MHz 
(lC = 50 mAde, VCE = 10 Vde, f = 100 MHzl 

Collector-Sa .. Capacitance Ceb - 7.0 pF 
(VCS = 10 Vde, IE = 0, f = 100 kHzl 

Emitter-Base Capacitance Cob 60 pt-
(VES = 0.5 Vde, IC = 0, f = 100 kHzl 

SWITCHING CHARACTERISTICS 

Turn.()n Time ton n. 
(VCC = 30 Vde, VBE(offi = 2.0 Vde, IC = 1.0 Ade, - 35 
lSI = 100 mAdel (Figure. 8 and 101 

Delay Time td ns 
(VCC = 30 Vde, VSE(offl = 2.0 Vdc, IC = 1.0 Ade, - 6.0 
lSI = 100 mAdel (Figures 8 and 101 

Rise Time tr ns 
(Vec· 30 Vde, VSE(offl - 2.0 Vde, IC = 1.0 Ade, - 30 
'lSI· 100 mAdel (Figures 8 and 101 

Tum'()ffTime toff ns 
(VCC = 30 Vde, IC· 1.0 Ade, - 60 
lSI = IS2= 100 mAdel (Figuras 9 and 111 

Storage Time ts ns 
(VCC = 30 Vde,lc= 1.0 Ade, - 35 
lSI = IS2 = 100 mAdel (Figures 9 and 111 

Fall Time tf ns 
(VCC = 30 Vdo, IC = 1.0 Ado, - 35 
lSI = IS2= 100 mAdel (Figures 9 and 111 

'Indicat .. JEDEC Ragi.tered Data 

111 Pul .. Test: Pul .. Width <;;300 "', Duty Cycle <0;2.0%. 
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2N5859 (continued) 
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There are two limitations on the power handling ability of a 
transistor: junction temperature and second breakdown. Safe 
operating arBa 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 TJ(pkl = 2000 C;TC is variable 
depending on conditions. Pulse curves are valid for duty cvcles of 
10% provided T J(pkl': 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. 

TYPICAL DC CHARACTERISTICS 

FIGURE 2 - DC CURRENT GAIN 
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FIGURE 4 - COLLECTOR SATURATION REGION 
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2N5859 (continued) 

TYPICAL DYNAMIC CHARACTERISTICS 

FIGURE 6 - CURRENT-GAIN-BANDWIDTH PRODUCT 
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FIGURE 8 - TURN-ON TIME 
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2N5861 (SILICON) 

NPN SILICON ANNULAR MEMORY DRIVER 

. designed for medium·current, high·speed switching applications. 
Ideally suited for ferrite core memory driver circuits. 

• Collector· Emitter Breakdown Voltage -
BVCEO ~ 50 Vdc (Min) @ IC ~ 10 mAdc 

• Low Coliector·Emitter Saturation Voltage -
VCE(sat) ~ 0.5 Vdc (Max) @ IC ~ 500 mAdc 

• Low Coliector·Base Capacitance -
Ccb ~ 7.0 pF (Max) @ VCB ~ 10 Vdc 

• Fast Switching Times@ IC ~ 500 mAdc -­
ton ~ 25 ns (Max) 
toft ~ 60 ns (Max) 

'MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage VCEO 50 

Collector-Base Voltage VCB 100 

Emitter-Base Voltage VEB 6.0 

Collector Current - Continuous IC 2.0 

Total Device Dissipation @TA ::::; 25°C Po 1.0 

Derate above 25°C 6.0 

Total Device Dissipation @TC = 25°C Po 5.0 
Derate above 25°C 28.6 

Operating and Storage Junction TJ,Tstg -65 to +200 
Temperature Range 

*Indlcates JEDEC RegIstered Data 

2-305 

Unit 

Vdc 

Vdc 

Vdc 

Adc 

Watts 
mW/oC 

Watts 
mW/oC 

°c 

DIM 
A 
B 
C 
0 
E 
F 
G 
H 
J 
K 
L 
M 
P 
n 
R 

NPN SILICON 
MEMORY DRIVER 

TRANSISTOR 

MILLIMETERS INCHES 
MIN MAX MIN MAX 
8.89 9.40 0.350 0.370 
8.00 8.51 0.315 0.335 
6.10 6.60 0.240 0.260 
0.406 0.533 0.016 0.021 
0.229 3.18 0.009 0.125 
0.406 0.483 0.016 0.019 
4.83 5.33 0.190 0.210 
0.711 0.864 0.028 0.034 
0.737 1.02 0.029 0.040 

12.70 - 0.500 -
6.35 0.250 -
450 NOM 450 NOM 
- 1.27 - 0.050 
900 NOM 900 NOM 

2.54 - 0.100 -

All JEOEC dimensions and notesapplv. 

CASE 79-02 
TO-39 



2N5861 (continued) 

*ELECTRICAL CHARACTERISTICS ITA = 25°C unless otherwise noted) 

Characteristic Symbol 

OFF CHARACTERISTICS 

ColJector~Emitter Breakdown Voltage (1) BVCEO 
IIc = 10 mAde,lB = 0) 

Collector·8ase Breakdown Voltage BVCBO 
IIC = 100 !lAde, IE = 0) 

Emitter·Base Breakdown Voltage BVEBO 
(IE = 10 !lAde, IC = 0) 

Collector Cutoff Current ICEV 
IVCE = 50 Vde, VBElofl) = 2.0 Vde) 

IVCE = 50 Vde, VBEloff) = 2.0 Vde, TA = 75°C) 

Collector Cutoff Current ICBO 
IVCB = 50 Vde, IE = 0) 

IVCB = 50 Vde, IE = 0, TA = +750 C) 

Emitter Cutoff Current lEBO 
IVBE = 5.0 Vde, IC = 0) 

ON CHARACTERISTICS 111 

DC Current Gain hFE 
(IC = 500 mAde, VCE = 1.0 Vde) 

IIc = 500 mAde, VCE = 1.0 Vde, T A = -55°C) 

Collector-Emitter Saturation Voltage VCElsat) 
(lC = 500 mAde, IB = 50 mAde) 

Base-Emitter Saturation Voltage VBElsat) 
(I C = 500 mAde, I B = 50 mAde) 

DYNAMIC CHARACTERISTICS 

Current-Gain-Bandwidth Product IT 
(lC = 50 mAde, VCE = 10 Vde, f = 100 MHz) 

Collector-Base Capacitance Ceb 
IVCB = 10 Vde, IE = 0, f = 100 kHz) 

Emitter-Base Capacitance Ceb 
(VBE = 0.5 Vde, IC = 0, f = 100 kHz) 

SWITCHING CHARACTERISTICS 

Turn-On Time 
IVCC = 30 Vde, VBEloff) = 2.0 Vde, 

ton 

Delay Time IC = 500 mAde, IB1 = 50 mAde) td 

Rise Time 
IFigure 5) 

tr 

Turn-Off Time toff 
IVcc = 30 Vde, IC = 500 mAde, 

Storage Time IB1 = IB2 = 50 mAde) ts 

IFigure 6) 
Fall Time tf 

*, ndicates JEDEC Registered Data. 

(1) Pul.., Test: Pulse WidthS 300 1"5, Dutv Cycl.:'S2.0%. 

TYPICAL DYNAMIC CHARACTERISTICS 

FIGURE 1 - CURRENT·GAIN-BANDWIDTH PRODUCT 
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2N5861 (continued) 

TYPICAL DYNAMIC CHARACTERISTICS 

FIGURE 3 - TURN·ON TIME FIGURE 4 - TURN·OFF TIME 

200 

100 ~ 
Ic/IB-lO 

TJ = 25'C 

200 

100 

I I I VC~ = ~O ~d~ 

" 
If@ICilB=10 Tj= 25'C 

VlcilB-20 

50 

g 
w 20 
'" ;:: 

10 

tr@VCC= 10 Vdc 

...... " r- VCC = 30 Vdc i>' 
I'l" ~ V ) 

70 
g 

50 w ,. 
;:: 

30 

t,@lc/IB - 20 

~ II Ic/lB = 10 

I' . II 

"- /' 
r-

L "-
5.0 td@VOB=OV 

VOB = 2.0Vdc 
VCC = 30 Vdc 

20 

20 

10 
'" L. 

VL r'" 
10 20 50 100 200 500 1000 10 20 30 50 100 200 300 500 

IC. COLLECTOR CURRENT (rnA) IC. COLLECTOR CURRENT (rnA) 
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FIGURE 6 - TURN·OFF TIME TEST CIRCUIT 
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2N5861 (continued) 
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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-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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- - -- Thermal Limi~ations @TC=250 C 
~ Pulse Duty Cyel'''' 11111 

The data of Figure 9 is based on T J(pk) = 2QOoC; TC is variable 
depending on conditions. Pulse curves are valid for duty cycles of 
10% provided TJlpkl" 200°C. 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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2N5862 (SILICON) 

The RF Line 

NPN SILICON RF POWER TRANSISTOR 

· .. designed for VHF power amplifier applications in military and in· 
dustrial equipment. Particularly suited for use in Class AB, B, or C 
amplifier applications to 175 MHz. 

• High Output Power Capability -
90 Watts Peak Output for 15 Watts (Typ) Input @ f ; 150 MHz 

• Balanced Emitter Construction to Provide the Designer with the 
device Technology that Assures Ruggedness and Resists Tran­
sistor Damage Caused by Load Mismatch. 

• Stripline Packaging for Lower Lead Inductance and Better Broad­
band Capability 

"MAXIMUM RATINGS 

A.tint Svmbol Value Unit 

Collector-Emitter Voltage VeEO 35 Vdc 

Collector-Base Voltage VeB 65 Vdc 

Emitter-Base Voltage VEB 4.0 Vdc 

Collector Cur""'t - Continuous Ie 8.0 Adc 

Total Device Dissipation'" Te=5OOe Po 80 Watts 
Derate above sooe 533 mwf'e 

Operating and Storage Junction TJ, Tstg -65 to +200 °e 
Temperature Range 

*Indicates JEOEC Registered Data 

2-309 

90 WATTS PEAK -150 MHz 

DIM 

A 
8 
C 
D 
E 
F 
H 
J 
K 
L 
M 
P 
R 
S 
T 
U 

NPN SILICON 
RF POWER 

TRANSISTOR 

MILLIMETERS INCHES 
MIN MAX MIN MAX 

12.57 12.90 0.459 0.508 
10.54 10.80 0.415 0.425 
21.21 21.46 0.835 0.845 
5.59 5.84 0.220 0.230 
1.83 1.98 0.072 0.078 
2.79 2.92 0.110 0.115 

26.42 28.70 1.040 1.130 
0.10 0.15 0.004 0.006 

13.21 14.35 0.520 0.565 
1.65 1.90 0.065 0.075 

450 NOM 450 NOM 
- 1.27 - 0.050 

9.78 10.01 0.385 0.394 
3.89 4.45 0.153 0.175 
2.03 2.29 0.080 0.090 
2.54 3.30 0.100 0.130 

NOTE: 145A·02 USES lo-32NF2A STUD. 
eASE 146A-02 

i 
I, 

il 
I:f 

11 

II 
I; 
I' 
I' 



2N5862 (continued) 

* ELECTRICAL CHARACTERISTICS (TC = 25°C unless otherwise notedl 

Chtor_ristic Symbol Min Typ Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage <D BVCEO 35 - - Vde 
(lc = 200 mAde,lB = 0) 

Collector-Emitter Breakdown Voltage BVCES 65 - - Vde 
(lC· 200 mAde, VBE = 0) 

Emitter-Base Breakdown Voltage BVEBO 4.0 Vde 
(IE = 10 mAde, IC - 0) 

Collector Cutoff Current ICES - - 10 mAde 
(VCE = 30 Vdc, VSE = 0, TC = 1250 C) 

Collector Cutoff Current ICBO - - 2.0 mAde 
IVCB = 30 We, IE = 0) 

ON CHARACTERISTICS 

DC Current Gain 
(lC = 3.0 Ade, VCE = 5.0 Vde) 

DYNAMIC CHARACTERISTICS 

Output Capecitance 
(VCB = 30 Vdc, IE = 0, f = 0.1 to 1.0 MHz) 

FUNCTIONAL TEST (Circuit Tuned at 90 Watts Peak, VCC = 27 Vdc and not retuned for 13.5 Vdc Carrier Power Testl 

Power Input 
(Pout = 90 W Peak, VCC = 27 Vdc, f = 150 MHz, 
33.3% Duty Cycle Square Wave, Power Source Modulated) 

Power Gain CW (Carrier'Power) 
(Pout = 24 W, VCC = 13.5 Vdc, f= 150 MHz, 
Circuit Tuned at 90 W Pe.k, V CC = 27 Vdc) 

Power Gain 
(VCC = 27 Vdc, f = 150MHz, Pout =75W,IC =4.1 Adc, 
Circuit Tuned at 90 W Peak, VCC = 27 Vdc) 

Collector Efficiency 
(Pout=75W, VCC=27Vdc, f= 150MHz,IC = 4.1 Adc) 

Load Mismatch 
(Pout = 75 W, CW, VCC = 27 Vdc, f = 150 MHz, 
10% Duty Cycle, 10 ms Pulse, VSWR 10:1, 
• " angles) 

(!) Pul.d through 25 mH Inductor. 

·'ndicates JEDeC Regi5tered Data 

Pin(paak) 

GpE 

GpE 

11 

FIGURE 1 - 150 MHz TEST CIRCUIT 

VCC 

C6P ,C8,C9 I I I T 
Rl 

Cl Ll 

Cl,C2,C3,C4 9.0-180 pF, Areo 463 or Equivalent 
C5 150 pF, Und.lW<lod 

C6,C7 1000 pF F"dthru. 
C8 0.01 pF 
C9 10pF,50V C2 
Ll 3·1I2Turn. #16 AWG, 1/4"10 C5 L3 
L2 1 Turn 116 AWG, 114"10 
L3 0.15.uH With a Ferrite Bead on Both Ends 
L4 9-112 Turns #16 AWG Wound around Rl 
Rl 1.0 k Ohm, 2.0 W 

-; 

2-310 

- 15 - Watts 

5.0 - - dB 

7.0 - - dB 

60 - - % 

Less Than 5% Change in Power 
Readings Before and After Mi .. 
match Tests. 

L4 

L2 C4 

I 
I C3 
I 
:SHIELD 

I 
I 
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2N5862 (continued) 
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2N5862 (continued) 

PARALLEL INPUT CAPACITANCE versus FREQUENCY 

FIGURE 8 - Vce = 13.5 Vdc, Pout = 25 W FIGURE 9 -VCC-27Vdc,Pout=75W 
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2N5864 (SILICON) 

PNP SILICON ANNULAR TRANSISTOR 

· .. designed for use in general-purpose amplifier and 
medium-speed switching applications. 

• High·Coliector·Emitter Breakdown Voltage­
BVCEO = 70 Vdc (Mini @ IC = 10 mAdc 

• DC Current Gain Specified - 10 mA to 500 mA 

• High.Coliector Current - IC = 1.5 Adc Continuous 

'MAXIMUM RATINGS 

Rating Symbol Value 

Collector~Emitter Voltage VCEO 70 

Collector-Base Voltage VCB 90 

Emitter-Base Voltage VEB 5.0 

Collector Current - Continuous IC 1.5 

Total Power Dissipation @ TA = 25°C Po 1.25 
Derate above 25°C 7.15 

Total Power Dissipation @ TC = 25°C Po 8.75 
Derate above 25°C 50 

Operating and Storage Junction TJ. Tstg -65 to +200 
Temperature Range 

·1 ndicates JEDEC Registered Data 
• ·Motorola Guarantees this data in addition to JEOEC Registered Data. 
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Unit 

Vdc 

Vdc 

Vdc 

Adc 

Watts 
mW/oC 

Watts 
mW/oC 

°c 

PNPSILICON 
GENERAL-PURPOSE 

TRANSISTOR 

Pin 1. Emitter 

l~:::: : c 
rR~IA 2. Bast! 

3. Collector 

re--- Lt 
/ _ :::::::.u K 

SEATING _---.J. 
PLANE ~~D 

DIM 
A 
B 
C 
0 
E 
F 
G 
H 
J 
K 
L 
M 
P 
Q 

A 

Q~ 
/ 

MI LLiMETEAS 
MIN MAX 
B.B9 9.40 
B.OO B.Sl 
6.10 6.60 
0.406 0.533 
0.229 3.1B 
0.406 0.483 
4.83 5.33 
0.711 0.864 
0.737 1.02 

12.70 
6.35 
450 NOM 

1.27 
900 NOM 

2.54 -

INCHES 
MIN MAX 
0.350 0.370 
0.315 0.335 
0.240 0.260 
0.016 0.021 
0.009 0.125 
0.016 0.D19 
0.190 0.210 
0.028 0.034 
0.029 0.040 
0.500 
0.250 
450 NOM 

0.050 
900 NOM 

0.100 -

All JEOEC dimensions and notes apply. 

CASE 79-02 
TO-39 



2N5864 (continued) 

ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 

f Characteristic 

'OFF CHARACTERISTICS -
Collector~Emitter Breakdown Voltage 

(lc = 10 mAde, IB = 0) 

Coliector~Base Breakdown Voltage 
(lC = 10 /lAde, IE ~ 0) 

Emitter-Base Breakdown Voltage 
(IE = 10/lAde, IC = 0) 

Collector Cutoff Current 
(VCB = 45 Vde, IE = 0) 

Emitter Cutoff Current 
(VSE = 3.0 Vde, IC = 0) 

ON CHARACTERISTICS 
*DC Current Gain 

(lC = 10 mAde, VCE = 10 Vde) 
(lC = 30 mAde, VCE = 10 Vde) 
IIc = 150 mAde, VCE = 10 Vde) 
IIc = 300 mAde, VCE = 10 Vde) 
(lC = 500 mAde, VCE = 10 Vde) 

·Collector-Emitter Saturation Voltage 
IIc = 300 mAde, IB = 30 mAde) 

Base--Emitter Saturation Voltage 
(lC = 300 mAde, 'B = 30 mAde) 

*Base-Emitter On Voltage 
(lC = 150 mAde, VCE = 10 Vde) 

SMALL-SIGNAL CHARACTERISTICS 
*Current-Gain-Bandwidth Product (11 

(IC = 50 mAde, VCE = 20 Vde, I = 20 MHz) 

·Collector-Base Capacitance 
(VCB = 10 Vde, IE = 0, 1= 100 kHz) 

Emitter-Base Capacitance 

(VBE = 1.0 Vde, IC = 0, I = 100 kHz) 

*1 nput Impedance 

(lC= 10 mAde, VCE= 10Vde,f= 1.0kHz) 

*Voltage Feedback Ratio 

(lC = 10 mAde, VCE = 10 Vde, I = 1.0 kHz) 

·Small-Slgnal Current Gain 

(lC= 10 mAde, VCE = 10Vde,l= 1.0 kHz) 

·Output Admittance 

(lC = 10 mAde, VCE = 10 Vde, I = 1.0 kHz) 

SWITCHING CHARACTERISTICS (See Figure 1) 

Delay Time 

Rise Time 
(VCC = 10 Vde, 'C = 300 mAde, 'Bl = 30 mAde) 

Storage Time 

Fall Time 
(VCC = 10 Vde, 'C = 300 mAde, 'Bl = 'B2 = 30 mAde) . Indicates JEDEC Registered Data. 

(1) fT is defined as the frequency at which 
Ihfel extrapolates to unity. 

Symbol Min 

BVCEO 70 

BVCBO 90 

BVEBO 5.0 

ICBO -

lEBO -

hFE 
50 

50 
50 
35 
25 

VCE(sat) 

VBE(sat) -

VBE(on) -

IT 50 

Ceb -

Ceb -

hie 200 

hre -

hIe 50 

hoe 10 

td -

tr -
ts -
tf -

FIGURE 1 - SWITCHING TIME TEST CIRCUIT 
+15V -10V 

17 
500 

1.O,us 

Max 

-

-

-

0.5 

0.5 

-
-

500 
-
-

0.9 

1.25 

1.0 

-

25 

150 

1500 

5.0 

500 

200 

30 

100 

500 

250 

O~ 
Vin 500 .,.,..--( Zout 

-32V--­

,NPUT PULSE 

1. V,,· -27 V 4. Duty Cycl .. 2.0% 50 
2. PulseWidth=1.0J.ls 5. tr,tf<5,Ons 
3. PRP· 10 kHz 

-= -= +4,0 Vdc 
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1.0 Megohm 

Unit 

Vde 

Vde 

Vde 

/lAde 

/lAde 

Vde 

Vde 

Vde 

MHz 

pF 

pF 

Ohms 

Xl0-4 

-

~mhos 

ns 

ns 

ns 

ns 



2N5865 (SILICON) 

PNP SILICON ANNULAR TRANSISTOR· 

. designed where high·current, high·voltage conditions are require· 
ments for general·purpose switching and amplifier applications. 

• Collector·Emitter Breakdown Voltage -
BVCEO = 50 Vdc (Min) @ IC = 10 mAdc 

• DC Current Gain Specified - 1.0 mA to 500 mA 

• Turn·On Time .. 
ton = 120 ns (Max) @ IC = 500 mAdc 

>MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector·Emitter Voltage VCEO 50 Vdc 

Collector-Base Voltage VCB 70 Vdc 

Emitter-Base Voltage VEB 5.0 Vdc 

Collector Current - Continuous IC 1.0 Adc 

Total Device Dissipation@TA==2SoC Po 1.25 Watts 
Derate above 2SoC 7.15 mW/oC 

Total Device Dissipation @TC == 2SoC Po 7.0 Watts 
Derate above 25°C 40 mW/oC 

Operating and Storage Junction TJ,Tstg ·65 to +200 °c 
Temperature Range 

*Indicates JEDEC Registered Data. 
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PNPSILICON 
GENERAL-PURPOSE 

TRANSISTOR 

Pm 1 Emitter 
2 ,,_ 
3 Collector 

DIM 
A 
B 
C 
0 
E 
F 
G 
H 
J 
K 
L 
M 
P 
Q 

R 

MILLIMETERS 
MIN MAX 
B.B9 9.40 
B.OO B.51 
6.10 6.60 
0.406 0.533 
0.229 3.1B 
0.406 0.4B3 
4.B3 5.33 
0.711 0.B64 
0.737 1.02 

12.70 
6.35 
450 NOM 

1.27 
900 NOM 

2.54 

INCHES 
MIN MAX 
0.350 0.370 
0.315 0.335 
0.240 0.260 
0.016 0.021 
0.009 0.125 
0,016 0.019 
0.190 0.210 
0.02B 0.034 
0.029 0.040 
0.500 
0.250 
450 NOM 

0.050 
900 NOM 

0.100 

All JEOEC dimensions and notes apply. 

CASE 79·02 
TO·39 



2N5865 (continued) 

*ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage (2) 
(lC = 10 mAde, IB = 0) 

Coliector~Base Breakdown Voltage 
(lC = 10 "Ade, IE = 0) 

Emitter·Base Breakdown Voltage 
(IE = 10 "Ade, IC= 0) 

Collector Cutoff Current 
(VCB = 35 Vde, IE = 0) 

Emitter Cutoff Current 
(VBE = 3.0 Vde, IC = 0) 

ON CHARACTERISTICS (2) 

DC Current Gain 
(I C = 1.0 mAde, V CE = 1.0 Vde) 

(lC = 150 mAde, VCE = 1.0 Vde) 

(I C = 500 mAde, V CE = 2.0 Vde) 

Collector-Emitter Saturation Voltage 
(lC = 500 mAde, IB = 50 mAde) 

Base-Emitter Saturation Voltage 
(lc = 500 mAde, IB = 50 mAde) 

OYNAMIC CHARACTERISTICS 

Current-Gain-Bandwidth Product( 1) 
(lC = 50 mAde, VCE = 20 Vde, f = 20 MHz) 

Collector-Base Capacitance 
(VCB = 10 Vde, Ie : 0, f = 100 kHz) 

Emitter-Base Capacitance 
(VBE = 0.5 Vde, IC: 0, f = 100 kHz) 

SWITCHING CHARACTERISTICS 

Delay Time 
(VCC: 10 Vde, IC: .500 mAde, IBl =50 mAde) 

Rise Time 

Storage Time 
(VCC: 10 Vde, IC = 500 mAde, IBl : IB2 = 50 mAde) 

Fall Time 

*Indicates JEDEC Registered Data. 
(1)fT is defined as the frequency at which Ihfel extrapolates itself to unity. 

(2) Pulse Test: Pulse Width S; 3·00 Ils, Duty Cycle ~ 2 0%. 

Symbol 

BVCEO 

BVCBO 

BVEBO 

ICBO 

lEBO 

hFE' 

VCe(satl 

VBE(satl 

for 

Ccb 

Ceb 

ld 

tr 

ts 

tf 

Min 

50 

70 

5.0 

-

-

40 

40 

20 

-

-

100 

-

-

-

-

-
-

FIGURE 1 - SWITCHING TlMETEST CIRCUIT 

INPUT PULSE 3. PRR = 20 kHz +18 V -10 V 

1. Vin=-4SV 4. Duty Cycle = 2.0% 
2. Pulse Width = 1.0 pS 5. tr• tf <5.0 ns 

SOD 18 

O'--I.0pSJ 

-4SV-~ 

Vin o-_ ..... "'S"'00"r--+-I1-I 

50 
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Zout> 1.0 Megohm 

Max Unit 

- Vde 

- Vde 

- Vde 

200 nAde 

200 nAde 

-
-

200 

-
1.25 Vde 

1.5 Vde 

- MHz 

20 pF 

150 pF 

30 ns 

90 ns 

350 ns 

150 ns 



2N5867, 2N5868 PNP (SILICON) 

2N5869, 2N5870 NPN 

COMPLEMENTARY SILICON 
MEDIUM-POWER TRANSISTORS 

· .. designed for general-purpose power amplifier and switching 
applications. 

• Low Collector-Emitter Saturation Voltage -
VCE(sat) = '.0 Vdc (Max) @ IC = 2.0 Adc 

• Low Leakage Current - ICEX = 0.' mAdc (Max) 

• Excellent DC Current Gain - hFE = 20 (Min) @ IC = '.5 Adc 

• High Current Gain - Bandwidth Product­
fT = 4.0 MHz at IC = 0.25 Adc 

'MAXIMUM RATINGS 

2N5867 
Rating Symbol 2N5869 

Collector-E mitter Voltage VCEO 60 

Collector-Base Voltage VCB 60 

Emitter-Base Voltage VEB 

Collector Current - Continuous IC 
Peak 

Base Current IB 

5.0 

5.0 
10 

2.0 

Total Device Dissipation @ T C = 25°C Po 87.5 
Derate above 25°C 0.5 

2N5868 
2N5870 

80 

80 

Operating and Storage Junction TJ. Tstg -65 to +200 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristics 

Thermal Resistance, Junction to Case 

FIGURE 1 - POWER DERATING 
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......... 
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Unit 

Vdc 

Vdc 

Vdc 

Adc 

Adc 

Watts 
W/oC 

uc 

5.0 AMPERE 

COMPLEMENTARY SILICON 
POWER TRANSISTORS 

6O-SO VOLTS 
87.5 WATTS 

A 

c 
--J-+-+ 

STYLE 1: 
PIN 1 BASE t---F- 2. EMITTER 

-J- CASE: COLLECTOR 

a 0<V' l ~t\ 11 
H \.'Y lJ V i 
t ~ ./ ~ 

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 
D 0.99 1.09 0.039 0.043 
E 3.43 0.135 

CAS E 11-01 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 0.460 
Q 3.84 4.09 0.151 0.161 
R 26.67 - 1.050 

: NOTE 
1. OIM "Q"15 OIA. Collector connected to case. 



2N5867, 2N5868 PNP, 2N5869, 2N5870 NPN (contInued) 

*ELECTRICAL CHARACTERISTICS (TC = 25°C unless otherwise noted) 

OFF CHARACTERISTICS 

Co"ector-Emitter Sustaining Voltage (1) 

(lC = 100 mAde,IB = 0) 2N5867, 2N5869 
2N5868, 2N5870 

Co"ector Cutoff Current 
(VCE = 30 Vdc, IB = 0) 2N5867, 2N5869 
(VCE = 40 Vdc, IB = 0) 2N5868, 2N5870 

Co"ector Cutoff Current 
(VCE = BO Vde, VBE(off) = 1.5 Vdc) 2N5867, 2N5869 
(VCE = BO Vdc, VBE(off) = 1.5 Vdc) 2N5868, 2N5870 
(VCE = BO Vdc"VBE(off) = 1.5 Vdc, TC = lS00C) 2N5867, 2N5869 
(VCE = 80 Vdc, VBE(off) = 1.5 Vdc, TC = 1500C) 2N5868, 2N5870 

Co"ector Cutoff Current 
(VCB = 60 Vdc, IE = 0) 2N5867,2N5869 
(VCB = 80 Vdc, IE = 0) 2N5868, 2N5870 

Emitter Cutoff Current 
(VE8 = 5.0 Vdc, IC = 0) 

ON CHARACTERISTICS 

DC Current Gain (I) 

(lC = 0.3 Adc, VCE = 4.0 Vdc) 
(lc = 1.5 Adc, VCE = 4.0 Vdc) 
(lc = 5.0 Adc, VCE "' 4.0 Vdc) 

Collector-E mitter Saturation Voltage (1) 
(lC = 2.0Adc,IB = 0.2 Adc) 
(lC = 5.0 Adc, 18 = 1.25 Adc) 

Base-Emitter On Voltage (I) 

(lC = 1.5 Adc, VCE = 4.0 Vdc) 

Base-Emitter Saturation Voltage (1) 
(lC = 5.0 Adc, I B = 1.25 Adc) 

DYNAMIC CHARACTERISTICS 

Current-Gain - Bandwidth Product (2) 

(lC = 0.25 Adc, VCE = 10 Vdc, f telt = 1.0 MHz) 

Output Capacitance 
(VCB = 10 Vdc, IE = 0, f = 1.0 MHz) 2N5867,2N5868 

2N5869, 2N5870 

Small-Signal Current Gain 
(lC = 0.25 Adc, VCE = 4.0 Vdc, f ~ 1.0 kHz) 

SWITCHING CHARACTERISTICS 

Rise Time 

Storage Time (VCC = 30 Vdc, IC = 1.5 Adc, 181 = IB2 = 0.15 Adc) 

Fall Time 

·Indicates JEDEC Registered Data. 
(1) Pulse Test: Pulse Width.o;; 300 1'1, Duty Cycle .0;;2.0%. 
(2) fT = Ihfe) °ftelt 

FIGURE 2 - SWITCHING TIME TEST CIRCUIT 

APPROXpTURNOON PULSE 
+11 V I 

--t IL 
Vin II 

-1---- -
VBEloH) I 

,I 
APPRQX 

+11 V 

vcco-__ -, 

v" 

-4.0 V 

q<15ns 
100 <t2 <500J,ts 
t3<15ns 

DUTY CYCLE"", 2.0% 

APPROX9,O V 

t-- ~~C:::ET:~I ~hRL~~I~IES 
TURN-OfF PULSE 

FOR CURVES OF FIGURES 3AND S, RB AND RC 
ARE VARIED TO OBTAIN DESIREO CURRENT LEVELS 

01 MUST BE FAST RECOVERY TYPE. eg 

... 
3 
w 
:E 
;:: 
--

2.0 

1.0 

0.7 
O. 5 

O • 3 

O. 2 

O. 1 

0.0 7 

5 0.0 

0.0 

0.0 

3 

2 

Min Unit 

VCEO(sus) Vdc 
BO -
80 -

ICED mAde 

- 0.5 
- 0.5 

ICEX mAde 

- 0.1 
- 0.1 

- 2.0 
- 2.0 

ICBO mAdc 
- 0.1 
- 0.1 

lEBO - 1.0 mAdc 

hFE -
35 -
20 100 
4.0 -

VCE(sat) Vdc 
- 1.0 

- 2.0 

VBE(on) - 1.5 Vdc 

VBE(sat) - 2.5 Vdc 

fT 4.0 - MHz 

Cob pF 

- 200 
- 150 

hfe 20 - -

tr - 0.7 I'S 

to - 1.0 1'1 

tf - 0.8 I'S 

FIGURE 3 - TURN "ON" TIME 

I TJ = 25'C 
I I I IlcllB= 10. 

Ir@VCC=30V'-
Ir@lVCC=10V= ;:;~ 

-"" .....-: 

- ..,.td@VBE (off) = 0 

2N5867, 2N5868 (PNP) 
2N5869, 2N5870 (NPN) 

MBD5300 USED ABOVE Ie"" 100 rnA 
MS06100 USEO BELOW Ie"" 100 rnA 0.05 0.07 0.1 0.2 0.3 0.5 0.7 1.0 2.0 3.0 5.0 

Ie, COLLECTOR CURRENT (AMPERES) 
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2N5867, 2N5868 PNP, 2N5869, 2N5870 NPN (continued) 

FIGURE 4 - THERMAL RESPONSE 
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FIGURE 5 - ACTIVE REGION SAFE OPERATING AREA 
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FIGURE 6 - TURN "OFF" TIME 

TJ = 250C-I--

IC{~~: :~2 - I---
VCC = 30 V Is 

If@VCC=10V ...... 
~ ...... ..... , 

== --:=! .~ 

I I 2~5861. 2N5868 (PNP) 
2N5869. 2N5870 (NPN) 

0.2 0.3 0.5 0.7 1.0 2.0 3.0 
Ie. COLLECTOR CURRENT (AMPERES) 

100 

I-

I-

;"'1 

'\ 

5.0 

~ 

There are two limitations on the power handling ability of a 
transistor; average junction temperature and second 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 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 TJ(pk) <200°C. TJ(pk) 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. 
(See Motorola Application Note AN-415). 

FIGURE 7 - CAPACITANCE 
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2N5867, 2N5868 PNP, 2N5869, 2N5870 NPN (continued)· 

300 

200 

'" ~ 100 

ffi 70 
'" '" a 50 
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~ 30 

20 

10 
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FIGURE 8 - DC CURRENT GAIN 
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2N5867, 2N5868 PNP, 2N5869, 2N5870 NPN (continued) 
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2N5871, 2N5872, 2N6317, 2N6318 PNP (SILICON) 

2N5873, 2N5874, 2N6315, 2N6316 NPN 

COMPLEMENTARY SILICON 
MEDIUM-POWER TRANSISTORS 

designed for general-purpose power amplifier and switching 
applications_ 

• Low Collector-Emitter Saturation Voltage -
VCE(sat) = 1.0 Vdc (Max) @ IC = 4.0 Adc 

• Low Leakage Current - ICEX = 0.25 mAde (Max) 

• Excellent DC Current Gain - hFE = 20 (Min) @ IC = 2.5 Ade 

• High Current Gain - Bandwidth Product -
fT = 4.0 MHz @ IC = 0.25 Ade 

• Choice of Packages - TO-3 - 2N5871/2N5874 
TO-66- 2N6315/2N6318 

*MAXIMUM RATINGS 
2N5871 
2N5873 

Rating Symbol 2N6315 
2N6317 

Collector-Emitter Voltage VCEO 60 

Collector-Base Voltage VC8 60 

Emitter-Base Voltage VEe 

Collector Current - Continuous IC 
Peak 

Base Current Ie 

2N5871 
Series 

Total Device Dissipation@Tc = 25u C Po 115 
Derate above 25°C 0.658 

2N5872 
2N5874 
2N6316 
2N6318 

80 

80 

5.0 

7.0 
15 

2.0 

2N6315 
Series 

90 
0.515 

Operating and Storage Junction TJ,T,tg -65 to +200 
Temperature Range 

THERMAL CHARACTERISTICS 
2N5871 2N6315 

Characteristic Svmbol 2N5872 2N6316 
2N5873 2N6317 
2N5874 2N6318 

Thermal Resistance, Junction to Case °JC 1.52 1.94 

Unit 

Vdc 

Vdc 

Vdc 

Adc 

Adc 

Watts 
WI?C 

°c 

Unit 

°cM 
lodlcates JEDEC registered data. LimIts and conditions differ on some parameters and 

re-registration reflecting these changes has been requested. All above values meet or eKceed 
present JEDEC registered data. 
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FIGURE 1 - POWER DERATING 

r--~ 
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TC, CASE TEMPERATURE (OC) 

S.fa Area Limits ara Indicated by Figures 5 and 6. Both limits are applicable 
and must be observed. 
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7_0 AMPERE 

COMPLEMENTARY SILICON 
POWER TRANSISTORS 

60-80 VOLTS 

115WATTS-TO-3 
90 WATTS - TO-66 

2N5871/2N6874 

srVLE1: 
PIN 1. BASE 

2.EMITIER 
CASE: COLLECTOR 

NOTE: 
1. DIM"O"ISDIA. 

OIM 

• I 

• 
• 
H • K 

~ 
8 C 

L 

t. K 
SEATING 0 j 

PLANE 

~~ 
~ 

lLl ETER INCHES ... MAX III. 
- 1 •. 37 - I .... 
- 22.23 - 0176 

a 
a I 031 a 
- -

11 
t lUI 

I UI '.1 
I 17.1 
11.11 IU 

- , ... , - I 

CASEl1.Q3 

2N6315/2N6318 p 1_ ---,-~U-

~ l=b-=---= 
~ E D 

SEATING PLANE • ____ -'-

STYLE 1: 
PIN !.BASE 

2. EMITTER 
CASE: COllECTOR 

DIM 
I 

• 
f 

• • • • 
• • T 

• 
11.94 

0.11 

• .. 
2.41 

14.48 
9.14 

1 I 
-
-
-

~
J-

Q . 

- R 
H T 

G 

S 
- -

T£ I." X 
12.10 0.410 , 
a,. 0.D210 
I a 
~ 0 a" 

1 
2.87 0 0105 

14. 0.510 , .. ..... 
1.2 - a 

1 1 

• - 0 
1. - 0.145 

1.75 -
CASE 10-02 

TO ... 



2N5871, 2N5872, 2N6317, 2N6318 PNP (continued) 
2N5873, 2N5874, 2N6315, 2N6316 NPN 
*ELECTRICAL CHARACTERISTICS (TC = 25°C unless otherwise noted) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage (1) 

(lc = 100 mAde,lB = 0) 2N587I,2N5873,2N6315,2N6317 
2N6B72,2N5874,2N6316,2N6318 

Collector Cutoff Current 
(VCE = 30 Vde, IB = 0) 2N587I,2N5873,2N6315,2N6317 

(VCE = 40 Vde, IB = 01 2N5872,2N5874,2N6316,2N63IB 

Collector Cutoff Current 
IVCE = 60 Vde, VBEloff) = 1.5 Vdel 2N5871,2N5873,2N6315,2N6317 
(VCE = 80 Vde, VBE(off) = 1.5 Vde) 2N5872,2N5874,2N6316,2N6318 

(VCE = 60 Vde VBE(off) =1.5 Vdc,TC -150°C) 2N587I,2N5873,2N6315,2N6317 

(VCE = 80 Vde,VBE(off) =1.5 Vde,Tc = 150oCI2N5872,2N5874,2N6316,2N6318 

Collector Cutoff Current 
(VCS = 60 Vde, Ie = 0) 2N587 I ,2N5873,2N631 5,2N6317 

(VCS = 80 Vde, Ie = 01 2N5872,2N5874,2N6316,2N6318 

Emitter Cutoff Current 
IVes = 5.0 Vde, IC = 0) 

ON CHARACTERISTICS 

DC Current Gain (II 
IIc = 0.5 Ade, VCE = 4.0 Vde) 

IIC = 2.5 Ade, VCE = 4.0 Vdc) 

IIc = 7.0 Ade, VCE = 4.0 Vdel 

CollectorwEmitter Saturation Voltage (1) 
(lC = 4.0 Ade,IB = 0.4 Adel 

IIc = 7.0 Add, IS = 1.75 Ade) 

Base-Emitter Saturation Voltage (1) 
IIC = 7.0 Ade,ls = 1.75 Ade) 

Sase-Emitter On Voltage II) 
IIc = 2.5 Ade, VCE = 4.0 Vdel 

DYNAMIC CHARACTERISTICS 

Current-Gam - Bandwidth Product (2) 

IIC = 0.25 Ade, VCE = 10 Vde, f test = 1.0 MHz) 

Output Capacitance 
IVCS =·10 Vde, IE = 0, f = 1.0 MHz) 2N5871,2N5872,2N6317,2N6318 

2N5873,2N5874,2N6315.2N6316 

Small-Signal Current Gain 
(lC = 0.5 Ade, VCE = 4.0 Vde, f = 1.0 kHzl 

SWITCHING CHARACTERISTICS 

Rise Time 

Storage Time 
(VCC = 30 Vde, IC = 2.5 Ade, 

Fall Time 
IBI = IB2 = 0.25 Ade) 

"Indicates JEDEC Registered Dat8. 
(1) Pulse Test: Pulse Width '5 300 IJS. Duty Cycle~ 20%. 

Symbol 

VCEO(sus) 

ICED 

ICEX 

ICSO 

IESO 

hFE 

VCE(sati 

VBE(sati 

VBE(on) 

fT 

Cob 

hfe 

tr 

ts 

tf 

(2) fT = Ihfe I • f te .. TYPICAL CHARACTERISTICS 

Min Moox Unit 

Vdc 
60 -
80 -

mAde 
- 0.5 

- 0.5 

mAde 
- 0.25 

- 0.25 

- 2.0 

- 2.0 

mAde 
- 0.25 

- 0.25 

- 1.0 mAde 

-
35 -
20 100 

4.0 -
Vde 

- 1.0 

- 2.0 

- 2,5 Vde 

- 1.5 Vde 

4.0 - MHz 

pF 
- 300 
- 200 

20 - -

- 0.7 jJS 

- 1.0 
'" - 0.8 "' 

FIGURE 2 - SWITCHING TIME TEST CIRCUIT 

VCC 
-30V 

FIGURE 3 - TURN "ON" TIME 

12 RC 

+9,Oa--J 
0- ----

-11 V--

~ 

RB SCOPE 

39 

51 

tr.tf~10ns 
OUTY CYCLE -1.0% +4.0 V 

FOR CURVES OF FIGURES 3 AND 7, RB ANO RC ARE VARIED 
TO OBTAIN DESIRED CURRENT LEVELS. 

DrMUST BE FAST RECOVERY TYPE, '.g. 
MB05300 USED ABOVE IB ~100 mA 
MS06100 USED BELOW 18 ~100 mA 

FOR NPN TEST CIRCUIT, REVERSE ALL POLARITIES. 
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2N5871, 2N5872, 2N6317, 2N6318 PNP (continued) 
2N5873, 2N5874, 2N6315, 2N6316 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. 
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The data of Figures 5 and 6 is based on TJ(pk) = 200°C; TC is 
variable depending on conditions. Second breakdown pulse limits 
are valid for duty cycle. to 10% provided T J(pk) < 200°C. 
TJ(pk) may be calculaled from the data in Figure 4. At high 
case temperatures, thermal limitations wilt reduce the power that 
can be handled to values less than the limitaitons imposed bV 
second breakdown. 
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2N5871, 2N5872, 2N6317, 2N6318 PNP (continued) 
2N5873, 2N5874, 2N6315, 2N6316 NPN 
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2N5871, 2N5872, 2N6317, 2N6318 PNP (continued) 
2N5873, 2N5874, 2N6315, 2N6316 NPN 

PNP 
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2N6317 and 2N6318 I 

NPN 
2N5873 and 2N6874 
2N6315 and 2N631. 

FIGURE 12 - TEMPERATURE COEFFICIENTS 
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2N5875, 2N5876 PNP (SILICON) 

2N5877, 2N5878 NPN 

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 

Rating Symbol 2N5875 2N5876 
2N5877 2N5878 

Collector-Emitter Voltage VeEO 60 80 

Collector-Base Voltage VeB 60 80 

Emitter-Base Voltage VEB 5.0 

Collector Current - Continuous Ie 10 
Peak 20 

Base Current IB 4.0 

Total Device Dissipation @TC = 25°C Po 150 
Derate above 25°C 0.857 

Operating and Storage Junction TJ. Tstg -65 to +200 
Temperature Range 

THERMAL CHARACTERISTICS 
Characteristic Max 

Thermal Resistance, Junction to Case 1.17 

FIGURE 1 - POWER DERATING 
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Unit 

Vdc 

Vdc 

Vdc 

Adc 

Adc 

Watts 
wloe 

°e 

10 AMPERE 
COMPLEMENTARY SILICON 

POWER TRANSISTORS 

60-80 VOLTS 
150 WATTS 

C 

STYLE 1: 
PIN 1 BASE -F-

2. EMITrER 
r--J- CASE: COLLECTOR 

/ ~ 1 
'~~~ ~IR 
t ~ ./ ~j 

a 

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 
D 0.99 1.09 0.039 0.043 

E 11·01 
E 3.43 0.135 
F 29.90 30.40 1.177 1.197 CAS 

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 3.84 4.09 0.151 0.161 
R 26.67 1.050 

NOTE: 
1. DIM "11"15 DIA. Collector connected to case. 



2N5875, 2N5876 PNP, 2N5877, 2N5878 NPN (continued) 

-ELECTRICAL CHARACTERISTICS (TC = 25°C unless otherwise noted) 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage (11 

(lc = 200 mAde,IB = 0) 2N5875, 2N5877 
2N5876, 2N5878 

Collector Cutoff Current 
(VCE = 30 Vde,IB = 0) 2N5875, 2N5877 
(VCE = 40 Vdc, 18 = 0) 2N5876, 2N5878 

Collector Cutoff Current 

(VCE = BO Vde, VBE(off) = 1.5 Vde) 2N5875, 2N5877 
(VCE = 80 Vdc, VSE(off) = 1.5 Vde) 2N5876,2N5878 
(VCE = BO Vdc, VBE(off) = 1.5 Vde, TC = 150°C) 2N5875, 2N5877 
(VCE = 80 Vde, VBE(off) = 1.5 Vdc, TC = 15oOC) 2N5876, 2N5878 

Collector Cutoff Current 
(VC8 = 60 Vdc, IE = 0) 2N5875, 2N5877 
(VC8 = BO Vde, IE = 0) 2N5876,2N5878 

Emitter Cutoff Current 
(VES = 5.0 Vdc, IE = 0) 

ON CHARACTERISTICS 

DC Current Gain (1) 

(lc = 1.0 Ade, VCE = 4.0 Vdc) 
(lc = 4.0 Adc, VCE = 4.0 Vdc) 
(lc = 10 Adc, VCE = 4.0 Vdc) 

Collector-Emitter Saturation Voltage (1) 
(lc = 5.0Ade,IB = 0.5 Ade) 
(lC = 10 Adc, I B = 2.5 Adc) 

Base-Emitter Saturation Voltage (1) 
(lC = 10 Adc, IB = 2.5 Adc) 

8ase-E mitter On Voltage (1) 
(lc = 4.0 Ade, VCE = 4.0 Vdc) 

DYNAMIC CHARACTERISTICS 

Current-Gain - Bandwidth Product (2) 

(lc = 0.5 Adc, VCE = 10 Vdc, ftest = 1.0 MHz) 

Output Capacitance 
(VCB = 10 Vdc, IE = 0, f = 1.0 MHz) 2N5875, 2N5876 

2N5877, 2N5878 

Small-Signal Current Gain 
(lC = 1.0 Adc, VCE = 4.0 Vdc, f = 1.0 kHz) 

SWITCHING CHARACTERISTICS 

Rise Time 

Storage Time (VCC = 30 Vdc,IC = 4.0 Adc,lBl = IB2· 0.4 Adc, 

Fan Time See Figure 2) 

·'ndlcates JeOEC Registered Data. 
{1} Pulse Test: Pul .. WidthS 300 ""', Duty Cycl.'S2.0%. 

(21 fT - Ihfel" ltest 

FIGURE 2 - SWITCHING TIME TEST CIRCUIT 
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Symbol Min MIx Unit 

VCEO( .... ) Vde 
BO -
BO -

ICEO mAde 
- 1.0 
- 1.0 

ICEX mAde 
- 0.5 
- 0.5 
- 5.0 
- 5.0 

ICBO mAde 
- 0.5 
- 0.5 

IESO - 1.0 mAde 

hFE -
35 -
20 100 
4.0 -

VCE(satl Vde 
- 1.0 
- 3.0 

VBE(satl - 2.5 Vde 

VBE(on) - 1.5 Vdc 

fy 4.0 - MHz 

Cob - pF 
- 500 
- 300 

hfe 20 - -

I, - 0.7 I" 

I, - 1.0 "' 
If - 0.8 "' 

FIGURE 3 - TURN-ON TIME 

"c5C=30V 
I IB=10 
TJ = 250C -;:::.. 

~ 
I, 

I~ 

~ 
td @I VBE(olf) = 5.0 V 

2N5B75, 2N5876 (PNP) 

For NPN test circuit, 
reverse all polarities. 

FOR CURVES OF FIGURES 3and 6, 
RB and RC ARE VARIED TO OBTAIN 
DESIRED CURRENT LEVELS 

01 MUST BE FAST RECOVERY TYPE, e.g. 1 0.0 
0.1 

- j" -1- - 12N5rn i 2~'7f \NrN) 

MBD5300 USED ABOVE IB~l00 mA 
MSD6100 USED BELOW IB ~100 mA 

2·328 
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2N5875, 2N5876 PNP, 2N5877, 2N5878 NPN (continued) 
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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 Sis basedonTJ(pk) = 2Oo"C; TC is variable 
depending on conditions. Second breakdown pulse limits are 
valid for duty cycles to 10% provided T J(pk) < 20o"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. (See AN-41SI. 

FIGURE 7 - CAPACITANCE 
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2N5875, 2N5876 PNP, 2N5877, 2N5878 NPN (continued) 
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FIGURE 8 - DC CURRENT GAIN 
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2N5875, 2N5876 PNP, 2N5877, 2N5878 NPN (continued) 
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2N5879, 2N5880 PNP (SILICON) 

2N5881,2N5882 NPN 

COMPLEMENTARY SILICON 
HIGH-POWER TRANSISTORS 

· .. designed for 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 -
hF E : 20 (Min) @ Ie = 6.0 Adc 

• Low Collector - Emitter Saturation Voltage -
VCE(sat) = 1.0 Vdc(Max) @IC:7.0Adc 

• High Current - Gain·8andwidth Product -
fT = 4.0 MHz (Min) @ IC = 1.0 Adc 

• Recommended for New Circuit Designs 

*MAXIMUM RATINGS 

2N5879 2N5880 
Rating Symbol 2N5881 2N5882 

Collector-Emitter Voltage VCEO 60 80 

Collector-Base Voltage VCB 60 80 

Emitter-Base Voltage VEB 5.0 

Collector Current - Continuous IC 15 
Peak 30 

Base Current 18 5.0 

Total Device Dissipation@Tc = 2SoC Po 160 
Derate above 25°C 0.915 

Operating and Storage Junction TJ,Tstg -65 to +200 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic I Symbol I Max I 
Thermal Resistance. Junction to Case I 8JC I 1.1 I 

Unit 

. Vdc 

Vdc 

Vdc 

Adc 

Adc 

Watts 
W/oC 

°c 

Unit 

°C/W 

"Indicates JEOEC ragistered data. Limits and condition, differ on some parameters and re­
registration reflecting the .. changes ha. been requested. All above valu" meet or exceed 
pr ... nt JEDEC registered data. 

FIGURE 1 - POWER DERATING 

16 0 

'" ~ 
" ..... " ...... 

0 

"" " 0 

0 '" 25 50 15 100 125 150 175 21111 
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15 AMPERE 

COMPLEMENTARY SILICON 
POWER TRANSISTORS 

.L 

60-80 VOLTS 
160 WATTS 

B C 

~ ~ . K 
SEATING 0 I 

PLANE . 
'STYLE 1: 

-F- PIN 1. BASE 
2. EMITTER 

-J- CASE: COLLECTOR 

Q~ /t ""'-
~! 1 r\. 

+ I J +7 
t ~o 7 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 

A 39.31 1.550 
B - 21.08 - 0.830 
C 6.35 1.62 0.250 0.300 

CASE 11·01 D 0.99 1.09 0.039 C ~43 
E 3.43 ~~:~ F 29.90 30.40 1.171 
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 3.84 4.09 0.151 0.161 

NOTE: 
R - 26.67 1.050 

1. DIM "Q" IS DIA. Collector connected to C8S9. 



2N5879, 2N5880 PNP, 2N5881, 2N5882 NPN (continued) 

*ELECTRICAL CHARACTERISTICS (TC = 250 C unless otherwise noted) 

Charactoristic 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage (1) 
(lc = 200 mAde, IB = 0) 

Collector Cutoff Current 
(VCE = 30 Vde, IB = 0) 

(VCE = 40 Vde,IB = 0) 

Collector Cutoff Current 
(VCE = 60 Vde, VBE(off) = 1.5 Vde) 

(VCE = 80 Vde, VBE(off) = 1.5 Vde) 

(VCE = 60 Vde, VBE(off) = 1.5 Vdc, TC = 150oC) 

(VCE = 80 Vde, VBE(off) = 1.5 Vde, TC ~ 150oC) 

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 Vde) 

Collector-Emitter Saturation Voltage (1) 
(lC = 7.0 Ade, IS = 0.7 Ade) 

(lc = 15 Ade, IS = 3.75 Adcl 

Sase-Emitter Saturation Voltage (1) 
(lc = 15 Ade, IB = 3.75 Ade) 

Base-Emitter On Voltage (1) 
(I C = 6.0 Ade, V CE = 4.0 Vde) 

DYNAMIC CHARACTERISTICS 

Current-Gain-Sandwidth Product (2) 
(lc = 1.0 Ade, VCE = 10 Vde, f test = 1.0 MHz) 

Output Capacitance 
(VCS = 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 
lSI = IS2 = 0.6 Ade See Figure 2) 

Fall Time 

-Indicates JEDEC Registered Data. 
(1) Pulse Test: Pulse Widths' 300 jJ.S, Duty Cycle'52.0% 

(2) fT = Ihfel. f test 

FIGURE 2 - SWITCHING TIMES TEST CIRCUIT 

Ir, tf:=:::10ns 
DUTY CYCLE' 1.0% 

ForNPN testclrclJit, 
r8l1erseallpolaritles. 

RS 

15 

51 

+4.0 V 

VCC 
-30V 

5.0 RC 

FOR CURVES OF FIGURES 3and 6, 
RS and Re ARE VARIED TO OBTAIN 
DESIRED CURRENT LEVELS 

SCOPE 

01 MUST BE FAST RECOVERY TYPE, 8g. 

MBD5300 USED ABOVE 18.",100 rnA 
MS06100 USED BELOW 18 .".100 rnA 

2N5879, 2N5881 
2N5880,2N5882 

2N5879,2N5881 

2N5880, 2N5882 

2N5879, 2N5881 

2N5880, 2N5882 

2N5879, 2N5881 

2N5880,2N5882 

2N5879,2N5881 

2N5880, 2N5882 

2N5879, 2N5880 
2N5881,2N5882 

2.0 

1.0 

0.7 
0.5 

:! 0.3 

~ 0.2 
;:: 

-' O. 1 

7 0.0 
0.05 

0.03 

0.02 

..... 

-
I 

0.2 0.3 
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Symbol Min Max Unit 

VCEO(sus) Vde 
60 -
80 -

ICEO mAde 
- 1.0 

- 1.0 

ICEX mAde 
- 0.5 

- 0.5 

- 5.0 

- 5,0 

ICBO mAde 
- 0.5 

- 0.5 

lEBO - 1.0 mAde 

hFE -
35 -
20 100 

4.0 -

VCE(sat) Vde 
- 1.0 

- 4.0 

VSE(sat) - 2.5 Vde 

VBE(on) - 1.5 Vde 

fT 4.0 - MHz 

Cob pF 
- 600 
- 400 

hfe 20 - -

tr 0.7 IlS 

ts - 1.0 IlS 

tf - 0.8 IlS 

FIGURE 3 - TURN'()N TIME 

Jill 
VCC'30V = ICIIB -10 
Tr 250C = 

.... Ir - _r-' 
~ 

Id @ VBE(olf) ~ 5.0 V 

2N5879,2N'saBo(PNP) 
- 2N5881, 2N5882 (NPN) 

I I I IIII I 
0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 20 

IC. COLLECTOR CURRENT (AMP) 



2N5879, 2N5880 PNP, 2N5881, 2N5882 NPN (continued) 

FIGURE 4 - THERMAL RESPONSE 
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8JC - 1.1°CIW Max 
DUTY CYCLE, D 11112 D CURVES APPLY FOR POWER 

PULSE TRAIN SHOWN' 
READ TIME Alii 

I III II I TJ(pk) - TC = P(pk) 8JC(I) 
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FIGURE 5 - ACTIVE-REGION SAFE OPERATING AREA 
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O. 1 

SECOND BREAKDOWN LIMITED de - BONDING WIRE LIMITED 
----THERMAL LIMITATION @TC=250C 

(SINGLE PULSE) 1\ t== l== Curves Apply Below Rated VCEO 

2N5879,2N5881 
2N5880,2N5882 

0.1 mt 

There are two limitations on the power handling ability of a 
transistor: average junction temper:ature 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 9reater dissipation than the 
curves indicate. 

The data of Figure 5 i, based on T Jipk) = 2000 C; T C is variable 
depending on conditions. Second breakdown pulse limits are 
valid for duty cycles to 10% provided T Jipk) <20o"C. T Jipk) 
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. (See AN-415), 
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FIGURE 6 - TURN.<JFF TIME 
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FIGURE 7 - CAPACITANCE 

TJ=250C 
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2N5879, 2N5880 PNP, 2N5881, 2N5882 NPN (continued) 
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2N5879, 2N5880 PNP, 2N5881, 2N5882 NPN (continued) 
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FIGURE 11 - TEMPERATURE COEFFICIENTS 
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FIGURE 12 - COLLECTOR CUTOFF REGION 
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2N5883,2N5884 PNP (SILICON) 

2N5885, 2N5886 NPN 

COMPLEMENTARY SILICON 
HIGH-POWER TRANSISTORS 

· .. designed for general·purpose power amplifier and switching 
applications. 

• Low Collector·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 VCEO 

Collector-Base Voltage VCS 

Emitter-Base Voltage VES 

Collector Current - Continuous IC 
Peak 

Base Current IS 

Total Device Dissipation@Tc""2SoC PD 
Derate above 25°C 

2N5883 
2N5885 

60 

60 

2N5884 
2N5886 

80 

80 

5.0 

25 
50 

7.5 

200 
1.15 

Operating and Storage Junction TJ,TsIg -651o +200 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case 

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 these changes has been requested. All above values meet or exceed 
present JEDEC registered data. 

FIGURE 1 - POWER OERATING 
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5 "-
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"1'. 
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"" a 
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Tc, CASE TEMPERATURE IOC) 

2-337 

25 AMPERE 

COMPLEMENTARY SILICON 
POWER TRANSISTORS 

60-80 VOLTS 

200 WATTS 

c 
~---J-+-+ 

STYLE I: 
- F - PIN I. BASE 

- J - CAS~': ~~~:C~OR 

Q~l ~+~ 1 
t ~ / loI 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 

A 

6.35 
o 0.99 

F 29.90 
G 10.67 
H 5.33 
J 16.64 
K 11.18 
Q 3.84 
R 

39.37 
21.08 
7.62 
1.09 
3.43 

30.40 
11.18 
5.59 

17.15 
12.19 
4.09 

26.67 

1.550 
0.830 

0.250 0.300 
0.039 0.043 

0.135 
1.177 1.197 

0.420 10.440 
0.210 
0.655 
0.440 
0.151 . 
- 1.050 

NOTE: Collector connected to casso 
1. OIM "O"IS OIA. CASE 11·01 



2N5883, 2N5884 PNP, 2N5885, 2N5886 NPN (continued) 
-ELECTRICAL CHARACTERISTICS ITC = 25°C unless otherwise noted) 

a..racteristic Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage (1) VCEO(sus) 
(lc = 200 mAde, IB = 0) 

Collector Cutoff Current 
(VCE = 30 Vde, IB = 0) 

(VCE = 40 Vde, IB = 0) 

Collector Cutoff Current 
(VCE = 60 Vde, VBE(ofl) = 1.5 Vdc) 

(VCE = 80 Vdc, VBE(off) = 1.5 Vde) 

(VCE = 60 Vdc, VBE(oll) = 1.5 Vdc, TC = 150°C) 

(VCE = 80 Vdc, VBE(oll) = 1.5 Vdc, TC = 15oDC) 

Collector Cutoff Current 
(VCB = 60 Vdc, IE = 0) 

(VCB = 80 Vdc, IE = 0) 

Emitter Cutoff Current 
(VEB = 5.0 Vdc, IC = 0 

ON CHARACTERISTICS 

DC Current Gain (1! 
(lc = 3.0 Adc, VCE = 4.0 Vdc! 

(lc = 10 Adc, VCE = 4.0 Vdc) 

(lc = 25 Adc, VCE = 4.0 Vdc) 

Collector-Emitter Saturation Voltage (1) 
(lC = 15 Adc, IB = 1.5 Adc! 

(lC = 25 Adc, IB = 6.25 Adc) 

Base-Emitter Saturation Voltage (1) 
(IC = 25 Adc,IB = 6.25 Adc! 

Base-Emitter On Voltage (1) 
(lc = 10 Ade, VCE = 4.0 Vde) 

DYNAMIC CHARACTERISTICS 

Current-Gain-Bandwidth Product 12) 
(lC= 1.0Adc, VCE = 10 Vdc,ltest = 1.0 MHz) 

Output Capacitance 
(VCB = 10 Vdc, IE = 0, I = 1.0 MHz) 

Small-Signal Current Gain 
(lc = 3.0 Adc. VCE = 4.0 Vdc, I test = 1.0 kHz! 

SWITCHING CHARACTERISTICS 

Rise Time 
(VCC = 30 Vdc. IC = 10 Adc, 

Storage Time 
IBl = IB2 = 1.0 Adc) 

Fall Time 

• Indicates JEDEC Registered Data. 

(1) Pulse Test: Pulse Width ~ 300 IlS, Duty Cycle'S. 2.0%. 

FIGURE 2 - SWITCHING TIME EQUIVALENT TEST CIRCUITS 

TURN-ON TIME Vec -30 V 

3.0 
+2.0V I 

O~-- 10 
TO SCOPE 

t,,,jWl1.0V 
Ra tr O;;;;:20 ns 

200s I I 
-I 

2N5BB3, 2N5885 
2N5BB4,2N5886 

2N5BB3, 2N5885 

2N5BB4, 2N58B6 

2N5883, 2N5885 

2N5884, 2N5886 

2N5883, 2N5885 

2N5884, 2N5886 

2N5883, 2N5885 

2N5884, 2N5886 

2N5883, 2N5884 
2N5885. 2N5886 
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- 2_0 
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ICBO 
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- 1.0 

lEBO - 1.0 

hFE 
35 -
20 100 

4.0 -

VCE(sat) 
- 1.0 

- 4.0 

VBE(satl - 2.5 

VBE(on) - 1.5 
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Cob 
- 1000 
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hie 20 -

tr - 0.7 
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tf - 0.8 

FIGURE 3 - TURN·ON TIME 

TJ = 25°C 
Iclla= 10 
VCC =30 V 
VBE(off! - 2 V 

Unit 

Vde 

mAde 

mAde 

mAdc 

mAdc 

-

Vdc 

Vdc 

Vdc 

MHz 

pF 

-

liS 

liS 

liS 

J. 

1-10 to 100",s ] 
DUTY CYCLE ~ 2.0% w 

0.3 

0.2 

..... ./ L17£-.' --.. -!L..... .- ... 
TURN-OFF TIME VCC -30 V 

&:-,+9.0V 

o . >-~~~ 
.1 

~11.0V: _: :-tr "20ns 
-I ,--10 to 100 JlS 

10 

RS 

Vss 

DUTY CYCLE ~ 2.0% 

FOR CURVES OF FIGURES 3 & 6. RS & RL ARE VARIED. 
INPUT LEVELS ARE APPROXIMATELY AS SHOWN. 
FOR NPN, REVERSE ALL POLARITIES 

'" i= 
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2N5883, 2N5884 PNP, 2N5885, 2N5886 NPN (continued) 

1. 0 

-
5 

2 

.1f---

p 
5 .... 

....... ,...-
2 

1 0.0 
0.02 

100 

0 

- 0=0.5 

0.2 

0.1 -
- -'1.05 I-"" ;...-:: 
"- 0.02 

0.01 
i'tGLEI PUlSE 

II 
0.05 0.1 0.2 

-

~ 

0.5 

FIGURE 4 - THERMAL RESPONSE 

-::;;;iii 

1.0 

FilII 

2.0 5.0 

t, TIME (ms) 

DUTY CYCLE. 0 = tl/t2 

PtTIfi 

q~2~ 

III II II 
10 20 50 100 
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~ -- - - :!:-_1 m ... ' 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 relJable operation; i.e.; the tranSistor 
must not be subjected to greater disSipation than the curves indicate. 
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FIGURE 6 - TURN-OFF TIME 

2N5883, 2N5884 (PNP) TJ=25'C = 
2N5885, 2N5886 (NPN) Vce -30V= 

leilB-l0 --t- ts IB1=IB2 -

['-.. 
ts r-~ , 

...!!. ,/ 

tf "--- 1,\ ... 
.'\ 

0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 20 30 

IC, COLLECTOR CURRENT (AMPERES) 

The data of Figure 5 IS based on T J(pkl = 200°C; T CIS variable 
depending on conditions. Second breakdown pulse limits are valid 
for dutV cvcles to 10% provided TJ(pk} ,;;; 2000 C. 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 limitations Imposed by second breakdown. 
(See Motorola Application Note AN-415) 

FIGURE 7 - CAPACITANCE 
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2N5883, 2N5884 PNP, 2N5885, 2N5886 NPN (continued) 

PNPDEVICES 
2N5883 and 2N5884 

NPN DEVICES 
2N6886 and 2N5886 

FIGURE 8 - DC CURRENT GAIN 
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FIGURE 10 - "ON" VOLTAGES 
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2N5883, 2N5884 PNP, 2N5885, 2N5886 NPN (continued) 
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FIGURE 11 - TEMPERATURE COEFFICIENTS 

II II / 
I- 'Applies for Ic/lB < hFE/2 +250C to +150JC.l r--

I I 
-550C t9 +25Ac / 

~"" 
- 'OVC for VCE(satl 

I 1.J....t" ~17 
/ 

I +150C:O +\5cloc 
,/ 

L.-- j5rOC to t250,C -
OVB for VBE 

II I 
I II I II I I 

+4.0 
13 

~ +3.0 
.§ 

is +2.0 
z 
u 

~ +1.0 
8 
w 

'" :::> 

j -1.0 

i'i'l 
I- -2. 0 
:i 

f-- 'Applies for Ic/lB < hFE/2 TTT T r 
T [7 

+250C to +1500C'" 

1T ~ 

-550C to +250C 7 
I-'ovc for VCE(satl 

::r:;;pr .... 7 

1 I-n r 1/ 
I III +250Ctotl~ ./ 

OVB for VBE -I- TH ---
III -i5°IC 10 iWC 

0.3 0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 20 30 
-3.0 

0.3 0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 20 30 

IC. COLLECTOR CURRENT (AMPERES) IC. COLLECTOR CURRENT 'AMPERES) 

FIGURE 12 - COLLECTOR CUT-OFF REGION 

I--- VCE = 30 V Y -VCE-30V 7 

j 10 2 
Tr+1500C +1000C ~ +250C\====== 2=== ETJ +1500C +1000C == !;i+250C:::: === 

1 10 1 
.... 

~ 
0 0 a 

'" 10 o 
~ REVERSE FORWARO 
1- 1~ REVERSE FORWARD ~ = 10-

8 
2 ~ 10-2 

10-3 IC-ICES 
10- 3 

IC =iCES 

+0.4 +0.3 +0.2 +0.1 -0.1 -0.2 -0.3 -0.4 -0.5 +0.6 -0.4 -0.3 -0.2 -0.1 +0.1 +0.2 +0.3 +0.4 +0.5 +0.6 

VSE. BASE·EMITTER VOLTAGE (VOLTS) VSE. BASE·EMITTER VOLTAGE (VOLTS) 

FIGURE 13 - EFFECTS OF EXTERNAL BASE-EMITTER RESISTANCE 

10 8 

VCE 30V-

7 

6 
IC 10 X ICES 

IC-2xICES 

5 TypicailCES . = 
values obtained == 

f--- -IC~ICES'\. " from Figure 12. = 
" ........ --3 

10 2 
o 20 40 60 80 100 120 140 160 ISO 200 

TJ,JUNCTION TEMPERATURE (OC) 

2-341 

IC 10 X ICES 
TVpoc'IIc1s == 

-t- values obtained = 
Ie 2 x ICES from Figure 12. 

20 40 60 80 100 120 140 160 ISO 200 

TJ, JUNCTION TEMPERATURE (OC) 



2N5887 thru 2N590 1 (GERMANIUM) 

GERMANIUM PNP POWER TRANSISTORS 

· .. designed for low frequency switching and amplifier applications 
requiring to 7.0 amperes collector current. 

• Low Coliector·Emitter Cutoff Current -
ICEX = 10 mA Max @ 1000 C with VCE to 75 V 

• Low Coliector·Emitter Saturation Voltage -
VCE(sat) = 0.4 V Max @ IC = 7.0 A 

• Broad Range of Current Gain Available 

• TO·66 Cold Weld All Aluminum Package 

• Electrically Similar to 2N3611 Series 

'MAXIMUM RATINGS 

2N5888 
2N5889 2N5890 2NS891 2N5892 

Rating Symbol 2N5881 2N5893 2N5S94 2N5895 2N5896 
2N5897 2N5898 2N5899 2N5900 
2N5901 

Collector-Emitter Voltage (Base Open) VCEO 15 2. 35 45 60 

Collector-EmItter Voltage VCES 20 30 45 60 75 

Collector-Base Voltage VCBO 20 30 45 60 75 

Emitter-Base Voltage VEBO 20 

Collector Current Continuous Ie 7.0 

Base Current Continuous I B 20 

Operating Case and Storage T C,T stg 65to+110 
Temperature Range 

Total DevlceOrsslpatron@Tc-2SoC Po 57 
Derate above 25°C 067 

"Indicates JEDEC RegIstered Data 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case 

FIGURE 1 - POWER· TEMPERATURE DERATING CURVE 
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Unit 

Vdc 

Vdc 

Vdc 

Vdc 

Adc 

Adc 

Watts 
w/oe 

7.0 AMPERE 
POWER TRANSISTORS 

PNP GERMANIUM 

20-75 VOLTS 
57 WATTS 

~AU-­Ll =--_~~-__ .JI--+---+ Tf -_. 
E 

SEATING PLANE 

STYLE 1: 
PIN 1 8ASE 

2.EMITIER 

CASE. COLLECTOR 

MILLIMETERS INCHES 
DIM MIN 
B 11.94 
C 6.35 
D 0.71 
E 1.27 
F 24.33 
G 4.83 
H 2.41 
J 14.48 
K 9.14 
p -
II 3.61 
S -
T -
U -

MAX MIN MAX 
12.70 

-~ 8.64 ~ 0.86 ~ 1.91 ~ 24.43 
5.33 
2.67 

14.99 
-
1.27 
3.86 0.142 
8.89 -
3.68 

15.75 -
CASE 80·02 

TO·66 

~ 
~ 
~ 
~ 
!oi5o 
0.152 
0.350 
0.145 
0.620 



2N5887 thru 2N5901 (continued) 

*ELECTRICAL CHARACTERISTICS (TC = 25°C unless otherwise noted I 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage (11 
(lC = 500 mAde, IB = 01 

Collector-Emitter Breakdown Voltage (1) 

(lc = 250 mAde, VBE = 01 

Collector Cutoff Current 

(VCE = 1/2 VCEO Maxi 

Collector Cutoff Current 

(VCE = VCES Max, VBE = 1.0 Vdel 

(VCE = VCES Max, VBE = 1.0 Vde, TC= 1000CI 

Collector Cutoff Curr"!nt 
(VCB = 2.0 Vdel 

(VCB = 15 Vdel 

(V CB = 25 Vdel 

(VCB = 35 Vdel 

(VCB = 45 Vdel 

(VCB = 60 Vdel 

Emitter Cutoff Current 

(VBE = 20 Vde, IC = 01 

ON CHARACTERISTICS (11 

DC Current Gain 
(lC = 0.5 Ade, VCE = 2.0 Vdel 

(lC = 3.0 Ade, VCE = 2.0 Vdel 

(lC = 7.0 Ade, VCE = 2.0 Vdel 

Collector-Emitter Saturation Voltage 
(lC = 7.0 Ade, IB = 1.4 Adel 

(lC = 7.0 Ade, IB = 700 mAdel 

Base-Emitter On Voltage 
(lc = 7.0 Ade, VCE = 2.0 Vdel 

DYNAMIC CHARACTERISTICS 

Current-Gairi-Bandwidth Product 
(lC = 0.5 Ade, VCE = 12 Vdel 

(1 )Pulse Test: Pulse Width 5.300 J,l.S, Duty Cvcle~2.0% . 

• Indicates JEDEC Registered Data. 

2N5887 
2N5888,89,93,97,2N5901 

2N5890,94,98 
2N5891 ,95,99 

2N5892,96,2N59oo 

2N5887 
2N5888,89,93,97 ,2N 5901 

2N5890,94,98 
2N5891 ,95,99 

2N5892,96,2N 5900 

All Types 

All Types 

All Types 

All Types 

2N5887 

2N5888.89,93,97,2N5901 

2N5890,94,98 

2N5891 ,95,99 

2N5892,96,2N59oo 

All Types 

2N5887,88 
2N5889,90,91,92 
2N5893,94,95,96 

2N5897,98,99,2N5900 
2N5901 

2N5887,88 
2N5889,90,91 ,92 
2N5893,94,95,96 

2N5897,98,99,2N5900 
2N5901 

2N5887,88 
2N5889 thru 2N5901 

2N5887,88 

2N5889 thru 2N5901 

All Types 

All Types 

2·343 

Symbol Min Max Unit 

BVCEO Vde 
15 -
25 -
35 -
45 -
60 -

BVCES Vde 
20 -
30 -
45 -
60 -
75 -

ICED - 30 mAde 

ICEX mAde 

- 5.0 

- 10 

ICBO mAde 
.. 0.06 

- 1.0 

- 1.0 

- 1.0 

- 1.0 

- 1.0 

lEBO - 1.0 mAde 

hFE -
15 350 
30 70 
60 120 
100 200 
175 350 

10 -
15 -
30 -
50 -
75 -

5.0 -
10 -

VCE(sati Vde 

- 0.4 

- 0.4 

VBE(onl - 1.2 Vde 



2N5887 thru 2N5901 (continued) 

FIGURE 2 - THERMAL RESPONSE 
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2N5887 thru 2N5901 (continued) 

FIGURE 7 - ACTIVE-REGION SAFE-OPERATING AREA 
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2N5887 thru 2N5901 (continued) 

FIGURE 13 - DC CURRENT GAIN 
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2N5941 (SILICON) 

2N5942 

The RF Lin.e 

NPN SILICON RF POWER TRANSISTORS 

· .. designed primarily for applications as a high-power linear amplifier 
from 2.0 to 30 MHz, in single sideband mobile, marine and base station 
equipment. 

• Specified 28 Volt, 30 MHz Characteristics -
Output Power = 40 W (PEP) - 2N5941 

= 80 W (PEP) - 2N5942 
Minimum Gain = 13 dB 
Efficiency = 40% 
Intermodulation Distortion = -30 dB (Max) 

• Isothermal-Resistor Design Results in Rugged Device 

• 2N5942 Available as Matched Pairs for Push-Pull 
Amplifier Applications 

MATCHING PROCEOURE 

In the push-pull circuit configuration two device parameters are critical for 
optimum circuit performance. These parameters are VSE(on) and hFE. Both 
parameters can be guaranteed by measuring ICO of the devices and selecting 
pairs with a "Ica ..;; 10 mAde. 

Actual Ica matching is performed in the 2N5942 test circuit with a VeE 
equal to 2B Volts. The base bias supply is adjusted to set Ica equal to 40 
mAde using a reference standard 2N5942. The lea of all production 2N5942 

transistors is measured using this base bias supply setting. The production 
2N5942's are tested and categorized in ranges of 10 mAde. Finally, the de­
vices are stocked as pairs with a guaranteed l:l.ICQ ~ 10 mAde. 

·MAXIMUM RATINGS 

Rating Symbol 2N5941 I 2N5942 Unit 

Collector-Emitter Voltage VCEO 35 Vdc 

Collector-Base Voltage VCBO 65 Vdc 

Emitter-Base Voltage VEBO 4.0 Vdc 

Collector Current - Continuous IC 6.0 12 Adc 

Total Device Dissipation @ T C = 250 C Po 80 I 140 Watts 
Derate above 25°C 0.457 O.B wf'lc 

Storage Temperature Range Tstg -65 to +200 °c 

. 
Indicates JEDEC Registered Data 

The .. devic .. are designed for RF operation. The tot.1 davlce 
dissipation rating applies only when the device. are operated a. 
RF amplifiers. 
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40 W (PEPI-30 MHz - 2N5941 
80 W (PEPI-30 MHz - 2N5942 

RF POWER 
TRANSISTORS 

NPN SILICON 

2N5941 2N5942 

2N5941 

2N5942 

HVZ /":>- l STYLE I' 
K oy PIN ~: :~~TER 

3 EMITTER 

~ 
r------t-B 4. COLLECTOR 

.E::.I I=::±--t. rn:,O . .. N 

~A--I---n-
SEATING PLANE 

DIM 

A 

• C 
D 

F 

H 
J 
X 
L 

• 
Q 

MILLIMETERS INCH 
MI. MAX MI' MAX 

24.84 ,. .. 0.910 0'" 
9.47 9.73 0.313 0.383 
6.07 7.14 0.239 OBI 
'.59 ... O . .30 
216 2.91 0086 0.105 
0.10 0.15 0 .... 0.00' 

1. 
21.59 22.10 0 ... 0.810 

.I .2 0.1 
ID.Bo 11.06 0.425 0.435 
6.22 s ... 0'48 0.255 ... .. 
3.1 <5, 0.150 0.188 
2.91 3.12 0.117 0.123 

CASE 211-01 

EMITTER 
BASf 

3 EMITTER 

~ C'" ~ ~~". 
r bS2 --l-n-

MIUIMET INCHES 
DI. • X MI. AX 

A 24.84 24.89 0.970 0.9111 

• 11.81 12.07 0.465 0.475 
C .. " 6.73 0.229 0 
D 2.1S 3.94 0.086 0.1 
E 2.13 2.54 0.1184 0.100 
F 0.10 0.15 0 ..... 0.00. 
Q 18.29 18.54 0.720 0.730 
H " .. 38.10 1.400 1.100 
J .1 3.23 0.123 0.121 
K 17.78 19.05 0.700 .... 
L .n 6.48 0.245 
M ... ... 
• 1 .. 4.32 "44 0.170 
Q 2.97 3.12 0.117 0.123 

CASE 211-02 



2N5941, 2N5942 (continued) 

*E lECTR ICAl CHARACTERISTICS (T c = 250 C unless otherwise noted) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
(lC = 100 mAdc,lB = 0) 

Collector-Emitter Breakdown Voltage 
(lC = 100 mAdc, VBE = 0) 

Emitter·Base Breakdown Voltage 
(IE = 1.0 mAdc, IC = 0) 

Collector Cutoff Current 
(VCE = 28 Vdc, VBE = 0, TC = +550 C) 

ON CHARACTERISTICS 

DC Current Gain 
(lC = 0.5 Adc, VCE = 5.0 Vdc) 

(lc = 1.0 Adc, VCE = 5.0 Vdc) 

DYNAMIC CHARACTERISTICS 

Current·Gain-Bandwidth Product 
(lc = 0.25 Adc, VCE = 15 Vdc, f = 50 MHz) 

(lc = 0.5 Adc, VCE = 15 Vdc, f = 50 MHz) 

Output Capacitance 
(VCB = 28 Vdc, IE = 0, f = 1.0 MHz) 

FUNCTIONAL TEST 

Common-Emitter Amplifier Power Gain (Figure 1) 
(Pout = 40 W (PEP), IC = 1.78 Adc (Max), VCC = 28 Vdc, 
fl = 30 MHz, f2 = 30.001 MHz) 

(Pout = BO W (PEP), IC= 3.575 Adc (Max), VCC = 2B Vdc, 
fl = 30 MHz, f2 = 30.001 MHz) 

Intarmodulation Distortion Ratio (Figure 1) 
(Pout =40W (PEP),IC= 1.7BAdc (Max), VCC = 28 Vdc, 
fl = 30 MHz, f2 = 30.001 MHz) 

(Pout = BOW (PEPI.IC= 3.575 Adc (Max), VCC = 28 Vdc 
fl = 30 MHz, 12 = 30.001 MHz) 

Collector Efficiency 
(Pout = 40 W (PEP), IC = 1.78 Adc (Max), VCC = 28 Vdc, 
1, = 30 MHz, 12 = 30.001 MHz) 

(Pout = 80 W (PEP), IC = 3.575 Adc (Max), VCC = 28 Vdc, 
1, = 30 MHz, 12 = 30.001 MHz) . IndICates JEDEC Registered Data. 

2N5941 
2N5942 

2N5941 

2N5942 

2N5941 

2N5942 

2N5941 
2N5942 

2N5941 

2N5942 

2N5941 

2N5942 

2N5941 

2N5942 

Symbol 

BVCEO 

BVCES 

BVEBO 

ICES 

fT 

Cob 

GpE 

IMD 

1) 

FIGURE 1 - 30 MHz TEST CIRCUIT 

ARCO 469 
(170·780 pFI II 

RF BEADS 

Min Max Unit 

35 - Vdc 

65 - Vdc 

4.0 -- Vdc 

mAdc 
- 5.0 
- 10 

MHz 
50 -
50 -

pF 
- 125 
- 250 

dB 
13 -

13 -

dB 
- -30 

- -30 

% 
40 -

40 -

VBB adjusted for ICO. 2N5941 - 20 mAde (leo = QUiescent 
RFC. 20 TURNS #12 AWG ENAMELED WIRE CLOSE WOUND IN 2 LAYERS, 1/4"I.D. 

Tl: 20 TURNS #24AWG WIRE WOUND ON MICRD·METALS T37·7 TOROID 
CORE CENTER TAPPED. 

T2: 1:9 XFMR; 6TURNS OF 2 TWISTED PAl RS OF #28 AWG ENAMELED WIRE. 
(8 CRESTS PER INCH) BIFILARWOUND ON EACH OF 2 SEPARATE 8ALUN CORES. 
(Stackpole #57·1503, No. 14 Material) Interconnected as shown 
RF BEADS. FERROXCUBE #56·590·65/3B 

2-348 

2N5942 - 40 mAde Collector Current) 

Cl - 2N5941 - 80·480 pF, ARCO 466 or Equiv 
2N5942 - 170·780 pF, ARCO 469 or Equiv 

C2 - 2N5941 - 220 pF 
2N5942 - 330 pF 



2N5941, 2N5942 (continued) 
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FIGURE 5 - 2N5942 
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2N5941, 2N5942 (continued) 

PARALLEL EQUIVALENT INPUT RESISTANCE versus FREQUENCY 
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2N5941, 2N5942 (continued) 
COLLECTOR CURRENTversusBASE·EMITTER VOLTAGE 
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FIGURE 24 - PUSH·PULL 120·WATT PEP, 2-30 MHz LINEAR AMPLIFIER 
GpE = 13.5 dB,lMD = -31 dB ITyp) 

T3 

C7 
+--uu..IJ"-tt--< RF OUTPUT 

C8 

Cl 91 pF DIpped M,ca 01 lN4997 (Mounted to Heat Smk Near 01 and 021 
C2 680 pF Dipped Mu:a Q1.Q2 2N5942 Matched Pair 
C3,C4 3900 pF Ceramic (Total lead Length to Bases Not to Exceed 3/4") T1 A and B Consist of 5 Turns of 4 Pairs of #32 AWG loosely twisted, 
C5,C6 0.047 pF Polyester Film (Totallllad Length to Collectors Not to Enameled Wires Wound on the Outer TorOids of INDIANA GENERAL TV 

Exceed 1/2") Antenna Balum Core F684·1. C = 2 Pairs of #32 AWG Wound on 
C7 27 pF Dipped Mica the Inner Toroid of the Balum Core 
CB 3300 pF CeramLC T2 Collector Choke, 4 Turns, 2 TWisted Pairs of #22 AWG Enameled 
C9,Cl0 0.33 j.lF Ceramic Wire (4 TWists Per Inch), Wound on INDIANA GENERAL F627-SUI or 
Cll 500tlF, 6.0 Volt Electrolytic EqUIValent Toroid. 
Al,R2 5,0 Ohm, (Two 10 Ohm, 1/2 Watt Carbon ReSistors in Parrallet) T3 A and 8 Consist of 5 Turns, 2 Twisted Pairs of #24 AWG, C Con-
A3 20 Ohms, 10 Watts sists of 10 Turns, 1 TWisted Pair of #24 AWG Enameled Wire. 
l1,l2 10 j.lH Molded Chokes (AU Windmg 6 Twists Per Inch) Core'" INDIANA GENERAL 
l3,l4 FERRQXCUBE VK200 19/48 (or 6 Ferrite Beads on #20 AWG) F624-19Ul or Equivalent. 

NOTE For more informatIOn on transformers, see AN-593, "Broadband 
lmear Power Amphflers USing Push-Pull Transistors." 

The maximum theoretical output from a 28 Volt push·pull ampli· 
fier, with a 1:4 output transformer, is 110-112 Watts, due to the 
limited voltage swing (assuming the transformer is a perfect 1 :4). 
In most transmission I ine type transformers, the transformation 
ratio is usually higher, especially at the higher frequencies. Thus. 

depending on the amount of flat-topping that can be tolerated, 
and the compensation techniques of the transformer higher power 
outputs can be realized at reasonably low distortion. Ideally a 
1:6 output transformer would be required for a power output of 
150 Watt PEP. 
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2N5941, 2N5942 (continued) 

APPLICATIONS INFORMATION 

The 2N5941 and 2N5942 transistors are designed for linear power 
amplifier operation in the HF region (2 to 30 MHz). They feature 
guaranteed linear amplifier performance rather than the conven­
tional performance demonstrated in a class C* amplifier. 

Class C operation is inherently non-linear, but in many power 
amplifier applications non-linear operation does not present major 
problems. With a single frequency driving signal, the only spurious 
signals generated are harmonics and these can be suppressed in the 
amplifier tuned networks and output filter. 

For single sideband (SSB), low level amplitude modulation 
(AMI. and other types of complex signals, class C operation is gen­
erally not satisfactory. For instance, when a signal contains 
multiple frequencies at close spacings, odd-order non-I inearities will 
generate spurious outputs which are within the passband of the 
tuned circuits and filters; therefore, the spurious outputs are not 
suppressed before they reach the antenna or other load. As a 
result, such complex signals require linear amplification if the ampli­
fied signal is to be free of spurious outputs. 

A detailed analysis of spurious signals generated by non-linear­
ities and linearity requirements of various applications is described 
in Chapter 12 of Reference 1. 

The following discussion concerns itself with a detailed descrip­
tion of the 2N5941-2 characterization curves and general informa­
tion on solid-state linear power amplifier design. 

The Two-Tone Test 

The 2N5941-42 functional test specification consists of a linear 
power amplifier test with guaranteed limits on power output, gain, 
efficiency, and intermodulation distortion (lMO) output levels. A 
two-tone test signal is used with the test amplifier as shown in 
Figure 1. 

The two~tone test is one of many methods commonly used 
for testing linear amplifier performance. This test involves driving 
the amplifier with two RF signals, of equal amplitude, separated 
in frequency from each other by epproximately 1 kHz. 

When a two~tone test signal consisting of frequencies f1 and f2 
is passed through a non-linear amplifier, odd order non-linearities 
generate spurious signals near the desired carrier. The level of these 
spurious signals provides a measure of the degree of non~linearity 
of the amplifier. This type of non-linearity is called intermodulation 
distortion liMD). The spurious signals generated by IMD are 
further classified according to the exponential order of the amplifier 
non-linearity, i.e" 3rd ordar IMD products, 5th order IMD products, 
etc. The 3rd and 5th order I MD products are usually the most signi­
ficant encountered with linsar power amplifiers. Data on both 3rd 
and 5th order IMD are included in the 2N5941-42 characterization. 

Third order IMO generates spurious signals near the operating 
frequency at frequencies 2fl - f2 and 2f2 - fl; and 5th order 
IMD spurious signals are at frequencies 3fl - 2f2 and 3f2 - 2fl. 

Specifications and Characterization 
The two·tone functional amplifier test is performed in a manner 

identical to the conventional class C functional test with two excep­
tions: a two·frequencysignal is used in place of a single frequency, 
and amplifier linearity is added to the items tested and specified. 

The functional test procedura for the 2N5941-42 requires 
driving the test amplifier with a two-frequency signal and measuring 
power output, gain, efficiency, and linearity. 

Power output, gain, and efficiency measurement methods are 
the same for both linear and class C amplifiers. 

Since a multiple frequency test signal has an instantaneous power 
level which varies with time, power levels are normally expressed 
in peak envelope power (PEP). This is the average power level of 
the envelope at its greatest amplitude point. 

When the test signal consists of multiple signals with equal ampl j. 
tudes and different frequencies, the relationship of average power 
and PEP is given by the following expression: 

PEP 
Average power = N 

where N "" the number of input frequencies. 
Therefore, when measuring the power level of a standard two­

tone test signal, a true average reading power meter will indicate 
1/2 the PEP of the signal. 

Linearity is tested by measuring the ~mplitudes of the 3rd and 
5th order I MD products. The ratio of one of the 3rd order products 
to one of the two desired frequencies is then expressed as a power 
ratio in decibels (dB). This is repeated for the 5th order products. 
The smaller of these two ratios (usually the 3rd order) is then 
included in the electrical characteristics specification as inter­
modulation distortion ratio (lMD). 

2N5941-42 Perfo,mance Curves 

Figures 2 through 7 show typical power output and gain char­
acteristics versus frequency andlor input power. These curves are 
similar to those found on other RF power transistor data sheets 
with one exception. a two-frequency test signal was used rather 
than a single frequency signal. 

The curves shown in Figures 8 and 9 are unique to transistors 
characterized for linear power amplifier service and show the 
typical IMD levels versus power output. 

The 2N5941-42 feature guaranteed IMD performance at the 
-30 dB level. However. the designer may desire IMD greater or 
less than -30 dB for a particular application. Figures Band 9 pro­
vide data on IMD levels that can be expected as a function of 
output power. 

Figures 10 and 11 show the variation in gain with dc supply 
voltage and provide data on gain only. They do not include infor­
mation on IMD ratio. 

Figures 12 and 13 reflect the power output that can be obtained 
at a fixed IMD ratio for operation with dc supply voltages other 
than 2B Vdc. 

Figures 14 through 19 show the large signal impedance char­
acteristics of the 2N5941-42. These are similar to curves shown on 
other Motorola data sheets except a two-frequency test signal was 
used rather than a single frequency signal. 

It must be stressed that the data shown in Figures 14 through 19 
do not represent y. z, h, s, or any standard two-port parameter set. 
The actual transistor impedance levels during normal operation in 
an amplifier are given. For a detailed discussion of RF power 
transistor large signal impedance, see Reference 2. 
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Linear Amplifier Oesign 
The following is a discussion of some general design considera­

tions for solid-state linear power amplifiers. While this is not a 
detailed analysis of linear amplifier design. some general guidelines 
are provided. 

The major difference between linear power amplifiers and class 
C power amplifiers is in the dc bias circuitry. As stated in the intro­
duction, class C operation usually involves a collector dc supply as 



2N5941, 2N5942 (continued) 

APPLICATIONS INFORMATION (continued) 

the only bias voltage with Ve = Va = O. The collector current is 
zero until the input RF signal turns the transistor "on", 

In contrast, a linear amplifier is normally operated with forward 
bias and some collector current flowing when no signal is present. 

The magnitude of no-signal collector current and the bias cir­
cuitry may vary with the application. Optimum no-signal collector 
currents for the 2N5941 and 2N5942 were found to be approx­
imately 20 rnA and 40 rnA respectively. 

The key to bias circuitry for good linearity lies in maintaining 
the base-emitter de voltage relatively constant as the R F signal 
amplitude varies. The inherent 'nature of a forward-biased R F 
power transistor is to bias itself "off" with increasing RF drive 
signal. Therefore, a constant voltage source is required for base 
voltage. 

Temperature effects also complicate the situation, since VSE 
decreases with increasing temperature. 

A simple solution to the bias problem involves the use of a 
forward~biased diode mounted on the transistor heat sink for 
thermal coupling to the transistor. A sample of this technique is 
shown in the test circuit of Figure 1. The capacitor in parallel with 
the diode helps maintain a constant VBE with RF drive and im­
proves linearity, while the diode provides temperature compensation 
to prevent thermal runaway. It is also possible to use complex 

active circuitry for biasing, and some rather exotic schemes have 
been developed to provide the same results. 

Another important consideration is the collector-output net~ 
work. Normally, a network with low impedance' to ground for 
harmonics provides better linearity than a network with high 
harmonic impedances; therefore, some experimentation with- net~ 
work configuration is in or-der. Proper impedance matching remains 
the primary factor in both input and output network design. 
Further, it must also' be stressed that the collector load impedance 
should be designed for the PEP, not the average power output. 
See Chapter 13 of Reference 1 for a detailed discussion of network 
design considerations. 

Feedback may, also be employed to improve linearity and may 
take the -form of either neutralization or negative RF feedback. 
The possibilities here are limited only by the designer's imagination. 
Of course, negative RF feedback involves a decrease in gain to 
improve linearity. 

REFERENCES 
1. Pappenfus, Brueher Schoenike, "Single Sideband Principles and 

Circuits", McGraw-Hili. 

2. Hejhall, "Systemizing RF Power Amplifier Design", Motorol. 
Semiconductor Products Inc., Application Note AN~282A. 

·"Class C", as used here refers to operation with the no signal con· 
ditions Ie "" 0,. and VeE = O. and a theoretical conduction angle 
of less than 180°, even though the actual conduction angle may 
be mo~e than 1800 . 
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2N5943 (SILICON) 

The RF Line 

NPN SILICON HIGH-FREQUENCY TRANSISTOR 

. designed specifically for broadband applications requiring low 
cross-modulation distortion and low-noise figure. Characterized for 
use in CATV applications. The 2N5943 was formerly MMB002. 
• Low Noise Figure - @ f = 200 MHz 

NF (Narrowband) = 3.4 dB (Typ) 
NF (Broadband) = 6.B dB (Typ) 

• High Current·Gain - Bandwidth Product -
fT = 1200 MHz (Min) @ IC = 50 mAdc 

• Completely Characterized with Sand Y -Parameters 

*MAXIMUM RATINGS 

Rating Svmbol Value 

Collector-Emitter Voltage VCEO 30 

Collector·Base Voltage VCB 40 

Emitter·Base Voltage VEB 3.5 

Collector Current - Continuous 'C 400 

Total Device Dissipation @ T A == 25°C PD 1.0 
Derate above 25°C 5.7 

Total Device Dissipation @ TC::: 25°C PD 3.5 
Derate above 25°C 0.02 

Operating and Storage Junction TJ,Tstg -65 to +200 
Temperature Range 

·Indicates JEDEC Registered Data. 

Unit 

Vdc 

Vdc 

Vdc 

mAde 

Watt 
mW/oC 

Watts 
W/OC 

°c 

FIGURE 1 - NARROW-BAND TEST CIRCUIT 

~ 
OhFl ! 0.47 ± 0.001 "F 

! pH -= 
1.0·10 

"- \1.# 
lO.I PF ±O.OOIPF " " 

.... , I 
" " L20Y 50 Ohms 

" 500 ~UTPUT 50 Ohms /-V'< -= 
,.... 

~o 1:"0.10 t ~)""" 
-= 3.()'35?~ L1 ~oo l ", 

10.lp 

-

-= ~~7 I 0.001 pF 
L 1 :: 2 turns '20 wire 

- pF ~ 114" 10, 311S" long 
-= ( L2'" 5 turns #18 wire 

~1"Ff it 0.001 "F 

1/4" 10, 518" long, 
tapped 1-3/4 turns 
from collector 

All capacitors in pF -= \ V -= unless otherwise noted. 
VE 
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NPN SILICON 
HIGH-FREQUENCY 

TRANSISTOR 

lin 1;- -- L 

:::::£.i K - ---.l 
SE~LT!~~ -H-D 

STYLE 1 ~ 
PIN 1. EMITTER 

2. BASE R(O 
G 

3. COLLECTOR N 
IN 

1'2"\ 
\. ~3/ 
M "(¥J 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 
A 8.89 9.40 0.350 0.370 
B 8.00 8.51 0.315 0.335 
C 6.10 6.60 0.240 0.260 
0 0.406 0.533 0.D16 0.021 
E 0.229 3.18 0.009 0.125 
F 0.406 0.483 0.016 0.019 
G 4.83 5.33 0.190 0.210 
H 0.711 0.864 0.028 0.034 
J 0.737 1.02 0.029 0.040 
K 12.10 0.500 
L 6.35 0.250 
M 450 NOM 450 NOM 
p 1.27 0.050 
Q 900 NOM 900 NOM 
R 2.54 0.100 

All JEOEC dimensions and notes apply_ 

CASE 79·02 
TO-39 



2N5943 (continued) 

*ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 

I Characteristic Symbol Min Typ Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage BVCEO 30 Vdc 
(lC = 5.0 mAde, IB = 0) 

COllector-Base Breakdown Voltage BVCBO 40 Vdc 
(lc = 100 "Adc, IE = 0) 

mitter-Ba .. Breakdown Voltage BVEBO 3.5 Vdc 
(IE = 100 "Adc, IC = 0) 

Collector Cutoff Current ICEO 50 "Adc 
(VCE = 20 Vdc, IB = 0) 

Collector Cutoff Current ICBO 10 "Adc 
(VCB = 15 Vdc, IE = 0) 

ON CHARACTERISTICS 

DC Current Gain hFE 25 300 
(lC = 50 mAdc, VCE = 15 Vdc) 

Collector-Emitter Saturation Voltage 
(lC = 100 mAde, IB = 10 mAde) 

VCE(,at) - 0.15 0.2 Vdc 

Base-Emitter Saturation Voltage 
(IC = 100 mAde, IB = 10 mAde) 

VBE(,a!) - O.BB 1.0 Vdc 

DYNAMIC CHARACTERISTICS 

Current-Gain Bandwidth ~roduct ,Figure 2) IT MHz 
(lC = 25 mAdc, VCE = 15 Vdc, f = 200 MHz) 1000 1350 -
(lC = 50 mAde, VCE = 15 Vdc, f = 200 MHz) 1200 1550 2400 
(lC = 100 mAde, VCE = 15 Vdc, f = 200 MHz) 1000 1425 -

COllector-Base Capacitance (Figure 5) Ccb 1.0 1.S 2.5 pF 
(VCB = 30 Vdc, 'E = 0, f = 100 kHz) 

Emitter-Base Capacitance (Figure 5) Ceb 8.4 15 pF 
(VEB = 0.5 Vdc, IC = 0, f = 100 kHz) 

Small-Signal Current Gain hfe 25 350 
(lC = 50 mAde, VCE = 15 Vdc, f = 1.0 kHz) 

Collector-Base Time Constant rb'Cc 2.0 5.5 20 ps 
(IE = 50 mAdc, VCB = 15 Vdc, f = 31.8 MHz) 

Noise Figure NF dB 
(lC = 30 mAde, VCE = 15 Vdc, f = 200 MHz) (Figure 1) - 3.4 -
(lc=35mAdc, VCE = 15 Vde,f= 200 MHz) (Figure,S, 11, 14) (1) - 6.8 8.0 

FUNCTIONAL TEST 

Common-Emitter Amplifier Power Gain Gpo dB 
(lC = 10 mAde, VCE = 15 Vdc, f = 200 MHz) (Figure 1) - 11.4 -
(lC = 50 mAde, VCE = 15 Vdc, f = 250 MHz) (Figure S) 7.0 7.6 -

Intermodulation Distortion (Figure 7) 1M -50 dB 
(lC = 50 mAde, VCE = 15 Vdc, Vout = +50 dBmV) 

Cross Modulation Oi,tortion (Figure 8) XM dB 
(lC = 50 mAde, VCE = 15 Vdc, Vout = +40 dBmV) - -S7 -
(lC = 50 mAde, VCE = 15 Vde, Vout = +50 dBmV) - -42 -,45 

·'ndicates JEDEC Registered Data. 
(1) Includes noise figure of post-amplifier and matching pad. 

2-356 



2N5943 (continued) 

FIGURE 2 - CURRENT·GAIN - BANDWIDTH PRODUCT 
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FIGURE 4 - SATURATION VOLTAGES 
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FIGURE 3 - COLLECTOR·BASE TIME CONSTANT 
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FIGURE 5 - CAPACITANCES versus REVERSE VOLTAGE 
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FIGURE 6 - BROADBAND TEST CIRCUIT 

L3 Cl 1.ll-l0 pF JOHANSON 2951 OR EaUIVALENT 

C3 
C2, CI 0.01 "F 
C3 0.5-6.0 pF JOHANSON 4642 OR EQUIVALENT 
C4, C6 1500 pF 
C5 470pF 

Ll 2TURNS AWG '26, 5/32" I.D. 
L2 '"H MOLDED CHDKE 

75n L3 5 TURNS AWG #26, 3/32" 1.0. 
U FERRITE CHOKE, 3 TURNSN30 DN 

STACKPDLE 51·0156 BEAD 
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II AWG H30TRIFILAR WDUND 1·9·9 ON 
STACKPDLE 57-0985, #11 TDRDID 

Rl 210 DHMS 
R2 18 DHMS 
R3 150 DHMS 

C2l 
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GARLDCK TEFLDN SDCKET 
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2N5943 (continued) 

COMBINER 

FIGURE 7 - INTERMODULATION DISTORTION TEST 
SETUP AND PROCEDURE 

ADJUSTABLE 
ATTENUATDR 

#1 

AMPLIFIER 
UNDER TEST 
(FIGURE 6) 

MEASUREMENT PROCEDURE 

ADJUSTABLE 
ATTENUATDR 

#2 

10 dB 
ATTENUATOR 

3. TURN CHANNEL 13 OFF AND DRIVE THE TEST AMPLIFIER 

FIELD 
STRENGTH 

METER 

1. ADJUST CHANNEL 2 GENERATOR FOR RATED OUTPUT FROM TEST 
AMPLIFIER (CHANNELS G & 13 OFF). 

2. REPEAT FOR CHANNEL G 12 & 13 OFF) AND CHANNEL 13 (2 & GOFF). 
NOTE FOR REFERENCE THE FIELD STRENGTH METER READING FOR 
CHANNEL 13 (2 & GOFF). 

WITH CHANNELS 2 & G. MEASURE THE lEVEL OF INTERMDOULATION 
DISTORTION AT CHANNEL 13 RELATIVE TO THE REFERENCE LEVEL 
IN STEP 2. 

FIGURE 8 - CROSS-MODULATION DISTORTION TEST SETUP 
AND PROCEDURE . 

CROSS·MODULATIDN ADJUSTABLE AMPliFIER ADJUSTABLE FIELD STRENGTH LOCK·IN 
METER 

= :s 

EQUIPMENT f--- ATTENUATOR f---- UNDER TEST f--- ATTENUATDR f--- - AMPL.P.A.R. 
SKL MODEL 7224 #1 (FIGURE 6 ) #2 JERROLD MODEL HR·8 

MODEL 7D4B 

MEASUREMENT PROCEDURE 

1. ADJUST THE CROSSMODUlATIDN EQUIPMENT FOR +40 dBmV OUTPUT 
FROM EACH CHANNEL. 

2. ADJUST ATTENUATOR #1 FOR THE DESIRED OUTPUT LEVEL FROM 
THE TEST AMPLIFIER. ADJUST ATTENUATDR #2 TO MAINTAIN THE 
FIELD STRENGTH METER INPUT AT+l0 dBmV. 

FIGURE 9 - CROSS-MODULATION DISTORTION versus 
COLLECTOR CURRENT 
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FIGURE 10 - CROSS·MODULATION 
DISTORTION versus OUTPUT LEVEL 
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FIGURE 11 - NOISE FIGURE TEST SETUP 

NOISE·FIGURE VHF NOISE AMPLIFIER MINIMUM· 200MH, 
CABLE METER - DIODE r-- - UNDER '75n LOSS PAD ~ 

NARROWBAND -(NOTE II H·P 342A HP 343A TEST 5.7 dB AMPLIFIER 
(FIGURE 61 
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THE NOISE FIGURE OF THE POST·AMPLIFIER AND MINIMUM LOSS PAD 
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FIGURE 12 - NARROWBAND NOISE FIGURE versus 
COLLECTOR CURRENT 

FIGURE 13 - NARROWBAND NOISE FIGURE versus 
COLLECTOR CURRENT 
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FIGURE 14 - BROADBAND NOISE FIGURE versus 
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2N5943 (continued) 

FIGURE 16 - INPUT ADMITTANCE versus FREQUENCY 
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FIGURE 18 - REVERSE TRANSFER ADMITTANCE 
versus FREQUENCY 
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FIGURE 20 - FORWARD TRANSFER ADMITTANCE 
versus FREQUENCY 
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FIGURE 17 - INPUT ADMITTANCE 
versus COLLECTOR CURRENT 
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FIGURE 19 - REVERSE TRANSFER ADMITTANCE versus 

COLLECTOR CURRENT 
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FIGURE 22 - OUTPUT ADMITTANCE versus FREQUENCY 
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FIGURE 24 - INPUT REFLECTION COEFFICIENT versus 
FREQUENCY 

FIGURE 23 - OUTPUT ADMITTANCE versus COLLECTOR 
CURRENT 
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2N5943 (continued) 

FIGURE 26 - REVERSE TRANSMISSION 
COEFFICIENT versus FREQUENCY 

FIGURE 27 - FORWARD TRANSMISSION COEFFICIENT 
versus FREQUENCY 

FIGURE 28 - INPUT REFLECTION COEFFICIENT AND OUTPUT REFLECTION 
COEFFICIENT versus FREQUENCY 
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2N5944 (SILICON) 

2N5945 
2N5946 

The RF Line 

NPN SILICON RF POWER TRANSISTORS 

. designed for 7.0 to 15 Volts, UHF large signal amplifier applica­
tions required in industrial and commercial FM equipment operating 
in the 400 to 960 MHz range. 

• Specified 12.5 Volt, 470 MHz Characteristics­
Power Output = 2 0 W 2N5944 

4.0 W -- 2N5945 
10 W - 2N5946 

Minimum Gain = 9.0 dB - 2N5944 
8.0 dB - 2N5945 
6.0 dB - 2N5946 

Efficiency = 60% Minimum 

• RF ballasting provides protection against device damage due to 
load mismatch 

• Characterized with series equivalent large-signal Impedance 
parameters 

MAXIMUM RATINGS 

Rating Symbol 2N5944i 2N 5945 L 2N5946 

*Collector-Emltter Voltage VCEO 16 

*Collector-Base Voltage VCBO 36 

*Emttter-Base Voltage VEBO 40 

·Collector Current - Contmuous 'C 04 I 08 I 20 

*Total Device DISSipation @TC= 250C(1 PD 50 I 15 I 375 
Derate above 25°C 285 85.5 214 

*5torage Temperature Range T stg -65 to +200 

Stud Torque l2J 65 

·'ndtcates JEDEC Registered Data 
(1 )These devices are designed for R F operation The total device dissipation ratmg 

applies only when the devices are operated as AF amplifiers 
(2)For repeated assembly use 5 tn-Ibs 

2·363 

UOit 

Vdc 

Vdc 

Vdc 

Adc 

Watts 
mW/oC 

°c 
m-Ibs. 

2.0,4,0, 10 W - 470 MHz 

RF POWER 
TRANSISTORS 

NPN SILICON 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 
A 7.06 7.26 0.278 0.286 
B 6.25 6.45 0.246 0.254 
C 15.49 16.51 0.610 0.650 
0 5.59 5.84 0.220 0.230 
E 1.52 NOM 0.060 NOM 
H 26.80 27.05 1.055 1.065 
J 0.127 NOM 0.005 NOM 
K 13.41 13.51 0.528 0.532 
M 450 NOM 450 NOM 
P - 1.27 - 0.050 
R 4.52 5.03 0.178 0.198 
S 3.00 3.25 0.118 0.128 
T 1.40 1.65 0.055 0.065 
U 2.92 3.68 0.115 0.145 

CASE 244 



2N5944, 2N5945, 2N5946 (continued) 

'ELECTRICAL CHARACTERISTICS ITC" 250 C unless otherwISe noted I 

Characteristic Symbol Min 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage BVCEO 
IIC" 50 mAde, 'B = 01 2N5944 16 

IIc = 100 mAde, 18 = 01 2N5945 16 

IIc = 200 mAde, 'B = 01 2N5946 16 

Collector-Emitter Breakdown Voltage BVCES 
IIc = 50 mAde, VBE = 01 2N5944 36 

IIC" 100 mAde, VBE = 01 2N5945 36 

II C = 200 mAde, VBE = 01 2N5946 36 

Emitter-Base Breakdown Voltage BVEBO 
liE = 1.0 mAde, IC = 01 2N5944 4.0 

liE" 2.0 mAde, IC = 01 2N5945 4.0 

(IE" 4.0 mAde, IC = 01 2N5946 4.0 

Collector Cutoff Current ICES 
(VCE = 15 Vde, VBE = 0, TC = 550 CI 2N5944 -

2N5945,2N5946 -
Collector Cutoff Current 'CBO 

(VCB" 15 Vde, 'E "Ol 2N5944,2N5945 -
2N5946 -

ON CHARACTERISTICS 

DC Current Gain hFE 
IIC" 100 mAde, VCE "5.0 Vdel 2N5944 20 

IIc = 200 mAde, VCE = 5.0 Vdcl 2N5945 20 

IIc = 500 mAde, VCE = 5.0 Vdel 2N5946 20 

DYNAMIC CHARACTERISTICS 

Output Capacitance Cob 
(VCB = 12.5 Vde, 'E = 0, f = 1.0 MHzl 2N5944 -

2N5945 -
2N5946 -

FUNCTIONAL TEST IF igure 201 

Common-Emitter Amplifier Power Gain GpE 
IVcC = 12.5 Vde, Pout = 2.0 W, Ic(moxl = 267 mAde, 2N5944 9.0 
f = 470 MHzl 

(VCC = 12.5 Vde, Pout = 4.0 W, Ic(moxl = 533 mAde, 2N5945 B.O 
f = 470 MHz) 

IVCC = 12.5 Vde, Pout = 10 W, 'c(mox) = 1.33Ade, 2N5946 6.0 
f = 470 MHz) 

Collector Efficiency 1/ 
IVCC = 12.5 Vde, Pout = 2.0 W, Ic(moxl = 240 mAde, 2N5944 60 
f = 470 MHzl 

(VCC = 12.5 Vde, Pout' = 4.0 W, Ic(mox) = 500 mAde, 2N5945 60 
f = 470 MHz) 

IVCC" 12.5 Vde, Pout = 10 W, Iclmox) = 1.3 Ade, 2N5946 60 
f = 470 MHz) 

·1 ndlcates JE DEC Registered Data 

These devices are available in various packages, such as a stud­
less stripline package, TO-39, and also in chip form on beryllium 
oxide carriers for hybrid assemblies. ' 

For further information, contact your nearest Motorola repre­
sentative or the factory representative. 

2-364 

Typ Mox Unit 

Vde 
- -
- -
- -

Vde 

- -
- -
- -

Vde 
- -
- -
- -

mAde 
0.2 10 
0,5 20 

mAde 
- 1.0 
- 2.0 

-
80 -
80 -
80 -

pF 
11 15 
18 25 
38 45 

dB 
10 -

9.0 -
7.0 -

% 
- -
- -

- -



2N5944, 2N5945, 2N5946 (continued) 

2N5944 
TYPICAL PERFORMANCE DATA 

FIGURE 1 - SERIES EQUIVALENT IMPEDANCE 

Vee = 12.5 Vdc, Pout = 2.0 W 

FIGURE 3 - OUTPUT POWER versus INPUT POWER 
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FIGURE 5 - OUTPUT POWER versus INPUT POWER 
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FIGURE 2 - OUTPUT POWER versus SUPPL Y VOL TAGE 
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FIGURE 4 - OUTPUT POWER versus FREQUENCY 

VC~= dVdC 

I I 
Pin = 320 mW 

200lmw 
- '--I-

160mW 

t--
BOmW 

450 470 490 510 

f, FREQUENCY (~lHl) 
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2N5944, 2N5945, 2N5946 (continued) 

2N5945 
TYPICAL PERFORMANCE DATA 

l!! .... « 
~ .,. 
~ 
l5: 
~ .... 
g 

.E 

FIGURE 7 - SERIES EQUIVALENT IMPEDANCE 

Vee = 12.5 Vdc, Pout = 4.0 W 

FIGURE 9 - OUTPUT POWER versus INPUT POWER 

9. 0 

.J. .l 
o - ve~: !~iJ5 ~~: 

0 

1.0 
0.1 

/' 

V 
7 

0.3 

V I-'" 

/ V 

./ V 

0.5 0.7 0.9 

Pin, INPUT POWER (WATTS) 

V 

1.1 

FIGURE 11 - OUTPUT POWER versus INPUT POWER 
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FIGURE 8 - OUTPUT POWER versus SUPPLY VOL TAGE 
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FIGURE 10 - OUTPUT POWER versus FREQUENCY 
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2N5944, 2N5945, 2N5946 (continued) 

2N5946 
TYPICAL PERFORMANCE DATA 

FIGURE 13 - SERIES EQUIVALENT IMPEDANCE 

Vcc ~ 12.5 Vdc, Pout ~ 12 W 

FIGURE 15 - OUTPUT POWER versus INPUT POWER 
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FIGURE 17 - OUTPUT POWER versus INPUT POWER 
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FIGURE 14 - OUTPUT POWER versus SUPPLY VOL TAGE 
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2N5944, 2N5945, 2N5946 (continued) 

FIGURE 18 

_L_5_ 

r-___ ..... ..r~V"\. ..... ___ _<p_---------o+12.5 Vd, 

RF lNPUT>-+~'-::l~:""'-:1 :Zl ......... 4--1 

PARTS LIS ':' 

Cl,C2,C4,C13,C14 
C3,C7,C8 

C5,C11 

C6,Ct2 
C9,Cl0 

0.9-7.0 pF AReo 400 or equivalent 

25 pF UNELCO or equivalent 

0.1 IJF Ceramic 35 V 

680 pF ALLEN BRADLEY Feedthru 

1.0 p.F. 35 V Tantalum 

L1,L3 

L2,L4 

L5 

Zl,Z2,23 
01 

02 

L4 

+-~ z3 1 ..... ~I"=--1g.-< RF OUTPUT 

3.9 J.l.H Molded Choke MILLER or equivalent 

5 Turns #18 AWG Enameled 0.2" I.D. 
FERROXCUBE Ferrite Choke VK200 20/48 

Microstrip Lines (See Template Below) 

2N5944 
2N5946 

FIGURE 19 - OUTPUT POWER versus FREQUENCY 

10 W AMPLIFIER PERFORMANCE 

Vee = 12.5 Vdc 

Frequency Pin Pout Ie 
MHz mW W Amp 

440 250 8.5 1.5 
450 250 11 1.6 
460 250 12 1.6 
470 250 10.9 1.5 
480 ;250 8.2 1.2 

P.C. Board 3x2xO.062 Inch G10 Per Template 

1------- 3" -----....... ..JI 

• • • 
• 

• • 

:.~ •• 
• 

• • • 
• • • 

14 

I---vcJ = 12.5 JdC 
Pin = 250 mW 

~ 12 
~ 
'" 3 
~ 10 
I-
:::> 

1= 
:::> 
0 V 
} 8.0 

6.0 
440 

~ 
/ 

/ 
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-r---.... 

'" " '\ 
460 470 480 

f, FREQUENCY (MHz) 



2N5944, 2N5945, 2N5946 (continued) 

RF INPUT 

RF 
INPUT 

470 MHz TEST CIRCUIT 

FIGURE 20 

+12.5 Vdc 

ZI 

~I------~--~------------~ 
C2 

Cl,2 1.0-25 pF ARCO 421 OR EQUIVALENT 
C3.4 1 0-25 pF ARCO 421 OR EQUIVALENT 
Ll,2 lTURNS #22 AWG, 0.2" 1.0. 

FERRITE BEADS FERROXCUBE 56-590-65·3B 
AS SHOWN ON Ll 

FLl DC SUPPLY FILTER 
2-1000 pF FT CAPACITOR 
1-1.0 "F, 35 V CAPACITOR 
l-GHOKE FE R ROXCUBE VK 200-20-4B 

FIGURE 21 

2-369 

CONNECTORS ARE TYPE "N" 
BOARD IS GLASS TEFLON 
3" x 5" x 0.060" 
MOUNTING PLATE IS 3" x 5" x 0.75" 

1000 pF 
FEEDTHRU 

1000 pF 
FEEDTHRU 

RF 
t-:::It".....,-~-tr--j OUTPUT 

RF OUTPUT 



2N5947 (SILICON) 

The RF Line 

NPN SILICON HIGH FREQUENCY TRANSISTOR 

. designed specifically for broadband applications requiring low 
cross-modulation distortion and low noise figure. Characterized for 
use in CATV applications. The 2N5947 was formerly the MM8012. 

• Low Cross Modulation Distortion -
XM ~ -57 dB (Max) @ +50 dBmV Output 

• Low Noise Figure - @f = 200 MHz 
NF (Narrowband) =3.8 dB (Typ) 
N F (Broadband) = 8.5 dB (Max) 

• High Broadband Power Gain -
Gpe = 10 dB (Min) @ f = 250 MHz 

"MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage VCEO 30 Vdc 

Collector-Base Voltage VCB 40 Vdc 

Emitter-Base Voltage VEB 3.5 Vdc 

Collector Current - Continuous IC 400 mAde 

Total Device Dissipation @TC"'" 25°C Po 5.0 Watts 
Derate above 25°C 28.6 mW/oC 

Storage Temperature Range Tstg -65 to +200 °c 
-Indicates JEDEC Registered Data. 

2-370 

HIGH FREQUENCY 
TRANSISTOR 

NPN SILICON 

STYLE 1: 
PIN 1. EMITTER 

2. BASE 
3. EMITTER 
4. COLLECTOR 

MIlliMETERS INCHES 
DIM MIN MAX MIN MAX 

A 1.06 1.26 0.218 0.286 
B 6.25 6.45 0.246 0.254 
C 15.49 16.51 0.610 0.650 
0 0.64 0.89 0.025 0.035 
E 1.40 1.65 0.055 
F 5.59 5.84 0.220 
H 26.61 21.18 1.050 
J 0.10 0.15 0.004 
K 13.34 13.59 0.525 
L 8.26 8.51 0.325 
M 40· 50· 40· 
N 1.40 1.65 0.055 

- 1.21 

0.~181 S 3.00 3.25 
T 1.40 1.65 0.055 
U 2.92 3.68 0.115 
V 10· 20· 100 

CASE 1440-04 



2N5947 (continued) 

-ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 

Characteristic Symbol Min Typ Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage BVCEO 30 - - Vde 
(lC = 20mAde,IB = 0) 

Colleetor-Ba .. Breakdown Voltage BVCBO 40 - - Vde 
(lC = lOOI'Ade,lE = 0) 

Emitter-Base Breakdown Voltage BVeBO 3.5 - - Vde 
(Ie = 100 I'Ade, IC = 0) 

Collector Cutoff Current ICE~ - - 100 I'Ade 
(VCE = 28 Vde, 'B = 0) 

Collector Cutoff Current 'CBO - - 10 I'Ade 
(VCB = 20 Vde, Ie = 0) 

Emitter Cutoff Current 'EBO - - 100 I'Ade 
(VBE = 3.5 Vde, IC = 0) 

ON CHARACTERISTICS 

DC Current Gain hFE 25 - 250 -
(IC = 75 mAde, VCE = 20 Vde) 

Collector-Emitter Saturation Voltage VCE(sa') - 0.2 0.35 Vde 
(lC = 200 mAde, 'B = 20 mAde) 

Base-Emitter Saturation Voltage VBE(sa,) - 1.0 1.5 Vde 
(lC = 200 mAde, I B = 20 mAde) 

DYNAMIC CHARACTERISTICS 

Current-Gain - Bandwidth Product (Figure 31 IT 1100 1500 - MHz 
(lC = 75 mAde, VCE = 20 Vde, I = 200 MHz) 

Collector-Base Capacitance (Figure 4) Ceb - 1.5 4.0 pF 
(VCB = 30 Vde, 'E = 0, I = 100 kHz) 

Emitter-Base Capacitance (Figure 4) Ceb - 8.2 12 pF 
(VEB = 0.5 Vde, 'C = 0, I = 100 kHz) 

Small-Signal Current Gain hie 25 - 300 -
(lc = 75 mAde, VCE = 20 Vde, I = 1.0 kHz) 

Collector-Base Time Constant rb'Ce 2.0 - 20 p' 
(IE = 75 mAde, VCB = 20 Vde, I = 31.8 MHz) 

Noise Figure NF dB 
(IC = 50 mAde, VCE = 20 Vde, I = 200 MHz) (Figure 1) - 3.8 -
(lc = 50 mAde, VCE = 20 Vde, I = 200 MHz) (1) (Figure 2, 9) - 7.2 B.5 
(lC = 75 mAde, VCE = 20 Vde, 1= 200 MHz) (1) IF igure 2, 9) - 7.B -

FUNCTIONAL TEST 

Common-Emitter Amplifier Power Gain (Figure 2) Gpe 10 11 dB 
(lC = 75 mAde, VCE = 20 Vde, 1= 250 MHz) 

Intermodulation Distortion (Figure 2, 10) 1M - -55 -50 dB 
(lC = 75 mAde, VCE = 20 Vde, Vout = +50 dBmv) 

Cross Modulation Distortion (Figure 2, 11) XM - -60 -57 dB 
IIc = 75 mAde, VCE = 20 Vde, Vout = +50 dBmV) 

-Indicates JEOEC RegIStered Data, 

(1) Includes noise figure of post-amplifier and matching pad. 

FIGURE 1 - NARROWBAND TEST CIRCUIT FIGURE 2 - BROADBAND TEST CIRCUIT 

L3 

750 

>--E:h-rr'"""-.,.....--t-{ 
r----3--l~.J~9_4 7511 '\ OUTPUT 

50n 

Cl,C2,C3 
C4,CI4,C15 
C5,C3,C9 
CS,Cl0,Cll 
C7,Cj3 
C12 
1I 

10-20pF 
lO-10pF 
470pF 
lJOOlj.1F 
lJ.OlfJF 
011lF 
3 Turm AWG 113, 114" I D., 
5/la"Lpng 

l2 

13 

L4,L6 
R1, R~ 

L4 

HI2TurnsAWG'18,1/4"ID, 
l/16" Long 

9·l/4TurnsAWGI18,3/16"l.D, 
l"Long 

Tapped 1 l/4Turnsfrom Colleclor End 
Q47/o1H Mold.d Choke 
lDOhms 

2-371 

Cl,C2 
C3,C7 
C4,C5,CB 
co 
L1 
L2 
L3 

05-S0pF 
1500pF Underwood 
00I"F 
470pF 
3hrnsil'20AWG,5/32" I 0 
084/o1H,Dhmlte2235 
5TurnsI26AWG,5/32"ID. 

L5 

R1 
R2 
R3 
R4 

Vee 

#30 AWG Tflfll.r Wound 
1995tlIckpole57·0985,#IIToroid 

FemtllChoke, 3 Turns 130 on 
Sla~kpole 57·0156 8aad 
20 Ohms 
68 Ohms 
15DOhms 
38DOhms 



2N5947 (continued) 

FIGURE 3 - CURRENT:GAIN-BANDWIDTH PR'ODUCT 
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FIGURE 5 - COLLECTOR-EMITTER SATURATION VOLTAGE 
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FIGURE 4 - CAPACITANCES 

r--
r-.... 

Cab 

~ 

r.... 
Ceb 

I 
T 

0.2 0.3 0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 20 30 40 

VR. REVERSE VOLTAGE (VOLTS) 
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FIGURE 7 - NARROWBAND NOISE FIGURE versus CURRENT 
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FIGURE 8 - BROADBAND NOISE FIGURE versus CURREN'!i 
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2N5947 (continued) 

FIGURE 9 - NOISE FIGURE TEST SETUP 

NOISE-FIGURE VHF NOISE AMPLIFIER MINIMUM- 200 MHz 
CABLE METER I-- DIODE - - UNDER 

CJ5n LOSS PAD 50!) 
NARROWBAND -

H-P 342A HP 343A (NOTE 1) TEST 5_7 dB AMPLIFIER 
(FIGURE 2) (50 dB GAIN) 

I 
NOTE 1. RG-59 CABLE WITH ORIGINAL CENTER CONDUCTOR REPLACED WITH 

#30WIRE_ OVERALL LENGTH, INCLUDING BNC CONNECTORS, IS A 
QUARTER-WAVELENGTH AT 100 MHz (APPROX_ 11 INCHES), USED TO 
MATCH IMPEDANCE OF NOISE DIODE TO AMPLIFIER UNDER TEST. 

THE NOISE FIGURE OF THE POST-AMPLIFIERS AND MINIMUM LOSS 
PAD IS B.4 dB_ 

FIGURE 10 - INTERMODULATION DISTORTION TEST SETUP 

COMBINER 
A~JUSTABLE 
ATTENUATOR 

#1 

AMPLIFIER 
UNOER TEST 
(FIGURE 1) 

ADJUSTABLE 
ATTENUATOR 

#1 

10 dB 
ATTENUATOR 

FIELD 
STRENGTH 

METER 

MEASUREMENT PROCEDURE 

1. ADJUST CHANNEL 1 GENERATOR FOR RATED OUTPUT ,ROM TEST 
AMPLIFIER (CHANNELS G & 13 OFF). 

1_ REPEAT FOR CHANNEL G (2 & 13 OFF) AND CHANNEL 13 (1 & GOFF). 
NOTE FOR REFERENCE THE FIELD STRENGTH METER READING FOR 
CHANNEL 13 (1 & G OFF)_ 

3_ TURN CHANNEL 13 O~F AND ORIVE THE TEST AMPLIFIER 
WITH CHANNELS 1 & G_ MEASURE THE LEVEL OF INTERMODULATION 
DISTORTION AT CHANNEL 13 RELATIVE TO THE REFERENCE LEVEL 
IN STEP 1_ 

FIGURE 11 - CROSS MODULATION DISTORTION TEST SETUP 

CROSS-MODULATION ADJUSTABLE AMPLIFIER ADJUSTABLE FIELD STRENGTH LOCK-IN 
EQUIPMENT - ATTENUATOR - UNDER TEST r--- ATTENUATOR r---- METER - AMPLPAR_ 

SKL MODEL 7224 #1 (FIGURE 1 ) #2 JERROLD MODEL HR-B 
MODEL 704B 

MEASUREMENT PROCEDURE 

1. ADJUST THE CROSSMOOULATION EQUIPMENT FOR +50 dBmV OUTPUT 
FROM EACH CHANNEL 

1_ ADJUST ATTENUATOR #1 FOR THE DESIRED OUTPUT LEVEL FROM 
THE TEST AMPLIFIER_ ADJUST ATTENUATOR #1 TO MAINTAIN THE 
FIELD STRENGTH METER INPUT AT +10 dBmV_ 

FIGURE 12 - CROSS MODULATION DISTORTION 
versus OUTPUT LEVEL 

-30 

3. WITH THE FIELD STRENGTH METER SELECT CHANNEL 13_ USING 
THE WAVE ANALYZER MEASURE THE LEVEL OF THE MODULATION 
ON CHANNEL 13 DUE TO CROSS-MODULATION OF CHANNELS 2-12_ 

-35 

FIGURE 13 - CROSS MODULATION DISTORTION 
versus CUR RENT 
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2N5974 2N5975 2N5976 (SILICON) 
MJE5974 MJE5975 MJE5976 

PNP SILICON PLASTIC POWER TRANSISTORS 

designed for use in general purpose amplifier and switching 
applications. 

• DC Current Gain Specified to 5 Amperes 
hFE = 20·120@ IC = 2.5 Adc 

= 7.0 (Min) @ IC = 5.0 Adc 

• ColiectoT·Emitter Sustaining Voltage -
VCEO(sus) = 40 Vdc (Min) - 2N5974, MJE5974 

= 60 Vdc (Min) - 2N5975, MJE5975 
= 80 Vdc (Min) - 2N5976, MJE5976 

• High Current Gain - Bandwidth Product -
fT = 2.0 MHz (Mini @ IC = 500 mAdc 

• Complements to NPN Transistors 2N5977, 2N5978, 2N5979 and 
MJE5977,MJE5978,MJE5979 

• Choice of Packages - 2N5974 Series - Case 90 
MJE5974 Series - Case 199 

*MAXIMUM RATINGS 

2N5974 2N5975 
Rating Symbol MJE5974 MJE5975 

Collector-Emitter Voltage VeEO 40 60 

Collector-Base Voltage VeB 60 80 

Emitter-Base Voltage VEB 5.0 

Collector Current Continuous Ie 5.0 
Peak 10 

Base Current 18 2.0 

Total Device Dissipation PD 
@Te=2Soe 75 
Derate above 25°C 0.60 

Operating and Storage Junction TJ,T stg - -65 to +150 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case 

+ Indicates JEDEC Registered Data for 2NS974 Series. 
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PNP SILICON 
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DIM MAX 

A 16.13 18.38 
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2N5974, 2N5975, 2N5976/MJE5974, MJE5975, MJE5976 (continued) 

*ELECTRICAL CHARACTERISTICS lTc = 25°C unl ... otherwise noted) 

Characteristic I Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage 11) 
(lc = 100 mAde,lB = 0) 2N5974, MJE5974 

2N5975, MJE5975 
2N5976, MJE5976 

Collector Cutoff Current 
IVCE = 20 Vdc, IB = 0) 2N5974, MJE5974 
IVCE = 30 Vde, 18 = 0) 2N5975, MJE5975 
IVCE = 40 Vde, IB = 0) 2N5976, MJE5976 

Collector Cutoff Current 

IVCE = 60 Vde, VEBloff) = 1.5 Vde) 2N5974, MJE5974 
IVCE = 80 Vde, VEBloff) = 1.5 Vde) 2N5975, MJE5975 
IVCE = 100 Vde, VEBloff) = 1.5 Vde) 2N5976, MJE5976 
IVCE = 40 Vde, VEBloff) = 1.5 Vde, 2N5974, MJE5974 

TC = 125°C) 
IVCE = 60 Vde, VE81off) = 1.5 Vde, 2N5975, MJE5975 

TC = 125°C) 

IVCE = 80 Vde, VEBlofl) = 1.5 Vde, 
TC= 125°C) 

2N5976, MJE5976 

Emitter Cutoff Current 
1V8E = 5.0 Vde, IC = 0) 

ON CHARACTERISTICS 

DC Current Gain 
(lC = 0.5 Ade, VCE = 2.0 Vde) 
(lc = 2.5Ade, VCE = 2.0 Vde) 
(lC = 5.0 Ade, VCE = 2.0 Vde) 

Collector-Emitter Saturation Voltage 
(lC = 2.5 Ade, 18 = 250 mAde 
(lC = 5.0 Ade, 18 = 750 mAde 

Base-Emitter Saturation Voltage 
II C = 5.0 Ade, 18 = 750 mAde) 

Base-Emitter On Voltage 
(Ie = 2.5 Ade, VCE = 2.0 Vde) 

DYNAMIC CHARACTERISTICS 

Current-Gain - Bandwidth Product (2) 

(lc = 500 mAde, VCE = 10 Vde, 'tes, = 1.0 MHz) 

Output Capacitance 
IVC8 = 10 Vde, IE = 0,' = 0.1 MHz) 

Smail-Signal Current Gain 
lie = 0.5 Ade, VCE = 4.0 Vde, , = 1.0 kHz) 

*lndicates JEDEC Registered Data for 2N6974 Series. 

(1) Pulse Test: Pulse WidthS300p.s, Duty CycleS2.0%. 

(21 fT = I hIe I- f te .. 

FIGURE 2 - SWITCHING TIME TEST CIRCUIT 
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2N5974, 2N5975, 2N5976/MJE5974, MJE59'75, MJE5976 (continued) 

FIGURE 4 - THERMAL RESPONSE 
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2N5974, 2N5975, 2N5976/MJE5974, MJE5975, MJE5976 (continued) 
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2N 5977 2N 5978 2N 5979· (SILICON) 

MJE5977 MJE5978 MJE5979 

NPN SILICON PLASTIC POWER TRANSISTORS 

designed for use in general purpose amplifier and switching 
applications. 
• DC Current Gain SpeCified to 5 Amperes 

hFE = 20·120@ IC = 2.5 Adc 
= 7.0 (Min) @ IC = 5.0 Adc 

• Coliector·Emitter Sustaining Voltage -
VCEO(sus) = 40 Vdc (Min) - 2N5977, MJE5977 

= 60 Vdc (Min) - 2N5978, MJE5978 
= 80 Vdc (Min) - 2N5979, MJE5979 

• High Current Gain - Bandwidth Product 
tr = 2.0 MHz (Min) @ IC = 500 mAde 

• Complement to PNP Transistors -
2N5974, 2N5975, 2N5976 and MJE5974, MJE5975, MJE5976 

• Choice of Packages - 2N5977 Series - Case 90 
MJE5977 Series - Case 199 

"MAXIMUM RATINGS 

2N5977 2N5978 2N5979 
Rating Symbol MJE5977 MJE5978 MJE5979 

Collector-Emitter Voltage VeEO 40 60 80 

Collector-Base Voltage Ves 60 80 100 

Emitter-Base Voltage VES 5.0 

Collector Current - Cont'inuous Ie 6.0 
Peak 10 

Base Current IS 2.0 

Total Device Dissipation Po 
@Te=250C 75 
Derate above 25°C . 0.60 

Operating and Storage Junction 
Temperature Range 

TJ,Tstg - -65 to +150 -
THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case 

"Indicates JEOEC Registered Data for 2N5977 Series. 

FIGURE 1 - POWER DERATING 
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2N5977, 2N5978, 2N5979/MJE5977, MJE5978, MJE5979 (continued) 

*ELECTRICAL CHARACTERISTICS ITC = 250 C unleSlo,herni,. noted) 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage (1) 

IIc = 100 mAde, IS = 0) 2N5977, MJE5977 
2N697S, MJE597S 
2N5979, MJE5979 

Collector Cutoff Current 
IVCE = 20 Vde, IS = 0) 2N5977, MJE5977 
(VCE = 30 Vde, IS = 0) 2N597S, MJE5978 
IVCE = 40 Vde, IS = 0) 2N5979, MJE5979 

Collector Cutoff Current 

IVCE = 60 Vde, VESloff) = 1.5 Vde) 2N5977, MJE5977 
(VCE = SO Vde, VESloff) = 1.5 Vde) 2N5978, MJE5978 
IVCE = 100 Vde, VESloff) = 1.5 Vde) 2N5979, MJE5979 
(VCE = 40 Vde, VESloff) = 1.5 Vde, 2N5977, MJE5977 

TC = 1250 CI 
IVCE = 60 Vde, VESloff) = 1.5 Vde; 

TC = 125°C) 
2N597S, MJE5978 

IVCE = SO Vde, VESloffl = 1.5 Vde, 2N5979, MJE5979 
TC = 125°C) 

Emitter Cutoff Current 

IVSE = 5.0 Vde, IC = 01 

ON CHARACTERISTICS 

DC Current Gain 

IIc = 0.5 Ade, VCE = 2.0 Vdel 
IIc = 2.5 Ade, VCE = 2.0 Vdcl 
IIc = 5.0 Ade, VCE = 2.0 Vdel 

Collector-Emitter Saturation Voltage 
IIc = 2.5 Ade, IS = 250 mAde) 
IIc = 5.0 Ade, IS = 750 mAdel 

Base-Emitter Saturation Voltage 
IIc = 5.0 Ade,IS = 750 mAde) 

Base-Emitter On Voltage 
IIc = 2.5 Ade, VCE = 2.0 Vde) 

DYNAMIC CHARACTERISTICS 

Current Gain - Bandwidth Product (2) 

IIc = 500 mAde, VCE = 10 Vde, f,est = 1.0 MHzl 

Output Capacitance 

IVcs = 10 Vde, IE = 0, f = 0.1 MHz) 

Small-5ignal Current Gain 

IIc = 0.5 Ade, VCE = 4.0 Vde, f = 1.0 kHzl 

-IndIcates JEDEC Registered Dat8 for 2N5977 Series. 
(,) Pulse Test: Pulse Width:S300 ,,"5, Duty CycleS2.0%. 

(2) fT = I hfe I- f tast 

FIGURE 2 - SWITCHING TIME TEST CIRCUIT 
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2N5977, 2N5978, 2N5979/MJE5977, MJE5978, MJE5979 (continued) 

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 the curves indicate. 
. The data of Figure 5 is based on TJ(pk) = 15o"C; TC is variable 
depending on conditions. Second breakdown pulse limits are valid 
for duty cycle. to 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 power that can be handled to 
values less than the limitations imposed by second breakdown. 
(SeeAN415) 

u: 
..s 
W 
u 

'" .. .... 
<3 
;t 
5 
u 

2-380 

30 0 

20 0 

10 0 

0 

O 

30 
0.5 

FIGURE 7 - CAPACITANCE 

T T 

TJ~25JC- '--l-

t-t-~ 
-+-. 

Cob -t-
F"""' 

1.0 2.0 3.0 5.0 10 20 30 50 

VR. REVERSE VOLTAGE (VOLTS) 



2N5977, 2N5978, 2N5979/MJE5977, MJE5978, MJE5979 (continued) 

FIGURE 8 - DC CURRENT GAIN 
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2N5980 2N59812N5982(SILICON) 
MJE5980 MJE5981 MJE5982 

HIGH POWER PNP SILICON TRANSISTORS 

designed for use in general-purpose amplifier and switching 
applications. 

• DC Current Gain Specified to 8 Amperes -
hFE = 20-120@ IC = 4.0 Adc 

= 7.0 (Min) @ IC = 8.0 Adc 

• Collector-Emitter Sustaining Voltage 
VCEO(sus) = 40 Vdc (Min) - 2N5980, MJE5980 

= 60 Vdc (Min) - 2N5981, MJE5981 
= 80 Vdc (Min) - 2N5982, MJE5982 

• High Current Gain - 8andwidth Product -
fT = 2.0 MHz (Min) @ IC = 500 mAde 

• Complements to NPN Transistors - 2N5983, 2N5984, 2N5985 and 
MJE5983,MJE5984,MJE5985 

• Choice of Packages - 2N5980 Series - Case 90 
MJE5980 Series - Case 199 

"MAXIMUM RATINGS 

2N5980 2N5981 
Rating Symbol MJE5980 MJE5981 

Collector-Emitter Voltage VeEO 40 60 

Collector-Base Voltage Vee 60 80 

Emitter-Base Voltage VEe 5.0 
Collector Current - Continuous Ie 8.0 

Peak . 15 
I t5ase \.IUffent e ~.U 

Total Device Dissipation Po 
@Te c 250e 90 

Derate above 250e 0.72 

Operating and Storage TJ, Tstg - -65 to +150 
Junction Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case 
gs r. a. or 
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2N5980, 2N5981, 2N5982/MJE5980, MJE5981, MJE5982 (continued) 

-ELECTRICAL CHARACTER ISTICS (T C = 250 C unl_ olllerwi. notedl 

I Chanocteristic SYmbol 

OFF CHARACTERISTICS 

Collec_-£mitter Sustaining Voltage (1) 
(lC = 200 mAde, IB = 01 2N59BO, MJE59BO 

2N5981 , MJE5981 
2N5982, MJE5982 

Collecter Cutoff Current 
(VCE - 20 Vde, IB = 01 2N59BO, MJE59BO 
(VCE = 30 Vde,IB = 0) 2N59Bl, MJE5981 
(VCF ·40 Vdc,IR = 01 2N59B2, MJE5982 

Collec_ Cuteff Current 
(VCE = 60 Vde, VBE(offl = 1.5 Vdcl 2N5980, MJE59BO 
(VCE = BO Vde, VBE(offl = 1.5 Vdel 2N5981 , MJE5981 
(VCE = 100 \tic, VBE(offl = 1.5Vdel 2N5982, MJE 5982 
(VCE = 40 Vdc, VBE(off) = 1.5 Vde, 2N5980, MJE5980 

TC = 1250 CI 
(VCE = 60 Vde, VBE(offl = 1.5 Vde, 2N5981 , MJE5981 

TC = 1250 CI 
(VCE = BO Vde, VBE(offl = 1.5 Vde, 2N5982, MJE 5982 

Tc = 1250 CI 

Emitter Cutoff Current 
(VBE = 5.0 Vde, IC = 01 

ON CHARACTERISTICS (1) 

DC Current Gain 
(lC = 1.0 Ade, VCE = 2.0 Vdc) 
(lc = 4.0 Ade, VCE = 2.0 Vde) 
(lc = 8.0 Ade, VCE = 2.0 Vde) 

Collector-Emitter Saturation Voltage 
(lc = 4.0 Ade, IB = 400 mAde) 
(lc = 8.0 Adc, IB = 1.2 Ade) 

B .... Emitter Saturation Voltage 
(lc = 8.0 Adc, IS = 1.2 Adc) 

B.se-Emitter On Voltage 
(lC = 4.0 Ade, VCE = 2.0 Vdc) 

DYNAMIC CHARACTERISTICS 

Current-Gain - Sandwidth Product (2) 
(lC = 500 mAdc, VCE = 10 Vdc,ftest = 1.0 MHz I 

Output Capacitance 
(VCS = 10 Vde, IE = 0, f = 0.1 MHz) 

Small-Signal Currant Gain 
(lC = 1.0 Adc, VCE = 4.0 Vde, f = 1.0 kHz) 

·Indicatas JEDEC Registered Data for 2N5980 Series. 
(1) Put .. Test: Pulse WidthS-3GO 1", Duty CyclaS2.0%. 

(2) fT = Ihfele ftest 
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2N5980, 2N5981, 2N5982/MJE5980, MJE5981, MJE5982 (continued) 

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(pkl = 1!;o"C; T C is variable 
depending on conditions. Second breakdown pulse limits are valid 
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2N5980, 2N5981, 2N5982/MJE5980, MJE5981, MJE5982 (continued) 

FIGURE 8 - DC CURRENT GAIN 
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FIGURE 12 - COLLECTOR CUTOFF REGION 

w 
<> z 

~ 106 

~ 
cr:: _ IC=2xICES 
~ 105 
:IE 
'\' 

! 
:i. 104 
z 
a: 

I =loxiCES 

Xl!! = (TYPICAL ICES VALUES 
HOBTAINED FROM FIGURE 12) 

~'03 .. 
a: 20 40 an 80 100 120 

TJ.JUNCTION TEMPERATURE I'C) 

140 

10 

10 

160 

~ 
t-

~ 
a: 
::> 
<> 
a: 
0 
t-

~ 
0 
<> 

~ 
2.0 

0 1.8 
~ 

1.6 w 

'" < 1.4 !:; 
0 
> 1.2 

~ 1.0 

~ 0.8 
o g 0.6 
_ 0.4 

8 
iii 0.2 
j; 0 

FIGURE 9 - COLLECTOR SATURATION REGION 

II11 
Tj·25'C 

III 
II: 

IC·1.0A 4.0 A 8.0 A 

1\ 
l\. 

5.0 10 20 50 100 200 SOD 1000 2000 5000 

+2.5 

~+2.0 
"> 
.§ +1.5 
~ 
ffi +1.0 .. $ +0.5 

8 
w 
~ -0.5 
t-

lB. BASE CURRENT (mA) 

FIGURE 11 - TEMPERATURE COEFFICIENTS 

'APPLIES FOR IcIIB< hFE/4 

II I 
'9VC for VCEI .. t) ~ 

25'C to 150'C ~..J ...... -- I} 
- 550C to 250C I 

25°C to 1500C / 

9VB for VaE ~- ...... 
: -1.0 
II! 
!-1.5 

i-2.0 ill -po -550C to 250C 

-2.5 
0.1 

/I 
0.2 0.3 0.5 1.0 2.0 3.0 5.0 

IC. COLLECTOR CURRENT lAMP) 

/I 

FIGURE 13 - EFFECTS OF BASE-EMITTER RESISTANCE 

10.000 

VCE ·30V 

1000 

100 

- TJ'15OOC 

10 
- rl000c ./ 

1.0 IC • ICES 

10 

-~ REVERSE ~ FORWARD 
0.1 

- r----t- 25°C 
0.01 

+0.2 +0.1 -0.1 -0.2 -0.3 -0.4 -0_5 

VBE. BASE-EMITIERVDLTAGE IVOLTS) 

2-385 



2N5983 2N5984 2N5985(SILICON) 
MJE5983 MJE5984 MJE5985 

HIGH POWER NPN SILICON TRANSISTORS 

de~igned for use in general purpose amplifier and switching 
applications. 

• DC Current Gain Specified to 8 Amperes 
hFE = 20·120@ IC = 4.0 Adc 

= 7.0 (Min) @ IC = 8.0 Adc 

• Collector· Emitter Sustaining Voltage -
VCEO(sus) = 40 Vdc (Min) - 2N5983. MJE5983 

= 60 Vdc (Min) - 2N5984. MJE5984 
= 80 Vdc (Min) - 2N5985. MJE5985 

• High Current Gain - 8andwidth Product -
fT = 2.0 MHz (Min) @ IC = 500 mAdc 

• Complements to PNP Transistors -
2N5980. 2N5981. 2N5982 and MJE5980. MJE5981. MJE5982 

• Choice of Packages - 2N5983 Series - Case 90 
MJE5983 Series - Case 199 

*MAXIMUM RATINGS 

2N5983 2N5984 2N5985 
Rating Svmbol MJE5983 MUE5984 MJE5985 

Collector~Emitter Voltage VeEO 40 60 80 

Collector-Base Voltage VeB 60 80 100 

Emitter-Base Voltage VEB 5.0 

Collector Current Continuous Ie 8.0 . 
Peak 15 

Base Current Ie 3.0 

Total Device Dissipation Po 
@Te= 250e 90 
Derate above 2SoC 0.72 

Operating and Storage Junctior T J.T st9 - -65 to +150 -Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case 

* Indicates JE DEC Registered Data for 2N5983 Series. 
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NOTE 
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3 BASE 

1 LEADSWITMIN 005"RAD OF TRUE 
POSITlONITPlATMMC 
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2N5983, 2N5984, 2N5985/MJE5983, MJE5984, MJE5985 (continued) 

*ELECTRICAL CHARACTERISTICS (TC = 250 C unl ... otherwise nohldl 

I Cha_ristic Symbol Min Max 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage (11 VCEO(susl 
(lC = 200 mAde,lB = 01 2N59B3, MJE59B3 

2N5984, MJE5984 
2N59B5, MJE5985 

Collector Cutoff Currant 
(VCE = 20 Vde, IB = 01 2N59B3, MJE5983 
(VCE = 30 Vdc,IB = 01 2N5984, MJE5984 
(VCE = 40 Vde,IB = 01 2N5985, MJE5985 

Collector Cutoff Currant 
(VCE = 60 Vde, VEB(offl = 1.5 Vdel 2N5983, MJE5983 
(VCE = 80 Vde, VES(offl = 1.5 Vdel 2N5984,MJE5984 
(VCE = 100 Vde, VEB(offl = 1.5 Vdel 2N5985, MJE 5985 
(VCE = 40 Vdc, VEB(offl = 1.5 Vdc, 2N5983, MJE5983 

TC = 1250 CI 
(VCE = 60 Vde, VEB(offl = 1.5 Vde, 2N5984,MJE5984 

TC = 1250 CI 
(VCE = 80 Vde, VEB(offl = 1.5 Vde, 

TC = 125OC) 
2N5985, MJE5985 

Emitter Cutoff Current 
(VSE = 5.0 Vde, IC = 01 

ON CHARACTERISTICS 

DC Current Gain 
(lc = 1.0Ade, VCE = 2.0Vdel 
(lC = 4.0 Ade, VCE = 2.0 Vdel 
(lC = 8.0 Adc, VCE = 2.0 Vdel 

Collector~Emitter Saturation Voltage 
(lC = 4.0 Ade, IS = 400 mAdel 
(lc = 8.0 Ade, IS = 1.2 Adel 

Base-Emitter Saturation Voltage 
(lC = 8.0 Ade, IS = 1.2 Adel 

Base-Emitter On Voltage 
(lc = 4.0 Ade, VCE = 2.0 Vdel 

DYNAMIC CHARACTERISTICS 

Current-Gain - Bandwidth Product (21 
(lC = 500 mAde, VCE = 10 Vde, I test = 1.0 MHzl 

Output Capacitance 
(VCS = 10 Vde, IE = 0, I = 0.1 MHz) 

Small-5ignal Current Gain 
(lC= 1.0 Ade, VCE =4.0Vde,l= 1.0 kHz) 

*'ndlcates JE DEC Registered Data for 2N5983 Series. 

(1) Pulse Test: Pulse WidthS300 jJs, Duty CycleS2.0%. 

(2) fT = I hfel- f test 

FIGURE 2 - SWITCHING TIME TEST CIRCUIT 

Ir. 11:=:10 ns 
DUTY CYCLE = 1.0% 
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2N5983, 2N5984, 2N5985/MJE5983, MJE5984, MJE5985 (continued) 

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 the curves indicate. 

The data of Figure 5 is based on T J(pk) = 15o"C; T Cis veriable 
depending on conditions. Second breakdown pulse limits are valid 
for duty cycles to 10% provided TJ(pk) ~ lso"C. TJ(pk) may be 
calculated from the data in Figure 4. At his;. case temperatures. 
thermal limitations will reduce the power that can be handled to 
values less than the limitations imposed by second breakdown. 
(SeeAN415) 
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2N5983, 2N5984, 2N5985/MJE5983, MJE5984, MJE5985 (continued) 
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FIGURE 8 - OC CURRENT GAIN 
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2N59S6 2N59S72N59SS PNP (SILICON) 

2N59S9 2N5990 2N5991 NPN 

HIGH POWER PLASTIC 
COMPLEMENTARY SILICON POWER TRANSISTORS 

· .. designed for use in general-purpose amplifier and switch ing circu its. 

• Collector-Base Voltage - VCBO = 60 Vdc - 2N59B6, 2N5989 
= 80 Vdc - 2N5987, 2N5990 
= 100 Vdc - 2N5988, 2N5991 

• Collector-Emitter Voltage - VCEO = 40 Vdc - 2N59B6, 2N5989 
= 60 Vdc - 2N5987, 2N5990 
= 80 Vdc - 2N5988, 2N5991 

• DC Current Gain -
hFE = 20-120 @ IC = 6.0 Adc 

= 7.0 (Min) @ IC = 12 Adc 

• Collector-Emitter Saturation Voltage -
VCE(sat) = 0.7 Vdc (Max) @ IC = 6.0 Adc 

"MAXIMUM RATINGS 
2N5986 

Rating Symbol 2N5989 

Collector-Base Voltage Ves 60 

Collector-Emitter Voltage VeEO 40 

Eminer-Base Voltage VES 

Collector Current - Continuous Ie 
Peak 

Base Current IS 

Total Device Dissipation @TC = 25°C Po 
Derate above 25°C 

Operating and Storage Junction T J, Tstg 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case 

"Indicates JEDEC Registered Data 

2N5987 2N5988 
2N5990 2N5991 

80 100 

60 SO 

5.0 

12 
20 

4.0 

100 
0.8 

-65 to +150 

FIGURE 1 - POWER DERATING 

100 

"" "- ....... 

"" r-.. 

" ........... 
0 

"" 0 t'... 
211 40 80 80 100 120 140 tm 

Te. CASE TEMPERATURE ~el 

2-390 

Unit 

Vde 

Vdc 

Vde 

Ade 

Ade 

WItts 
wloe 

°e 

12 AMPERE 

POWER TRANSISTORS 
COMPLEMENTARY SILICON 

40, 50, 80 VOLTS 
100 WATTS 

STYLE 2: 
PIN I. EMITIER 

2. COLLECTOR 
3. BASE 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 

A 16.13 16.38 0.635 0.645 
B 12.57 12.83 0.495 0.505 
C 3.18 3.4 0.125 0.135 
0 1.09 1.24 0.043 0.049 
F 3.51. 3.76 0.138 0.148 
G 4.228SC 0.166BSC 
H 2.67 2.92 0.105 0.115 
J 0.813 0.864 0.032 0.034 
K 15.11 16.38 0.595 0.645 
M 9' TYP 9' TYP 
Q 4.70 4.95 0.185 0.195 
R 1.91 2.16 0.D75 0.085 
U 6.22 6.48 0.245 0.255 

NOTE: 
I. LEADS WITHIN .005·· RAD OF TRUE 

POSITION (TPI AT MMC 

CASE 90·05 



2N5986, 2N5987, 2N5988 PNP / 2N5989, 2N5990, 2N5991 NPN (continued) 

*ELECTRICAL CHARACTERISTICS (TC = 25°C unless otherwise notedl 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage 
(lC = 0.2 Adc, 'B = 01 

Collector Cutoff Current 
(VCE = 20 Vdc, 'a = 01 
(VCE = 30 Vdc, IB = 01 
(VCE = 40 Vdc, '8 = 01 

Collector Cutoff Current 
(VCE = 60 Vdc, VBE(off) = 1.5 Vdcl 
(VCE = 80 Vdc, VBE(off) = 1.5 Vdcl 
(VCE = 100 Vdc, VSE(offl = 1.5 Vdcl 
(VeE = 40 Vdc, VBE(offl = 1.5 Vdc, TC - 1250 CI 
(VeE = 60 Vdc, VSE(offl = 1.5 Vdc, TC = 1250 CI 
(VeE = eo Vdc, VBE(offl = 1.5 Vdc, TC = 1250 CI 

Emitter Cutoff Current 

(VSE = 5.0 Vdc, Ie = 01 

ON CHARACTERISTICS 

DC Current Gain 
(lC = 1.5 Adc, VCE = 2.0 Vdcl 
(Ie = 6.0 Adc, VCE = 2.0 Vdcl 
(Ie = 12 Adc, VCE = 2.0 Vdcl 

Collector~Emitter Saturation Voltage 
(lC = 6.0 Adc, IS = 0.6 Adci 
(lC = 12 Adc, 'a = 1.8 Adcl 

Base-Emitter Saturation Voltage 
(lC = 12 Ade, la - 1.8 Adcl 

Base-Emitter On Voltage 
(Ie = 6.0 Adc, VCE = 2.0 Vdcl 

OYNAMIC CHARACTERISTICS 

Current-Gain - Bandwidth Product 

(Ie = 0.5 Adc, VCE = 10 Vdc, f test = 1.0 MHzl 

Output Capacitance 
(Vca = 10 Vdc, 'E = 0, f = 1.0 MHzl 

Small-Signal Current Gain 
(lC = 2.0 Adc, VCE = 4.0 Vdc, I = 1.0 kHzl 

tlndlcates JEDEC Registered Data. 

(1) fT=lhfeleftest 

2N59B6, 2N59B9 
2N59B7, 2N5990 
2N59B8, 2N5991 

2N59B6, 2N5989 
2N5987, 2N5990 
2N59B8, 2N5991 

2N5986,2N5989 
2N5987, 2N5990 
2N5988,2N5991 
2N5986,2N5989 
2N59B7,2N5990 
2N59B8,2N5991 

2N5986 thru 2N59B8 
2N5989 thru 2N5991 

FIGURE 2 - SWITCHING TIMES TEST CIRCUIT 
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BVCEO(susl 
40 -
60 -
60 -

'CEO 
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'EBO 
- 1.0 

hFE 
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20 120 
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- 2.5 

VBE(onl 
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FIGURE 3 - TURN-ON TIME 

2.0 
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1.0 v!JUJ= F= Ic=1018= t= 
RB 

SCOPE 

51 01 

tr,tf~10ns 
DUTY CYCLE = 1 0% -4 V 

RB and RC VARIED TO OBTAIN DESIREO CURRENT LEVELS 

01 MUST BE FAST RECOVERY TYPE, eg. 
MBD5300 USED ASOVE IS ~100 mA 
MS06100 USED BELOW 10 ~100 mA 

For PNP test circuit reverse diode and voltage polarities. 
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2N5986, 2N5987, 2N5988 PNP / 2N5989, 2N5990, 2N5991 NPN (eontinued) 

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 rehable 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) = 1500C; T Cis yariable 
depending on conditions. Second breakdown pulse limits are valid 
for duty cycles to 10% proyided 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 power that can be handled to 
values less than the limitations imposed by second breakdown. 
(See AN·415) 
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2N5986, 2N5987, 2N5988 PNP/ 2N5989, 2N5990, 2N5991 NPN(continued) 

PNP 
2N5986 thru 2N5988 I NPN 

2N5989 thru 2NS991 

FIGURE 8 - DC CURRENT GAIN 
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2N5986, 2N5987, 2N5988 PNP/2N5989, 2N5990, 2N5991 NPN (continued) 

PNP 
2N5986 thru 2N5988 

NPN 
2N5989 thru 2N5991 

FIGURE 11 - TEMPERATURE COEFFICIENTS 
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2N6027 (SILICON) 
2N6028 

SILICON PROGRAMMABLE 
UNIJUNCTION TRANSISTORS 

. designed to enable the engineer to "program" unijunction char· 
acteristics such as RaB, 17, IV. and Ip by merely selecting two resistor 
values. Application includes thyristor·trigger, oscillator, pulse and 
timing circuits. These devices may also be used in special thyristor 
applications due to the availability of an anode gate. Supplied in an 
inexpensive TO·92 plastic package for high·volume requirements, this 
package is readily adaptable for use in automatic insertion equipment. 

• Programmable - RBB, 1), IV and Ip. 

• Low On·State Voltage - 1.5 Volts Maximum@ IF = 50 mA 

• Low Gate to Anode Leakage Current - 10 nA Maximum 

• High Peak Output Voltage - 11 Volts TYPical 

• Low Offset Voltage - 0.35 Volt TypicallRG = 10 k ohms) 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

Power 0 iSSlpatlon (1) PF 375 mW 

Derate Above 25°C 1/0JA 5.0 mW/oC 

DC Forward Anode Current(21 IT 200 mA 

Derate Above 25°C 2.67 mA/oC 

-DC Gate Current IG ±50 mA 

Repetitive Peak Forward Current ITRM 
100 IJ,S Pulse Width, 1.0% Duty Cycle 1.0 Amp 

'*20 JJ,S Pulse Width, 1.0% Duty Cycle 2.0 Amp 

Non-Repetitive Peak Forward Current ITSM 5.0 Amp 

10 JJ.S Pulse Width 

'* Gate to Cathode Forward Voltage VGKF 40 Volt 

'* Gate to Cathode Reverse Voltage VGKR -5.0 Volt 

'* Gate to Anode Reverse Voltage VGAR 40 Volt 

.. Anode to Cathode Voltage VAK ±40 Volt 

Operating Junction Temperature Range TJ -50 to +100 °c 
.. Storage Temperature Range T stg -55 to +150 °c 

'"Indicates JEDEC Registered Data 
(1)JEOEC Registered Data is 300 mW, derating at4.0 mW/OC. 
(2)JEDEC Registered Data is 150 mAo 

2-395 

SILICON 
PROGRAMMABLE UNIJUNCTION 

TRANSISTORS 

STYLE 16: 

40 VOLTS 
315mW 

PIN 1. ANODE 
2. GATE 
3. CATHODE 

MILLIMETERS INCHES 
DIM MIN 

A 4.450 
B 3.180 
C 4.320 
D 0.407 
F 0.407 

0 
L 1.150 
N 
P 6.350 
a 3.430 
R 2.410 
S 2.030 

MAX MIN 
5.200 0.175 
4.190 0.125 
5.330 0.170 
0.533 0.016 
0.482 0.016 

l.bUU 
1.390 0.045 
1.270 

0.250 
0.135 

2.670 0.095 
2.670 0.080 

CASE 29-02 
TO·92 

MAX 
0.205 
0.165 
0.210 
0.021 
0.019 

0.055 
0.050 

0.105 
0.105 



2N6027,2N6028 (continued) 

ELECTRICAL CHARACTERISTICS (T A ~ 25°C unless otherwise noted) 
Characteristic Figure Symbol Min 

"Peak Current 2,9,11 Ip 
(Vs = 10 Vdc, RG = 1.0 Mn) 2N6027 -

2N6028 -
(Vs = 10 Vdc, RG = 10 k ohms) 2N6027 -

2N6028 -

* Offset Voltage 1 VT 
(Vs = 10 Vdc, RG = 1.0 Mn) 2N6027 0.2 

2N6028 0.2 

(VS= 10Vdc, RG = 10 k ohms) (Both Types) 0.2 

"Valley Current 1.4,5, IV 
(VS = 10 Vdc, RG = 1.0 Mn) 2N6027 -

2N6028 -

(VS = 10 Vdc, RG = 10 k ohms) 2N6027 70 
2N6028 25 

(VS = 10 Vdc, RG = 200 Ohms) 2N6027 1.5 
2N6028 1.0 

Gate to Anode Leakage Current - IGAO 
(VS = 40 Vdc, T A = 25°C, Cathode Open) -
(VS = 40 Vdc,.TA = 75°C, Cathode Open) -

Gate to Cathode Leakage Current - IGKS -
(VS = 40 Vdc, Anode to Cathode Shorted) 

• Forward Voltage (I F = 50 rnA Peak) 1,6. VF -

* Peak Output Voltage 3,7 Vo 6.0 
(VB = 20 Vdc,CC = 0.2I'F) 

Pulse Voltage Rise Time 3 tr -
(VB = 20 Vdc, Cc = 0.2 I'F) 

-Indicates JEDEC Registered Data 

FIGURE 1 - ELECTRICAL CHARACTERIZATION 
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Typ Max Unit 
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IGAO 
IF 

IC - ELECTRICAL CHARACTERISTICS 

FIGURE 2 - PEAK CURRENT (lp) TEST CIRCUIT FIGURE 3 - Vo AND t, TEST CIRCUIT 
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2N6027,2N6028 (continued) 

TYPICAL VALLEY CURRENT BEHAVIOR 

FIGURE 4 - EFFECT OF SUPPLY VOLTAGE FIGURE 5 - EFFECT OF TEMPERATURE 
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COMPARED TO PROGRAMMABLE UNIJUNCTION 

B2 

'~ 
Bl 

CIRCUIT SYMBOL 

CIACUITSYMBOL 

STANDARD UNIJUNCTION 

P A2 
N RBB= A1+A2 

EryB2 

AI 
Al "=iiT+lI2 

Bl 

EQUIVALENT CIACUIT 

PROGRAMMABLE UNIJUNCTION 

E~A G :: RBB=RI+R2 

~ "=Rl~IR2 
N RI 

K 
Bl 

EQUIVALENT CIRCUIT 
WITH EXTERNAL "PROGRAM" 
RESISTORS Rland R2 

2-397 

AT RB2 

TYPICAL APPLICATION 

Cc 

TYPI'CAL APPLICATION 

30 

CC" 0.2.F 

L 
L 

,............ ~ 

35 40 



2N6027,2N6028 (continued) 
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2N6029(SILICON) 

2N6030 
2N6031 

HIGH-VOLTAGE - HIGH POWER PNP TRANSISTORS 

· .. designed for use in high power audio amplifier applications and 
high voltage switching regulator circuits. 

• High Coliector·Emitter Sustaining Voltage -
VCEO(sus) = 100 Vdc - 2N6029 

= 120 Vdc - 2N6030 
= 140 Vac - 2N6031 

• High DC Current Gain - @ IC = B.O Adc 
hFE = 25 (Min) - 2N6029 

= 20 (Min) - 2N6030 
= 15 (Min) - 2N6031 

• Low Coliector·Emitter Saturation Voltage -
VCE(sat) = 1.0 Vdc (Max) @ IC = 10 Adc 

• Complement to NPN Transistor Series - 2N5629. 2N5630. 2N5631 

*MAXIMUM RATINGS 

Rating Symbol 2N6029 2N6030 2N6031 

Collector-Emitter Voltage VCEO 100 120 140 

Collector-Base Voltage Vce 100 120 140 

Emitter-Base Voltage VEe • 7.0 • 
Collector Current Continuous IC • 16 .. 

Peak • 20 • 
Base Current - Continuous Ie • 5.0 .. 
Total Device Dissipation @TC - 2SoC Po • 200 • 

Derate above 2SoC . 1.14-

Operating and Storage Junction TJ Tstg """""--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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~ 
I- 150 ! 
z 
0 
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Of 100 ill 
is 
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~ 

.......... 

....... 
....... 
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r-......... 
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'" r-......... 

20 40 60 80 100 120 140 160 180 200 
TC. TEMPERATURE lOCI 

Unit 

Vde 

Vde 

Vde 

Ade 

Ade 

Watts 
W/oC 

°c 

Safe Area Curvet are Indicated by Figure 6. All limits ara applicable and must be observed. 
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16 AMPERE 

POWER TRANSISTORS 
PNP SILICON 

STYLE I 
E 
TER 

100-120-140 VOLTS 
200 WATTS 

-F-

I-- J-
PIN' BAS 

2 EMIT 
CASE COL LECTOR 

0l'x/ ~ 
~ ~ tfr ~ 

!/ 
t ""'- / 

1 1 
~I 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 

A - 39.37 - 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 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 
a 3.84 4.09 0.151 0.161 
R 26.67 1.050 

NOTE: Collector connected to case. 
1. DIM "a" IS DIA. CASE 11·01 



2N6029, 2N6030, 2N6031 (continued) 

-ELECTRICAL CHARACTERISTICS (TC = 25°C unless otherwise noted) 

Characteristic Symbol Min Max Unit 

OFF CHARACTERISTICS 

COllector-Emitter Sustaining Voltage II) vCEOlsus) Vdc 
(lc· 200 mAdc.IB· 0) 2N6029 100 -

2N6030 120 -
2N6031 140 -

COliector-E mitter Cutoff Current ICED mAdc 
IVCE = 50 Vdc. IB = 0) 2N6029 - 2.0 
(VCE ·60 Vdc. lB· 0) 2N6030 - 2.0 
(VCE ·70 Vde. IB • 0) 2N6031 - 2.0 

Collector-E mitter Cutoff Current ICEX mAde 
(VCE • Rated VCB. VBE(off) ·1.5 Vdc) - 2.0 
(VCE = Rated VCB. VBE(off) ·1.5 Vdc. TC· 1500C) - 7.0 

Collector-Base Cutoff Current ICBO - 2.0 mAde 
(VCB· Rated VCB. IE • 0) 

Emitter-Base Cutoff Current lEBO - 5.0 mAde 
(VBE • 7.0 Vde. IC· 0) 

ON CHARACTERISTICS (1) 

DC Current Gain hFE -
(lC· 8.0 Adc. VCE • 2.0 Vdc) 2N6029 25 100 

2N6030 20 80 
2N6031 15 60 

(lc· 16 Ade. VCE· 2.0 Vdc) All TVpes 4.0 -
COllector-Emitter Saturation Voltage VCElsat) Vdc 
(lC· 10 Ade. IB ·1.0 Adc) - 1.0 
(lC· 16 Adc. lB· 4.0 Ade) - 2.0 

Base-Emitter Saturation Voltage 
(lC· 10 Ade. lB· 1.0 Adc) 

VBE(sat) - 1.8 Vdc 

Base-Emitter On Voltage 
(lC· 8.0 Ade. VCE • 2.0 Vdc) 

VBE(on) - 1.5 Vdc 

DYNAMIC CHARACTERISTICS 

Current-Gain -Bandwidth Product (2) fT 1.0 - MHz 
(lc· 1.0 Ade. VCE ·20 Vde. f test • 0.5 MHz) 

Output Capacitance 
(VCB· 10 Vdc.IE· O. f· 0.1 MHz) 

Cob - 1000 pF 

Small-Signal Current Gain hfe 15 - -
(lC· 4.0 Adc. VCE • 10 Vdc. f· 1.0 kHz) . 
Indu::ates JEDEC Registered Data. (1) Pulse Test: Pulse Wldth~ 300 liS, Duty Cvcle~ 2.0%. (2) 'T. I hfel • f test 

FIGURE 2 - SWITCHING TIMES TEST CIRCUIT 
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2N6029, 2N6030, 2N6031 (continued) 

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 the curves indicate. 

The data of Figure 5 is based on T Jlpk) ~ 200°C; TC is variable 
depending on conditions. Second breakdown pulse limits are valid 
for duty cycles to 10% provided T Jlpkl ,,;;;; 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. 
ISe. AN-41S) 

FIGURE 7 - CAPACITANCE 
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2N6029, 2N6030, 2N6031 (continued) 

FIGURE 8 - DC CURRENT GAIN 
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FIGURE 12 - COLLECTOR CUTOFF REGION 
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FIGURE 13 - EFFECTS OF BASE·EMITTER RESISTANCE 
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2N6034, 2N6035, 2N6036 PNP (SILICON) 
2N6037, 2N6038, 2N6039 NPN 

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 

• Coliector·Emitter Sustaining Voltage - @ 100 mAdc 
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·ln Base-Emitter 
Resistors to Limit Leakage Multiplication 

• Space-Saving High Performance-to-Cost Ratio 
Case 77 Plastic Package 

"MAXIMUM RATINGS 
2N6034 2N6036 

Rating Symbol 2N6037 2N6038 

Collector-Emitter Voltage VCEO 40 60 

Collector-Base Voltage Vce 40 60 

2N6036 
2N6039 

80 

80 

Emitter-Base Voltage VEe 5:0_ 

Collector Current Continuous IC . 4.0-
Peak . 8.0-

Base Current Ie . 100-
Total Device Dissipation @TC::=250 C PD . 40-

Derate above 2SoC -0.32_ 

Total Device Dissipation @TA = 250 C PD . 1.5-
Derate above 2SoC -0.012-

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. 

TA TC 

4.0 4 

FIGURE 1 - POWER DERATING 
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Unit 

Vde 

Vde 

Vde 

Ade 

mAde 

Watts 
wf'c 

Watts 
wf'c 
uc 

DARLINGTON 
4-AMPERE 

COMPLEMENTARY SILICON 
POWER TRANSISTORS 

40, 60. 80 VOLTS 
40 WATTS 

S-t1l:tI--D 

--l~~ J.l 
E:3- C 

M.....}~l. 
STYLE 1 

PIN 1. EMITTER 
2. COLLECTOR 
3. BASE 

CASE 77-03 



2N6034, 2N6035, 2N6036 PNP {continued) 
2N6037, 2N6038, 2N6039'NPN 

'ELECTRICAL CHARACTERISTlCS(TC: 250 C unless otherw"e notedl 

I Characteristic I Symbol 

V2 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage 
IIC' 100 mAde, IS' 01 2N6034, 2N6037 

2N6035, 2N603B 
2N6036, 2N6039 

COllector-Cutoff Current 
(VCE ' 20 Vde, 'B' 01 2N6034, 2N6037 
(VCE ' 30 Vde, IS ' 01 2N6035, 2N6038 
(VCE ' 40 Vde, IS ' 01 2N 6036, 2N6039 

Collector Cutoff Current 
(VCE ' 40 Vde, VB E (0111 ' 1.5 Vdel 2N6034, 2N6037 
(VCE ' 60 Vde, VBE(olli ' 1.5 Vdel 2N6035,2N6038 
(VCE ' 80 Vde, VBE(olll ' 1.5 Vdel 2N6036, 2N6039 
(VCE : 40 Vde, VBE(offl' 1.5 Vde 

TC'1250 CI 2N6034, 2N6037 
(VCE ' 60 Vde, VBE(olll' 1.5 Vde 

TC'1250 CI 2N6035, 2N603B 
(VCE ' 80 Vde, VBE(off) , 1.5 Vde 

TC'1250 C) 2N6036, 2N6039 

Collector Cutoff Current 
(VCB ' 40 Vde, 'E : 0) 2N6034, 2N6037 
(VCB:60 Vde,IE' 0) 2N6035, 2N6p38 
(VCB ' 80 Vde, 'E ' 0) 2N6036, 2N6039 

Emitter Cutoff Current 
(VBE : 5.0 Vde, IC ' 0) 

ON CHARACTERISTICS 

DC Current Gain 

(lC ' 0.5 Ade, VCE ' 3.0 Vde) 
IIC' 2.0 Ade, VCE ' 3.0 Vde) 
(lC ' 4.0 Ade, VCE ' 3.0 Vde) 

Collector-Emitter Saturation Voltage 
(lC' 2.0 Ade, IB : 8.0 mAdel 
IIC' 4.0 Ade, IS' 40 mAdel 

Base-Emitter Saturation Voltage 
(lC : 4.0 Ade, I B ' 40 mAde) 

Base-Emitter On Voltage 
IIC' 2.0 Ade, VCE: 3.0 Vde) 

DYNAMIC CHARACTERISTICS 

Magnitude of Small-Signal Current-Gain 
(lC' 0.75 Ade, VeE' 10 Vde, 1'1.0 MHz) 

Output Capacitance 
(VCS ' 10 Vde, IE :0, I ' 0.1 MHz) 2N6034, 2N6035, 2N6036 

2N6037, 2N603B, 2N6039 

*lndlCBtes JEOEC Registered Data. 

FIGURE 2 - SWITCHING TIMES TEST CIRCUIT 

RO & Rc VARIED TO OBTAIN DESIRED CURRENT lEVELS 
01. MUST BE FAST RECOVERY TYPES, e.g., 

MB05300 USED ABOVE 18 "" 100 mA 
MS06100 USED BElOW 18 "" 100 rnA 
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2N6034, 2N6035, 2N6036 PNP (continued) 

2N6037, 2N6038, 2N6039 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 Figures 5 and 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 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. 
(See AN-415J. 
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2N6034, 2N6035, 2N6036 PNP (continued) 
2N6037, 2N6038, 2N6039 NPN 

PNP 
2N6034,2N6035,2N6036 

FIGURE 8 - DC CURRENT GAIN 
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2N6034, 2N6035, 2N6036 PNP (continued) 
2N6037, 2N6038, 2N6039 NPN 

PNP 
2N6034,2N6036,2N6036 

NPN 
2N6037,2N6038,2N6039 

FIGURE 11 - TEMPERATURE COEFFICIENCTS 
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2N6040 thru 2N6042 PNP (SILICON) 

2N6043 thrp2N6045 NPN 
MJE6040 thru MJE6042 PNP 
MJE6043 thru MJE6045 NPN 

PLASTIC MEDIUM-POWER 
COMPLEMENTARY SILICON TRANSISTORS 

... designed for general·purpose amplifier ~nd low'spe",d switching 
appl ications. 

• High DC Current Gain -
hFE = 2500 (Typ) @lIC = 4.0 Adc 

• ·Coliector·Emitter Sustaining Voltage - @ 100 mAdc II} 

VCEO(sus) = 60 Vdc (Min) - 2N6040. 2N6043 
= 80 Vdc (Min) - 2N6041. 2N6044 
= 100 Vdc (Min) - 2N6042. 2N6045 

• Low Collector-Emitter Saturation Voltage - II} 

VCE(sat) = 2.0 Vdc (Max) @ IC = 4.0 Adc - 2N6040.41.2N6043,44 
= 2.0 Vde (Max) @ IC = 3.0 Adc - 2N6042. 2N6045 

• Monolithic Construction with Built·ln Base-Emitter 
Shunt Resistors ." 

• Thermopad High Efficiency Compact Package 

(1) Applies to c~rresponding in-house part numbers also. 

*MAXIMUM RATINGS 

2N6040 2N6041 2N6042 
2N6043 2N0044 2N6045 

MJEB040 MJE6041 MJE6042 
Rating Symbol MJE6043 MJE .... MJE6045 Unit 

Collector·Emltter Voltage VCEO 60 80 '00 Vd, 

Collector· Base Voltage Ve. 60 80 '00 Vdo 

Emitter-Base Voltage VE. 5.0 Vd, 

Collector Current Continuous 'e 80 Ad, 
Peak --'6---

Base Current '. '20 ,mAde 

Total Device DlssiPatlon@TC" 29°C Po 75 Watts 
Derate above 25°C --060-- w/oe 

Total Device DlssIPatlon@TA-250C Po 22--- Watts 
Derate atiOve 2SoC _-00175-- w/oe 

Operating and Storage Junction, TJ,Tstg -65 to +150 °e 
Temperature Range 

THERMAL CHARACTERISTICS 

Charactar-istlc 

Thermal Resistance, Junction to Case 

Thermal ResIstance, JunctIon to Ambient 

• Indicates JEDEC Registered Data. 

FIGURE 1 - POWER DERATING 
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2N6040 thru 2N6042 PNP (continued) 
2N6043 thru 2N6045 NPN 
MJE6040 thru MJE6042 PNP 
MJE6043 thru MJE6045 NPN 

*ELECTRICAL CHARACTERISTICS (Tc = 2SoC unless otherwise noted) 

I Characteristic 

OFF CHARACTERISTIt:S 

Collector-Emitter Sustammg Voltage 
(Ie'" 100 mAde, 18'" 0) 2N6040, 2N6043. MJE6040, MJE6043 

2N6041. 2N6044, MJE6D41, MJE6044 
2N6042, 2N6045, MJES042, MJE6045 

Collector Cutoff Current 
(VeE = 30 Vdc, Ie '" 01 
tVeE '" 40 Vdc, Ie = 0) 
(VeE'" 50 Vdc, 18 '" O) 

2N6040, 2N6043, MJE604D, MJE6043 
2N6041, 2N6044, MJE6041, MJE60404 
2N6042, 2N6045, MJE6042, MJE6045 

Collector Cutoff Current 
(VeE = 60 Vdc, VSE(off) '" 1 5 Vdc) 2N6040, 2N6043, MJE6040, MJE6043 
(VeE = BO Vdc, VSEloffl '" 1 5 Vdc) '2N6041, 2N6044, MJE6041, MJE6044 
(VeE = 100 Vdc, VSEloff) = 1 5 Vdc} 2N6042, 2N6045. MJE6042, MJE6045 
(VeE = 60 Vdc, VeE (off) = 1 5 Vdc, 
Tc ~ 125°C) 2N6040. 2N6043. MJE6040, MJE6043 

(VeE ~ ao Vdc. VaEloff) " 1 5 Vdc, 
TC ~ 1250 C) 2N6041, 2N6044. MJE6041, MJE6044 

(VCE = 100 Vdc. VaEloff) '" 1 5 Vdc, 
Tr. ~ 125°C) 2N6042. 2N6045. MJE6042. MJE6045 

Collector Cutoff Current 
(Vca = 60 Vdc. IE = 0) 
(Vca'" ao Vdc. Ie '" 0) (Ves = 100 Vdc, IE = Ol 

2N6040. 2N6043. MJE6040. MJE6043 
2N6041, 2N6044. MJE6041, MJE6044 
2N6042. 2N6045. MJE6042, MJE6045 

Emitter Cutoff Current 
IVSE = 5 0 Vdc, Ie '" 01 

ON CHARACTERISTICS 

DC Current Gam 
(lC = 4 0 Adc, VCE '" 4 0 Vdc) 2N6040,41, 2N6043.44. MJE6040.41, MJE6043.44 
(lc = 3 0 Adc, VCE '" 4 0 Vdc) 2N6042, 2N6045, MJE6042, MJE6045 
(I = 8,0 Adc. Vr~ - 4 0 Vdc) All Tvoes 

Collector-Emnter Saturation Voltage 
(lC = 4 a Adc. IB = 16 mAdc) 2N6040,41.2N6043,44.MJE6040.41,MJE6043,44 
(lC = 3 0 Adc, IB '" 12 mAdc) 2N6042,2NB045,MJE6042,MJE6045 
(lC '" 8 0 Adc, Ie'" 80 mAdcl All Types 

ease-Emitter Saturation Voltage 
(IC = 8.0 Adc, 18 = 80 mAde) 

Base·Emitter On Voltage 
IIC = 4 0 Adc, VCE '" 4 0 VdcJ 

DYNAMIC CHARACTERISTICS 

Current·Gam - BandWidth Product 
(lC = 3 a Adc, VCE '" 4 0 Vdc, f '" 1 0 MHz) 

Output Capacitance 
(VCB'" 10 Vdc, IE = O. f = 0 1 MHzl 2N6040I2N6042, MJE6040/MJE6042 

2NB043/2N6045. MJE6043/MJE6045 

Small,SIgnal Current Gam 
(IC = 30 Adc, VCE = 4 0 Vdc, f '" 1 a kHz! 

"Indicates JEDEC Registered Data 

FIGURE 2 - SWITCHING TIMES TEST CIRCUIT 

RS & RC VARIED TO OBTAIN OESIREO CURRENT LEVELS 
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2N6040 thru 2N6042 PNP (continued) 

2N6043 thru 2N6045 NPN 
MJE6040 thru MJE6042 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 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 F,gure 5,s based on T J(pk) "" 150°C; TC isvanable 
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. 
(See AN·4151. 

FIGURE 7 - CAPACITANCE 
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2N6040 thru 2N6042 PNP (continued) 
2N6043 thru 2N6045 NPN 
MJE6040 thru MJE6042 PNP 
MJE6043 thru MJE6045 NPN 
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FIGURE B - DC CURRENT GAIN 
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FIGURE 9 - COLLECTOR SATURATION REGION 
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2N6040 thru 2N6042 PNP (continued) 
2N6043 thru 2N6045 NPN 
MJE6040 thru MJE6042 PNP 
MJE6043 thru MJE6045 NPN 

PNP 
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FIGURE 11 - TEMPERATURE COEFFICIENTS 
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FIGURE 12 - COLLECTOR CUT-OFF REGION 
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2N6049 (SILICON) 

MEDIUM-POWER PNP SILICON TRANSISTOR 
· .. designed for general·purpose switching and amplifier applications 

• Aluminum TO·66 Package for Better Power Handling Capability-
75 Watts @ TC = 250 C 

• Excellent Safe Operating Area 

• DC Current Gain Specified to 4.0 Amperes 

• Complement to NPN Type 2N3054A 

*MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage VCEO 55 Vdc 

Collector-Emitter Voltage VCER 60 Vdc 

(RBE = 100 nl 

Collector-Base Voltage VCB 90 Vdc 

Emitter-Base Voltage VEB 7.0 Vdc 

Collector Current - Continuous IC 4.0 Adc 

Peak 10 

Base Current IB 2.0 Adc 

Total Device Dissipation @TC "" 25°C PD 75 Watts 

Derate above 25° 0.43 W/oC 

Operating and Storage Junction, TJ.Tstg -65 to +200 °C 
Temperature Range 

·lndlcatesJEDEC Registered Data 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Thermal Resistance, °JC 2.33 °C/W 

Junction to Case 

FIGURE 1 - POWER-TEMPERATURE DERATING 
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STYLE 1 

4 AMPERE 

POWER TRANSISTOR 
PNP SILICON 

55 VOLTS 
75 WATTS 

~ !A}t 

P -B-- C 

~. -~:::.---::::-
" -, E _ D K 

SEATING PLANE I 

PIN 1. BASE 
---F--

2. EMITTER -J-

CASE: COLLEC:OR /.. ~ t 

I~- '11 ~ I R 

H" ,W\ ~T I 
' """-.V b 

S 
MILL1METERS INCHES 

DIM MIN MAX MIN MAX 
8 11.94 12.70 0.470 0.500 
C 8.35 8.64 0.250 0.340 
0 0.71 0.86 0.028 0.034 
E 1.27 1.91 0.050 0.D75 
F 24.33 24.43 0.958 0.982 
G 4.83 5.33 0.190 0.210 
H 2.41 2.87 0.095 0.105 
J 14.48 14.99 0.570 0.590 
K 9.14 0.380 -
P 1.27 0.050 
n 3.81 3.88 0.142 0.152 
S 8.89 - 0.350 
T 3.88 0.145 
U 15.75 - 0.820 

All JEDEC Dimensions and and Notes Apply. 
CASE80.()2 

TO·66 



2N6049 (continued) 

*ELECTRICAL CHARACTERISTICS (TC = 250 C unless otherwise noted) 

Characteristic 

OFF CHARACTERISTICS 

Colleetor·Emitter Sustaining Voltage (1) 
(I" = 100 mAde, IR = 0) 

Coliector·Emitter Sustaining Voltage (1) 
IIC = 100 mAde, RBE = 100 n 

Collector Cuttoff Current 
(VCE = 30 Vde, IR = 0) 

Collector Cutoff Current 
(VCE = 90 Vde, VBE(off) = 1.5 Vde) 
(VCE = 90 Vde, VBE(ofl) = 1.5 Vde, 
TC - 150oC) 

Emitter Cutoff Current 
(VBE = 7.0 Vde, IC = 0) 

ON CHARACTERISTICS fll 

DC Current Gain 
(lC = 500 mAde, VCE = 4.0 Vde) 
(lC = 3.0 Ade, VCE = 4.0 Vde) 

Collector-Emitter Saturation Voltage 
(lC = 500 mAde, I B = 50 mAde) 
(lC = 4.0 Ade, IB = 800 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 
(VCB = 10 Vde, IE = 0, f = 0.1 MHz) 

Small-Signal Current Gain 
(lC = 100 mAde, VCE = 4.0 Vde, f = 1.0 kHz) 

·'ndicatss JEOEC Registered Data 
(1) Pulse test: Pulse Width S 300 #ls, Duty Cycle :52.0% 

FIGURE 2 - SWITCHING TIME EQUIVALENT TEST CIRCUIT 
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Symbol Min Max Unit 
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55 
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- 1.0 
- 6.0 
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- 0.5 
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- 200 

hIe 
25 180 

FIGURE 3 - TURN·ON TIME 
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2N6049 (continued) 

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 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) < 200°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. 
(See AN·4151. 

FIGURE 7 - CAPACITANCE 
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2N6049 (continued) 
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2N60S0 thru 2N60S2 PNP (SILICON) 
2N60S7 thru 2N60S9 NPN 

DARLINGTON COMPLEMENTARY 
SILICON POWER TRANSISTORS 

· .. designed for general-purpose amplifier and low-speed switching 
applications. 
• High DC Current Gain -

hFE : 3500 (Typ) @ IC : 5.0 Adc 
• Collector-Emitter Sustaining Voltage -@ 100 rnA 

VCEO(sus) : 60 Vdc (Min) - 2N6050, 2N6057 
80 Vdc (Min) - 2N6051, 2N6058 

100 Vdc (Min) - 2N6052, 2N6059 

• Monolithic Construction with Built-In Base-Emitter 
Shunt Resistors 

*MAXIMUM RATINGS 

2N6050 2N6051 
Rating Svmbol 2N6057 2N6058 

ColiectorREmitter Voltage VeEO 60 60 

Collector-Base Voltage Vee 60 80 

Emitter-Base Voltage VEe • 5.0 

Collector Current Continuous Ie • 12 
Peak • 20 

Base Current Ie • 0.2 

Total Device Dissipation Po .. 150 
@Te= 250 e 
Derate above 2SoC .. 0.857 

2N6052 
2N6059 

100 

100 

.. 

... .. 

.. 

.. .. 
Operating and Storage Junction TJ. T stg _ -65 to +200oe ---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 

wf'e 

°e 

DARLINGTON 
12AMPERE 

COMPLEMENTARY SILICON 
POWER TRANSISTORS 

60-80-100 VOLTS 

DIM 

A 
8 
C 
D 
E 
F 
G 
H 
J 
K 
Q 

R 

150 WATTS 

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 

16.64 17.15 0.655 
11.18 12.19 0.440 
3.84 4.09 0.151 

26.67 -

Co "ector connected to case. 
eASE 11-01 

NOTE: 
1. DIM "Q"IS DIA. 

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 



2N6050 thru 2N6052, 2N6057 thru 2N6059 (continued) 

*ELECTRICAL CHARACTERISTICS (TC = 250 C unless olherwise nOled) 

Characteristic I Svmbol 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage (11 
(IC = 100 mAde, IS = 0) 2NS050, 2NS057 

2NS051, 2NS058 
2NS052, 2NS059 

Collector Cutoff Current 
(VCE = 30 Vde, IS = 0) 2NS050, 2NS057 
(VeE = 40 Vde, 'B = 0) 2NS051, 2NS058 
(VCE = 50 Vde, 'B = 0) 2NS052, 2NS059 

Collector Cutoff Current 

(VCE = Rated VCEO, VBE (all) = 1.5 Vde) 
(VCE = Rated VCEO, VBE(oll) = 1.5 Vde, TC = 1500 C) 

Emitter Cutoff Current 
(VBE = 5.0 Vde, IC = 0) 

ON CHARACTERISTICS (1) 

DC Current Gain 
(IC = S.O Ade, VCE = 3.0 Vde) 
(IC = 12 Ade, VCE' 3.0 Vde) 

Collector-Emitter Saturation VoJatage 
IIC' S.O Ade, IS • 24 mAde) 
(IC' 12 Ade, 'B = 120 mAde) 

8ase-E mitter Saturation Voltage 
IIC' 12 Adc, 'B = 120 mAde) 

Base-Emitter On Voltage 
(IC' S.O Ade, VCE = 3.0 Vde) 

DYNAMIC CHARACTERISTICS 

Magnitude of Common Emitter SmaU-5ignal Short Circuit Forward 
Current Transfer Ratio 
IIC = 5.0 Ade, VCE • 3.0 Vde, I' 1.0 MHz) 

Output Capacitance 2NS050/2NS052 
(VCB' 10 Vde, 'E • 0, I· 0.1 MHz) 2NS057/2NS059 

Small-Signal Current Gain 
IIC' 5.0 Ade, VCE • 3.0 Vdc, f· 1.0 kHz) 

·'ndlcates'JEOEC Registered Data 
(1)Pulse test: Pulse Width = 300 Jjs, Duty Cycle = 2.0%. 

FIGURE 2 - SWITCHING TIMES TEST CIRCUIT 

RB & RC VARIED TO OBTAIN DESIRED CURRErH LEVELS 
01. MUST BE FAST RECOVERY TYPES, e g, 

MBD5300 USED ABOVE 18 '" 100 rnA 
MSD6100 USED BELOW 18 '" 100 rnA 
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FIGURE 3 - SWITCHING TIMES 

2N6050/2N6052 
2N605712N6059 

-
..... -
If 

f0- r--
I, -

~d@VBE(O~)=O- VCC = 30 V-
IcllB = 250 

~ IBI = IB2 -

~ rr 250i -
1.0 3.0 5.0 10 20 

IC. COLLECTOR CURRENT (AMP) 



2N6050 thru 2N6052, 2N6057 thru 2N6059 (continued) 
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FIGURE 5 - 2N6050. 2N6057 FIGURE 6 - 2N6051. 2N6058 FIGURE 7 - 2N6052. 2N6059 
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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 mdicate. 

The data of Figures 5,6 and 7 is based on T J(Rk) '= 200°C; TC is variable depending on conditions. Second breakdown pulse limits are 
valid for duty cycles to 10% provided TJ(pkl ~ 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. (See AN-4151. 

FIGURE 8 - SMALL-SIGNAL CURRENT GAIN FIGURE 9 - CAPACITANCE 
300 

200 
z 
<i' 
'" 100 

~ 
~ 50 
~ 
~ 

;;: 
'" 20 in :: « 

10 ill 

0 
TC=2S0C I 

0 
VCE = 3.0 V 

- - i-- IC=S.OA 
0 

0 

\. 

"' 0 '. 
0 1'. 

500 

300 
~ 
~ 

w 200 u 
z 
« .... 
U ;.: 
;"i 
u- 100 

11 
TJ = 250C - ..... 

~ 

r- r:-- Cib ....... ........... ....... 

...... ...... -- C~( 
..... -.1. 

~ 
= = 2N6oSo/2N6052 

0== = 2N6oS1/2N6oS9 

0 3 

10 r-- 2N6oSo12N6oS2 

r-- "II I I II 1~~6oS1/2~60~9 
50 

1.0 2.0 5.0 10 20 50 100 200 500 1000 0.1 0.2 O.S 1.0 2.0 5.0 10 20 SO 100 

f, FREUUENCY 1kHz) VR, REVERSE VOLTAGE IVOLTS) 

2-419 



2N6050 thru 2N6052, 2N6057 thru 2N6059;(continued) . 
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2N6050 thru 2N6052, 2N6057 thru 2N6059 (continued) 
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FIGURE 14 - COLLECTOR CUT-OFF REGION 
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2N6053,2N6054,2N6298,2N6,299 PNP 

2N6055 ,2N6056,2N6300 ,2N6301 NPN 

(SILICON) 

DARLINGTON COMPLEMENTARY 
SILICON POWER TRANSISTORS 

•. designed for general·purpose amplifier and low· speed switching 
applications. 
• High DC Current Gain -

hFE = 3000 (Typ) @ IC = 4.0 Adc 
• Coliector·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·ln Base· Emitter 

Shunt Resistors 

*MAXIMUM RATINGS 

2N6053 2N6054 
2N6055 2N6056 
2N6298 2N6299 

Rating Symbol 2N6300 2N6301 

Collector~Emitter Voltage VCEO 60 SO 

Coliector·Base Voltage VCB 60 SO 

Emitter-Base Voltage VEB 5.0 

Collector Current - Continuous IC S.O 
Peak 16 

Base Current 'B 120 

2N6053 2N629S 
2N6054 2N6299 
2N6055 2N6300 
2N6056 2N6301 

Total Device Dissipation@Tc= 2SoC Po 100 75 
Oerate 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 2N6301 

Thermal Resistance, Junction to Case 6JC 1.75 2.33 

-Indicates JEOEC Registered Oata. 

FIGURE 1 - POWER DERATING 
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2N6053, 2N6054, 2N6298, 2N6299 PNP, (continued) 
2N6055, 2N6056, 2N6300, 2N6301 NPN 

*ELECTRICAL CHARACTERISTICS (TC = 250 C unless otherwise notedl 

I CharOCloristic 

OFF CHARACTERISTICS 
Collector-Emitter Sustaining Voltage (11 

(lC = 100 mAde, IS = 0) 2N6053, 2N6055, 2N6298, 2N6300 
2N6054, 2N6056, 2N6299, 2N6301 

Collector Cutoff Current 
(VCE = 30 Vde, IS = 0) 2N6053, 2N6055, 2N6298, 2N6300 
(VCE = 40 Vde, 18 = 0) 2N6054,2N6056,2N6299,2N6301 

Collector Cutoff Current 
(VCE = Rated VCS, VSE(offl = 1.5Vdd 

(VCE = Rated Vca, VaE(offl = 1.5 Vde, TC = 1500 C 

Emitter Cutoff Current 
(VSE = 5.0 Vde, IC = 0) 

ON CHARACTERISTICS (11 

DC Current Gain 

Symbol Min Max 

VCEO(susl 
60 -
80 -

ICEO 
- 0.5 

- 0.5 

ICEX 
- 0.5 

- 5.0 

IEaO 
- 2.0 

hFE 
(lC = 4.0 Ade, VCE = 3.0 Vde) 750 18000 

(lC = 8.0 Ade, VCE = 3.0 Vde) 100 -

Collector-Emitter Saturation Voltage VCE(sat) 
(lc = 4.0 Ade, la = 16 mAdel - 2.0 

(lc = 8.0 Ade, la = 80 mAdcl - 3.0 

Base-Emitter Saturation Voltage VaE(sat) 
(lC = 8.0 Ade, la = 80 mAde) - 4.0 

Base-Emitter On Voltage VaE(on) 
(lC = 4.0 Ade;VCE = 3.0 Vde) - 2.8 

DYNAMIC CHARACTERISTICS 

Magnitude of Common Emitter Small-5ignal Short Circuit Current Transfer Ratio Ihfel 
(lC = 3.0 Ade, VCE = 3.0 Vde, f = 1.0 MHzl 4.0 -

Output Capacitance Cob 
(Vca = 10Vde,IE=O,f=0.1 MHzl 2N6053, 2N6054, 2N6298, 2N6299 - 300 

2N6055,2N6056,2N6300,2N6301 - 200 

Small-Signal Current Gain hfe 
(lC = 3.0 Ade, VCE = 3.0 Vde, f = 1.0 kHzl 300 -

"'lndicatesJEDEC Registered Data. 

(1) Pulse Test: Pulse Width"" 300 #,s, Duty Cycle'" 2.0 %. 

FIGURE 2 - SWITCHING TIMES TEST CIRCUIT FIGURE 3 - SWITCHING TIMES 

RS & RC VARIED TO OBTA.IN DESIRED CURRENT lEVELS 
01. MUST BE FAST RECOVERY TYPES, e.g .. 

MBD5300 USED ABOVE 18 '" 100 rnA 
MS06100 USEO BElOW1B '" 100 rnA 
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For NPN test circuit reverse diode, polarities and input pulses. 
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2N6053, 2N6054, 2N6298, 2N6299 PNfl, (continued) 
2N6055, 2N6056, 2N6300, 2N6301 NPN 

FIGURE 4 - THERMAL RESPONSE 
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FIGURE 5 - 2N6053 thru 2N6056 
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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 and 6 is based on T J(pk) "" 200°C; TC is 
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FIGUR'E'7 - SMALL·SIGNAL CURRENT GAIN 
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FIGURE 6 - 2N6298 thru 2N6301 
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variable depending on conditions. Second breakdown guise limits, 
are valid for dutv cvcles to 10% provided TJ(gk) :!! 200 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. 
(See AN-415J. 

FIGURE 8 - CAPACITANCE 
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2N6053, 2N6054, 2N6298, 2N6299 PNP, (continued) 
2N6055, 2N6056, 2N6300, 2N6301 NPN 

PNP 

2N6053, 2N6054, 2N6298, 2N6299 I 
FIGURE 9 - DC CURRENT GAIN 
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FIGURE 10 - COLLECTOR SATURATION REGION 
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2N6053, 2N6054, 2N6298, 2N6299 PNP, (continued) 
2N6055, 2N6056, 2N6300, 2N6301 NPN 

PNP NPN 
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2N60S7 thru 2N60S9 NPN (SILICON) For Specifications See 2N6050 Data. 
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2N6064 (GERMANIUM) 

2N6065 
2N6066 

PNP GERMANIUM POWER TRANSISTORS 

· .. designed for high-voltage switching applications. 

• Low Leakage Current -
ICBO = 3_0 mAde (Maxi 

• Low Collector-Emitter Saturation Voltage -
VCE(satl = 0.8 Vdc (Maxi @ IC = 10 Adc 

• Switching Times - ton = 10 I1S @ 3.0 Adc 
toff = 1511S@ 3_0 Adc 

"MAXIMUM RATINGS 

Rating Symbol 2N6064 2N6065 

Collector-Emitter Voltage VCEO 80 120 

Collector-Base Voltage VCB 80 120 

Emitter-Base Voltage VE8 5.0 

Collector Current Continuous IC 10 

Base Current 18 5.0 

Total Device Disslpation@Tc 25°C Po 56 

Derate above 25°C 0.67 

2N6066 

160 

160 

Operating and Storage Junction TJ.Tstg c----6Sto+ll0---

Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic I Symbol I Ma. I 
Thermal Resistance, Junction to Case I eJC I 1.50 I 
+lndicatesJEDEC Registered Data. 

FIGURE l-POWER TEMPERATURE DERATING CURVE 
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Unit 

Vdc 

Vdc 

Vdc 

Adc 

Adc 

Watts 
W/oC 

°c 

Unit 

°CIW 

10 AMPERE 
POWER TRANSISTORS 

PNP GERMANIUM 
ALLOY DI FFUSED 

80-120-160 VOLTS 
56 WATTS 

r-aLl 
Cill\A}NG 

JL PLANE 
D 

STYLE 1: 
PIN 1. EMITTER 

2. BASE 
3. COLLECTOR 

G 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 

A 14.B6 16.51 0.585 I 0.650 
8 12.32 12.57 1 0.495 
e 6.10 7.62 1 0.300 
0 0.69 0.84 1 0.033 
E 0.51 1.02 ~ G 7.16 BSC 0.165~ H 4.19 4.70 
K 9.14 11.18 0.360 0.440 
L 3.58 BSC 0.141 BSe 

CASES 



2N6064, 2N6065, 2N6066 (continued) 

*ELECTRICAL CHARACTERISTICS (TC = 25°C unless otherwise noted I 

Characteristic 

OFF CHARACTERISTICS 

Collector~Emitter Sustaining Voltage (1) 

(lC = 100 mAde, 'B = 01 

Emitter Floating Potential 
(VCE = 80 Vde, IB = 01 

(VCE = 120 Vde, IB = 01 

(VCE = 160 Vde, 18 = 01 

Collector Cutoff CUrrent 

(VCE = 80 Vde, VBE(offi = 0.2 Vde, TC = +l00oCI 

(VCE = 120 Vde, VBE(off) = 0.2 Vde, TC = +100oCI 

(VCE = 160 Vde, VBE(off) = 0.2 Vde, TC = +100oCI 

Collector Cutoff Current 

(VCB = 80 Vde, IE = 01 

(VCB = 120 Vde, IE = 01 

(VCB = 160 Vde, IE = 01 

Emitter Cutoff Current 
(V BE = 5.0 Vde, IC = 01 

ON CHARACTERISTICS (11 

DC Current Gain 
(lc = 3,0 Ade, VCE = 2.0 Vdel 

Collector-Emitter Saturation Voltage 
(lC = 10 Ade, IB = 1.0 Adel 

Base-Emitter Saturation Voltage 

(lC = 10 Ade, IB = 1.0 Adel 

DYNAMIC CHARACTERISTICS 

Current-Gain-Bandwidth Product 
(Ie = 0,5 Ade, VCE = 12 Vdel 

SWITCHING CHARACTERISTICS (SEE FIGURE 81 

Turn-On Time 
(Ie = 3,0 Ade, IBl = 0.3 Adc, Vee = 30 Vdel 

Turn-Off Ti me 

(lC = 3,0 Adc, 'Bl = IB2 = 0,3 Adc, Vce = 30 Vdcl 

(l)Pulse Test: Pulse Width ~300 fJ.s, Duty Cycle ~2.0%. 

·'ndicates JE DEC Registered Data. 

2N6064 
2N6065 
2N6066 

2N6064 

2N6065 

2N6066 
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2N6066 
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2N6065 

2N6066 
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FIGURE 2 - THERMAL RESPONSE 
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2N6064, 2N6065, 2N6066 (continued) 

FIGURE 3 -CLAMPED INDUCTIVE SAFE OPERATING AREA 
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FIGURE 7 - SWITCHING TIMES 
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2N6064, 2N6065, 2N6066 (continued) 
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2N6067 (SILICON) 

PNP SILICON ANNULAR TRANSISTOR 

· .. designed for medium-current saturated switching and core driver 
applications. 

• Fast Switching Times @ VCC = 40 Vdc -
ton = 40 ns (Max) 

toft = 80 ns (Max) 

• Current-Gain-Bandwidth Product -
IT = 150 MHz (Min) @ IC = 50 mAde 

• Low Collector-Emitter Saturation Voltage -
VCE(sat) = 0.6 Vdc (Max) @ IC = 500 mAde 

'MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage VCEO 40 

Collector-Base Voltage VCB 50 

Emitter-Base Voltage VEB 5.0 

Collector Current Continuous IC 1.0 

Total Power Dissipation @ T A "" 25°C PD 625 
Derate above 25°C 5.0 

Total Power Dissipation@ T C = 25°C PD 1.5 
Derate above 25°C 12 

Operating and Storage Junction T J.T stg -55 to +150 
Temperature Range 

*THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Thermal Resistance, Junction to Case RBJC 83.3 

Thermal Resistance, Junction to Ambient RBJA 200 

"Indicates JEDEC Registered Data 

2-432 

Unit 

Vdc 

Vdc 

Vdc 

Adc 

mW 
mW/oC 

Watt 
mW/oC 

°c 

Unit 

°C/W 

°C/W 

STYLE l' 

PNP SILICON 
SWITCHING 

TRANSISTOR 

PIN 1. EMITTER 
2. BASE 
3 COLLECTOR 

SEATINGr-~~ 
PLANE K 

--.l D!lt 
.LVV"E, M '-" .. 
G J I 

MI LLiMETERS INCHES 
DIM MIN MAX MIN MAX 

C 4.450 4.700 0.175 0.185 
D 0.407 0.482 0.Q16 0.019 
E 50 NOM 50 NOM 
G 1.150 1.390 0.045 0.055 
J 2.160 2.4 0 0.085 0.095 
K 12.700 0.500 
L 1.270TP 0.050 TP 
M 0.076 0.330 0.003 0.013 

CASE 29-01 



2N6067 (continued) 

*ELECTRICAL CHARACTERISTICS (TA ' 25°C unless otherwISe noted) 

Characteristic Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage <D BVCEO 
(lC' 10 mAde, IB' a) 

Collector-Base Breakdown Voltage BVCBO 
(IC' 100 "Ade, IE' 01 

Emitter-Base Breakdown Voltage BVEBO 
(IE' 10 "Ade, IC' D) 

Collector Cutoff Current ICBO 
(VCB' 30 Vde, IE ' D) 

Emitter Cutoff Current lEBO 
IVEB ~ 3.0 Vde, IC' 01 

ON CHARACTERISTICS 

OC Current Gain <D hFE 
(lC' 10 mAde, VCE = 10 Vde) 

(IC' 100 mAde, VCE ' 1 0 Vde) 

(lC' 500 mAde, VCE ' 1.0 Vde) 

Collector-Emitter Saturation Voltage CD VCE(,at) 
(IC' 100 mAde, IB' 10 mAde) 

(lC" 500 mAde, IB' 50 mAde) 

Base-Emitter Saturation Voltage <D VSE(,at) 
(lC' 100 mAde, IS' 10 mAde) 

(lC' 500 mAde, IS' 50 mAde) 

DYNAMIC CHARACTERISTICS 

Current-Galn-Bandwldth Product (2) IT 
(IC' 50 mAde, VCE' 10 Vde, I = 100 MHz) 

Collector-Base Capacitance Ceb 
(VCS' 10 Vde, IE' 0, 1'100 kHz) 

Emitter-Base Capacitance Ceb 
(VES ' 0.5 Vde, IC ' 0, I " 100 kHz) 

SWITCHING CHARACTERISTICS 

Turn-On Time ton 

Delay Time 1Vee' 40 Vde, IC' 500 mAde, td 
lSI' 50 mAde, VEB(off) , 4.0 Vde) 

Rise Time tr 

Turn-Off Time toft 

Storage Time 
(VCC' 40 Vde, Ie = 500 mAde, 

t, lSI' IS2' 50 mAde) 

Fall Time tl 

Indicates JEDEC Registered Data. 

(DPulse Test: Pulse Width'S 300 Ils, Duty Cycle ~ 2.0%. 

@ fT is defined as the frequency at which Ihfel extrapolates to unity. 

FIGURE 1 - SWITCHING TIMES TEST CIRCUIT 
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2N6067 (continued) 

TYPICAL TRANSIENT CHARACTERISTICS 
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2N6067 (continued) 

TYPICAL STATIC CHARACTERISTICS 

FIGURE 8 - DC CURRENT GAIN 
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2N6068 ,A, B (SILICON) 
thru 

2N6075,A,B 

MT20~MT1 

SILICON BIDIRECTIONAL THYRISTORS 
· .. designed primarily for full·wave ac control applications, such as light 
dimmers, motor controls, heating controls and power supplies; or wherever 
full-wave silicon gate controlled solid-state devices are needed. Triac type 
thyristors switch from a blocking to a conducting state for either polarity 
of applied anode voltage with positive or negative gate triggering. 

• Sensitive Gate Triggering (A and B versions) Uniquely Compatible for 
Direct Coupling to TTL, HTL, CMOS and Operational Amplifier 
Integrated Circuit Logic Functions. 

• Gate Triggering 2 Mode - 2N6068 thru 2N6075 
4 Mode - 2N6068A,B thru 2N6075A,B 

• Blocking Voltages to 600 Volts 
• All Diffused and Glass Passivated Junctions for Greater Parameter Uni­

formity and Stability 
• Small, Rugged, Thermopad Construction for Low Thermal Resistance, 

High Heat Dissipation and Durability 

MAXIMUM RATINGS 
Rating 

*Repetitive Peak Off--5tate Voltage, Note 1 
(TJ = 11o"C) 2N6068.A.B 

2N6069,A,B 
2N6070,A,B 
2N6071,A,B 
2N6072,A,B 
2N6073,A,B 
2N6074,A,B 
2N6075,A,B 

"'On-State Current RMS (TC:= 85°C) 

·Peak Surge Current 
(One Full cycle, 60 Hz, T J = -40 to +11 OoC) 

Circuit Fusing Considerations 
(T J = -40 to +llOoC, t = 1.0 to 8.3 ms) 

*Peak Gate Power 

*Average Gate Power 

*Peak Gate Voltage 

*Operatlng Junction Temperature Range 

*Storage Temperature Range 

Mounting Torque (6·32 Screwl. Note 2 

THERMAL CHARACTERISTICS 
Characteristic 

*Thermal ReSistance, Junction to Case 

Thermal Resistance. Case to Ambient 

* Indicates JEDEC Registered Data 
NOTES: 

Symbol Value 

VDRM 
25 
50 

100 
200 
300 
400 
500 
600 

IT{RMS) 4.0 

ITSM 30 

12t 3.6 

PGM 10 

PG{AV) 0.5 

VGM 5.0 

TJ -40to+ll0 

Tst. -40 to +150 

- 8.0 

1. Ratings apply for open gate conditions. Thyristor devices shall not be 
tested with a constant current source for blocking capability such that 
the voltage applied exceeds the rated blocking voltage. 

2. Torque rating applies with use of torque washer (Shakeproof W019523 
or equivalent). Mounting torque in excess of 6 in. lb. does not appreci· 
ably lower case-ta-sink thermal resistance. Main terminal 2 and heat­
sink contact pad are common. 

For soldering purposes (either terminal connection or device mounting). 
soldering temperatures shall not exceed +200oC. for 10 seconds. Con­
sult factory for lead bending options. 
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Unit 

Volts 

Amp 

Amp 

A2s 

Watts 

Watt 

Volts 

°c 
°c 

in.lh. 

SENSITIVE GATE 

TRIACS 
(THYRISTORS) 

4 AMPERES RMS 

25 THRU 600 VOLTS 

A 

t-
K 

STYLE 5 
'. PIN 1. MT1 

2. MTZ 
3. GATE 

A 9.91 
8 6.86 
C 1.78 
o 0.51 
F 2.92 
G 2.29 
J 0.38 
K 15.11 
Q 3.30 
S 0.64 0.89 
U 3.81 NOM 

CASE 77-02 



2N6068,A,B thru 2N6075,A,B (continued) 

ELECTRICAL CHARACTERISTICS (TC = 25°C unless otherwise noted I 

Characteristic Symbol Min Typ Max Unit 

*Peak Blocking Current (Either Direction) IDRM - - 2.0 mA 

Rated VDRM @ T J = 110°C. Gate Open 

*On-State Voltage IE ither Direction) VTM - - 2.0 Volts 

ITM = 6.0 A Peak 

*Peak Gate Trigger Voltage VGTM Volts 

Main Terminal Voltage = 12 Vde. RL = 100 Ohms. TJ = -40°C 
MT2 (+1. G(+); MT2 H. G(-I All Types - 1.4 2.5 

MT2 (+1. GH; MT2 H. G(+I 2N6068A.B thru 2N6075A.B - 1.4 2.5 

Main Terminal Voltage::: RatedVORM, RL = 10 k ohms. TJ::: 1100 e 
MT2 (+1. G(+I; MT2 (-I. GH All Types 0.2 - -
MT2 (+1. G(-I; MT2 I-I. G(+I 2N6068A.B thru 2N6075A.B 0.2 - -

*Holding Current (Either Direction) IH mA 

Main Terminal Voltage = 12 Vde. Gate Open. T J = _40°C 
Initiating Current = 1.0 Adc 

2N6068 thru 2N6075 - - 70 
2N6068A.B thru 2N6075A.B - - 30 

TJ = 25°C 2N6068 thru 2N6075 - - 30 
2N6068A.B thru 2N6075A.B - - 15 

Turn-On Time (Either Direction) ton - 1.5 - !"' 
ITM = 14 Ade. IGT = 100 mAde 

Blocking Voltage Application Rate at Commutation dv/dt - 5.0 - VI!". 
@VDRM. TJ = 85°C. Gate Open 

QUADRANT 
(See Definition Below) 

Type IGTM I II III IV 
@TJ mA rnA mA rnA 

.. Peak Gate Trigger Current 2N6068 +250 C 30 - 30 -
Main Terminal Voltage = 12 Vde. RL = 100 ohms thru 

2N6075 -40°C 60 - 60 -
2N6068A +250 C 5.0 5.0 5.0 10 

Maximum Value thru 
-40°C 20 20 20 30 

2N6075A 

2N6068B +250 C 3.0 3.0 3.0 5.0 
thru 

_40°C 2N6075B 15 15 15 20 

·Indlcates JEDEC Registered Data. 
SAMPLE APPLICATION: 

TTL-SENSITIVE GATE 4 AMPERE TRIAC 
TRIGGERS IN MODES II AND III 

QUADRANT DEFINITIONS 

MT21+1 
QUADRANT II QUADRANT I 

MT2(+1, G(-} MT2(+~. G(+~ 

GC-I'-----+-----GI+) 

QUADRANT III QUADRANT IV 

MT21-).Gl-I MT2t-~. G(+~ 

MT2C-1 

Trigger devices ilre recommended for gating on Trlilcs Thev prOVIde 

1 ConSIstent predlctabllllUrn-on pOints 
2 SImplified CIrcuItry 
3 Fast turn-on tIme for cooler, more eff,clent 

and rel.ableoperatlon 

For 2N6~ Thru 2N6075 
ELECTRICAL CHARACTERISTICS of RECOMMENDED 

BIDIRECTIONAL SWITCHES 

USAGE Lamp D,mmer 

PART NUMBER MBS4991 I MBS4992 MBS100 

Vs 60 - lOV 75 ·90 V 30 50 V 

IS 350.,AMal( 120.,A Ma~ 100 - 400.,A 

V" V52 05VMal( 02V M'I( 035VMax 

Temperatura 002%/oC TVp 
CoeffiCient 

See AN·526 for Theorv and Characteristics of S,licon BIdIrectional SWitches 
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SENSITIVE GATE LOGIC REFERENCE 

IC LOGIC 
FUNCTIONS 

McMOS (NAND) 

McMOS (Buffar) 

Operational 
Amplifier 

Zero Voltage 
SWitch 

2N60SSB 
SemIS 

2N6068A 
SarlilS 

FIRING QUADRANT 

III IV 

2N6068A 2N6068A 
Series 

2N6068A 2N6068A 

Sene. 

2N60688 2N6068B 
Sarles Saml. 

2N6068A 
Serial 

2N606BA 2N6068A 
Serle. Sen" 



2N6068,A,B thru 2N6075,A,B (continued) 

FIGURE 1 - AVERAGE CURRENT DERATING 
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2N6068,A,B thru 2N6075,A,B (continued) 

FIGURE 7 - MAXIMUM ON-5TATE CHARACTERISTICS 
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2N6080 (SILICON) 

The RF Line 

NPN SILICON RF POWER TRANSISTOR 

· .. designed for 12.5 Volt VHF large-signal power amplifier applica­
tions required in military and industrial equipment operating to 
300 MHz. 

• Specified 12.5 Volt, 175 MHz Characteristics­
Output Power ~ 4.0 W 
Minimum Gain ~ 12 dB 
Efficiency ~ 50% 

• Characterized with Series Equivalent Large-Signal Impedance 
Parameters 

'MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage VCEO 18 

Col/ectoT·Base Voltage VCBO 36 

Emitter-Base Voltage VEBO 4.0 

Collector Current - Continuous IC 1.0 

Total Device Dissipation @ TC = 25°C (2) PD 12 
Derate above 25°C 68.5 

Storage Temperature Range Tstg -65 to +200 

Stud Torque (1) - 6.5 

* Indicates JEDEC Registered Data. 
(11 For repeated assembly use 5 in lb. 

Unit 

Vdc 

Vdc 

Vdc 

Adc 

Watts 
mW/oC 

°c 
in. lb. 

(21 These devices are designed for RF operation. The total device dissipation rating applies 
only when the devices are operated as RF amplifiers. 
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DIM 
A 

• C 
D 
E 
F 
G 
H 
J 
K 
L 
M 
N 
Q 

R 
S 

4.0 W - 175 MHz 

RF POWER 
TRANSISTOR 

NPN SILICON 

MILLIMETERS INCHES 
MIN MAX MIN MAX 
2619 2705 1055 1065 
1320 1371 510 530 
1803 710 7SO 

II. 0045 006 
559 220 230 
216 085 OS. 
940 370 385 

45' 450 NOM 
279 110 115 
'01 158 178 
178 2 070 080 
813 • 320 330 

I 050 
635 689 250 275 
759 780 299 307 
254 330 100 130 

NOTE 
CASE 145A 01 USE 8 32NC2A STUD 

CASE 145A-Ol 



2N6080 (continued) 

*ELECTRICAL CHARACTERISTICS (TC: 25°C unless otherwise noted.) 

I Characteristic I Svmbol 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage BVCEO 
(lC: 10 mAde, 18 = 0) 

Collector-Emitter Breakdown Voltage BVCES 
(lC = 5,0 mAde, VBE : 0) 

Emitter-Base Breakdown Voltage BVEBO 
(IE: 1.0 mAde, IC: 0) 

Collector Cutoff Current ICES 
(VCE: 15 Vdc, VBE : 0, TC: +550 C) 

Collector Cutoff Current ICBO 
(VCB = 15 Vde, IE = 0) 

ON CHARACTERISTICS 

DC Current Gain 
(lC ~ 0.25 Ade, V CE = 5.0 Vde) 

DYNAMIC CHARACTERISTICS 

Output Capacitance 
(VCB: 15 Vdc, IE = 0, f = 0.1 MHz) 

FUNCTIONAL TEST 

Common-E mitter Ampl ifier Power Gain GpE 
IPout : 4.0 W, VCC: 12.5 Vde, f: 175 MHz) 

Collector Efficiency 1] 
IPout : 4,0 W, VCC: 12.5 Vde, f . 175 MHz) 

*Indicates JEDEC Registered Data. 

FIGURE 1 - 175 MHz TEST CIRCUIT 

Cl,C6 5080pF,ARC0462orequtvalent 
C2,C5 90-180 pF, ARCO 463 

C3 70 pF 
L1 25 nH, I Torn #18 AWG, 1/4" Length, 1/4" 1 0 
L2 Ferrite Choke VK·200 20/4B Ferroxcube 
L3 150 nH, 8 Torns #18 AWG, 3/4" Length, 3116"10 
L4 30 nH, 1·1/2 Turns, #18 AWG, 1/4" Length, 1/4"1 0 

Min Typ 

18 -

36 -

4.0 -

- -

- -

12 -

50 -

Rl 330 Ohms +-rl'Y"n.. .... --"if"'''-++-< RF OUTPUT 

Cl Ll 

C2 C3 C5 
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Max Unit 

- Vde 

- Vde 

- Vde 

5.0 mAde 

0.25 mAde 

- dB 

- % 

12.5 Vdc 



2N6080 (continued) 

FIGURE 2 - OUTPUT POWER _ersu.INPUT POWER 
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FIGURE 3 - OUTPUT POWER versus FREQUENCY 
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2N6081 (SILICON) 

MRF211 

The RF Line 

NPN SILICON RF POWER TRANSISTORS 

... designed for 12.5 Volt VHF large-signal power amplifier applica­
tions required in commercial and industrial equipment operating to 
300 MHz. 

• Specified 12.5 Volt, 175 MHz Characteristics­
Output Power = 15 W 
Minimum Gain = 6,3 dB 
Efficiency = 60% 

• Characterized with Series Equivalent Large·Signal Impedance 
Parameters 

'MAXIMUM RATINGS 

Rating Svmbol Value 

Collector-Emitter Voltage VeEO 18 

Collector-Base Voltage VCBO 36 

Emitter-Base Voltage VEBO 4.0 

Collector Current - Continuous Ie 2.5 

Total Device Dissipatlon@ TC = 25°C (1) Po 31 
Derate above 25°C 177 

Storage Temperature Range Tstg -65 to +200 

Stud Torque (2) - 6.5 

* Indicates JEOEC Registered Data for 2N6081. 

Unit 

Vdc 

Vdc 

Vdc 

Adc 

Watts 
mW/oC 

°e 

in. lb. 

(1) These devices are desIgned for RF operation. The total device diSSipation rating applies 
only when the devices are operated as RF amplifiers. 

(2) For repeated assembly use 5 in. lb. 
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15W -175 MHz 

RF POWER 
TRANSISTORS 

NPN SILICON 

2N6081 

srvi.E 1 
PIN 1 EMITTER 

l8ME 
3 EMITTER 
4 COLLECTOR 

CASE 145A-O 1 

MRF221 

MilLIMETERS 
DI • • IN MA' 
A "64 " .. • .47 '" , ., 71' 
0 59 .84 , '16 '67 , '" ". I. 
H 2159 2210 
J '" K ""' "" L 622 ... · ... , 

',I 45' • 297 31' 

IN 
.IN 

0910 
037l 
0.239 

'" "" "DI , 
08 , .. ,,, . 
"" 0111 

MILLIMETERS H S 
DI. ... .A' .IN .AX · .OO '" 0310 '" ." 83' "" " , "03 "06 '" 0.750 

• , 178 '03 "" '" n, ", OliO " '" "" I , I 
J ." ". '004 ,OO 
• 1321 143. OS" OS" 
L 1.40 . 16. 'lOS. " • p - I' 
R 1.59 1.ao 0.299 , 

I I I 
T I " 

, 
25. ,I 

NOTE 
CASE 14SAOI USE 832NC2A STU~ 

.AX 
03" 03" 
'" 02 

'"" 0006 

'''' , 
0435 
0255 

11.180 
0123 

STVLET 
PIN! EMITTER 

1 BASE 
3. EMITTER 
4 COLLECTOR 

CASE 211-01 



2N6081, MR F221 (continued) 

*ELECTRICAL CHARACTERISTICS (TC = 25°C unless otherwise noted.) 

I Characteristic I Symbol Min Typ Max 

OFF CHARACTERISTICS 

Coliector~Emitter Breakdown Voltage BVCEO lB - -
(lC = 20 mAde, IB = 0) 

ColiectorMEmitter Breakdown Voltage BVCES 36 - -
(le= 10rnAde, VBE= 0) 

Emitter-Base Breakdown Voltage BVEBO 4.0 - -
(IE = 2.0 mAde, Ie = 0) 

Collector Cutoff Current ICES - - B.O 
(VCE = 15 Vde, VBE = 0, Te = +550 CI 

Collector Cutoff Current leBO - - 0.5 
(VeB = 15 Vde, IE = 01 

ON CHARACTERISTICS 

DC Current Gain 
(lc = 0.5 Ade, VCE = 5.0 Vdel 

DYNAMIC CHARACTERISTICS 

Output Capacitance 
(VCB = 15 Vde, IE = 0, f = 0.1 MHzl 

FUNCTIONAL TEST 

Common-Emitter Amplifier Power Gain GpE 6.3 - -
(Pout = 15 W, Vec = 12.5 Vde, f = 175 MHz) 

Collector Efficiency 1] 60 - -
(Pout = 15W, Vce= 12.5Vde,f= 175MHzI 

*Indicates JEDEC Registered Data for 2N6081. 

FIGURE 1 - 175 MHz TEST CIRCUIT 

1000 12.5 Vdc 

RF 
INPUT 

CI,2,3,4 5 O·SOpF ARC0462 
II Straight Wire, #14 AWG, 

1·3/S" long 

RFC IPF <._ 

RF 
OUTPUT 

100 pF C3 

-= L2 1 Turn, #14 AWG, 3/8" 10, Length Plus leads'" 1" 
RFC VK200·20/4B, FERROXCUBE. 
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Unit 

Vde 

Vde 

Vde 

mAde 

mAde 

dB 

% 



2N6081, MRF221 (continued) 

FIGURE 2 - OUTPUT POWER versus INPUT POWER 
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V - V ..... f=115MHz 
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FIGURE 4 - OUTPUT POWER versus SUPPLY VOLTAGE 
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FIGURE 3 - OUTPUT POWER versus FREQUENCY 
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2N6082, 2N6083, 2N6084 (SILICON) 

The RF Lin.e 

NPN SILICON RF POWER TRANSISTORS 

· .. designed for 12.5 Volt VHF large-signal power amplifier applica­
tions required in military and industrial equipment operating to 
225 MHz. 

• Specified 12.5 Volt, 175 MHz Characteristics­
Output Power = 25 W - 2N6082 

30W - 2N6083 
40W - 2N6084 

Minimum Gain = 6.2 dB - 2N6082 
5.7 dB - 2N6083 
4.5 dB - 2N6084 

• Balanced Emitter Construction to provide the designer with the 
device technology that assures ruggedness and resists transistor 
damage caused by load mismatch 

*MAXIMUM RATINGS 

Rating Symbol 2N6082 I 
2N6083 2N6084 Unit 

Collector-Emitter Voltage VeEO 18 Vdc 

Collector-Base Voltage VeBO 36 Vdc 

Emitter-Base Voltage VEBO 4.0 Vdc 

Collector Current Continuous Ie 4.0 I 6.0 Adc 

Total Device Dissipation @TC- 7SoC(2) Po 65 I 80 Watts 
Derate above 25°C 0.52 0.64 wloe 

Storage Temperature Range Tstg -65 to +200 °e 

Stud Torque!l) - 6.5 in. lb. 

·Indicates JEDEC Registered Data 
(l)For Repeated Assembly Use 5 in. lb. 

(2)These devices are deSigned for RF operation. The total 
device dissipation rating applies only when the devices 
are operated as RF amplifiers. 

2-446 

DIM 
A 
B 
C 
D 
E 
F 
G 
H 
J 
K 
L 
M 
N 
0 
R 
S 

25, 30 and 40 W 
175 MHz 

RFPOWER 
TRANSISTORS 

NPN SILICON 

MILLIMETERS INCHES 
MIN MAX MIN MAX 
2679 2705 1055 1065 
1320 1371 520 530 
1803 1905 71 750 

"' 152 0045 006 
559 584 220 230 
216 241 085 095 
940 978 370 .385 

45D NOM 45D NOM 
279 293 110 .115 

'01 452 "8 178 
118 203 .070 080 
813 838 320 330 

127 05<1 
635 689 250 275 
759 780 299 .307 
25' 330 100 130 

NOTE 
CASE 145A·Ol USE 8·32NC2A STUD 

CASE 145A·01 



2N6082, 2N6083, 2N6084 (continued) 

*ELECTRICAL CHARACTERISTICS (TC = 25°C unless otherwise noted) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
(lC = 100 mAde, IB = 0) 

Collector-Emitter Breakdown Voltage 
(lC = 15 mAde, VBE = 0) 

(lC = 20 mAde, VBE = 0) 

Emitter-Base Breakdown Voltage 
(IE = 5.0 mAde, IC = 0) 

(IE = 10 mAde, IC = 0) 

Collector Cutoff Current 
(VCE = 15 Vde, VBE = 0, TC = +550 C) 

Collector Cutoff Current 
(VCB = 15 Vde, IE = 0) 

ON CHARACTERISTICS 

DC Current Gain 
(lC = 1.0 Adc, VCE = 5.0 Vde) 

DYNAMIC CHARACTERISTICS 

Output Capacitance 
(VCB= 15 Vdc, IE = 0, f = 0.1 MHz) 

FUNCTIONAL TEST 

Common-Emitter Amplifier Power Gain 
(Pout = 25 W, VCC = 12.5 Vde, f = 175 MHz) 

(Pout = 30W, VCC = 12.5 Vde, f = 175 MHz) 

(Pout =40W, VCC= 12.5 Vdc, f= 175 MHz) 

Collector Efficiency 
(Pout = 25 W, VCC = 12.5 Vdc, f= 175 MHz) 

(Pout =30W, VCC = 12.5 Vde, f= 175 MHz) 

(Pout =40W, VCC = 12.5 Vde, f = 175 MHz) 

"Indicates JEOEC Registered Data 

RF 
INPUT 

2N6082,2N6083 

2N6084 

2N6082,2N6083 

2N6084 

2N6082,2N6083 
2N6084 

2N6082,2N6083 
2N6084 

2N6082 

2N6083 

2N6084 

2N6082 

2N6083 

2N6084 

Svmbol 

BVCEO 

BVCES 

BVEBO 

ICES 

ICBO 

GpE 

1'/ 

FIGURE 1 - 175 MHz TEST CIRCUIT 

Min 

18 

36 

36 

4.0 

4.0 

-

-
-

6.2 

5.7 

4.5 

65 

65 

70 

TVp 

-

-
-

-

-

-

-
-

-

-
-

-

-
-

RF 
OUTPUT 

Max 

-

-
-

-

-
10 

1.0 
2.5 

-

-
-

-
-

-

'::' Cl,2,l,4 5.()'BO pF ARCO 462 l2 1 Turn, #14 AWG, l/S"ID,length Plus leads· I" 
11 Straight Wire, #14 AWG, l·l/B" long RFC VK20()'20/4B, FERROXCUBE. 
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Vde 

Vde 

Vde 

mAde 

mAde 

dB 
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2N6082, 2N6083, 2N6084 (continued) 
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OUTPUT POWER versus INPUT POWER 

FIGURE 2 - 2N6082, 2N6083 FIGURE 3 - 2N6084 
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2N6082, 2N6083, 2N6084 (continued) 

PARALLEL EQUIVALENT INPUT CAPACITANCE versus FREQUENCY 

FIGURE 8 - 2N6082. 2N6083 FIGURE 9 - 2N6084 
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FIGURE 10 - 2N6082. 2N6083 
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2N6094 thru 2N6097 (SILICON) 

The RF Lin.e 

PNP SILICON RF POWER TRANSISTORS 

... designed for 12.5 Volt VHF large-signal amplifier applications 
required in military and industrial equipment operating to 250 MHz. 

• Balanced Emitter Construction with Isothermal Resistor Design to 
Provide the Designer with the Optimum in Transistor Ruggedness 

• Low Lead Inductance Stripline Packaging for Easier Design and 
IncreaSed Broadband Capabilities 

• Flange Package for Easy Mounting and BetterThermal Conductivity 
to Heat Sink 

• Exceptional Power Output Stability versus Temperature 

"MAXIMUM RATINGS 

Rating Svmbol 2N6094 2N6095 2N6096 2N6097 Unit 

Collector-Emitter Voltage VeEO . 18 . Vdc 

Collector-Base Voltage VeBO 36 . Vdc 

Emitter-Base Voltage VEBO 4.0 . Vdc 

Collector Current - Ie 1.0 2.5 4.0 6.0 Adc 
Continuous 

Total Device Dissipation PO!l) 8.0 20 40 60 Watts 
@Te=250 e 

Derate above 25°C 45.7 114 228 343 mWPe 

Storage Temperature T stg -65'0 +200 DC 
Range 

·'ndicates JEDEC Registered Data. 
(1) These devices are designed for RF operation. The total device dissipation rating 

applies only when the devices are operated as RF amplifiers. 
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4_0. 15. 30.40WATTS-175 MHz 

Q 

PNPSILICON 
RF POWER 

TRANSISTORS 

+ X °1 t 
H~<: 39 L 

a STYLE 1: 
PIN 1. EMITTER 

2. BASE 
3. EMITTER 

~ 
~B 4. COLLECTOR 

.E:::: I I dE t 
rr=i 0 i'l N 

~A----r' I 
SEATING PLANE 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 

A 24.64 24.B9 0.970 0.980 
B 9.47 9.73 0.373 0.383 
C 6.07 7.14 0.239 0.281 
D 5.59 5.84 0.220 0.230 
E 2.16 2.67 0.085 0.105 
F 0.10 0.15 0.004 0.006 
G 18.29 18.54 0.720 0.7 0 
H 21.59 22.10 0.850 0.870 
J 3.12 3.23 0.123 0.127 
K 10.80 11.05 0.425 0.435 
L 6.22 6.48 0.245 0.255 
M 400 500 400 500 

N 3.81 4.57 0.150 0.180 
Q 2.97 3.12 0.117 0.123 

CASE 211-01 



2N6094 thru 2N6097 (continued) 

*ELECTRICAL CHARACTERISTICS (Tc = 250 C unless otherwise noted) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
(lc = 10 mAde, IB = 0) 2N6094 

(lc = 20 mAde,lB = 0) 2N6095 

(lC = 50 mAde, IB = 0) 2N6096 

(lc = 100 mAde,lB = 0) 2N6097 

Collector Emitter Breakdown Voltage 

(Ie = 5.0 mAde, VBE = 0) 2N6094 

(Ie = 10 mAde, VBE = 0) 2N6095 

(Ie = 15 mAde, VBE = 0) 2N6096 

(lc = 20 mAde, VBE = 0) 2N6097 

Emitter-Base Breakdown Voltage 
(IE = 1.0 mAde, Ie = 0) 2N6094 

(IE = 2.0 mAde, IC = 0) 2N6095 

(IE = 5.0 mAde, Ie = 0) 2N6096 
(IE = 10 mAde, IC = 0) 2N6097 

Collector Cutoff Current 

(VCE = 15 Vdc, VBE =0, TC = 550 e) 2N6094 
2N6095 
2N6096 
2N6097 

Collector Cutoff Current 
(VCB = 15 Vde, IE = 0) 2N6094 

2N6095 
2N6096 
2N6097 

ON CHARACTERISTICS 

DC Current Gain 
(lC=0.25Ade, VCE =5.0Vde) 

(Ie = 0.5 Ade, VCE = 5.0 Vde) 

2N6094 

2N6095,2N6096,2N6097 

DYNAMIC CHARACTERISTICS 

Output Capacitance 

(VeB = 12.5 Vde,IE = 0, f = 100kHz) 2N6094 
2N6095 
2N6096 
2N6097 

FUNCTIONAL TEST 

Common-Emitter Amplifier Power Gain (Figure 1) 
(Pout = 4.0W, Vec = 12.5 Vde,lc(max) = 0.62 Adc, 2N6094 
f = 175 MHz) 

(Pout = 15 W, VCC = 12.5 Vde,lc(max) = 1.9 Ade, 2N6095 
f = 175 MHz) 

IPout = 30 W, Vec = 12.5 Vde,lelmax) = 3.4 Ade, 2N6096 
f = 175 MHz) 

(Pout = 40W, Vec = 12.5 Vde,lclmax) = 4.3 Ade, 2N6097 
f = 175 MHz) 

Collector Efficiency IFigure 1) 
IPout = 4.0 W, Vee = 12.5 Vde, f = 175 MHz) 2N6094 

IPout = 15 W, Vec = 12.5 Vde, f = 175 MHz) 2N6095 

IPout =30W, Vee= 12.5 Vde, f= 175 MHz) 2N6096 

!Pout =40W, Vec = 12.5 Vde, f = 175 MHz) 2N6097 

*'ndicates JEDEC Registered Data 
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Symbol 

BVCEO 

BVeES 

BVEBO 

ICES 

ICBO 

Cob 

GpE 

~ 

Min Typ Max Unit 

Vde 
18 - -
18 - -
18 - -

18 - -

Vde 
36 - -
36 - -
36 - -
36 - -

Vde 
4.0 - -
4.0 - -

4.0 - -
4.0 - -

mAde 
- - 5.0 
- - 8.0 
- - 10 
- _. 10 

- - 250 /LAde 
- - 500 
- - 1.0 mAde 

2.5 

pF 
- 17 20 
- 90 120 
- 150 190 

- 300 400 

dB 
12 - -

- -
6.3 - -

- -
5.7 

4.5 

% 

50 - -

55 - -
60 - -
60 - -
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2N6094 thru 2N6097 (continued) 

10 

7.0 

50 -~ 
.......... -3.0 

r--

FIGURE 1 - 175 MHz TEST CIRCUIT 

r----------------t-----,c:--o -12.5 Vdc 

2N6094 
C1,C2 AReo 462 or Equivalent 
C3,C4 70 pF Unelco J1HF 

C5 AReO 463 or Equivalent 
C6 AReO 461 or EqUivalent 
C7 1000pF 
C8 50j.l.F,50V 
11 25 nH. 1 Turn, #18 AWG, 1-1/4" Long, 1/4" 1.0. 
Ll VK200 20/4B Ferrite Choke. Ferrnxtube 
L3 150 nH, BTurns, '18AWG. 3/4" Long, 3/16" 1.0 
l4 36 nH. 1-112 Turns. #18 AWG, 1-114" long. 1/4'" D. 
A1 390 Ohms, 112W 

2N6095 
C1,C6 AReO 462 or EqUivalent 

C2 AReO 464 or Equivalent 
C3,C4 40 pF Unelco Jl HF 

C5 ARCO 463 or EqUivalent 
C7 lOOOpf 
C8 5.0pf, 50 V 
11 Copper Strap 1/4"Wlde,l-1/4" long, Straight 
L2 VK200 20/48 Fernte Choke. Ferroxtube 
L3 150 nH,4 TUrns. #18AWG, 3/4" Long, Wound on R1 
l4 1 Turn, #18 AWG, 1·1{4" Long. 1/4" 1.0 
R1 390 Ohms. 1 W 

C7~ 

2N6096 
C1,C2 ARGO 462 or Equivalent 
C3,C4 100 pF Unelco J1HF 
C5,C6 ARCO 463 or Equivalent 

C7 1000 pF 
C8 5.01lF,50 V 
L1 1/2 Turn, #16 AWG, 1-1/4" long, 1/4"1.0. 
l2 VK200 20/4B Ferrite Choke, Ferroxcube 
l3 4 Turns, #18 AWG, 3/4" Long, Wound on Rl 
L4 1 Turn, #16 AWG, 1-1/4" long, 1/4"1.0 
Rl 390 Ohms, 2 W 

2N6097 
Cl,C2,C5 ARCO 462 or Equivalent 

C6 ARCO 464 or Equivalent 
C3,C4 100 pF Unelco Jl HF 

C7 1000 pF 
C8 50llF,50V 
11 18 nH, 1-1/4" Straight, #16 AWG 
L2 VK200 20/4B Ferrite Choke, Ferroxcube 
l3 5 Turns, #18 AWG,3/4" long, Wound on Rl 
l4 1 Turn, #16 AWG, '-1/4"long,1f4" 1.0_ 
Rl 160 Ohms, 2 W 

OUTPUT POWER versus FREOUENCY 
(Vee = -12.5 Vdc) 

FIGURE 2 - 2N6094 FIGURE 3 - 2N6095 
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2N6094 thru 2N6097 (continued) 

5.0 

TYPICAL PERFORMANCE DATA 
OUTPUT POWER versus INPUT POWER 

(Vee = -12.5 Vdc, I = 175 MHz) 

FIGURE 6 - 2N6094 
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2N6094 thru 2N6097 (continued) 
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OUTPUT POWER versus SUPPLY VOLTAGE 

FIGURE 12 - 2N6096 
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2N6094 thru 2N6097 (continued) 
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2N6094 thru 2N6097 (continued) 
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2N6094 thru 2N6097 (continued) 

T lNPU 
65 W 

Il 

ARGO 

1"""'\ '6=.,.. II 

':>..,:' " 

,--

e1 = = AReo:; t RFe111 463 / 

1 
Transmitter Case Ground 

FIGURE 30 - 90·WATT. 175 MHz AMPLIFIER 

Q 
I 5.D,uF -

1000pF L2 q." -= r' 
r-:N6091,1 

RFC2 
RFe311 

;:: e1 e5 
ARGO I ~ 

ARGO QUTPU 
46':'" l5 .6,' ..... 1"""'\90W 

..... " * J 
I"-' " '",;Z l4 

~ 
( 

e3 
RFe·11 TC4 e6 := 

l3 I ~6091 
.--- >--

= =e1 7 ~ARCO e9 := ;~AReo e8 
'61 461 

-= 
CI,GS 250 pF UNELCO J1HF 

C2,C3.C4,C5,C6,C7 100 pF UNELCO J1HF 
C9 25 pF UNELCO Jlf-IF 

flFe1 VK200 - 20/4B Ferroxcube 
RfC24Turns,#18AWG,L+Leads 

,·1/2" 1/4" J 0 
RFC3,RFC4 [] 151lH' Molded with Fernte 

Seadon Ground leg 
flFe5 3 Turns, #16 AWG, on 2 W, 

lOOn ReSistor 
L1 1 Turn, #20 AWG, 1/4" I.D 

L2,l3 ST PC,'18AWG,1·114"L 
L4 '·1/4" x 1/4" x 0.03" Copper 

Strap Center Tapped 
L5 1/2 Turn, #16 AWG, 1/4" I D., 

l/2"l 

This is an example of a PNP amplifier designed for negative or positive ground operation. Floating the coaxial connectors with 
bypasses causes no gain loss. The chassis material is Printed Circuit Board which may easily be isolated from the transmitter cabinet. 
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2N6114 (SILICON) 

2N611S 

SILICON COMPLEMENTARY UNIJUNCTION 
TRANSISTORS 

· .. designed for oscillators, timers, frequency dividers and trigger 
circuits which require stability over wide temperature ranges. 

• Interbase Resistance Temperature Coefficient-
aRBB = 0.05 (Mini to 0.5 (Maxi %/oC 

• Low Leakage Current -
I EB20 = 0.1 nA (Typl 

• Low Saturation Voltage -
VEB1(satl = 1.5 Vdc (Maxi 

• Instrinsic Standoff Ratio -
Il = 0.58 (Mini to 0.62 (Maxi 

*MAXIMUM RATINGS ITA = 25°C unless otherwise noted) 

Rating Symbol 

DC Emitter Current IE 

Peak·Pulse Emitter Current Note 1 'e 

Emitter Reverse Voltage VEB20 

I nterbase Voltage VB2B1 

Power Dissipation PD 
Derate above T A ::::; 25°C 

Operating Junction Temperature Range TJ 

Storage Temperature Range T,tg 

"Indicates JEDEC Registered Data. 

Note1: Duty Cycle ~ 1%, PR R = 10 PPS (See Figure 14). 

Value Unit 

150 mA 

2.0 Amp 

8.0 Volts 

30 Volts 

300 mW 
3.0 mW/oC 

-55 to +125 °c 

-55 to +200 °c 

FIGURE 1 - STANDARD 
UNIJUNCTION TRANSISTOR 

SYMBOL AND 
NOMENCLATURE 

FIGURE 2 - COMPLEMENTARY 
UNIJUNCTION TRANSISTOR 

SYMBOL AND 
NOMENCLATURE 

VB2BI VB2BI 

2-458 

COMPLEMENT ARY 
UNIJUNCTION TRANSISTORS 

STYLE I: 

SEATING 
PLANE 

PIN 1. EMITTER 
2. BASE I 
3. BASE 2 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 

A 5.31 5.84 0.2~9 0.230 
B 4.52 4.95 0.178 0.195 
C 4.32 5.33 0.170 0.210 
0 0.41 0.48 0.016 0.019 
G 2.54 TYP 0.100 TYP 
H 0.91 1.17 0.036 0.046 
J 0.71 1.22 0.028 0.048 
K 12.70 0.500 
M 45° TYP 450 TYP 
N 1.27TYP 0.050 TYP 

CASE 22A 

FIGURE 3 - STATIC 
EMITTER CHARACTERISTICS 

CURVES 

NEGATIVE 
VE RESISTANCE 

I REGION I SATURATION 
,---r- REGION , 

EMITTER TO 
BASE ONE 

-++t-----,I;"V---,-'-IE 

lEO 



2N6114, 2N6115 (continued) 

*ELECTRICAL CHARACTERISTICS (TA = 250 C unless otherwise noted) 

Characteristic Symbol Min Typ Max Unit 

Instrinsic Standoff Ratio (Note 2) ~ -
(VB2BlIl) = 10 Vdc, VB2B1(2) = 5.0 Vdc) 0.58 - 0.62 

I nterbase Resistance RBB k ohms 
(VB2Bl = 1.0 Vdc, IE = 0) 2N6114 5.5 6.8 8.2 

2N6115 5.0 8.0 15 

Interbase Resistance Temperature Coefficient aRBB %loC 
(VB2Bl = 1.0 Vdc, IE = 0, TA = -55 to +1000 C) 0.05 - 0.5 

Emitter Saturation Voltage (Note 3) VEB1(sat) Volts 
(VB2Bl = 10Vdc, IE = SOmA) - 1.1 1.5 

Modulated I nterbase Current IB2(mod) rnA 
(VB2Bl = 10Vdc, IE = SOmA) 1.0 4.0 10 

Emitter Reverse Current IEB20 nA 
(VEB2 = 5.0 Vdc, IBI = 0) 2N6114 - 0.1 100 

2N6115 - 0.1 10 

Peak-Point Emitter Current Ip jJ.A 
(VB2Bl = 10 Vdc) 2N6114 - - 5.0 

2N6115 - - 15 

Valley-Point Emitter Current (Note 3) IV rnA 
(VB2Bl = 10 Vdc) 1.0 4.5 -

Peak-Point Voltage Vp Volts 
(VB2B 1 = 5.0 Vdc) 3.2 3.45 3.7 
(VB2Bl = 10 Vdc) 6.1 6.45 6.8 

Base-One Peak Pulse Voltage (Figure 15) VOBI 3.5 4.5 - Volts 

Emitter Breakdown Voltage VESIO Volts 
(lEBl = 10 jJ.A) 8.0 9.5 -

Diode Voltage (Note 2) Va 0.3 - 0.6 Volts 

Minimum Charge to Trigger at - 50 - pc 

Turn On Time ton - 0.85 - jJ.s 

Recovery Time tree - 7.0 - I'S 

*Indicates JEDEC Registered Data. 

Note 2: Intrinsic Standoff Ratio (71) is defined in terms of the Peak-Point Voltage (Vp) by means of the equation: 

Vpl - Vp2 
Tj = VS2B1 (1) _ VS2B1 (2) where VS2B1 (1) =: 10 Vdc ± 0.001 Vdc and VS281 (2) =: 5.0 Vdc.The associated Diode Voltage 

(VO) is defined by the equation Vo = Vp2 -71VS281(2). 

Note 3: Use pulse techniques: PW:::::: 300 p.s, duty cycle ~ 2.0% to avoid internal heating, which may result in erroneous readings. 
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2N6114, 2N6115 (continued) 

FIGURE 4 - STATIC EMITTER CHARACTERISTICS FIGURE 5 - PEAK POINT CHARACTERISTICS 
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2N6114, 2N6115 (continued) 
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2N6116 (SILICON) 

2N6117 
2N6118 

SILICON PROGRAMMABLE 
UNIJUNCTION TRANSISTORS 

designed to enable the engineer to "program" unijunction 
characteristics such as RBB. 11. IV. and Ip by merely selecting two 
resistor values. Application includes thyristor-triggor. oscillator. pulse 
and timing circuits. These devices may also be used in special 
thyristor applications due to the availability of an anode gate. 

• Programmable - RBB. 11. IV and Ip 

• Hermetic TO-IS Package 

• Low On-State Voltage - 1.5 Volts Maximum @ IF = 50 rnA 

• Low Gate to Anode Leakage Current - 5.0 nA Maximum 

• High Peak Output Voltage - 16 Volts Typical 

• Low Offset Voltage - 0.35 Volt Typical (RG = 10 k ohms) 

'MAXIMUM RATINGS 

Rating Symbol Value Unit 

Repetitive Peak Forward Current ITRM 
100 IlS Puis. Width. 1.0% Duty Cycle 1.0 Amp 
20 IlS Pulse Width. 1.0% Duty Cycle 2.0 Amp 

Non-Repetitive Peak Forward Current ITSM 5.0 Amp 
10 IlS Pulse Width 

DC Forward Anode Current IT 200 mA 
Derate Above 2SoC 2.0 mA/oC 

DC Gate Current IG ±.20 mA 

Gate to Cathode Forward Voltage VGKF 40 Volt 

Gate to Cathode Reverse Voltage VGKR 5.0 Volt 

Gate to Anode Reverse Voltage VGAR 40 Volt 

Anode to Cathode Voltage VAK ±.40 Volt 

Forward Power Dissipation @TA = 2SoC PF 250 mW 
Derate Above 2SoC l/BJA 2.5 mW/oC 

Operating Junction Temperature Range TJ -55 to +125 °c 
Storage Temperature Range Tstg -65 to +200 °c 

-I ndicates JE DEC Registered Data 

2-462 

SILICON 
PROGRAMMABLE UNIJUNCTION 

TRANSISTORS 
40 VOLTS 
250mW 

fJAltJ 
r !~ 1 

SEATING ~ K 

PLANE I 
STYLE 6: ~ 

PIN 1. CATHODE 'I--
2. GATE ---i 0 
3. ANODE 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 

A 5.31 5.B4 0.209 0.230 
B 4.52 4.95 O.17B 0.195 
C 4.32 5.33 0.170 0.210 
D 0.406 0.533 0.G16 0.021 
E - 0.762 - 0.030 
F 0.406 0.483 0.016 0.019 
G 2.54 BSe 0.100 BSe 
H 0.914 1.17 0.036 0.046 
J 0.711 1.22 0.028 0.048 
K 12.70 - 0.50 
L 6.35 - 0.250 -
M 450 BSe 45 BSe 
N 1.27 BSe 0.050 BSG 
p 1.27 0.050 

All JEDEC notes and dimensions apply. 
CASE 22-03 

(TO-18) 



2N6116, 2N6117, 2N6118(continued) 

* ELECTRICAL CHARACTERISTICS IT A" 25°C unless otherwise noted) 

Characteristic Figure Symbol Min 

Offset Voltage 2N6116 1 VT 0.2 
(VS " 10 Vdc, RG " 1.0 MJ"l) 2N6117 0.2 

2N6118 0.2 
(VS" 10 Vdc, RG" 10 k ohms) All Types 0.2 

Gate to Anode Leakage Current IGAO 
(VS "40 Vdc, T A" 25°C, Cathode Open) -
(VS "40 Vdc, T A " 75°C, Cathode Open) -

Gate to Cathode Leakage Current - IGKS -
(VS "40 Vdc, Anode to Cathode Shorted) 

Peak Current 2N6116 2,9·14 Ip -
(VS" 10 Vdc, RG " 10 Mn) 2N6117 -

2N6118 -
(VS" 10 Vdc, RG " 10 k ohms) 2N6116 -

2N6117 -
2N6118 -

Valley Current 1,4,5 IV 
(VS" 10 Vdc, RG " 1.0 Mll) 2N6116,2N6117 -

2N6118 -
(VS" 10 Vdc, RG" 10 k ohms) 2N6116 70 

2N6117,2N6118 50 
Forward Voltage (IF := 50 mA Peak) 1,6 VT -

Peak Output Voltage 3,7 Vo 6.0 
(VB" 20 Vdc, CC" 0.2 I'F) 

Pulse Voltage Rise Time 3 tr -
(VB" 20 Vdc, CC" 0.2 IlF) 

*Indicates JEDEC Registered Data 

FIGURE 1 - ELECTRICAL CHARACTERIZATION 

R2 

RI 
-VS::: Rl + R2 VB 

VAK RI 

lA - PROGRAMMABLE UNIJUNCTION 
WITH "PROGRAM" RESISTORS 
Al and R2 

~ R RIR2 

ff ]:: 
IB - EQUIVALENT TEST CIRCUIT fOR 

fiGURE IA USED fOR ELECTRICAL 
CHARACTERISTICS TESTING 

(ALSO SEE fiGURE 2) 

Typ Max 

0.70 1.6 
0.50 0.6 
0.40 0.6 
0.35 0.6 

1.0 5.0 
30 75 

5.0 50 

1.25 2.0 
0.19 0.3 
0.08 0.15 
4.0 5.0 
1.20 2.0 
0.70 1.0 

18 50 
18 25 

270 -
270 -
0.8 1.5 

16 -

40 80 

IGAO 

IC - ELECTRICAL CHARACTERISTICS 

FIGURE 2 - PEAK CURRENT Up) TEST CIRCUIT FIGURE 3 - Vo AND t, TEST CIRCUIT 
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Ip(SENSE) 
100 "V " I OnA 

PUT 
UNDER 

TEST 

RG = R/2 
Vs = VBI2 
(See Figure 1) 

Cc 

510 k 
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+VB 

+V 

16k Va 

6V 

Va 27 k 

20n 0.6 V 

Unit 

Volts 

nAdc 

nAdc 

I'A 

I'A 

Volts 

Volts 

ns 



2N6116, 2N6117, 2N6118 (continued) 

TYPICAL VALLEY CURRENT BEHAVIOR 

FIGURE 4 - EFFECT OF SUPPLY VOL TAGE FIGURE 5 - EFFECT OF TEMPERATURE 

1000 

500 

r=TA-250 C 
RG~10kn= ~ISEE fiGURE 1) 

1000 

500 

1 300 

I- 200 

~ 
13 100 

~ 50 « 
> 
:? 30 

20 

-
100 kn 

- - 10Mn_ 

'i 
.3 200 

j 100 

" u 

~ 
50 

'" > 20 :? 
10 

r-- RG - 10 kn --t- ---+-
100kn== 

........ 
- VS~10Volts 

r--.... 
ISEE fiGURE 1) --- 1.0 Min 

I---'" 10 
50 10 15 20 

5.0 
-75 -50 -25 +25 +50 +75 +100 >125 

2.B 

~ 2.4 
o 
2: 
~ 2.0 

~ 
§; 1.6 

~ 
~ 1.2 

~ 
:::.! 0.8 

~ 
u: 0.4 
> 

o 
0.05 0.1 

VS. SUPPLY VO L TAGE IVO LTS) TA. AMBIENT TEMPERATURE (OC) 

FIGURE 6 - FORWARD VOLTAGE FIGURE 7 - PEAK OUTPUT VOLTAGE 

L IL 
TJ ~ 2~OC-riC-

/ 
./ 

L -
0.2 0.5 1.0 2.0 5.0 

25 

~ 
o 20 
2: 
w 

'" « 
~ 15 
o 
> 

~ 
~ 10 
o 

"" ;;'; 
0.. 5. 

o 
:> 

0 

TA ~ 25 0C 
I--- (SEE fiGURE 3) 

./" 
./' 

/ 
......-:: --~ o 

o 5.0 10 15 

./' 
./V 

~ 

I--
,.... 

20 25 30 

If. PEAK fORWARD CURRENT lAMP) VS. SUPPLY VOLTAGE (VOLTS) 

82 

'~ 
Bl 

CIRCUIT SYMBOL 

CIRCUIT SYMBOL 

FIGURE 8 - STANDARD UNIJUNCTION 
COMPARED TO PROGRAMMABLE UNIJUNCTION 

STANDARD UNIJUNCTIDN 

Ei'L{2 
P R2 
N RBB~Rl+R2 

Rl 
Rl 71 =Rl+R2 

Bl 

EQUIVALENT CIRCUIT 

PROGRAMMABLE UNIJUNCTION 

EljP G :: RBB~Rl+R2 
~ "~Rl~lR2 
N Rl 

K 
Bl 

EQUIVALENT CI RCUIT 
WITH EXTERNAL "PROGRAM" 
RESISTORS Rl and R2 

2-464 

RT 

Cc 

TYPICAL APPLICATION 

TYPICAL APPLICATION 

Cc ~ 0.2 pf 

./ 
/' 

-~ 
35 40 



2N6116, 2N6117, 2N6118 (continued) 

TYPICAL PEAK CURRENT BEHAVIOR 
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2N6136 (SILICON) 

The RF Lin.e 

NPN SILICON RF POWER TRANSISTOR 

· .. designed for 12.5 Volt UHF large'signal amplifier applications in 
industrial and commercial FM equipment operating to 520 MHz. 

• Specified 12.5 Volt, 470 MHz Characteristics -
Output Power = 25 Watts 
Minimum Gain = 4.0 dB 
Efficiency = 65% 

• Overlay Construction Provides Protection Against Device Damage 
Due to Load Mismatch 

• Characterized With Series Equivalent Large-Signal Impedance 
Parameters 

"MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector~Emitter Voltage VeEO 18 Vdc 

Coliector~Base Voltage VeBO 36 Vdc 

Emitter-Base Voltage VEBO 4.0 Vdc 

Collector Current - Continuous Ie 6.0 Adc 

Total Oevice Dissipation@Te=25oe (21 Po 60 Watts 
Derate above' 2~oC 0.343 w/oe 

Storage Temperature Range Tstg -65 to +200 °e 

Stud Torque 111 - 6.5 in. lb. 

·'ndicates JEDEC Registered Data 
(11 For repeated assembly use 5 in. lb. 
(21 This device is designed for RF operation. The total device dissipation rating 

applies only when the devices are operated as class B or C R F amplifiers. 

2-466 

25W-470MHz 
RF POWER 

TRANSISTOR 
NPN SILICON 

INCHES 
DIM MIN MAX 

A 0.385 
B 0.330 
C 0.750 
D 0.20 
E 0.080 
F 0.115 
H 1.1 0 
J 0.006 
K 0.565 
L 0.055 0.05 
M °NOM 
P 0.050 
R 0.299 0.307 
S 0.158 .1 
T 0.085 0.095 
U 0.100 0.1 0 

NOTE 
CASE 145A·Ol USE 8·32NC2A STUD 

CASE 145A-01 



2N6136 (continued) 

*ELECTRICAL CHARACTERISTICS (TC ~ 25°C unless otherwise noted) 

Characteristic Symbol Min Typ Max Unit 

OFF CHARACTERISTICS 

Coliector·Emitter Breakdown Voltage BVCEO 18 - - Vde 
(lC ~ 50 mAde, IB ~ 0) 

Coliector·Emitter Breakdown Voltage BVCES 36 - - Vde 

(lC ~ 50 mAde, VBE ~ 0) 

Emitter·Base Breakdown Voltage BVEBO 4.0 - - Vde 
(IE ~ 50 mAde, IC ~ 0) 

Collector Cutoff Current ICES - - 20 mAde 

(VCE ~ 15 Vde, VBE ~ 0, TC ~ 55°C) 

ON CHARACTERISTICS 

DC Current Gain 
(I C ~ 1.0 Ade, V CE ~ 5.0 Vde) 

DYNAMIC CHARACTERISTICS 

Output Capacitance 
(VCB ~ 12.5 Vde, IE ~ 0, f ~ 1.0 MHz) 

FUNCTIONAL TEST 

Common·Emitter Amplifier Power Gain GpE 4.0 - - dB 
(Pout ~ 25 W, VCC ~ 12.5 Vde, f ~ 470 MHz) 

Collector Efficiency 1) 65 - - % 
(Pout ~ 25 W, VCC ~ 12.5 Vde, f ~ 470 MHz) 

*Indlcates JEDEC Registered Data 

FIGURE 1 - 470 MHz TEST CIRCUIT SCHEMATIC 

C5 C6 

OhF 

"1 

680pF RFCI 680pF 
r---..... --=--~"'"''"'''-.... c--."...--~vcc 

I 
l2 

f--...... -~f"--F~~RF OUTPUT 

RF INPUT >--f"T~~~.,....-r':;-f-..... -?-.t 
L1 

C3 
C1 FERRITE BEAD 

Note: Test circuit layout shown in Figure 6. 

FIGURE 2- FIGURE3-
OUTPUT POWER versus INPUT POWER OUTPUT POWER versus FREQUENCY 
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!!2. MH, 

~ 0 
12W 

lOW --5 ra:-t--
0 -r--

Pin' 6.01W 
........... 

5 -t- --Vee" 12.5 Vdc 

0 '1 I 1 
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I, FREQUENCY (MHz) 
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2N6136 (continued) 
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FIGURE 4- FIGURE 5-
OUTPUT POWER yersus SUPPLY 

VOLTAGE 
SERIES EaUIVALENT IMPEDANCE 

PARAMETERS 

V 
-"" V 

/' 
./ 
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Pm= l~_W \ 

12 13 

...-
/' V 

14 15 

~ O.O~AVELENGTHS ~.~1ARO GENE--

o ~ 
0.49 0.48 

~~ig!§~Ef!:~~2~in Zout 
~t±~~+=f=tt1450 MHz 1.27+j4.053.12+j1.92 
'! 470 MHz 1.3+j4.11 3.2+jl.96 

...L.I-+-+-H--rH--t 510 MHz 1.3+j4.74 3.43+12.06 

V",SUPPLY VOLTAGE (VOLTS) 

FIGURE 6-
470 MHz TEST CIRCUIT LAYOUT 

(1: 1 Scaled Drawing) 

Cl,2,3,4 1.0·25pFARC0421 OR EQUIVALENT Rl1.00HM,1/2WATT 
UHF COMPRESSION CONNECTORS ARE TYPE "N" 
MICAS BOARD IS GLASS TEFLON 

3" X 5" X 0.062"1 oz CDPPER BOTH SIDES 
L I, L2 5 Turns #20 AWG 0.2 J.D. SHOWN TO SCALE 

FERRITE BEAD, FERRDXCUBE 56·590·65·3B CLADDING REMOVED IN DARK AREAS 
AS SHOWN ON 11 MOUNTING PLATE IS 3" X 5" X 0.75" ALUMINUM 

C5,6 - 680 pF FT CAPACITOR 21 and 22 BASE ANO COLLECTOR 
C7 - 1.0pF, 3SV TANTALUM CAPACITOR LINES ARE 0.5" X 1.75" 

RFC1- CHOKE FERROXCUBE VK 200·20·4B 
CB-0.lpFERIECK06 

Note: Figure 6 is 1: 1 scaled layout of test circuit shown in Figure 1. This layo~n may be transferred directly to glass teflon board for easy 

reproduction of the test circuit. 
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2N6139 thru 2N6144 (SILICON) 
2N6148 thru 2N6150 

I ~ 
SILICON BIDIRECTIONAL THYRISTORS 

· .. designed primarily for full·wave ac control applications, such as 
light dimmers, motor controls, heating controls and power supplies; 
or wherever full·wave silicon gate controlled solid·state devices are 
needed. Triac type thyristors switch from a blocking to a conducting 
state for either polarity of applied anode voltage with positive or 
negative gate triggering. 

• Economical for a Wide Range of Uses 

• High Surge Current - ITSM = 100 Amp 

• Low Forward "On" Voltage - 1.4 V typ@ ITM = 14 A 

• All Diffused and Passivateli Junctions for Greater Stability 

• Rugged Construction in Either 3 Lead, Stud or Isolated Stud 
Package 

• Gate Triggering Guaranteed in Four Modes 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

.... Repetitive Peak Off-State Voltage, Note 1 VORM Volts 
ITJ = -65 to +1000 C, l\ Sine Wave 
50 to 60 Hz, Gate Open I 

·Peak Principle Voltage 
2N6139, 2N6142, 2N6148 200 
2N6140, 2N6143, 2N6149 400 
2N6141, 2N6144, 2N6150 600 

*Peak Gate Voltage VGM 10 Volts 

·On·State Current RMS 1-65to +750 C) ITIRMSI 10 Amp 
IFull Cycle Sine Wave, 50 to 60 Hzl 1+900CI 5.0 

"'Peak Surge Current ITSM 100 Amp 
lOne Full Cycle, 60 Hz, T J = +750 C, preceded 
and followed by lOA currentl 

Circuit Fusing Considerations 12t 40 A2s 
IT J = -65 to +1000 C, t = 1.0 to 8.3 msl 

·Peak Gate Power PGM 20 Watts 
IT J = +750 C, Pulse Width = 2.0 .. 1 

... Average Gate Power PGIAVI 0.5 Watt 
ITJ = +750 C, t = 8.3 msl 

·Peak Gate Current IGM 2.0 Amp 

·Operating Junction Temperature Range TJ -65 to +100 °c 

*Storage Temperature Range Tstg -65 to +150 °c 

·Stud Torque 2N6139 thru 2N6144 - 15 in. lb. 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

*Thermal Resistance,Junction to Case R8JC 2.0 °C!W 

Thermal Resistance, Case to Ambient R8CA 50 °C!W 

·'ndicates JE DEC Registered Data 

2·469 

I 
TRIACS 

(THYRISTORS) 

10 AMPERES RMS 

~~ 

II 
2N6139 

2N6140 

2N6141 

CASE 86 

6 2N6142 

~~ 
2N6143 

2N6144 

CASE 250 

~ 2N6148 , 
2N6149 

2N6150 

CASE 87L 



2N6139 thru 2N6144, 2N6148 thru 2N6150 (continued) 

ELECTRICAL CHARACTERISTICS (TC = 25°C unless otherwise noted) 

Characteristic 

*Peak Blocking Current (E ither Direction) 
Rated VORM @TJ = 10o"C. Gate Open 

*On-5tate Voltage (Either Direction) 
ITM = 14 A Peak, Pulse Width = 1.0 to 2.0 mS,Outy Cycle ";2.0 % 

Gate Trigger Current, Continuous de 
Main Terminal Voltage = 12 Vdc, RL = 50 Ohms, Minimum Gate 

Pulse Width = 2.0/Js 
MT2 (+), G(+) 
MT2 (+), GH 
MT2 H, GH 
MT2 H,G(+) 

*MT2 (+), G(+); MT2 H, GHTC = -65°C 
*MT2 (+1. G(-); MT2 H, G(+)TC = -65°C 

Gate Trigger Voltage, Continuous de 
Main Terminal Voltage = 12 Vdc, RL = 50 Ohms, Minimum Gate 

Pulse Width = 2.0 /JS 
MT2 (+1. G(+) 
MT2 (+), GH 
MT2 H, G H 
MT2 H, G(+) 

*MT2 (+1. G(+); MT2 (-), GH TC = -65°C 
*MT2 (+), GH; MT2 H, G(+) TC = -65°C 

*Main Terminal Voltage = Rated VORM, RL = 10 k ohms, TJ = l00"C 

Holding Current (Either Directionl 
Main Terminal Voltage = 12 Vdc, Gate Open, } TC = 25°C 

Initiating Current == 300 rnA TC = -650C 

*Turn-On Time 
Main Terminal Voltage = Rated VORM, ITM = 14 A, 

Gate Source Voltage = 12 V, RS = 50 Ohms, Rise Time = 0.1 I'S, 

Pulse Width = 2.0 I'S 

Blocking Voltage Application Rate at Commutation, f=60 Hz, TC=750C 

On-State Conditions: 
ITM = 14 A, Pulse Width = 4.0 ms,di/dt=5.3 Alms 

Off-State Conditions: 
Main Terminal Voltage = Rated VORM (2001's min), 
Gate Source Voltage = 0 V, RS = 100 n 

"Indicates JEDEC Registered Data 

NOTES: 

Symbol 

IORM 

VTM 

IGT 

VGT 

IH 

tgt 

dv/dt 

Min Typ 

- -

- 1.4 

- 6.0 
- 6.0 
- 10 

- 25 

- -
- -

- 0.9 
- 0.9 
- 1.1 
- 1.4 

- -
- -
0.2 -

- 6.0 
- -

- 1.5 

- 5.0 

1. Ratings apply for open gate conditions. Thyristor devices shall not be tested 
with a constant current source for blocking capability such that the voltage 

applied exceeds the rated blocking voltage. 

Trigger devices are recommended for gating on Triacs. 

Triggers Provide: 

1. Consistent predictable turn-on points. 
2. Simplified circuitry. 
3. Fast turn~on time for cooler. more efficient 

and reliable operation. 

Electrical Characteristics For General Usage 

Symbol M8S4991 MBS4992 

VS= 6.0-10V 7.5-9.0 V 

IS= 350/JA Max 120/JA Max 

VS1-VS2 = 0.5V Max 0.2 V Max 

Temperature Coefficient - 0.02%/oC Typ 

Max Unit 

2.0 mA 

I.B Volts 

mA 

50 
75 
50 
75 

125 
150 

Volts 

2.0 
2.5 
2.0 
2.5 

2.5 
3.0 

-
mA 

40 
150* 

/JS 

2.0 

- V//Js 

For Lamp Dimmer 

MBS100 

3.0-5.0 V 

100-4oo/JA 

0.35 V Max 

See AN·526 fo, Theory and Characteristics of Silicon Bidirectional Switches. 
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2N6139 thru 2N6144, 2N6148 thru 2N6150 (continued) 
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2N6139 thru 2N6144, 2N6148 thru '2N6150 (continued) 

FIGURE 7 - MAXIMUM ON·STATE CHARACTERISTICS 
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2N6139 thru 2N6144, 2N6148 thru 2N6150 (continued) 

STYLE 2: 
PIN 1. GATE 

2. ANODE 1 
3. ANODE 2 

STUD -ISOLATED 

2N6142 
2N6143 
2N6144 

STYLE 2: 
PIN 1. GATE 

2. MAIN TERMINAL I 
STUD: MAIN TERMINAL 2 

2N6139 
2N6140 
2N6141 

DIM 

A 
C 
F 
G 
J 
K 
L 

NOTE: 

MILLIMETERS INCHES 
MIN MAX MIN MAX 
- 111.10 - 10.437 
- 7.B7 0.310 

1.78TYP 0.070 TYP 
2.29 2.79 0.090 0.110 

10.72 11.48 0.422 0.452 
- 16.76 - 0.660 

15.49 0.610 

1. DIM "G" MEASURED AT CAN. 

~--
I 

J 

L_ 

MILLIMETERS 
DIM MIN MAX 

A - 11.10 
C - 10.92 
F 1.65 1.91 
G 2.29 2.79 
H 1.14 1.40 
J 10.72 11.48 
K 16.76 
L - 15.49 
N 3.43 3.68 
Q 1.65 1.91 

INCHES 
MIN MAX 

- 0.437 
0.430 

0.065 0.075 
0.090 0_110 
0.045 0.055 
0.422 0.452 

0.660 
- 0.610 

0.135 0.145 
0.065 0.075 

CASE 250-01 

CASE 86 

STYLE 2: 
PIN 1. GATE 

2. MAIN TERMINAL 1 
3. MAIN TERMINAL 2 

2N6148 
2N6149 
2N6150 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 

A - 10.92 - 0.430 
B B.B9 -
C 5.97 - 0.235 
D 0.76 0.86 0.030 0.034 
F 4.83 5.33 0.190 0.110 
G 2.29 2.79 0.090 0.110 
K 33.53 1.320 -
L 31.50 TYP 1.240 YP 
N 1.65 1.91 0.065 I 0.075 
P 3.43 3.6B 0.135 0.145 
Q 4.57 5.08 0.180 0.200 
s 30.48 1.20 -

NOTES: 
1. DIM. "G" MEASURED AT CAN. 
2. LEAD NO.3 ±7.5° DISPLACEMENT. 

CASE 87L-01 

2N6145 thru 2N6147 (SILICON) For Specifications, See 2N5571 Data. 
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2N6151 (SILICON) 
thru 

2N6156 

O-----fO~ o 

SILICON BIDIRECTIONAL THYRISTORS 

... designed primarily for full·wave ac control applications, such as 
light dimmers, motor controls, heating controls and power supplies; 
or wherever full·wave silicon gate controlled solid·state devices are 
needed. Triac type thyristors switch from a blocking to a conducting 
state for either polarity of applied anode voltage with positive or 
negative gate triggering. 

• All Diffused and Passivated Junctions for Greater Parameter Uni­
formity and Stability 

• Small, Rugged, Thermopad Construction for Low Thermal 
Resistance, High Heat Dissipation and Durability 

• Gate Triggering Guaranteed in Two (2N6154, 2N6155, 2N6156) 
or Four Modes (2N6151, 2N6152, 2N6153) 

MAXIMUM RATINGS 

Rating Symbol Value Una 

.. Repetitive Peak Off-State Voltage, Note 1 VORM Volts 
ITJ" -40 to +1000 C) 
% Sine Wave 50 to 60 Hz, Gate Open 
Peak Principle Voltage 

2N6151,2N6154 200 
2N6152,2N6155 400 
2N6153,2N6156 600 

"Peak Gate Voltage VGM 10 Volts 

"On-5tate Current RMS (TC == -40 to +750 C) ITIRMS) 10 Amp 
Full Cycle Sine Wave 50 to 60 Hz ITC" +900 C) 5.0 

"Peak Surge Current ITSM 100 Amp 
lOne Full Cycle, 60 Hz, TJ" +750 C) 
preceded and followed by 10 A Current 

Circuite Fusing Considerations 12t 40 A2s 
ITJ = -40 to +1000 C, t = 1.0 to 8.3 ms) 

'Peak Gate Power ITJ - +750 C, Pulse Width - 2.01'S) PGM 20 Watts 

.. Average Gate Power (TJ == +7S0C, t:= 8.3 ms) PGIAV) 0.5 Watt 

"Peak Gate Current IGM 2.0 Amp 

"Operating Junction Temperature Range TJ -40 to +100 °c 
"Storage Temperature Range Tstg -40 to +150 °c 

,"Mounting Torque (6·32 Screw), Note 2 - 8.0 in.lb 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

* Thermal Resistance, Junction to Case R8JC 2.0 °C/W 

Thermal Resistance Case to Ambient R8CA 50 °C/W 

"'Indicates JEDeC Registered Data. 
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TRIACS 
(THYRISTORS) 

10 AMPERES RMS 

STYLE 4: 
PIN 1. MT 1 

2. MT 2 
3. GATE 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 

A 16.13 16.38 0.635 0.645 
B 12.57 12.83 0.495 0.505 
C 3.18 3.43 0.125 0.135 
D 1.09 1.24 0.043 0.049 
F 3.51 3.76 0.138 0.148 
G 4.22 sse 0.166 sse 
H 2.67 2.92 0.105 0.115 
J 0.813 0.864 0.032 0.034 
K 15.11 16.38 0.595 0.645 
M 90 TYP 90 TYP 
n 4.70 4.95 0.185 0.195 
R 1.91 2.16 0.075 0.085 
U 6.22 6.48 0.245 0.255 

CASE 90-05 



2N6151 thru 2N6156 (continued) 

ELECTRICAL CHARACTERISTICS (Tc = 250 unless otherwise noted) 

Characteristic Symbol Min Typ Max Unit 

*Peak Blocking Current (Either Direction) IORM - - 2.0 mA 
Rated VORM @TJ = 100oe. Gate Open 

*On·State Voltage (Either Direction) VTM - 1.3 1.8 Volts 
ITM = 14 A Peak; Pulse Width = 1.0 to 2.0 ms. Outy eycleS2.0 % 

Gate Trigger Current. Continuous de IGT mA 
Main Terminal Voltage = 12 Vdc. RL = 100 Ohms 
Minimum Gate Pulse Width = 2.0 J..LS 

MT2 (+), G(+I All Types - 6.0 50 
MT2 (+1. G(-) 2N6151 thru 2N6153 - 6.0 75 
MT2 (-), G(-) All Types - 10 50 
MT2 (-), G(+I 2N6151 thru 2N6153 - 25 75 

*MT2 (+1, G(+I; MT2 (-I, G(-I Te = -40oe All Types - - 100 
*MT2 (+), G(-I; MT2 (-), G(+I Te = -400 e 2N6151 thru 2N6153 - - 125 

Gate Trigger Voltage, Continuous de VGT Volts 
Main Terminal Voltage = 12 Vdc, RL = 100 Ohms 
Minimum Gate Pulse Width = 2.0 J,L5 

MT2 (+1, G(+I All Types - 0.9 2.0 
MT2 (+1, G(-) 2N6151 thru 2N6153 - 0.9 2.5 
MT2 (-), G(-I All Types - 1.1 2.0 
MT2 (-), G(+I 2N6151 thru 2N6153 - 1.4 2.5 

*MT2 (+1, G(+I; MT2 (-I. G(-I Te = -400 e All Types - - 2.5 
*MT2 (+), G(-I; MT2 (-), G(+I Te = -400 e 2N6151 thru 2N6153 - - 3.0 

Main Terminal Voltage = Rated VORM, RL = 10 k ohms, T J = 1000 e 
'MT2 (+1, G(+I; MT2 (~I, G(-I All Types 0.2 - -
'MT2 (+), G(-); MT2 (-), G(+I 2N6151 thru 2N6153 0.2 - -

Holding Current (Either Direction) IH rnA 

Main Terminal Voltage = 12 Vdc, Gate Open, } Te = 250 e - 6.0 40 
Initiating Current:= 200 rnA Tc = -40°C - - 75' 

*Turn-On Time tgt - 1.5 2.0 /lS 

Main Terminal Voltage = Rated VORM ' ITM = 14 A 
Gate Source Voltage = 12 V, RS = 100 Ohms, Rise Time = 0.1 /lS, 

Pulse Width = 2.0 /lS 

Blocking Voltage Application Rate at Commutation, f = 60 HZ,T C = 75°C dvldt - 5.0 - VI/ls 

On-State Conditions: 
ITM = 14 A, Pulse Width = 4.0 ms, d,ldt = 5.3 Alms 

Off-State Conditions: 
Main Terminal Voltage = Rated VORM (200 J,tS minI. 
Gate Source Voltage = 0 V, RS = lOOn 

*1 ndicates JEDEC Registered Data 

NOTES: 
1. Ratings apply for open gate conditions. Thyristor devices shall not be tested with a constant current source for blocking capability such 

that the voltage applied exceeds the rated block ing voltage. 
2. Torque rating applies with use of torque washer (Shakeproof WD19522 #6 or equivalent). Mounting torque in excess of 8 in. Ibs. does not 

appreciably lower case-to-sink thermal resistance. Anode lead and heatsink contact pad are common. 

For soldering purposes (either terminal connection or device mounting), soldering temperatures shal' not exceed +230oC. 

Trigger devices are recommended for gating on Triaes 

Triggers Provide: 

1. Consistent predictable turn-on points. 
2. Simplified circuitry. 
3. Fast turn-on time for cooler, more efficient 

and reliable operation. 

Electrical Characteristics For General Usage For Lamp Dimmer 

Symbol MBS4991 MBS4992 MBS100 

Vs = 6.0 -10 V 7.5-9.0 V 3.0-5.0 V 

IS = 350 /lA Max 120l'A Max l00-400/lA 

VS1-VS2 = 0.5 V Max 0.2 V Max 0.35 V Max 

Temperature Coefficient = 0.02%loe Typ 

See AN-526 for Theory and Characteristics of Silicon Bidirectional Switches. 
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2N6151 thru 2N6156 (continued) 

FIGURE 1 - AVERAGE CURRENT DERATING 
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2N6151 thru 2N6156 (continued) 

FIGURE 7 - MAXIMUM ON-STATE CHARACTERISTICS 
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2N 6157 (SILICON) 

thru 

2N6165 

MT20~MTl 

SILICON BIDIRECTIONAL THYRISTORS 

... designed primarily for industrial and military applications for the 
control of ac loads in applications such as light dimmers, power sup· 
plies, heating controls, motor controls, welding equipment and power 
switching systems; or wherever full·wave, silicon gate controlled 
solid-state devices are needed. 

• Glass Passivated Junctions and Center Gate Fire 

• Isolated Stud for Ease of Assembly 

• Gate Triggering Guaranteed In All 40uadrants 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

*Repetitive Peak Off-5tate Voltage (1) VDRM Volts 

IT J = -65.0 +1250CI 
1/2 Sine WINe 50 to 60 Hz, Gate Open 

·Peak Principal Voltage 

2N6157, 2N6160, 2N6163 200 
2N6158, 2N6161, 2N6164 400 
2N6159, 2N6162, 2N6165 600 

·Peak Gate Voltage VGM 10 Volts 

·Oo-State Current R MS ITIRMSI Amp 

IT C = -65 '0 +850C) 30 
ITC = +1000C) 20 
full Sine Wave, 50 to 60 Hz 

·Peak Surge Current ITSM 250 Amp 
(One Full Cycle of surge current 
a. 60 Hz, preceeded and fol-
lowed by. 30 ARMS curren., 
TJ = +1250CI 

Circuit Fusing Considerations 12• 210 A 2s 

IT J = -65 '0 +1250C, 
• = 1.0'08.3 msl 

·Peak Gate Power PGM 20 Watts 

IT J = +so"C, Pulse Wid.h = 2.01'sl 

• Average Gate Power PGIAVI 0.5 Wat • 

IT J = +so"C, • = 8.3 msl 

·Peak Gate Current IGM 2.0 Amp 

·Operating Junction Temperature Range TJ -65'0 +125 °c 
·Storage Temperature Range T~ -65'0 +150 °c 
·Stud Torque - 30 in. lb. 

2N6160 .hru 2N6165 

THERMAL CHARACTERISTICS 

Characteristic 

-Thermal Resistance, Junction to Case 

·Indicates JEOEC Registered Data. 

(1) Ratings apply for open gate conditions. Thyristor devices shall not be tested With a 
constant current source for blocking capability such that the voltage applied exceeds 
the rated blocking voltage. 

2·478 

TRIACS 
(THYRISTORS) 

30 AMPERES RMS 

~~ 2N6157 
2N6158 
2N6159 

o 
CASE 174 

TO·203 

2N6160 
2N6161 
2N6162 

CASE 175 

2N6163 
2N6164 
2N6165 

CASE 235 



2N6157 thru 2N6165 (continued) 

ELECTRICAL CHARACTERISTICS (TC = 2SoC unless otherwise noted) 

Characteristic Symbol Min Typ Max Unit 

• Peak Blocking Current (Either Direction) IDRM - - 2.0 mA 
Rated VDRM @TJ = 12s"C 

°On-&tate Voltage IEither Directionl VTM - 1.5 2.0 Volts 
ITM = 42 A Peak, Pulse Width = 1.0 to 2.0 ms, Duty CycieL 2.0 % 

Gate Trigger Current, Continuous dc 111 
Main Terminal Voltage = 12 Vdc, RL = 50 Ohms 

IGT mA 

MT2 1+1, GI+I - 10 60 
MT2 1+1, GI-I - 13 70 
MT2 1-1, GI-I - 15 70 
MT2 I-I, GI+I - 20 100 

°MT2 1+1, GI+I; MT2 I-I, GI-I TC = -65°C - - 200 
°MT2 1+1, GI-I; MT2 1-1, GI+I TC = -65°C - - 250 

Gate Trigger Voltage, Continuous de 
VGT Volts 

Main Terminal Voltage = 12 Vdc, R L = 50 Ohms 
MT21+I.GI+I - 0.7 2.0 
MT2 1+1, GI-I - 0.7 2.1 
MT2 1-1, GI-I - 0.8 2.1 
MT2 1-1, GI+I - 0.9 2.5 

° All Quadrants, T C = -650 CI - - 3.4 
°Main Terminal Voltage = Rated VDRM, RL = 10 k ohms, TJ = +1250 C 2.0 - -

Holding Current 
Main Terminal Voltage = 12 Vdc, Gate Open 

IH mA 

Initiating Current == 500 rnA 
MT21+1 - 5.0 70 
MT21-1 - 5.0 80 

·Either Direction, TC = -6SoC - - 200 

·Turn-On Time tgt - 1.0 2.0 j.ts 
Main Terminal Voltage = Rated VDRM, ITM = 42 A, 
Gate Source Voltage = 12 V, RS = 50 Ohms, Rise Time = 0.1 j.tS, 
Pulse Width = 2.0 j.tS 

Blocking Voltage Application Rate at Commutation, f = 60 HZ,T C = 85°C dv/dt - 5.0 - V/j.ts 
On-State Conditions: 

ITM = 42A, Pulse Width = 4.0 ms, di/dt= 17.5 Alms 

Off State Conditions: 
Main Terminal Voltage = Rated VOAM 1200 f.LS min), 
Gate Source Voltage = 0 V, RS = 50 f! 

·'ndicates JEOEC Registered Data. 
(1) All voltage polarity reference to main terminal 1. 

QUADRANT DEFINITIONS 

MT21+1 
Trigger devices are recommended for gating on Triacs. They provide: 

QUADRANT II QUADRANT' 

MT2(+), GI-I MT2(+1. G(+) 

GI-I-------+-------GI+ I 

QUADRANT III QUADRANT IV 

MT2H, GI-I MT21-1, G(+)· 

MT21-1 

1. Consistent predictable turn-on points. 
2. Simplified circuitry. 

3. Fast turn-on time for cooler, more efficient 
and rei iabl e operation. 

ELECTRICAL CHARACTERISTICS of RECOMMENDED 
BIDIRECTIONAL SWITCHES 

USAGE General Lamp Dimmer 

PART NUMBER MBS4991 MBS4992 MB5100 

~ 6.0 -10 V 7.5 -9.0 V 3.0 - 5.0 V 

IS 350 j.tA Max 120 j.tA Max 100 -400j.tA 

VS1 - VS2 0.5 V Max 0.2 V Max 0.35 V Max 

Temperature 
0.02%/oC Typ 

Coefficient 

See AN-526 for Theory and Characteristics of Silicon Bidirectional Switches. 
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2N6157 thru 2N6165 (continued) 

FIGURE 1 - AVERAGE CURRENT DERATING 
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2N6157 thru 2N6165 (continued) 

FIGURE 7 - MAXIMUM ON-STATE CHARACTERISTICS 
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2N6157 thru 2N6165 (continued) 

STYLE 3: 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 

A 12.726 12.827 0.501 0.505 
B 11.811 12.065 0.465 0.475 
C B.39 9.65 0.330 O. 80 
E 2.54 0.100 
F 0.B9 1.72 0.035 0.068 
J 2.04 2.46 0.080 0.097 
K 20.32 0.800 
N 12.95 0.510 
Q 1.66 2.28 0.065 0.090 

All JEDEC dimenSions and notes apply 

CASE 174·02 
TO·203AA 

TERM. 1. MAIN TERMINAL 1 
2. GATE 
CASE MAIN TERMINAL 2 

rfD," A B ¢ I J G 
--- I 

2N6157 
2N6158 
2N6159 

DIM 

A 
B 
C 
F 
H 
J 
K 
L 
Q 

R 
T 

MILLIMETERS 
MIN MAX 

15.34 15.60 
14.00 14.20 
20.70 24.13 

1.40 1.65 
2.29 REF 

10.67 11.56 
9.78 10.54 
6.99 7.75 
2.03 2.41 
1.65 REF 

12.70 12.83 

INCHES 
MIN MAX 

0.604 0.614 
0.551 0.559 
0.B15 0.950 
0.055 0.065 

0.090 REF 
0.420 0.455 
0.3B5 0.415 
0.275 0.305 
O.OBO 0.095 

0.065 REF 
0.500 0.505 

STYLE 3: CASE 175 

CASE 235 

2-482 

TERM. 1. MAIN TERMINAL 1 
2. GATE 

STUD: MAIN TERMINAL 2 

DIM 

A 
B 
C 
F . 
G 
H 
J 
K 
L 
N 
0 
R 
T 

2N6163 
2N6164 
2N6165 

MILLIMETERS INCHES 
MIN 

14.00 
12.73 

-
2.03 

2.16 
10.67 
9.7B 
6.99 
6.48 
3.43 
1.52 
1.40 

MAX MIN MAX 

14.20 0.551 0.559 
12.83 0.501 0.505 
26.16 - 1.030 

2.41 O.OBO 0.095 
6.4B 10.255 
2.41 0.OB5 0.095 

11.56 0.420 0.455 
10.54 0.3B5 0.415 
7.75 0.275 0.305 
6.99 0.255 0.275 
3.Bl 0.135 0.150 
1.7B 0.060 0.070 
1.65 0.055 0.065 

STYLE 2: 
PIN 1. MAIN TERMINAL 1 

2. GATE 
3. MAIN TERMINAL 2 

STUD-ISOLATED 

2N6160 
2N6161 
2N6162 



2N6166 (SILICON) 

TheRFLine 

NPN SILICON RF POWER TRANSISTOR 

... designed for VH F power amplifier applications in military and in· 
dustrial equipment. Particularly suited for use in Class AB, B, or C 
amplifier applications to 200 MHz 

• High Output Power Capability -
100 Watts Output @f = 150 MHz 

• Balanced Emitter Construction to Provide the Designer With the 
Device Technology that Assures Ruggedness and Resists Tran­
sistor Damage Caused by Load Mismatch. 

• Flange Case for Ease of Mounting and Improved 
Thermal Conductivity 

*MAXIMUM RATINGS 

Rating Symbol 

Collector-Emitter Voltage VCEO 

Collector-Base Voltage VCBO 

Emitter-Base Voltage VEBO 
Collector Current - Continuous IC 

Total Device Dissipation @TC = 2SoC (1) Po 
Derate above 25°C 

Value 

35 

65 
4.0 

9.0 

117 
0.667 

Storage Temperature Range Tstg -65'0 +200 

THERMAL CHARACTERISTICS 

Charact_istic Symbol Max 

Thermal Resistance, JUnction to Case 8JC 1.5 

Unit 

Vdc 

Vdc 
Vdc 

Adc 

Watts 
wf'c 

°c 

Unit 

°C/W 

(1) This device is designed for RF operation. The total device dissipation rating applies 
only when the device is operated as an RF amplifier. 

·'ndicates JEOEC Registered Data 
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100 WATTS - 150 MHz 

NPN SILICON 
RF POWER 

TRANSISTOR 

~r rB-1 
IIEdI 

I-A---1 
SEATING PLANE 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 

A 24.64 24.89 0.970 0.980 
B 11.81 12.07 0.465 0.475 
C 5.82 6.73 0.229 0.265 
D 2.16 3.94 0.085 0.155 
E 2.13 2.54 0.084 0.100 
F 0.10 0.15 0.004 0.006 
G 18.29 18.54 0.720 0.730 
H 35.56 38.10 1.400 1.500 
J 3.12 3.23 0.123 0.127 
K 17.78 19.05 0.700 0.750 
L 6.22 6.48 0.245 0.255 
M 400 500 400 500 

N 3.66 4.32 0.144 0.170 
Q 2.97 3.12 0.117 0.123 

CASE 211·02 



2N6166 (continued) 

*ELECTRICAL CHARACTERISTICS (TC = 25°C unless otherwise noted) 

Characteristic 

OFF CHARACTERISTICS 

COllector-Emitter Breakdown Voltage 

(IC = 200 mAdc,lB = 0) 

Collector-Emitter Breakdown Voltage 
(lC = 200 mAde, VBE = 0) 

Emitter-Base Breakdown Voltage 
(IE = 10mAde,IC'= 0) 

Collector Cutoff Current 
(VCE = 30 Vde, VBE = 0, TC = 550 C) 

Collector Cutoff Current 
(VCB = 30 Vdc, IE = 0) 

ON CHARACTERISTICS 

DC Current Gain 
(lc = 500 mAdc, VCE = 5.0 Vde) 

DYNAMIC CHARACTERISTICS 

Output Capacitance 

(VCB = 28 Vdc, IE = 0, f = 1.0 MHz) 

FUNCTIONAL TEST 

Common~Emitter Amplifier Power Gain 

(P out = 100 W, Vct = 28 Vde, 
IC (Max) = 5.95 Adc, f = 150 MHz) 

Common-Emitter Amplifier Power Gain 
(Pout = 30 W, VCC = 13.5 V, f = 150 MHz) 

Collector Efficiency 
(P out = 100 W, Vec = 28 Vdc, 
IC (Max) = 5.95 Adc, f = 150 MHz) 

C2 

Svmbol Min Max Unit 

BVCEO 35 - Vdc 

BVCES 65 - Vdc 

BVEBO 4.0 Vdc 

ICES - 5.0 mAde 

ICBO 3.0 mAde 

GpE 6.0 - dB 

GpE 4.5 d8 

~ 60 % 

FIGURE 1 - 150 MHz TEST CIRCUIT 

RFC 

BEAD 

r----.----~----._--~---------o+VCC 

Pout 
~:--..... -rv:":L2Y"----1r----:::H':;"""""""r--< RL = 50!l 
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C4 25 pF Underwood 
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RFC 0.15,..H J. W. Miller 

BEAD: FERROXCUBE 56·590-65·3B 
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L 1 114" #16 AWG, Straight 
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-1%"H%"~ 
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2N6166 (continued) 
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2N6166 (continued) 

FIGURE 7 - PARALLEL EQUIVALENT INPUT CAPACITANCE 
versus FREQUENCY 
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2N6167 (SILICON) 

thru 

2N6170 

THYRISTORS 
SILICON CONTROLLED RECTIFIERS 

... designed for industrial and consumer applications such as power 
supplies; battery chargers; temperature, motor, light and welder con· 
trois. 

• Economical for a Wide Range of Uses 

• High Surge Current - ITSM ~ 240 Amp 

• Rugged Construction in Isolated Stud Package 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

*Repetitive Peak Reverse Blocking Voltage (1) VRRM Volts 
(T J • -40 to +lOo"C) 
1/2 Sine Wave, 50 to 400 Hz, Gate Open 

2N6167 100 
2N6168 200 
2N6169 400 
2N6170 600 

*Non-Repetitive Peak Reverse VRSM Volts 
Blocking Voltage It <;;;5.0 ms) 

2N6167 150 
2N6168 250 
2N6169 450 
2N6170 650 

*Average Forward Current IT(AV) Amp 
(T C • -40 to +650C) 13 
(+850C) 6.5 

*Peak Surge Current ITSM Amp 
(One cvcle, 60 Hz) (T C • +650 C) 240 
(1.5 ms pulse @TJ ~ 10o"C 560 
Preceeded and followed by no current 
or Voltage 

Circuit Fusing Considerations ,2t 235 A 2s 
(T J ~ -40 to +10o"C) (t· 1.0 to 8.3 ms) 

·Peak Gate Power PC;M 5.0 Watts 

*Average Gate Power PC;'A\I\ 0.5 Watt 

·Peak Forward Gate Current IC;FM 2.0 Amp 

·Operating Junction Temperature Range TJ -40 to +100 °c 
*Storage Temperature Range T sto -40 to +150 uc 
·Stud Torque - 30 in. lb. 

"THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case 

• Indicates JEOEC Registered Data. 
(1) Ratings apply for zero or negative gaie voltage. Devices shall not have a positive bias 

applied to the gate concurrently with a negative potential on the anode. Devices should 
not be tested with a constant current source for forward or reverse blocking capability 
such that the voltage applied exceeds the rated blocking voltage. 
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STYLE 1: 

THYRISTORS 
PNPN 

20 AMPERES RMS 
100-600 VOLTS 

~D A B = 
, G 

PIN 1. CATHOOE 
2. GATE 
3. ANO 0 E R--J r-

STUO·ISO LATEO "11 ~ 
~: I/"_T_J L 

I L~ ;' 2Q I 
c N 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 

A 14.00 14.20 0.551 0.559 
B 12.73 12.83 0.501 0.505 
C - 26.16 - 1.030 
F 2.03 2.41 0.080 0.095 
G 6.48 ru. 
H 2.16 2.41 0.085 0.095 
J 10.67 11.56 0.420 0.455 
K 9.78 10.54 0.385 0.415 
L 6.99 7.75 0.275 0.305 
N 6.48 6.99 0.255 0.275 
n 3.43 3.81 0.135 0.150 
R 1.52 1.78 0.060 0.070 
T 1.40 1.65 0.055 0.065 

CASE 235 



2N6167 thru 2N6170 (continued) 

ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 

Characteristic Svmbol Min TVp Max Unit 

.. Peak Forward Blocking Voltage VRRM Volts 
{TJ = 100°C I 

2N6167 100 - -
2N6168 200 - -
2N6169 400 - -
2N6170 600 - -

.. Peak Forward Blocking Current IDRM mA 
IRated VDRM, gate open, TJ = 1000 CI 

2N6167 - 1.0 2.0 
2N6168 - 1.0 2.5 
2N6169 - 1.0 3.0 
2N6170 - 1.0 4.0 

.. Peak Reverse Blocking Curre~t 

(Rated VRRM, gate open, T J = 1000 CI 
IRRM mA 

2N6167 - 1.0 2.0 
2N6168 - 1.0 2.5 
2N6169 - 1.0 3.0 
2N6170 - 1.0 4.0 

*Peak Forward "On" Voltage VTM - 1.5 1.7 Volts 
(lTM = 41 A Peakl 

Gate Trigger Current, Continuous de *TC" -40°C IGT - - 75 mA 
(VAK" 12V, RL" 24nl TC" 25°C - 2.1 40 

Gate Trigger Voltage, Continuous de VGT Volts 
(VAK"12V,RL"24n) *TC" -40°C - 0.8 2.5 

TC" 25°C - 0.63 1.6 

Holding Current *TC - -40°C IH - - 90 mA 
(VAK = 12 V, Gate Openl TC = 25°C - 3.5 50 

Peak Initiating On~State Current = 200 mA 

*Turn-On Time (td + trl ton - - 1.0 1" 
(ITM" 41 Ade, Rated VDRMI 
IGT = 200 mAde, RiseTime = 0.05I's, Pulse Width " 10 I'sl 

Turn~Off Time toff ,IS 
(lTM = lOA, IR = 10AI - 15 -
(ITM" lOA, IR" lOA, TJ" 1000 CI - 25 -

Forward Voltage Application Rate dv/dt - 50 - VII's 
(TJ = 1000 CI 

"1 ndicates JEDEC Registered Data 

FIGURE 1 - AVERAGE CURRENT DERATING FIGURE 2 - POWER DISSIPATION 

100 

~ 95 w 
or 
=> 

90 .... 

~ 85 i'tl .... 
w 80 ~ « 
'-' 

'" 75 
=> 

'" x 70 « ,. 
U 65 .... 

~ ~ 
\~ ~ 
1\ \ ~"-~ ~ -\ \\ r\.""- ""I'.. of--

." CONDUCTION ANGLE 

\ \ "\ "-r-..... 

\ 1\ \ I'\. " '" 0' '" 300 600 900 lBOo r\. " r-..... de 

I " '" 60 

./ 
de 

1800 ./ 
0 ./ 

900 V 

6 
600 / ./ 

r- 0' = 300 / 
('~ r--

2 
r- I V/ ./ V 

II J 1// /' - \-. 

0 
/. ./ • = CONDUCTION ANGLE 

J "/~ V- I 

I/M ~ 
TJ ~ 1000 C -

0 
~ 

o I..P" 
o 2.0 4.0 6.0 8.0 10 12 14 16 lB 20 2.0 4.0 6.0 8.0 10 12 14 16 18 20 

IT(AV).AVERAGE FORWARD CURRENT (AMP) IT(AV).AVERAGE FORWARD CURRENT (AMP) 

2-488 



2N6167 thru 2N6170 (continued) 
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2N6167 thru 2N6170 (continued) 
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Selectad Thyristor-Trigger 
Application Notes 

AN-240 seR Power Control Fundamentals 

AN-295 - Suppressing RFI in Thyristor Circuits 

AN-422 - Testers for Thyristors and Trigger Diode') 

AN-453 - Zero Point Switching Techniques 

To obtain copies of these notes list theAN number(s) 
on your company letterhead and send your request to: 

Technical I nformation Center 

Motorola Semiconductor Products, Inc. 
P.O. Box 20924 

PhoeniX, Arizona 85036 

2N6171 thru 2N 6174 (SILICON) 
For Specifications, See 2N3870, Volume I. 

2-490 

80 100 



2N6186 thru 2N6189 (SILICON) 

MEDIUM-POWER PNP SILICON TRANSISTORS 

. designed for switching and wide-band amplifier applications. 

• Low Collector-Emitter Saturation Voltage -
VCE(satl = 1.2 Vdc (Maxi @ IC = 10 Adc 

• DC Current Gain Specified to 5 Amperes 

• Excellent Safe Operating Area 

• Packaged in the Compact, High Dissipation TO-59 Case 

• I solated Collector Configuration 

• 2N6186 thru 2N6189 Complement to NPN 2N5346 thru 2N5349 

"MAXIMUM RATINGS 

2N6186 2N6188 
Rating Symbol 2N6187 2N6189 Unit 

Collector-Emttter Voltage VeEO 80 100 Vdc 

Collector-Base Voltage Ve8 80 100 Vdc 

Emitter-Base Voltage VES 6.0 Vdc 

Collector Current - Continuous Ie 10 Adc 

Base Current IS 2.0 Adc 

Total Device Dissipation@Tc-2S>C Po 60 Watts 

Derate above 25°C 343 mW/oe 

Operating and Storage Junction TJ. Tstg -65 to +200 °e 

Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Max 

Thermal Resistance, Junction to Case 2.91 

-Indicates JEDEC Registered Data 

FIGURE 1 - POWER-TEMPERATURE DERATING 

60 

~ 50 
>-« 
~ 

40 z 
0 

~ 30 ill 
Ci 
~ 

20 

~ 
~ 10 

.......... 

"'-
i'--

........... 

" '" ............ 
........ 

...... " 20 40 60 80 100 120 140 160 180 200 
TC, CASE TEMPERATURE IOC) 

Safe Area Curves are indicated by Figure 5. All limits are applicable and must be observed. 
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10 AMPERE 
POWER TRANSISTORS 

10·32 UNF·2A 
COATED 

DIM 

8 
C 
E 
G 
H 
J 
K 
L 
N 
P 
n 
R 
S 
T 

PNP SILICON 

80-100 VOLTS 
60 WATTS 

PIN 1. EMITTER 
2 8ASE 
3 COLLECTOR 

MILLIMETERS INCHES 
MIN MAX MIN MAX 

10.77 11.10 0.424 0437 
8.13 11.89 0.320 0.468 
2.29 3.81 0.090 0.150 
4.70 5.46 0.185 0.215 

1.98 0.D78 
10.16 11.56 0.400 0.455 
14.48 19.38 0.570 0763 
2.29 2.79 0.090 0.110 

6.35 0.250 
4.14 4.80 0.163 0.189 
1.02 1.65 0.040 0.065 
8.08 9.65 0.318 0.380 
4.212 4.310 0.1658 0.1697 
9.65 11.10 0.380 0.437 

All JEDEC dimenSIOns and notes apply 
Collector isolated from case 

CASE 160-03 
(TO-59) 



2N6186 thru 2N6189 (continued) 
• ELECTRICAL CHARACTERISTICS ITC = 25°C unless otherwise noted 1 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage (1) 

(lc = 50 mAde, IB = 01 2N6186,87 
2N6188,89 

Collector Cutoff Current 

IVCE = 75 Vde, IB = 01 2N6186,87 
IVCE = 90 Vde, IB = 01 2N6188,89 

Collector Cutoff Current 

IVCE = 75 Vdc, VBEloffl = 2N6186,87 

1.5 Vdel 
IVCE = 90 Vde, VBEloffl = 2N6188,89 
1.5 Vdel 

IVCE = 75 Vdc, VBEloffi = 2N6186,87 
1.5 Vdc, TC = 1500 CI 

IVCE = 90 Vdc, VBEloffl = 2N6188,89 
1.5 Vdc, TC = 1500 CI 

Collector Cutoff Current 
IVCB = Rated VCB, IE = 01 

Emitter Cutoff Current 

IV BE = 6 0 Vdc, IC = 01 

ON CHARACTERISTICS (11 

DC Current Gam 
(IC = 0.5 Adc, VCE = 2.0 Vdel 2N6186,88 

2N6187,89 
(IC = 2.0 Adc, VCE = 2.0 Vdel 2N6186,88 

2N6187,89 
(lc = 5.0 Adc, VCE = 2.0 Vdcl 2N6186,88 

2N6187,89 

Collector-Emitter Saturation Voltage 
(lC = 2.0 Ade, IB = 0.2 Adel 
(Ie = 10 Ade, IB = 1.0 Adel 

Base-Emitter Saturation Voltage 
lie = 2.0 Ade, Ie = 0.2 Adcl 
IIc = 10 Ade, IB = 1.0 Adel 

DYNAMIC CHARACTERISTICS 

Current-Gain-Bandwldth Product (2) 
(lC = 500 mAde, VeE = 10 Vde, fTest = 10 MHzl 

Output Capacitance 
IVce = 10 Vde, IE = 0, f = 100 kHzl 

Input CapaCitance 
IVBE = 2.0 Vde, IC = 0, f = 100 kHzl 

SWITCHING CHARACTERISTICS 

Delay Time IVce = 40 Vde, VBE (off! = 3.0 Vde, 
Rise Time Ie = 2.0 Ade,lBl = 200 mAdel 

Storage Time IVCC - 40 Vde, IC - 2.0 Ade, 
Fall Time lSI = I£:2 = 200 mAdel 

~lndlcatesJEDEC Registered Data 
(1) Pulse Test Pulse Wldth~ 300 I-ls, Duty Cvcle ~2.0%. 

(2) fT = 1 hfe I· f Test 

FIGURE 2 - SWITCHING TIME TEST CIRCUIT 
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2N6186 thru 2N6189 (continued) 

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 
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The data of Figure 5 is based on T J(pkl = 200°C; TC is 
variable depending on conditions. Second breakdown pulse limits 
are valid for duty cycles to 10% provided TJ(pk) <200°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 less than the limitaitons imposed by 
second breakdown. 
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2N6186 thru 2N6189 (continued) 

FIGURE B - DC CURRENT GAIN 
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2N6190 (SILICON) 

thru 

2N6193 

MEDIUM-POWER PNP SILICON TRANSISTORS 

. designed for switching and wide band amplifier applications. 

• Low Coliector·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·39 Case for Critical Space Limited 
Applications 

• Complement to NPN 2N5336 thru 2N5339 

"MAXIMUM RATINGS 

2N6190 2N6192 
Rating Symbol 2N6191 2N6193 Unit 

Collector-Emitter Voltage VeEO 80 100 Vdc 

Collector-Base Voltage VeB 80 100 Vdc 

Emitter-Base Voltage VEB 6.0 Vdc 

Collector Current - Continuous Ie 5.0 Adc 

Base Current IB 1.0 Adc 

Total Device Dissipation @TC == 25°C Po 10 Watts 

Derate above 2SoC 57.1 mW/oe 

Operating and Storage Junction TJ. T,t9 -65 to +200 DC 

Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Max 

Thermal Resistance, Junction to Case 

'"Indicates JEDEC Registered Data. 

FIGURE 1 - POWER·TEMPERATURE DERATING 
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TC. CASE TEMPERATURE (OCI 

Safe Area Curves are Indicated by Figure 5. All limits are applicable and must be observed. 
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5 AMPERE 
POWER TRANSISTORS 

PNPSILICON 

BO-100VOLTS 
10 WATTS 

Jl~--~~~-r: r 
~--~ 

~K 

SEATING - ___ ..l 
PLANE ....j~D STYLE I 

...---I PIN I. EMITTER 
./ I 2. BASE f-Q 0 3. COLLECTOR 

_IN 
112\ 

,-,'J' 1 
M 'yf!¥J 
V"'-H 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 

A 8.89 9.40 0.350 0370 
B 8.00 B.51 0.315 0.335 
C 6.10 6.60 0.240 0.260 
D 0.406 0.533 0016 0.021 
E 0.229 3.18 0.009 0.125 
F 0.406 0.483 0.016 0.019 
G 4.83 5.33 0.190 0.210 
H 0.711 0.864 0.028 0.034 
J 0.737 1.02 0.029 0.040 
K 12.70 0.500 
L 6.35 0.250 
M 450 NOM 45° NOM 
P 1.27 0.050 
n 900 NOM 90° NOM 
R 2.54 0.100 

AU JEOEC dimenS10ns and notes apply. 

CASE 79·02 
TO·39 



2N6190 thru 2N6193 (continued) 

• ELECTRICAL CHARACTERISTICS lTc' 25°C un,.ssoth,,,,,,. notodl 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage (1) 
(Ie = 50 mAde, 18 = 0) 

Collector Cutoff Current 
(VeE = 75 Vdc, 18 '" 0) 
(VeE'" 90 Vdc, IB = 01 

Collector Cutoff Current 
(VeE = 75 Vdc, VBE(offl = 1 5 vdcl 
(VeE = 90 Vdc, VBE(off) = 1.5 Vdc) 
(VeE = 75 Vdc, VBE(off) = 1 5 Vdc, 
Tc = 150°C) 

(VeE = 90 Vdc, VBEloff) '" 1 5 Vdc, 
TC = 150°C) 

Collector Cutoff Current 
(Ves = 80 Vdc, IE = 0) 
(VCS'" 100 Vdc, IE = OJ 

Emitter Cutoff Current 
IVSE = 6.0 Vdc, Ie '" 01 

ON CHARACTERISTICS (1) 

DC Current Gam 

(lC "" 500 mAdc, VeE"" 2 0 Vdc) 

(Ie = 2 a Adc, VeE = 2 0 Vdc) 

(lC = 5 0 Adc, VeE"" 2 0 Vdc) 

Collector·Emltter Saturation Voltage 

(Ie"" 2 0 Adc, IS "" 0.2 Adc) 

(Ie'" 5.0 Adc, IS "" 0.5 Adc) 

Sase-Emitter Saturation Voltage 

(lc'" 2 0 Adc, IS "" 0.2 Adcl 
(Ie'" 5.0 Adc, IS '" 0.5 Adcl 

DYNAMIC CHARACTERISTICS 

Current·Gain·BandWldth Product (2) 

2N6190,2N6191 
2N6192,2N6193 

2N6190,2N6191 
2N6192.2N6193 

2N6190,2N6191 
2N6192.2N6193 
2N6190,2N6191 

2N6192,2N6193 

2N6190,2N6191 
2N6192,2N6193 

2N6190,2N6192 
.2N6191,2N6193 
2N6190,2N6192 

2N6191,2N6193 
2N6190,2N6192 
2N6191,2N6193 

(Ie'" 0 5 Adc, VCE = 10 Vdc, fTest = 10 MHz) 

Output Capacitance 
(Vee'" 10 Vdc, IE = 0, f '" 100 kHz) 

Input Capacitance 
(VeE = 2.0 Vdc, Ie = 0, f = 100 kHz) 

SWITCHING CHARACTERISTICS 

Delay Time 

Rise Time 

Storage Time 

Fall Time 

(Vce 40 Vdc, VeEloff) - 3.0 Vdc, 
Ie = 2.0Adc,IS1 '" 02Ade) 

(Vee 40 Vdc, IC ~ 2 0 Adc, 

IS1 = IB2 = 0 2 Adc) 

-Indicates JEDEC Registered Data 
(1) Pulse Test Pulse Width'::: 300 lAs, Duty Cycle-:=2 0% 
(2) fT = I hfe j • f Test 

FIGURE 2 - SWITCHING TIME TEST CIRCUIT 
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2N6190 thru 2N6193 (continued) 

FIGURE 4 - THERMAL RESPONSE 
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FIGURE 5 - ACTlVE·REGION SAFE OPERATING AREA 

VCE, COLLECTOR·EMITTER VOLTAGE IVOL TS) 

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 Ie - VeE limitsof the tran­
sistor 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 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 TJ(pk) < 200°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 limltaitons imposed by 
second breakdown. 

FIGURE 7 - CAPACITANCE versus VOLTAGE 
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2N6190 thru 2N6193 (continued) 

FIGURE 8 - DC CURRENT GAIN 
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2N 6226(SILICON) 
2N6227 
2N6228 

HIGH-VOLTAGE HIGH-POWER 
PNP SILICON 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) - 2N6226 

= 120 Vdc (Min) - 2N6227 
= 140 Vdc (Min) - 2N6228 

• DC Current Gain - @ IC = 3.0 Adc 
hFE = 25 (Min) - 2N6226 

= 20 (Min) - 2N6227 
= 15 (Min) - 2N6228 

• Low Collector· Emitter Saturation Voltage -
VCE(sat) = 1.0 Vdc (Max) @ IC = 3.0 Adc 

• Complement to NPN Transistors 2N5758. 2N5759. 2N5760 

"MAXIMUM RATINGS 

Rating Symbol 2N6226 2N6227 2N6228 

Collector-Emitter Voltage VeEO 100 120 140 

Col/ector-Base Voltage VeB 100 120 140 

Emitter-Base Voltage VEB _7.0_ 

Collector Current - Continuous Ie -6.0_ 

Peak _10_ 

Base Current IB _4.0_ 

Total Device Dissipation Po 
@Te=250e -150-

Derate above 2SoC _0.857_ 

Operating and Storage Junction TJ. T"g _-65 to +200 _ 

Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case 

• Indicates JE DEC Registered Data. 

FIGURE 1 - POWER DERATING 
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Unit 

Vdc 

Vdc 

Vdc 

Adc 

Adc 

Watts 
w/oe 

°e 

6 AMPERE 
POWER TRANSISTORS 

PNP SILICON 

100-120-140 VOLTS 

le 
SEATING 

PLANE 

150 WATTS 

~ 

c 

STYLE 1: 
PIN 1 BASE r---- F-

2. EMITTER r- J - CASE: COLLECTOR 

V ~ 
1 1 I~ I 1'l :t ~ 

t ~ ./ ~I 

a 

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 
D 0.99 1.09 0.039 0.043 

CAS E 11·01 E 3.43 0.135 
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 3.84 4.09 0.151 0.161 

NOT E: R 26.67 1.050 
1. DIM "0" IS DIA. Collector connected to case. 



2N6226, 2N6227, 2N6228 (continued) 

ELECTRICAL CHARACTERISTICS ITc = 25°C unl ... othOfWi .. noted) 

I Cha,actaristic I Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage (1) 
(lC = 200 mAde, IS = 0) 2N6226 

2N6227 
2N6228 

Collector Cutoff Current 
IVCE = 50 Vde, IB = 0) 2N6226 
(VCE = 60 Vde, IS = 0) 2N6227 
(VCE = 70 Vde, IS = 0) 2N6228 

Collector Cutoff Current 

(VCE = Rated VCB, VBEloff) = 1.5 Vdc) 
IVCE = Rated VCB' VSE(off) = 1.5 Vdc, TC = 150°C) 

l..Ollector \..uto ,""urrent 

IVCB = Rated VCS, IE = 0) 

Emitter Cutoff Current 
IV BE = 7.0 Vdc, IC = 0) 

ON CHARACTERISTICS (1) 
DC Current Gain 

(Ie = 3.0 Ado, VCE = 2.0 Vde) 2N6226 
2N6227 
2N6228 

(Ie = 6.0 Adc, VCE = 2.0 Vdc All Types 

Collector-Emitter Saturation Voltage 
(Ie = 3.0 Adc, IS = 0.3 Ado) 
(lC ,; 6.0 Ade, IB = 1.2 Adc) 

Base-Emitter On Voltage 
(lC = 3.0 Adc, VeE = 2.0 Vde) 

OYNAMIC CHARACTERISTICS 

Current-Gain Bandwidth Product (2) 
(lC = 0.5 Adc, VCE = 20 Vde, f test = 0.5 MHz) 

Output Capacitance 
IVeB = 10 Vde,IE = 0, f = 0.1 MHz) 

Small-Signal Current Gail! 
(Ie = 2.0 Adc, VeE = 10 Vdc, f = 1.0 kHz) 

-Indicates JE DEC Registered Data. 

(1) Pulse Test: Pulse Width::::300 jJs, Duty Cvcle~2.0%, 

(2) fT=lhfeleftest 

FIGURE 2 - SWITCHING TIME TEST CIRCUIT 
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2N6226, 2N6227, 2N6228 (continued) 

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 Jlpkl = 200°C; T C is variable 
depending on conditions. Second breakdown pulse limits are valid 
for duty cycles to 10% 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. 
ISee AN-415~ 
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FIGURE 7 - CAPACITANCE 
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2N6226, 2N6227, 2N6228 (continued) 
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2N6229(SILICON) 
2N6230 
2N6231 

HIGH·VOL TAGE HIGH·POWER 
PNP SI LICON TRANSISTORS 

· .. designed for use in high power audio amplifier applications and 
high voltage switching regulator circuits. 

• High Coliector·Emitter Sustaining Voltage -
VCEO(sus) = 100 Vdc (Min) - 2N6229 

= 120 Vdc (Min) - 2N6230 
= 140 Vdc (Min) - 2N6231 

• High DC Current Gain - @ IC = 5.0 Adc 
hFE = 25 (Min) - 2N6229 

= 20 (Min) - 2N6230 
= 15 (Min) - 2N6231 

• Low Collector· Emitter Saturation Voltage 
VCE(sat) = 1.0 Vdc (Max) @ IC = 7.5 Adc 

• Complements to NPN 2N5632, 2N5633 and 2N5634 

*MAXIMUM RATINGS 

Rating Symbol 2N6229 2N6230 2N6231 

Collector-Emitter Voltage VCEO 100 120 140 

Coliector·Sase Voltage VCS 100 120 140 

Emitter-Sa .. Voltage VES .. 7.0 • 
Collector Current Continuous IC .. 10 • 

Peak .. 15-

Base Current IS -5.0-

Total Device Dissipation @ T C == 2SoC Po -'50_ 
Derate above 2SoC _0.857_ 

Operating and Storage Junction T.I,Tst9 ___ - 65 to +200-
Temperatura Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance. Junction to Case 

-Indicates JECEC Registered Data. 

fiGURE 1 - POWER DERATING 
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Unit 

Vdc 

Vdc 

Vdc 

Adc 

Adc 

Watts 
W/oC 

°c 

10 AMPERE 
POWER TRANSISTORS 

PNPSILICON 

100,120, 140 VOLTS 
150 WATTS 

A 

c 

u _____ -'- CASE "·0' 

STYLE I: 
PIN I SE r--- F -

. SA 
2. EMITTER 

~J- CASE: COLLE ClOH 

a V ............. 
0<. t ~ __ .~ 1 H" ' I 
1 ~o/ ~I 

MILLIMETERS INCHES 
OIM MIN MAX MIN MAX 

A - 39.37 - 1.550 
8 21.08 - 0.830 
C 6.35 7.62 0.250 0.300 
0 0.99 1.09 0.039 0.043 
E 3.43 0.135 
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 
n 3.84 4.09 0.151 0.161 

NOT E: R 26.67 1.050 

1. DIM "Qu IS DIA. Collector connected to case. 



2N6229, 2N6230, 2N6231 (continued) 
"ELECTRICAL CHARACTERISTICS (TC" 250 C unless otherwise noted) 

Characteristic 

OFF CHARACTERISTICS 

Collector·Emitter Sustaining Voltage (1) 

(lC " 200 mAde, Ie " 0) 2N6229 
2N6230 
2N6231 

Collector Cutoff Current 

(VCE " 50 Vde, Ie " 0) 2N6229 
(VCE " 60 Vde, Ie " 0) 2N6230 
(VCE' 70 Vde, Ie" 0) 2N6231 

Collector Cutoff Current 

(VCE" 100 Vde, veE loll) " 1.5 Vde) 2N6229 
(VCE" 120 Vde, veE (off) " 1.5 Vde) 2N6230 
(VCE" 140 Vde, veE (011) " 1.5 Vde) 2N6231 
(VCE" 100Vde, veE (off) ~ 1.5 Vde, 2N6229 

TC" 15oDC) 
(VCE " 120 Vde, VBE (off) " 1.5 Vde, 2N6230 

TC" 1500 C) 
(VCE" 140 Vde, VSE(off) " 1.5 Vde, 2N6231 

TC" 15oDC) 

Collector Cutoff Current 
(VCB" 100 Vde, IE "0) 2N6229 
(VCB" 120 Vde, IE " 0) 2N6230 
(VCB" 140 Vde, IE " 0) 2N6231 

Emitter Cutoff Current 
(VBE " 7.0 Vde, IC" 0) 

ON CHARACTERISTICS (1) 

DC Current Gain 
(lC " 5.0 Ade, VCE " 2.0 Vdc) 2N6229 

2N6230 
2N&231 

(lC" 10 Ade, VCE " 2.0 Vde) All 

Collector-Emitter Saturation Voltage 
(lC" 7.5 Ade, IB" 0.75 Ade) 
(lC" 10 Ade, IB " 2.0 Add 

Base-Emitter Saturation Voltage 
(lC " 7.5 Ade, IB "0.75 Ade) 

Base-Emitter On Voltage 
(lC" 5.0 Ade, VCE " 2.0 Vde) 

DYNAMIC CHARACTERISTICS 

Current-Gain - Bandwidth Product (2) 

(lC" 1.0 Ade, VCE " 20 Vdel. f test " 0.5 MHz) 

Output Capacitance 
(VCB" 10 Vde, IE" 0, I" 0.1 MHz) 

Small--5ignal Current Gain 
(lC " 2.0 Ade, VCE " 10 Vde, f" 1.0 kHz) 

*'ndic.ates JEDEC Registered Data. 

(1) Pulse Test: Pulse Width!5300 ILs, Duty Cycle = 2.0%. 

(2) fT ~ Ih'e I • f test 
FIGURE 2 - SWITCHING TIME TEST CIRCUIT 
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RB 
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SCOPE 

RB and RC VARIED TO OBTAIN DESIRED CURRENT LEVELS 

01 MUST BE FAST RECOVERY TYPE. eg: 
MBD5300 USED ABOVE IB",100 mA 
MSD6100 USEO BELOW IB .,100 mA 
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Symbol 

VCEO(sus) 

ICEO 

ICEX 

ICBO 

lEBO 

hFE 

VCE (satl 

VBE(satl 

VBE(on) 
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FIGURE 3 - TURN'()N TIME 
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2N6229, 2N6230, 2N6231 (continued) 

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(pk) = 20o"C; T C 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 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 AN415) 
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2N6229, 2N6230, 2N6231 (continued) 
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2N6233 (SILICON) 
2N6234 
2N6235 

HIGH VOL.TAGE NPN SILICON TRANSISTORS 

. designed for high reliability switching and pin diode driver 
applications [SAFEGUARD] 

• High Coliector·Emitter Sustaining Voltage -
VCEO(sus) = 225 Vdc - 2N6233 

275 Vdc - 2N6234 
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 Frequencv Response - fT = 20 MHz (Min) 

• Fast Switching Times @ 1.0 Adc -
tr = 0.5 f.ls (Max) 
ts = 3.5 f.ls (Max) 
tf = 0.5 f.lS (Max) 

• Environment Test Data Available 

"MAXIMUM RATINGS 

Rating Symbol 

Collector-Emitter Voltage VeEO 

Collector-Base Voltage Vee 

2N6233 2N6234 

225 275 

250 300 

2N6235 

325 

350 

Emitter-Base Voltage VEe _6.0_ 

Collector Current - Continuous Ie _5.0-

Peak _10-

Base Current Ie _2.0_ 

Total Device Dissipation @ TC = 25°C Po _50_ 
Derate above 25°C -0.286-

Operating and Storage Junction 
Temperature Range TJ, Tstg -65 to +200 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case 

-Indicates JEDEC Registered Data. 

FIGURE 1 - POWER TEMPERATURE DERATING 
0 

0 

o 
o 

"'" "'" 

40 

"'" '" '" '" 
80 120 

TC, CASE TEMPERATURE ('C) 

"' " "'" 160 200 
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Unit 

Vdc 

Vdc 

Vdc 

Adc 

Adc 

Watts 
wloe 

De 

5 AMPERE 
POWER TRANSISTORS 

NPN SILICON 

225,275,325 VOLTS 
50 WATTS 

-t U
-' LX ~~-_~ --=--Jl-_ '---+---+ 

'i 
E 

SEATING PLANE 
STYLE 1: 

PIN 1. BASE 
2. EMITTER 

I 
R 

I 
MILLIMETERS INCHES 

DIM MIN MAX MIN MAX 
B 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 4.83 533 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·66 



2N6233, 2N6234, 2N6235 (continued) 

*ELECTR ICAl CHARACTER ISTles (TC'" 2SoC unless otherwise noted) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage (1) 
(Ie = 20 mAde, '8 = 0) 

Co/lector Cutoff Current 

(VeE'" 225, 'e = 0) 
(VeE = 275.18 = 0) 

(VeE'" 325, '8 '" 0) 

Collector Cutoff Current 
(VeE'" 250 Vdc, VEBloffl = 1.5 Vdc, 
Tc = 150°C) 
(VeE = 300 Vdc, VEB(off) = 1.5 Vdc, 
Tc = 150°C) 

(VeE = 350 Vdc, VEB(off) = 1.5 Vdc, 
TC = 15o"Ci 

Collector Cutoff Current 
(Vea '" 250 Vdc, Ie = 0) 
(Vea = 300 Vdc, Ie = 0) 
(Vea = 350 Vdc, Ie = 0) 

Emitter Cutoff Current 
(Vee= 6.0 Vdc, Ie = 0) 

ON CHARACTERISTICS (1) 

DC Current Gam 
(Ie = 0 1 Adc, VeE = 5 0 Vdc) 
(Ie = 1.0 Adc, VeE'" 5.0 Vdc) 
(Ie = 3 a Adc, VeE'" 5 0 Vdc) 

Collector-Emitter Saturation Voltage 
(lc '" 1_0 Adc, la '" 0 1 Adcl 
~IC '" 5.0 Adc, la '" 1.0 Adc) 

aase Emitter Saturation Voltage 
!lC = 1.0 Adc, la '" 0.1 Adc) 
tiC "'50Adc, la = 1.0Ade) 

Base-Emitter On Voltage 
(lc = 1 0 Adc, VeE = 5.0 Vdcl 

OYNAMIC CHARACTERISTICS 

Current-Gain Bandwidth Product f21 

2N6233 
2N6234 
2N6235 

2N6233 
2N6234 
2N6235 

2N6233 

2N6234 

2N6235 

2N6233 
2N6234 
2N6235 

(lC = 0.25 Adc, V CE '" 10 Vdc. f test '" 10 MHz) 

Output Capacitance 
~Vca = 10 Vdc. IE = O. f =0.1 MHz) 

SWITCHING CHARACTERISTICS 

Rise Time 
(Vee'" 200 Vdc. Ie = 1 0 Adc. IB '" 0 1 Adc) 

Storage Time 
~VCC '" 200 Vdc, IC '" 1.0 Adc. la1 = 182 '" 0.1 Ade) 

FallT,me 
1Vec'" 200 Vdc, IC '" 1.0 Adc. 181 '" 182 '" 0.1 Ade) 

-Indicates JEDEC Registered Data 

(1) Pulse Test Pulse Width ::0;;;; 300 ~s, Duty Cycle';;:;;: 20%. 

(2) fT = !hte! • f test 

FIGURE 2 - SWITCHING TIME TEST CIRCUIT 
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2N6233, 2N6234, 2N6235 (continued) 

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 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 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) ::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 handled to 
values less than the limitations imposed by second breakdown. 
(See AN-415) 
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FIGURE 7 - CAPACITANCES 
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2N6233, 2N6234, 2N6235 (continued) 

FIGURE 8 - DC CURRENT GAIN 
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2N6236 thru 2N6241 (SILICON) 

PLASTIC THYRISTORS 
(PLASTIC SILICON CONTROLLED RECTIFIERS) 

.. PNPN devices designed for high volume consumer applications 
such as temperature, light, and speed control; process and remote 
control, and warning systems where reliability of operation is 
important. 

• Passivated Surface for Reliability and Uniformity 
• Power Rated at Economical Prices 
• Practical Level Triggering and Holding Characteristics 
• Flat, Rugged, Thermopad Construction for Low Thermal Resist· 

ance, High Heat Dissipation and Durability 
• Recommended Electrical Replacement for C 106 

MAXIMUM RATINGS ITJ. 100°C unless otherw;se noted.) 

Rating Symbol Value Unit 

-Repetitive Peak Forward and Reverse VORM Volts 
Blocking Voltage (Note 1) 
11/2 S;ne Wave) 2N6236 30 
(Gate Open, 2N6237 VRRM 50 
T J = -40 to +1100CI 2N6238 100 

2N6239 200 
2N6240 400 
2N6241 600 

*Non-Repetitive Peak Reverse Blocking Voltage VRSM Volts 
11/2 S;ne Wave, 2N6236 50 
Gate Open, 2N6237 100 
T J = -40 to +11 OOCI 2N6238 150 

2N6239 250 
2N6240 450 
2N6241 650 

·Average On-State Current ITIAVI Amp 
IT C = -40 10 +900 CI 2.6 
IT C = +1000 CI 1.6 

·Surge On-State Current ITSM Amp 
11/2 S;ne Wave, 60 Hz, TC = +900 CI 25 
11/2 S;ne Wave, 1.5 ms, T" = +900 CI 35 

Circuit Fusing Considerations 12t 2.6 A 2s 
ITJ = -40 10 +1100 C, 1= 1.0 to 8.3 msl 

·Peak Gate Power PGM 0.5 Watts 
IPulse W;dlh = 10 !lsi 

*Average Gate Power 
It = 8.3 msl 

PG{AV) 0.1 Watt 

Peak Forward Gate Current IGM 0.2 Amp 

Peak Reverse Gate Voltage VRGM 6.0 Volts 

*Operati~~LJunction Temperature Range T -40 to +110 °c 

·Storage Temperature Range T st• -40 to +150 °c 

Mounting Torque - 6.0 in.lb 
{Note 21 

THERMAL CHARACTERISTICS 

Characterilfic Symbol Min M •• Unit 
*Thermal Resistance, Junction R8JC - 3.0 °CIW 

to Case 

Thermal Resistance Junction R8JA - 75 °c/w 
to Ambient 

*Indicates JEOEC Registered Data. 

2·511 

THYRISTORS 

4,0 AMPERES RMS 
30 thru 600 VOLTS 

K 

STYLE 1 
PIN 1. EMITTER 

2. COLLECTOR 
3. BASE 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 

A 9.91 11.43 0.390 0.~50 
B 6.86 8.38 0.270 0.330 
C 1.78 3.30 0.070 0.130 
D 0.51 0.66 0.020 0.026 
F 2.92 3.00 0.115 0.118 
G 2.29 BSe 0.090 BSe 
J 0.3B 0.64 0.015 0.025 
K 15.11 16.64 0.595 0.655 
Q 3.30 4.45 0.130 0.175 
S 0.64 0.89 0.025 0.035 
U 3.81 NOM 0.150 NOM 

CASE 77-02 



2N6236 thru 2N6241 (continued) 

ELECTRICAL CHARACTERISTICS (TC = 25°C unless otherwise noted, RGK = 1000 ohms.) 

Characteristics 

*Peak Forward Blocking Current (Note 1) 
(Rated VoRM, T J = 11 OOCI 

·Peak Reverse Blocking Current (Note 1) 
(Rated VRRM, TJ = 1100 CI 

·Peak Forward "On" Voltage 
(ITM = 8.2 A Peak, Pulse Width = 1 to 2 ms, 2% Duty Cycle) 

Gate Trigger Current (Continuous dc) 
(VAK = 12 Vdc, RL = 240hmsl 

'(V AK = 12 Vdc, RL = 24 Ohms, TC = -400CI 

Gate Trigger Voltage (Conti~uous de) 
(Source Voltage = 12 V, RS = 50 Ohms) 

'(VAK = 12 Vdc, RL = 24 Ohms, TC = -400 CI 

Gate Non-Trigger Voltage 
(VAK = Rated VoRM, RL= 100 Ohms, TJ = 1100 Cl 

Holding Current 
(VAK = 12 Vdc, IGT = 2.0 mAl TJ = 25°C 

*(lnitiating On-State Current"" 200 rnA) TJ = -40°C 

*Total Turn~n Time 
(Source Voltage = 12 V, RS = 6.0 k Ohmsl 
(lTM = 8.2 A, IGT = 2.0 mA, Rated VoRMI 
(Rise Time = 20 ns, Pulse Width = 10 /lsI 

Forward Voltage Appl icat ion Rate 
(TJ = 1100 Cl 

*Indicates JEDEC Registered Data 

NOTES: 

1. Ratings apply for zero or negative gate voltage. Devices shall 
not have a positive bias applied to the gate concurrently with a 
negative potential on the anode. Devices should not be tested 
with a constant current source for forward or reverse blocking 

capability such that the voltage applied exceeds the rated 

block ing voltage. 

Symbol Min Typ Max Unit 

loRM /lA 
- - 200 

IRRM /lA 
- - 200 

VTM Volts 

- - 2.2 

IGT !lA 
- - 200 
- - 500 

VGT Volts 

- - 1.0 

VGo Volts 
0.2 - -

IH mA 
- - 5.0 
- - 10 

tgt /lS 
- - 2.0 

dv/dt V//ls 
- 10 -

2. Torque rating applies with use of torque washer (Shakeproof 

WD19523 or equivalent). Mounting torque in excess of 6 in. lb. 
does not appreciably lower case-to-sink thermal resistance. 

Anode lead and heatsink contact pad are common. (See 
AN·290 B) 

For soldering purposes (either terminal connection or device 

mounting), soldering temperatures shall not exceed +22SoC. 
For optimum results. an activated flux (oxide removing) is 
recommended. 

CURRENT DERATING 

FIGURE 1 - MAXIMUM CASE TEMPERATURE 

IT(AV), AVERAGE FORWARD CURRENT (AMP) 

FIGURE 2 - MAXIMUM AMBIENT TEMPERATURE 
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2N6255 (SILICON) 

The RF Lin.e 

NPN SILICON RF POWER TRANSISTOR 

... designed for 12.5 Volt VHF large-signal amplifier applications 
required in industrial and commercial FM equipment . 

• Specified 12.5 Volt, 175 MHz Characteristics­
Output Power = 3.0 Watts 
Minimum Gain = 7.8 dB 
Efficiency = 50% 

'MAXIMUM RATINGS 

Rating Symbol 

Collector-Emitter Voltage VCEO 

Collector-Base Voltage VC80 

Emitter-Base Voltage VE80 

Collector Current - Continuous IC 

Total Device Dissipation @TC == 250 C Po 
Derate above 25°C 

Value 

18 

36 

4.0 

1.0 

5.0 

28.5 

Storage Temperature Range T stg -65 to +200 

• Indicates JEDEC Registered Data. 

Unit 

Vdc 

Vdc 

Vdc 

Adc 

Watts 

mW/oC 

°c 

ThiS device IS designed for RF operation. The total device dissipation applies only when 

the device IS operated as an R F amplifier. 

2-513 

3.0 W-17S MHz 
RFPOWER 

TRANSISTOR 

NPN SILICON 

~;==:=~ :S-t: c STYLE 1 
PIN 1. EMITTER 1;- - - t L t 

2. BASE ~ K 
3. COLLECTOR - ~_~ 

SE:~~~~ _ ..11-0 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 
A 8.89 9.40 0.350 0.370 
B 8.00 8.51 0.315 0.335 
C 6.10 6.60 0.240 0.260 
D 0.406 0.533 0.Q16 0.021 
E 0.229 3.18 0.009 0.125 
F 0.406 0.483 0.016 0.019 
G 4.83 5.33 0.190 0.210 
H 0.711 0.864 0.028 0.034 
J 0.737 1.02 0.029 0.040 
K 12.70 - 0.500 -
L 6.35 0.250 
M 450 NOM 450 NOM 
P 1.27 0.050 
n 900 NOM 900 NOM 
R 2.54 0.100 

All JEDEC dimensIOns and notes apply. 

CASE 79·02 
TO-39 



2N6255 (continued) 

ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 

Characteristic Symbol Min Typ Max Unit 

OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltage BVCEO 18 - - Vde 

(lC = 10 mAde,lB = 0) 

Collector-Emitter Breakdown Voltage BVCES 36 - - Vde 
(lC = 5.0 mAde, VBE = 01 

Emitter-Base Breakdown Voltage BVE80 4.0 - - Vde 
(IE = 1.0 mAde, IC = 0) 

Collector Cutoff Current ICES - - 5.0 mAde 
(VCE = 15 Vde, VBE = 0, TC = 55°C) 

Collector Cutoff Current ICBO 0.25 mAde 
(VCB = 15 Vde, IE = 0) 

ON CHARACTERISTICS 

Dc Current Gain 
(lC = 250 mAde, VCE = 5.0 Vde) 

DYNAMIC CHARACTERISTICS 

Output Capacitance 
(VCB = 12.5 Vde, IE = 0, f = 1.0 MHz) 

FUNCTIONAL TEST 

Common-Emitter Amplifier Power Gain GpE 7.8 - - dB 

(Pout = 3.0 W, VCC = 12.5 Vde, 
f = 175 MHz) 

Collector Efficiency 1) 50 - - % 
(Pout = 3.0 W, VCC = 12.5 Vde, 
f= 175MHz) 

FIGURE 1 - 175 MHz CIRCUIT 

.--.... ---------012.5 Vdc 

L2 

Cl 

C3 

C2 

RFCl 

Bead 

2-514 

C4 

Cl,3 2.0·50 pF ARCO 461 ELMENCO 
C2,4 5.0-80 pF ARCO 462 ELMENCO 
C5 1000 pF FEED THRU 
C6 5.0"F 
L1 1 TURN #18 AWG %"1.0_ 
L2 2% TURNS #18 AWG %"1.0. 
RFCl 0.15"H MOLDED CHOKE 

WITH BEAD ON GROUND LEG 
RFC2 0.15"H MOLDEn CHOKE 

8EAO IS FERROXCUBE 
56-570·65/3B 



2N6255 (continued) 

FIGURE 2 - OUTPUT POWER versus INPUT POWER 
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FIGURE 3 - OUTPUT POWER versus SUPPLY VOLTAGE 
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2N6255 (continued) 

175 MHz AMPLIFIER BLOCK DIAGRAMS 

FIGURE 8 - Vee = 12.5 VOLTS 

50mW ~ 2N4427 H 2N6255 H 2N5590 ~ IOWAns 

400mW BOWAns 

5mw~ 2N4072 H 2N4073 H 2N6255 ~3WATTS 
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2N62S6 (SILICON) 

The RF Line 

NPN SILICON RF POWER TRANSISTOR 

... designed for 12.5 Volt. VHF/UHF large signal Amplifier/Multiplier 
applications required in industrial and commercial FM equipment 
operating to 520 MHz. 

• Specified 12.5 Volt. 470 MHz Characteristics 
Power Output = 0.5 Watts 
Minimum Gain = 7.0 dB 
Efficiency = 60% 

• Characterized with series eqUivalent large signal 
impedance parameters 

• Driver for 2N5944 and 2N5945 UHF amplifiers 

• Capable of withstanding severe load mismatch 

"MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage VCEO 16 

Collector-Base Voltage VCBO 36 

Emitter-Base Voltage VEBO 4.0 

Collector Current - Continuous IC 0.4 

Total Continuous Device DISsipation PD 2.0 
@TC = 25°C - Derate above 25°C 11.4 

Storage Temperature Range Tstg -65 to +200 

Unit 

Vdc 

Vdc 

Vdc 

Adc 

Watts 
mW/oC 

°c 

This device IS designed for AF operation. The total device diSSipation ratmg applies only 
when the device IS operated as an RF amplifier . 

• Indicates JEOEC Registered Data 

FIGURE 1 - 470 MHz TEST CI RCUIT SCHEMATIC 

1000 pF 
FEEOTHRU 

1000 pF 
FEEOTHRU 

NOTE' Test Circuit Layout and Component 
Descriptions Shown 111 Figure 6 

2-517 

0.5 WATT - 470 MHz 
RF POWER 

TRANSISTOR 
NPN SILICON 

- /Iiii-UMETERS INCHES 
DIM MIN MAX MIN MAX 

A 26800 27050 1055 1065 

+ 13340 13.600 0525 0535 

-%-t-f 920 3350 0115 0132 
0102 0152 0004 0006 

E 5590 5.840 0220 0230 
F '400 1650 0055 0065 
G 7060 7260 0278 0286 
H 400 500 400 500 

J 900 TP 900 TP 

CASE 249·01 



2N6256 (continued) 

• ELECTRICAL CHARACTERISTICS (T C = 25°C unless otherwise noted) 

I Characteristic I Symbol Min Tvp Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage BVCEO 16 - - Vde 
(IC = 5.0 mAde, IB = 0) 

Collector-Emitter Breakdown Voltage BVCES 36 - - Vde 
(IC = 5.0 mAde, VBE = 0) 

Emitter-Base Breakdown Voltage BVEBO 4.0 - - Vde 
(IE = 1.0 mAde, IC = 0) 

Collector Cutoff Current ICES - - 5.0 mAde 
(VCE = 15 Vde, VBE =0, TA = 125°C) 

Collector Cutoff Current ICBO - - 0.5 mAde 
(VCB = 15 Vde, IE = 0) 

ON CHARACTERISTICS 

Dc Current Gain 
(lc = 50 mAde, VCE = 5.0 Vde) 

DYNAMIC CHARACTERISTICS 

Output Capacitance 
(VCB = 12.5 Vde, IE = 0, f = 1.0 MHz) 

FUNCTIONAL TEST 

Common-Emitter Amplifier Power Gain (Figures 1,6) GpE 7.0 9.0 - dB 
(Pout = 0.5 W, VCC = 12.5 Vde, f = 470 MHz) 

Collector Efficiency (F igures 1,6) 'I 60 70 - % 
(Pout = 0.5 W, VCC = 12.5 Vde, f = 470 MHz) 

"'Indicates JEOEC Registered Data. 

Typical Output Power curves were measured in 

circuit shown in Figure 6. 
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FIGURE 3 - OUTPUT POWER 
versus INPUT POWER 
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2N6256 (continued) 
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FIGURE 5 - SERIES EQUIVALENT 
INPUT and OUTPUT IMPEDANCE 
(VCC = 12.5 Vdc, Pout = 0.5 Watts) 

5.0 6.0 7.0 8.0 9.0 10 11 12 13 14 15 

RF INPUT 

VCC, SUPPLY VOLTAGE (VOLTS) 

FIGURE 6 - 470 MHz TEST CIRCUIT LAYOUT 
(See Figure 1 for Schematic Diagram) 

Cl,2 1.0·25 pF ARCO 421 OR EClUIVALENT 
C3,4 1.0-25 pF ARCO 421 OR EQUIVALENT 
L1,2 7TU RNS #22 AWG. 0.2" /.0. 

FERRITE BEAO FERROXCUBE 56-590-65-3B 
AS SHOWN ON L1 

FL1 DC SUPPLY FILTER 
2·1000 pF FT CAPACITOR 
1-1.0 "F. 35 V CAPACITOR 
I-CHOKE FERROXCUBE VK 200·20-4B 

+12.5 Vdc 

CONNECTORS ARE TYPE "N" 
BOARD IS GLASS TEFLON 
3" x 5"xO.060" 
MOUNTING PLATE IS 3" x5" x 0.75" 

2-519 

RF OUTPUT 



2N6256 (continued) 

FIGURE 7 -150 MHz to 450 MHz 
TRIPLER USING 2N6256 

Rl R2 

Cl,2, 3, 9,10 1·7 pF ARCO 400 OR EQUIVALENT 
C6,7 1.5·20 pF ARCO 402 OR EQUIVALENT 
C4,5 470 pF ATC TYPE 100·B-420·m·ms 
C8 1000 pF UNDERWOODTYPE J·l0l 
Cll 0.47 ~F TANTALUM 
C12, 14 470 pF FEED THRU 
C13 0.1 ~F CERAMIC 
RHO OHM 
R2,3·160 OHM 

LB 

R3 

L 17 TURNS 1/4" 1.0. 
L2,6·4 TURNS 1/8" 1.0. 
L3 0.68~H MOLDED CHOKE 
L4 5 TURNS 1/4" 1.0. 
L5 6TURNS 1/B" 1.0. 
U 1 ~H MOLDED CHOKE 
L8 FERROXCUBE VK200·20/48 
FERRITE BEAD IS FERROXCUBE 56·590·65/3B 

NOTE: ALL COILSAIR CORE SPACE WOUNO WITH #20AWG WIRE 
UNLESS OTHERWISE SPECIFIED 

Figure 7 shows the 2N6256 in a 150 MHz to 450 MHz tripler 
circuit. This circuit will typIcally produce 85 mW at 450 MHz with 
30 mWat 150 MHz mput 14.5 db gain). Collector efficiency is 
25% and all unwanted harmonics are at least 30 db down from 
the 450 M Hz output level. 

It is important that each emitter lead be bypassed separately 
with a 'good hi-quallty capacitor. The emitter resistor is likewise 
split In two with one~half on e8ch emitter lead. 

The input network is a modified "TEE" consisting of el, C2, 
and L 1, which matches the 50 Ohm input to the transistor 
impedance ot·150 MHz;this is roughly 18-j20 Ohms. The combi­
nation of L2 and C3 form a 450 MHz idler to provide a base return 
for third harmonic current. L4, C6 and L5, C7 are 150 MHz and 
300 MHz output idlers respectively. The output matching section 
is a pi network made up of L6, C9 and Cl0. All coils are air core 
space·wound (turns one wire diameter apart) with #20 AWG wire. 

2-520 



2N6274 (SILICON) 

thru 

2N6277 

HIGH-POWER NPN SILICON TRANSISTORS 

designed for use in industrial-military power ampli!er and 
switching circuit applications. 

• High Collector Emitter Sustaining Voltage -
VCEO(sus) = 100 Vdc (Min) - 2N6274 

= 120 Vdc (Min) - 2N6275 
= 140 Vdc (Min) - 2N6276 
= 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/-'5 (Max) 
ts = 0.8/-'5 (Max 
tf = 0.25/-'5 (Max) 

'MAXIMUM RATINGS 

Rating Symbol 2N6274 2N6275 2N6276 2N6277 Unit 

Collector-Base Voltage v 120 140 160 180 

Collector-Emitter Voltage v 100 120 140 150 

Emitter-Base Voltage V 6.0 

Collector Current - Continuous Ie 50 ----. 
Peak 100 

Base Current I B 20 

Total Device DissIPation@Tc=250C Po 250 ----. 
Derate above 25°C 1.43 

Operating and Storage Junction T J,T stg - -65 to +200---
Temperature Ran e 

THERMAL CHARACTERISTICS 

O1aractaristic 

Thermal ResIstance, Junction to Case 

-Indicates JEDEC Registered Data. 

FIGURE 1 - POWER DERATING 
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Vdc 

Vdc 

Vdc 

Adc 

Adc 

50 AMPERE 
POWER TRANSISTORS 

NPN SILICON 

100,120,140, 150 VOLTS 
250 WATTS 

JF"~' tE~K SEATI.~~_._/ --lI:-~ ! 
PLANE 

J-

STYLE I: 
PIN 1. BASE 

2. EMITIER 
CASE COLLECTOR 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 

A 38.35 39.31 1.510 1.550 
B 19.30 21.08 0.160 0.830 
C 6.35 1.62 0.250 0.300 
0 1.45 1.60 0.051 0.063 
E - 3.43 - 0.135 
F 29.90 30.40 1.111 1.191 
G 10.61 11.18 0.420 0.440 
H 5.21 5.12 0.205 0.225 
J 16.64 11.15 0.655 O. 5 
K 11.18 12.19 0.440 0.460 
Q 3.84 4.09 0.151 0.161 
R 24.89 26.61 0.980 1.050 

CASE 197·01 



2N6274 thru 2N6277 (continued) 

*ELECTRICAL CHARACTERISTICS (TC: 25°C unless otherwise noted I 

Characteristic 

OFF CHARACTERISTICS 

Collector~Emltter Sustaining Voltage (1) 

(lC = 50 mAde, IB = 01 2N6274 
2N6275 
2N6276 
2N6277 

Collector Cutoff Current 

(VCE = 50 Vde, IB = 01 2N6274 

(VCE = 60 Vde, IB = 01 2N6275 

(VCE = 70 Vde, IB = 01 2N6276 

(VCE = 75 Vde, IB = 01 2N6277 

Coliector Cutoff Current 

(VCE = Rated VCB, VEB(offl = 1.5 Vdel 

(VCE = Rated VCB, VEB(offl = 1.5 Vdc, TC = 1500 CI 

Emitter Cutoff Current 

(VBE = 6.0 Vde, IC = 01 

ON CHARACTERISTICS (1) 
DC Current Gain 

(lC= 1.0Ade, VCE =40Vdel 

(lC = 20 Ade, VCE = 4.0 Vdel 

(IC = 50 Ade, VCE = 4.0 Vdel 

Collector-Emitter Saturation Voltage 

(lC = 20 Ade, I B = 2.0 Adel 

(IC = 50 Ade, 16 = 10 Add 

Base-Emitter Saturation Voltage 

(lC = 20 Ade, IB = 2.0 Adcl 

(lC: 50 Ade, IB: 10 Add 

Base-Emitter On Voltage 

(lC = 20 Ade, VCE = 4.0 Vdel 

DYNAMIC CHARACTERISTICS 

Current-Gain-Bandwidth Product (2) 

(lC = 1.0 Adc, VCE = 10 Vde, f test = 10 MHzl 

Output Capacitance 

(VCB = 10 Vdc, IE = 0, f = 0.1 MHzl 

SWITCHING CHARACTERISTICS 

Rise Time 

(VCC = 80 Vdc, IC = 20 Adc, IBI = 2.0 Adc, VBE(offi = 5.0 Vdel 

Storage Time 

(VCC = 80 Vdc,le = 20 Adc, IBI = 182 = 20 Adcl 

Fall Time 

(Vee = 80 Vdc, Ie = 20 Adc, IBI = IB2 = 2.0 Adcl 

Indicates JEOEC Registered Data. 

(1) Pulse Test: Pulse Width::;::; 300 J,lS, Duty Cycle ~2.0%. 
(2) fT = Ihfe I. f test" 

FIGURE 2 - SWITCHING TIME TEST CIRCUIT 

30"'-/---1 

+2:.~~r=L_ 
_18.5V =r--C 

tr. tf" 10 ns 
Duty Cycle = 0.5% 

RB 
10 Ohm, 

lN3879 

-4.0 V 

Note: For information on Figures 3 and 6, RS and Re were 
varied to obtain desired test conditions. 
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Symbol Min Max Unit 

VCEO(susl Vde 

100 -
120 -
140 -
150 -

ICEO I'Ade 
- 50 

- 50 

- 50 

- 50 

ICEX 
- 10 I'Ade 

- 1.0 mAde 

lEBO 100 I'Ade 

hFE 
50 -

30 120 

10 -

VCE(satl Vdc 
- 1.0 

- 3.0 

VBE(satl Vde 
- 1.8 

- 3.5 

VBE(onl - 1.8 Vde 

fT 30 - MHz 

Cob - 600 pF 

tr - 0.35 I'S 

Is - 0.80 I's 

If - 0.25 I'S 

FIGURE 3 - TURN-ON TIME 
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2N6274 thru 2N6277 (continued) 

FIGURE 4 - THERMAL RESPONSE 
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There are two limitations on the power handling ability of a 
transistor: aversge junction temperature and second breakdown. 
Safe operating area curves indicate ICMVCE 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; 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. 
(See AN-415) 
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FIGURE 7 - CAPACITANCE 
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2N6274 thru 2N6277 (continued) 
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FIGURE 8 - DC CURRENT GAIN 
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2N 6278 thru 2N 6281 (SILICON) 

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) - 2N6278 

= 120 Vdc (Min) - 2N6279 
= 140 Vdc (Min) - 2N6280 
= 150 Vdc (Min) - 2N6281 

• High DC Current Gain -
hFE = 30-120@ IC = 20 Adc 

= 10 (Min) @ IC = 50 Adc 

• Low Coliector·Emitter Saturation Voltage -
VCE(sat) = 1.2 Vdc (Max) @ IC = 20 Adc 

• Fast Switching Times @ IC = 20 Adc 
tr = 0.351ls (Max) 
ts = 0.8 Ils (Max) 
tf = 0.25 Ils (Max) 

'MAXIMUM RATINGS 
Rating Svmbol 2N6278 I 2N6279 I 2N6280[ 2N6281 

Collector-Base Voltage VeB 120 I 140 I 160 

Collector-Emitter Voltage VeEO 100 I 120 I 140 

Emitter-Base Voltage VEB .. 6.0 

Collector Current - Continuous Ie .. 50 
Peak 100 

Base Current IR .. 20 

Total Device Dissipation @ Po .. 250 
Te=250e .. 1.43 
Derate above 25°C 

Operating and Storage Junction TJ,T,tg .. -65 to +200 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case 

*Indicates JEDEC Registered Oat=-

FIGURE 1 - POWER DERATING 
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Unit 

Vdc 

Vdc 

Vdc 

Adc 

Adc 

Watts 
wf'e 

°e 

Q 

50 AMPERE 

POWER TRANSISTORS 
NPN SILICON 

100,120,140,150 VOLTS 
250 WATTS 

MIL I 
DIM MIN 
A 21.72 
B 18.92 
C 1219 
E 2.29 
G 1 2 
H -

J 11.68 
K 2380 
L 6.10 
N -

P 706 
Q 152 
S 7127 
T 1969 

MAX 
22.23 
19.69 
13.59 
424 

130 
2.67 

1257 
2616 
660 
762 
792 
267 
7249 

22 23 

STYLE 1. 
PIN 1. EMITTER 

2 BASE 
3 COLLECTOR 

1= ~ ~ ~ 0.535 
0.090 0.161 

4 
- . DelOS 

0460 0.495 
0937 1.030 
0240 0260 

- 0.300 
0278 0312 
0060 0105 
02806 02854 
0775 0875 

All JEOEC notes and dimensions apply. 
CASE 188 

TO-63 



2N6278 thru 2N6281 (continued) 

*ELECTRICAL CHARACTERISTICS(TC = 250 C unle.sotherwise noted) 

I Characteristic I Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage III VCEO(sus) 
(lc = 50 mAde, IB = 0) 2N627B 

2N6279 
2N62B0 
2N62Bl 

Collector Cutoff Current ICEO 
(VeE = 50 Vdc, IB = 0) 2N627B 
(VeE = 60 Vdc, IB = 0) 2N6279 
(VeE = 70 Vdc, IB = 0) 2N62BO 
(VeE = 75 Vdc, IB = 0) 2NS2Bl 

Collector Cutoff Current ICEX 
(VCE = Rated VCB, VEB(off) = 1.5 Vdc) 
(VeE = Rated VCB, VEB(off) = 1.5 Vdc, Te= 150°C 

Emitter Cutoff Current lEBO 
(VBE = S.O Vdc, IC = 0) 

ON CHARACTERISTICS (11 

DC Current Gain hFE 
(lC = 1.0 Adc, VCE = 4.0 Vdc) 
(lc = 20 Adc, VCE = 4.0 Vdcl 
(lc = 50 Adc, VeE = 4.0 Vdcl 

COllector-Emitter Saturation yoltage VCE(satl 
(lC = 20 Adc, IB =2.0 Adcl 
(lc = 50 Adc, IB = 10 Adcl 

Sase-Emitter Saturation Voltage VBE(satl 
(IC = 20 Adc, IB = 2.0 Adc) 
(lc = 50 Adc, IB = 10 Ad.) 

Base-Emitter On Voltage VBE(onl 
(lC = 20 Adc, VCE = 4.0 Vdcl 

DYNAMIC CHARACTERISTICS 

Current-Gain - Bandwidth Product (21 for 
(lc ~ 1.0 Adc, VCE = 10,Ydc, f test = 10 MHz) 

Output Capacitance Cob 
(VCB = 10 Vdc, IE = 0, f = 0.1 MHz) 

SWITCHING CHARACTERISTICS 

Rise Time tr 
(Vec = BO Vdc, IC = 20 Adc, IBI = 2.0 Adc, VBE (off) = 5.0 Vdcl 

Storege Time ts 
(VCC = BO Vdc, IC = 20 Adc, IBI = IB2 = 2.0 Adcl 

Fall Time tf 
(VCC = 80 Vdc, IC = 20 Adc, IBI = IB2 = 2.0 Adcl 

*Indlcates JEDEC Registered Data (1) Pulse Test: Pulse Width"" 300 Ils, Duty Cvcle = 2.0%. 

FIGURE 2 - SWITCHING TIMES TEST CI RCUIT 

t"tf" 10ns 
Duty Cycle = 0.5% ':' 

RS = 
10 Ohms 

lN3S79 

-4.0 V 
Note: For information on Figures 3 & 6, RB and RC 

were varied to obtain desired test conditions. 
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Min MIIx Unit 
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FIGURE 3 -TURN ON TIME 
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2N6278 thru 2N6281 (continued) 

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 'C·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 basad on T J(pk) = :zoooC; TC is variable 
depending on conditions. Second breakdown pulse limits are valid 
for dutv cvcles 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 limitations imposed by second breakdown. 
(SeaAN-4151 
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2N6278 thru 2N6281 (continued) 
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2N6282 thru 2N6284 NPN (SILICON) 

2N6285 thru 2N6287 PNP 

DARLINGTON COMPLEMENTARY 
SILICON POWER TRANSISTORS 

.. designed for general-purpose amplifier and low-speed switching 
appl ications. 

• High DC Current Gain @ IC ~ 10 Adc-
hFE ~ 2400 (Typ) - 2N6282, 2N6283, 2N6284 

= 4000 (Typ) - 2N6285, 2N6286, 2N6287 

• Collector-Emitter Sustaining Voltage -
VCEO{sus) = 60 Vdc (Min) - 2N6282, 2N6285 

= 80 Vdc (Min) - 2N6283, 2N6286 
~ 100 Vdc (Min) - 2N6284, 2N6287 

• Monolithic Construction with Built-In 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 

Emitter-Base Voltage VES 5.0 

Collector Current - Continuous IC 20 
Peak 40 

Base Current IS 0.5 

Total Device Dlsslpatlon@Tc=250C Po 160 

Derate above 25°C 0915 

Operating and Storage Junction TJ,Tstg -65 to +200 

Temperature Range 

*THERMAL CHARACTERISTICS 

O1aracteristic 

Thermal Resistance, Junction to Case 

* Indicates JEDEC Registered Data. 

FIGURE 1 -POWER DERATING 
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Unit 

Vdc 

Vdc 

Vdc 

Adc 

Adc 

Watts 
W/oC 

°c 

DARLINGTON 
20 AMPERE 

COMPLEMENTARY SILICON 
POWER TRANSISTORS 

60,80, 100 va L TS 
160 WATTS 

L C':j::j 
r~K 
E SEAT1N(+~ ! 

PLANE 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 
8 - 2223 - 0875 
C 635 1143 0250 0450 
D 0.97 109 0038 0043 
E 343 o 13!J 
F 2990 3040 I 177 I 197 
G 10 67 II 18 0420 0440 
H 521 572 0.205 0225 
J 16.64 1715 0655 0675 
K 792 - 0312 -

(l 384 409 0151 0161 
S 1334 0525 
T - 4.78 - 0188 

All JEDEC d,menSIOIlS and notes dPply 

CASE 1-03 
(TO·3) 



2N6282, 2N6283, 2N6284 NPN, (continued) 
2N6285, 2N6286, 2N6287 PNP 

*ELECTRICAL CHARACTERISTICS (TC = 25°C unless otherwise noted) 

OIaracteristic 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage 

lic = 0.1 Ade.IB = 0) 2N6282. 2N6285 
2N6283.2N6286 
2N6284. 2N6287 

Collector Cutoff Current 

(VCE = 30 Vde, IB = 0) 2N6282, 2N6285 

(VCE = 40 Vde, IB = 0) 2N6283, 2N6286 

(VCE = 50 Vde, IB = 0) 2N6284,2N6287 

Collector Cutoff Current 

(VCE = Rated VCB, VBE(off) = 1.5 Vdcl 

(VCE = Rated VCB, VBE(off) = 1.5 Vde, TC = 150°C) 

Emltter Cutoff Current 

(V BE = 5.0 Vde, IC = 0) 

ON CHARACTERISTICS (1) 

DC Current Gain 

liC = 10 Ade, VCE = 3.0 Vde) 

lic = 20 Ade, VCE = 3.0 Vde) 

Collector-Emitter Saturation Voltage 

(IC = 10 Ade, IB = 40 mAde) 

liC = 20 Ade, IB = 200 mAde) 

Base-Emitter On Voltage 
liC = 10 Ade, VCE = 3.0 Vdcl 

Base-Emitter Saturation Voltage 
IIC = 20 Ade, 18 = 200 mAde) 

DYNAMIC CHARACTERISTICS 

Magnitude of Common Emitter Small-Signal Short-CIrcuit 

Forward Current Transfer Ratio 

lic = 10 Ade, VCE = 3.0 Vde, I = 1.0 MHz) 

Output Capacitance 

(VCB = 10 Vde,IE = 0, I = 0.1 MHz) 2N6282, 83, 84 

2N6285, 86, 87 

Small·Slgnal Current Gain 

IIc = 10 Ade, VCE = 3.0 Vde, I = 1.0 kHz) 

*lndicatesJEDEC Registered Data. 

(1) Pulse test: Pulse Width:: 300 jJ.s, Duty Cycle"" 2% 

FIGURE 2 - SWITCHING TIMES TEST CIRCUIT 
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FIGURE 3 - SWITCHING TIMES 
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2N6282, 2N6283, 2N6284 NPN,(continued) 
2N6285, 2N6286, 2N6287 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 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 5, 6 and 7 is based on T J(Il!<) = 2000 C; T C IS variable depending on conditions. Second breakdown 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. (See AN~4151. 
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2N6282, 2N6283, 2N6284 NPN, (continued) 
2N6285, 2N6286, 2N6287 PNP 
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FIGURE 10 - DC CURRENT GAIN 
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2N6282, 2N6283, 2N6284 NPN, (continued) 
2N628~2N628~2N6287PNP 

NPN 
2N6282, 2N6283, 2N6284 I PNP 

2N6285, 2N6286, 2N6287 

FIGURE 13 - TEMPERATURE COEFFICIENTS 
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2N6294 ,2N6295 NPN (SILICON) 
2N6296,2N6297 PNP 

DARLINGTON COMPLEMENTARY 
SILICON POWER TRANSISTORS 

... designed for general'purpose amplifier, low-speed 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 Vdc (Max) @ IC = 2.0 Adc 

• Coliector·Emitter Sustaining Voltage 
VCEO(sus) = 60 Vdc (Min) - 2N6294, 2N6296 

= 80 Vdc (Min) - 2N6295, 2N6297 
• Monolithic Construction with Built·ln Base·Emitter 

Shunt Resistors 

"MAXIMUM RATINGS 
2N6294 

Rating Symbol 2N6296 

Collector-Emitter Voltage VCEO 60 

Colleetor·Ba .. Voltage VCB 60 

Emitter-Base Voltage VEB 5.0 

Collector Current - Continuous IC 4.0 
Peak 8.0 

Base Current IB 80 

Total Device 0 issi pation @T C = 25°C Po 50 

2N6295 
2N6297 

80 

80 

Derate above 2sOC 0.286 

Operating and Storage Junction, TJ. T stg -65 to +200 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case 

·'ndicates JEOEC Registered Data 

FIGURE 1 - POWER DERATING 
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Unit 

Vde 

Vde 

Vde 

Ade 

mAde 

Watts 
W!"C 

°c 

4 AMPERES 

DARLINGTON 
COMPLEMENTARY SILICON 

POWER TRANSISTORS 

60,80 VOLTS 
50 WATTS 

-fU-Ll =-~-=---Jf~ ----+--+ 
If 

E 
SEATING PLANE 

STYLE 1: 
PIN 1. BASE 

--F ~- 2. EMITTER 

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.D75 
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 
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 DimenSIOns and and Notes Apply. 

CASE 80-02 
TO·66 



2N6294, 2N6295, 2N6296, 2N6297 (continued) 

*ELECTRICAL CHARACTERISTICS (TC = 250 C unless otherwise noted) 

I Characteristic I Symbol Min Max Unit 

OFF CHARACTERISTICS 
Coliector~Emjtter Sustaining Voltage 

(lc = 50 mAde, IB = 0) 2N6294,2N6296 
2N6295, 2N6297 

Collector Cutoff Current 
(VCE = 30 Vde, IB = 0) 2N6294,2N6296 
(VCE = 40 Vde, IB = 0) 2N6295, 2N6297 

Collector Cutoff Current 

(VCE = Rated VCB' VEB(off) = 1.5 Vde) 2N6294,2N6295 
(VCE = Rated VCB, VBE(off) = 1.5 Vde) 2N6296, 2N6297 
(VCE = Rated VCB, VEB(offl = 1.5 Vde, 

TC = 1500C) 
2N6294,2N6295 

(VCE = Rated VCB' VBE(off) = 1.5 Vde, 2N6296,2N62'l7 
TC = lS00C) 

Emitter Cutoff Current 
(VBE = 5.0 Vde, IC = 0) 

ON CHARACTERISTICS 
DC Current Gain 

(lC = 2.0 Ade, VCE = 3.0 Vde) 
(lC = 4.0 Ade, VCE = 3.0 Vde) 

Collector-Emitter Saturation Voltage 
(lC = 2.0 Ade, IB = 8.0 mAde) 
(lC = 4.0 Ade, IB = 40 mAdel 

Base-Emitter Saturation Voltage 
(lC = 4.0 Ade, IB = 40 mAde) 

Base-Emitter On Voltage 
(lc = 2.0 Ade, VCE = 3.0 Vde) 

DYNAMIC CHARACTERISTICS 
Magnitude of Common Emitter Small-Signal 

Short-Circuit Forward Current Transfer Ratio 
(lC = 1.5 Ade, VCE = 3.0 Vde, f = 1.0 MHz) 

Output Capacitance 
(VCB = 10 Vde, IE = 0, f = 0.1 MHz) 2N6294,2N6295 

2N6296, 2N6297 

Small-Signal Current Gain 
(lC = 1.5 Ade, VCE = 3.0 Vde, 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, 2N6296, 2N6297 (continued) 

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 - V CE limits of the transistor 
that must be observed for reliable operation; i.B., the transistor 
must not be subjected to greater dissipation than the curves indicate. 

The data of Figure 5 is based on TJ(pkl = 200; TC is variable 
depending on conditions. Second breakdown pulse limits are valid 
for duty cycles to 10% provided T J(pk) .;;; 200. 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 less than the limitations imposed by second breakdown. 
(SeeAN-4151. 
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2N6294, 2N6295, 2N6296, 2N6297 (continued) 
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2N6294, 2N6295, 2N6296, 2N6297 (continued) 

NPN PNP 
2N6296, 2N6297 2N6294, 2N6295 

FIGURE 11 - TEMPERATURE COEFFICIENTS 
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FIGURE 12 - COLLECTOR CUTOFF REGION 
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FIGURE 13 - DARLINGTON SCHEMATICS 
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Emitter Emitter 

2N6298 thru 2N6301 (SILICON) 
For Specifications, See 2N6053 Data. 

2N6303 (SILICON) 
F or Specifications, See 2N3719 Data, Volume I, 
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2N6304 (SILICON) 

2N630S 

The RF Line 

NPN SILICON RF SMALL-SIGNAL TRANSISTORS 

· .. designed primarily for use in broadband amplifiers to 1.0 GHz, 
including MATV applications. Also useful as a low-noise, high-gain, 
general purpose UHF smali'signal amplifier. 

• High Current-Gain - Bandwidth Product -
fT ~ 1400 MHz (Min) @ IC = 10 mAdc 

• Low Noise Figure -
NF ~ 4.5 dB (Max) @ f ~ 450 MHz 

• High Power Gain -
Gpe ~ 15 dB (Min) @ f ~ 450 MHz 

'MAXIMUM RATINGS 

Rating Symbol 

Collector-Emitter Voltage VCEO 
1.0 to 20 mAde 

Collector-Base Voltage VCBO 
Emitter-Base Voltage VEBO 
Collector Current - Continuous IC 
Total Continuous Device Dissipation@TA == 25uC PD 

Derate above 25°C 

Storage Temperature Range Tstg 

*Indicates JEDEC Registered Data 

Value Unit 

15 Vdc 

30 Vdc 
3.5 Vdc 
50 mAde 

200 mW 
1.14 mW/oC 

-65 to +200 °c 

2-539 

HIGH-GAIN, LOW NOISE 
SMALL-SIGNAL 

UHF TRANSISTORS 

PIN 1 EMITTER 
2 BASE 
3 COLLECTOR 
4 CASE 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 

A 5.31 5.84 0.209 0.230 
B 4.52 4.95 0.178 0.195 
C 4.32 5.33 0.170 0.210 
0 0.41 0.53 0.016 0.021 
E - 0.16 - 0.030 
F 0.41 0.48 O.ot6 O.ot9 
G 2.548SC 0.100 BSC 
H 0.91 1.17 0.036 0.046 
J 0.11 1.22 0.028 0.048 
K 12.70 - 0.500 -
L 6.35 0.250 
M 450BSe 45" BSe 
N 1.278Se 0.050 BSe 
p 1.27 0.050 

ALL JEDEC dimensions and notes apply 
CASE 20·03 

TO·72 



2N6304, 2N6305 (continued) 

*ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
IIc ~ 5.0 mAde, IB ~ 0) 

Collector-Base Breakdown Voltage 
IIc ~ 0.1 mAde, IE ~ 0) 

Emitter-Base Breakdown Voltage 
liE ~ 0.1 mAde, IC ~ 0) 

Collector Cutoff Current 
(VCB ~ 5.0 Vde, IE ~ 0) 

ON CHARACTERISTICS 

DC Current Gain 

IIC ~ 2.0 mAde, VCE ~ 5.0 Vde) 

DYNAMIC CHARACTERISTICS 

Current-Gain-Bandwidth Product 2N6304 

IIc ~ 10 mAde, VCE=5.0 Vde, 1=100 MHz) 2N6305 

Collector-Base CapacItance 
(VCB ~ 10 Vde, IE ~ 0, I ~ 1.0 MHz! 

Smail-Signal Current Gain 
IIc ~ 2.0 mAde, VCE ~ 5.0 Vdc, I = 1.0 kHz! 

Collector-Base Time Constant 2N6304 
liE ~ 2,0 mAde, VCB ~ 5.0 Vde, f ~ 31.8 MHz) 2N6305 

NOise Figure 
IIc ~ 2.0 mAde, VCE ~ 5.0 Vdc, RS ~ 50 ohms, 

1=450 MHz! 

(Figure 1! 

FUNCTIONAL TEST 

Common-Emitter Amplifier Power Gain 
IIc ~ 2.0 mAde, VCE ~ 5.0 Vde, I ~ 450 MHz! 

(Fi ure 11 

"Indicates JEDEC Registered Data 

2N6304 
2N6305 

2N6304 
2N6305 

BVCEO 

BVCBO 

BVEBO 

ICBO 

IT 

Ceb 

hIe 

rb'Ce 

NF 

15 - - Vdc 

30 - - Vde 

3.5 - - Vde 

- - 10 nAde 

1400 - 2400 MH. 
1200 - 2400 

0,1 0.8 1.0 pF 

25 - 250 -

2,0 - 12 ps 
2.0 15 

dB 

- - 4,5 

- - 5,5 

FIGURE 1 - TEST CIRCUIT FOR NOISE 
FIGURE AND POWER GAIN 

RS= 50" 

'::' '::' 
2.7 k 

1.0 k I 500 

J500 
6.8 k f 1000 

'::' 
VEE = -7.5 Vdc 

Capacitance values in pF 

Vout 

'::' 

1 

2-540 

L 1, L2 - Silver-plated brass rod, 1·1/2" long and 1/4" dia. Install 
at teast lIZ" from nearest vertical chassis surface. 

L3 - 1/2 turn #16 AWG wire, located 1/4" from and 
parallel to L2. 

~ - External interlead shield to iSlllate collector lead from 
emitter and base leads. 

Neutralization Procedure: 
(A) Connect 450·MHz signal generator (with RS = 50 ohms) 

to input terminals of amplifier. 
(6) Connect 50-ohm R F voltmeter across output terminals 

ofamp/ifier. 
(C) Apply VEE, and with signal generator adjusted for 5 mV 

output from amplifier, tune C 1, C3, and C4 for 
maximum output. 

(0) Interchange connections to signal generator and 
RF voltmeter. 

tE) With sufficient signal applied to output terminals of 
amplifier, adjust C2 for minimum indication at input. 

(F) Repeat steps (A), (B), and (C) to determine if retuning 
is necessary. 



2N6304, 2N6305 (continued) 

FIGURE 2 - CURRENT·GAIN·BANDWIDTH 
PRODUCT versus COLLECTOR CURRENT 
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2N6304, 2N6305 (continued) 
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2N6304, 2N6305 (continued) 

FIGURE 11 - S12. REVERSE TRANSMISSION COEFFICIENT 

FIGURE 12 - S21. FORWARD TRANSMISSION COEFFICIENT 
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2N6304, 2N6305 (continued) 

FIGURE 13 -S11.INPUT REFLECTION COEFFICIENT AND 1122. 
OUTPUT REFLECTION COEFFICIENT 
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2N6306 (SILICON) 
2N6307 
2N6308 

HIGH VOLTAGE NPN SILICON POWER 
TRANSISTORS 

· .. designed for high voltage inverters, switching regulators and line· 
operated amplifier applications. Especially well suited for switching 
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 Symbol 2N6306 2N6307 2N6308 

Collector-Base Voltage VeB 500 600 700 

Collector-Emitter Voltage VeEO 250 300 350 

Emitter-Base Voltage VEB .. 8.0 .. 
Collector Current - Continuous Ie . 8.0 .. 

Peak 16 

Base Current IB .. 4.0 .. 
Total Device Dissipation @ T C = 25°C Po . 125 -Derate above 25°C 0.714 

Operating and Storage Junction TJ,Tstg ~ -65 to +200 ________ 
T emperatu re Range 

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 
w/oe 

°e 

8 AMPERE 
POWER TRANSISTORS 

~ 

NPN SILICON 
250-300-350 VOLTS 

125 WATTS 

SEATING 
PLANE 

STYlE 1: 

C 

r----- F- PIN 1. 8ASE 

t--- J-
2. EMI TIER 

ECTOR CASE: COLL 

I!"xV" ~ II j ~+ 2 t--t~7 
o 

H 1 1 l' 

t ~l/ ~l 
MILLIMETERS INCHES 

DIM MIN MAX MIN MAX 

A - 39.37 - 1.550 
8 - 22.23 - 0.875 
C 6.35 11.43 0.250 0.450 
D 0.97 1.09 0.038 0.043 
E 3.43 0.135 
F 29.90 30.40 1.177 1.197 
G 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 
Q 3.84 4.09 0.151 0.161 
R 26.67 - 1.050 

NOTE: 
1. DIM "Q" IS DlA. 

CASE 11-03 



2N6306, 2N6307, 2N6308 (continued) 
*ELECTRICAL CHARACTERISTICS (TC' 25°C unless otherwise noted 1 

I Characteristic I Symbol 

OFF CHARACTERISTICS 

Collector·Emitter Sustaining Voltage (1) 
(lC' 100 mAde, lB' 01 2N6306 

2N6307 
2N630S 

Collector Cutoff Current 
(VCE • Rated VCEO, lB' 01 

Collector Cutoff Current 
(VCE • 500 Vde, VEB(offi = 1.5 Vdel 2N6306 
(VCE • 600 Vde, VEB(olll • 1.5 Vdel 2N6307 
(VCE • 700 Vde, VEBloffl' 1.5 Vdcl 2N630S 
(VCE • 450 Vde, VESlolfl = 1.5 Vdc, 2N6306 
TC"50oCI 

(VCE • 550 Vdc, VEB(olfl = 1.5 Vdc, 2N6307 
TC = 1500 CI 

(VCE • 650 Vdc, VES(offl = 1 5 Vdc, 2N630S 
TC = 1500 CI 

Emitter Cutoff Current 
(VBE • 8.0 Vdc, IC' 01 

ON CHARACTERISTICS 

DC Current Gam (1) 
(lc = 3 0 Adc. VCE • 50 Vdcl 2N6306, 2N6307 

2N6308 
(lc • 8.0 Adc, VCE • 5.0 Vdcl 2N6306, 2N6307 

2N6308 

Collector-Emitter Saturation Voltage (11 
(lc = 3.0 Adc, lB' 0.6 Adcl 2N6306 

2N6307 
2N6308 

II C • 8 0 Adc, I B = 2 0 Adcl 2N6306, 2N6307 
lic' 8.0 Adc, IS • 2.67 Adcl 2N6308 

Base-EmItter Saturation Voltage (1) 

(lc' 8.0 Adc, IS' 2.0 Adcl 2N6306, 2N6307 

lic' 8.0 Adc, IS = 2.S7 Adcl 2NS308 

Base-Emitter On Voltage (1) 
(lC = 30 Adc, VCE = 5.0 Vdcl 2NS306, 2N6307 

2NS308 

Second Breakdown Energy (F,gure 2) 

IIC(PKI = 3.0 Adc, L = 40 mH, RSE • 3 kn, VSS2' 1.5 Vdcl 

DYNAMIC CHARACTERISTICS 

Current Gam ~ BandWidth Product (2) 

(lC' 0 3 Adc, VCE = 10 Vdc, 'test = 1 0 MHzl 

Output Capacitance 
(VCB' 10 Vdc, IE = 0, I = 0.1 MHzI 

SWITCHING CHARACTERISTICS 

Rise Time 
(VCC' 125 Vdc, IC = 3.0 Adc, IB • O.S Adcl 

Storage Time (3) 

(VCC' 125Vdc, IC = 3.0 Adc, lSI =OSAdc,IS2= 1.5Adcl 
Pulse Width == 25/-Ls 
Pulse Width = 5.0 ..... s 

Fall TIme 
(VCC' 125 Vdc, IC = 3 0 Adc, IBI • O.S Adc, IS2 • 1.5 Adcl 

(1) Pulse Test Pulss Width ~ 300 .us, Duty Cycle == 2 0% 

(2) f T ",- I hfe I • f test 

VCEO(susl 

ICEO 

ICEX 

IESO 

hFE 

VCE(s.tl 

VSE(s.t' 

VSElonl 

Eslb 

IT 

Cob 

tr 

ts 

tf 

Min 

250 
300 
350 

-

-
-
-
-

-

-

-

15 
12 
4.0 
3.0 

-
-
-
-
-

-
-

-
-

-

5.0 

-

Max 

-
-
-
0.5 

0.5 
0.5 
0.5 
2.5 

2.5 

2.5 

1.0 

75 
60 
-
-

0.8 
1.0 
1.5 
5.0 
5.0 

2.3 
2.5 

1.3 
1.5 

ISO 

-

250 

0.6 

16 
08 

0.4 

Unit 

Vdc 

mAde 

mAde 

mAde 

-

Vdc 

Vdc 

Vdc 

mJ 

MHz 

pF 

~s 

(3) "On" time IS 25IJs ts decreases With shorter pulse widths, bemg approXlmatelv 50% of the values shown at a 5 0 /J.S pulse Width 

'"Indicates JEDEC Registered Data. 

FIGURE 2- SECOND BREAKDOWN ENERGY TEST CIRCUIT AND WAVEFORMS 
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VOLTAGE _L-J L..J 
-S.OV-~100ms---l I 

I I INoteA) I I 
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COLLECTOR. I' I I 
CURRENT 0 1 I 1 I 

8VCEx-,-I-_II-- __ -1 __ 1 I-

I I 
COLLECTOR I I 
VOLTAGE I I 

20 V 1 

VCElsat)-



2N6306, 2N6307, 2N6308 (continued) 

FIGURE 3 - THERMAL RESPONSE 
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FIGURE 4 - ACTIVE-REGION SAFE OPERATING AREA 
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FIGURE 5 - SWITCHING TIMES TEST CIRCUIT 

VCC 125V 

RC 41 

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 4 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) ~200oC. 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 limitations imposed by second breakdown. 
(See AN·415) 
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FIGURE 6 - TURN-ON AND TURN-OFF TIMES 

TJ 0 250C'+ 
VCco125 V 
IcllBI 05.0 

Is Ic/IB2 1.0 

V~1:---.!5~s 
-17 V 

Vl 

51 
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] 0.7 
UJ 0.5 

'" f= 
0.3 

0.1 

I, 

~ 

I'" 1" ... -.......... 

DUTY CYCLE 1% 
tr, tf" 10 ns 
01 -IN3879 
COLLECTOR·BASE JUNCTION 

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 
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2N6306, 2N6307, 2N6308 (continued) 
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FIGURE 7 - DC CURRENT GAIN 
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FIGURE 9 - "ON" VOLTAGES 
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FIGURE 11 - COLLECTOR-CUTOFF REGION 
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FIGURE 10 - TEMPERATURE COEFFICIENTS 
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FIGURE 12 - CAPACITANCE 
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For Specifications, See 2N4231A Data, Volume I. 

2N6315 thru 2N6318 
For Specifications, See 2N5871 Data. 
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2N6338 (SILICON) 
thru 

2N6341 

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 
= 150 Vdc (Min) - 2N6341 

• High DC Current Gain -
hFE = 30-120@ IC = 10 Adc 

= 12 (Min) @ IC = 25 Adc 

• low Coliector·Emitter Saturation Voltage -
VCE(sat) = 1.0 Vdc (Maxi @ IC = 10 Adc 

• Fast Switching Times@ IC = 10 Adc 
tr = 0.3 /J.s (Max) 
ts = 1.0/J.s (Max) 
tf = 0.25 /J.S (Max) 

• Hard Solder Construction 

"MAXIMUM RATINGS 

Rating Symbol 2N6338 2N6339 2N6340 2N6341 

Collector-Base Voltage VC8 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 18 10 

Total Device Dlsslpatlon@TC-=250C PD 200 
Derate above 25°C 1.14 

Operating and Storage Junction TJ.Tstg ----65.0+200---
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

fhermal Resistance, Junction to Case 

"'I ndlcates JEDEC Registered Data 

FIGURE 1 - POWER DERATING 
20 0 

~ 5 

~ of----

5 i'--. --- -- I-----
'f'... 

0 

"'""1'... 5 --

"'" 0 

"" 5 

0 '"'" 25 50 75 100 125 150 175 200 

TC. CASiO TEMPERATURE 1°C) 

2-549 

Unit 

Vdc 

Vdc 

Vdc 

Adc 

Adc 

Watts 
W/QC 

°c 

25 AMPERE 
POWER TRANSISTORS 

NPN SILICON 

100, 120, 140, 150 VOLTS 
200 WATTS 

LrF"~--+' l,~, 
SEATING D-.l 

PLANE ----- STYLE 1: 

!---- F- PIN 1. BASE 
2. EMlnER 

I-- J- CASE: COLLECTOR 

0H( ~~ 11 Z I 
H + I 

t ~ /L ~l 
NOTE: 

1. DIM "0" IS DIA. 

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 
D 0.99 1.09 0.D39 0.043 
E 3.43 0.135 
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 3.84 4.09 0.151 0.161 
R - 26.67 1.050 

Collector connected to case. 
CASE 11·01 



2N6338 thru 2N6341 (continued) 

-ELECTRICAL CHARACTERISTICS ITC = 2SoC unless otherwise noted) 

I Qaar8Ct8filtic 

OFF CHARACTERISTICS 
Collector-Emitter Sustalnmg Voltage 11' 

(Ie = 50 mAde,le '" 01 

Collector Cutoff Current 

(VeE "- 50 Vdc, Ie '" 0) 

(VeE'" 60 Vdc, Ie '" 0) 

(VeE'" 70 Vdc, Ie "" 0) 

(VeE = 75 Vdc, Ie '" 0) 

Collector Cutoff Current 

IVeE = Rated VCEO. VEBtoft> = 1.5 Vdcl 

(VeE = Rated VCEO. VEBloffl'" 1.5 Vdc, TC = 1S00e) 

Collector Cutoff Current 
(Vee = Rated Vee. Ie = 01 

Emitter Cutoff Current 

(VSE '" 60Vdc,IC=OJ 

ON CHARACTERISTICS (1) 

DC Current Gam 

tic = 0.6 Adc:, VeE = 2.0 Vdcl 

(Ie = 10 Adc, VeE = 2.0 Vdcl 

(Ie" 25 Ack:, VeE" 2.0 VdcJ 

Coliector-Emltter Saturation VOltage 

lie = 10Adc.IB" 1.0 Adcl 
(Ie = 25 Adc. IS = 2.5 Adcl 

Base-Emitter Saluration Voltage 

(le= 10Ade, 'B '" 1.0 Ad<;) 

lie = 25 Adc, IB =- 2.5 Adc) 

Base-Emitter On Voltage 

(Ie = 10 Ade. VeE = 2.0 Vdc) 

DYNAMIC CHARACTERISTICS 
Current-Gam BandWidth Product (2) 

IIC = 1.0 Adc, VeE = 10 Vdc, f test = 10 MHz} 

Output Capacitance 

tVea = 10 Vde, IE = 0, f = 0 1 MHz) 

SWITCHING CHARACTERISTICS 
Rise Time 

2N6338 
2N6339 
2N6340 
2N6341 

2N6338 

2N6339 

2N6340 

2N6341 

(Vce ~ 80 Vdc, Ie'" 10 Adc. ISl '" 1.0 Ade, VBEloffi = 6.0 Vde) 

Storage Time 

(Vcc~80Vde, IC= 10Ade,IS1 = 182= 1.0 Adc) 

Fall Tune 

(Vee jlI:l 8OVdc, Ie'" '0 Ade, IS,""S2= 1.0 Adcl 
Indicate. JEOEC Registered Data 

(1) PulleTelt Pulse Width .;; 300~s.OutvCvcle <20% 

(2) fT ~ hfel.fte5t. 

FIGURE 2 - SWITCHING TIME TEST CIRCUIT 

10~S-H 

+~l_~D_ 
-9.0V~--[ 

tr, tf" 10 ns 
Dutv CVcle:::: 1.0% 

-5.0 V 

Vee 
t1IOV 

Re 
8.0 Ohms 

,-~--~seOPE 

Note: For information on Figures 3 and 6, RS and RC were 
varied to obtain desired test conditions. 
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FIGURE 3 - TURN-ON TIME 
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2N6338 thru 2N6341 (continued) 

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 Jlpk) = 2000 C; T C is variable 
depending on conditions. Second breakdown pulse limits are valid 
for duty cycles to 10% provided T Jlpk) .;; 200°C. T Jlpk) may be 
calculated from the data In Figure 4. At high case temperatures, 
theimal limitations will reduce the power that can be handled to 
values less than the limitations imposed by second breakdown. 
ISee AN-41S) 
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FIGURE 7 - CAPACITANCE 
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2N6338 thru 2N6341 (continued) 

FIGURE 8 - DC CURRENT GAIN 
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FIGURE 10 - "ON" VOLTAGES 
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2N6342 (SILICON) 
thru 

2N6349 

MT2 O----t.;~ G OMTl 

SILICON BIDIRECTIONAL THYRISTORS 

. designed primarily for full-wave ac control applications, such as 
light dimmers, motor controls, heating controls and power supplies; 
or wherever full-wave silicon gate controlled solid-state devices are 
needed. Triac type thyristors switch from a blocking to a conducting 
state for either polarity of applied anode voltage with positive or 
negative gate triggering. 

• Blocking Voltage to 800 Volts 

• All Diffused and Glass Passivated Junctions for Greater 
Parameter Uniformity and Stability 

• Small, Rugged, Thermowatt Construction for Low Thermal 
Resistance, High Heat Dissipation and Durability 

• Gate Triggering Guaranteed in Two Modes (2N6342, 2N6343, 
2N6344, 2N6345) or Four Modes (2N6346, 2N6347, 2N6348, 
2N6349) 

• For 400 Hz Operation, Consult Factory 

• 12 Ampere Devices Available as 2N6342A thru 2N6349A 

MAXIMUM RATINGS 

Rating Symbol Value 

.. Repetitive Peak Off·State Voltage, Note 1 VORM 
ITJ = -40 to +1000 CI 
% Sine Wave 50 to 60 H?, Gate Open 

2N6342,2N6346 200 
2N6343, 2N6347 400 
2N6344,2N6348 600 
2N6345, 2N6349 800 

"Peak Gate Voltage VGM 10 

"On-State Current RMS ITC = +800 CI 'TIRMSJ 8.0 
Full Cycte Sine Wave 50 0to 60 Hz (TC'=' +90oCI 4.0 

·Peak Non-Repetitive Surge Current 'TSM 100 
lOne Full Cycle, 60 Hz, T J = +800CI 
preceded and followed by 10 Rated Current 

Circuit Fusing ConsideratIOns 12t 40 
IT J = -40 to +1000 C, t = 1 0 to 8.3 msJ 

·Peak Gate Power trc = +80oC, Pulse Width :.- 20 iJS) PGM 20 

.. Average Gate Power (T C == +80oC, too 8 3 ms) PGIAVI 05 

-Peak Gate Current 'GM 20 

·Operatlng Junction Temperature Range TJ -40 to +100 

·Storage Temperature Range TstQ -40to+150 

THERMAL CHARACTERISTICS 

Characteristic 

.. Thermal ReSistance, Junction to Case 

·Indlcates JEDEC Registered Data 
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Umt 

Volts 

Volts 

Amp 

Amp 

A2s 

Watts 

Watt 

Amp 

°c 
DC 

TRIACS 
(THYRISTORS) 

8 AMPERES RMS 

200-800 VOLTS 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 

A 14.23 15.87 0.560 0.625 
B 9.66 10.66 0.380 0.420 
C 3.56 4.82 0.140 0.190 
D 0.51 1.14 0.020 0.045 
F 3.531 3.733 0.139 0.147 
G 2.29 2.79 0.090 0.110 
H 6.35 0.250 
J 0.31 1.14 0.012 0.045 
K 12.70 14.27 0.500 0.562 
L 1 4 1.77 0.045 0070 
N 4.83 5.33 0.190 0.210 
n 2.54 3.04 0100 0.120 
R 2.04 2.92 0.080 0.115 
S 0.51 1.39 0.020 ~,~¥u-T 5.85 6.85 0.230 

CASE 221-02 
TO 220AB 

All JEOEC dimensions and notes apply 



2N6342 thru 2N6349 (continued) 

ELECTRICAL CHARACTERISTICS (TC = 250 unless otherwise noted) 

Characteristic Symbol Min Typ Max Unit 

·Peak Blocking Current (Either Direction) IDRM - - 2.0 mA 

Rated VDRM @TJ = 1000 C. Gate Open 

* Peak 0 n-State Voltage (E ither 0 irection) VTM - 1.3 1.55 Volts 

ITM = 11 A Peak; Pulse Width = 1.0 to 2.0 ms. Duty Cycle:S2.0 % 

Peak Gate Trigger eu rrent IGTM mA 

Main Terminal Voltage = 12 Vdc. RL = 100 Ohms 
Minimum Gate Pulse Width = 2.0,us 

MT2 (+1. G(+I All Types - 6.0 50 
MT2 (+1. G(-) 2N6346 thru 2N6349 - 6.0 75 

MT2 (-). G(-) All Types - 10 50 
MT2 (-I. G(+I 2N6346 thru 2N6349 - 25 75 

*MT2 (+1, G(+I; MT2 (-), G(-) TC = -400 C All Types - - 100 

*MT2 (+1, G(-); MT2 (-), G(+I TC = -400 C 2N6346 thru 2N6349 - - 125 

Peak Gate Trigger Voltage VGTM Volts 

Main Terminal Voltage = 12 Vdc, RL = 100 Ohms 
Minimum Gate Pulse Width = 2.0 J,J.'s 

MT2 (+1, G(+I All Types - 0.9 2.0 

MT2 (+1, G(-) 2N6346 thru 2N6349 - 0.9 2.5 

MT2 (-), G(-) All Types - 1.1 2.0 

MT2 (-I, G(+I 2N6346 thru 2N6349 - 1.4 2.5 

*MT2 (+1. G(+I; MT2 (-I, G(-I TC = -40oC All Types - - 2.5 

*MT2 (+1, G(-I; MT2 (-), G(+I TC = -40oC 2N6346 thru 2N6349 - - 3.0 

Main Terminal Voltage = Rated VDRM, RL = 10 k ohms, TJ = 1000 C 
*MT2 (+), G(+I; MT2 (-), G(-I All Types 0.2 - -
*MT2 (+1, G(-); MT2 (-), G(-I 2N6346 thru 2N6349 0.2 - -

Holding Current (E ither Direction) IH mA 

Main Terminal Voltage = 12 Vdc, Gate Open, } T C = 250 C - 6.0 40 
Initiating Current = 200 rnA TC = -40oC - - 75* 

*Turn-On Time tgt - 1.5 2.0 I'S 

Rated VDRM, ITM = 11 A, 
IGT = 120 mA, Rise Time = O.ll's, 
Pulse Width = 2.0 IlS 

Critical Rate of Rise of Commutation Voltage dv/dt - 5.0 - VII'S 
Rated VDRM, ITM = 11 A, 
Commutatmg dildt = 4.3 Alms, 

Gate Unenergized, TC =80oC 

+ I ndicetes JEOEC Registered Data 

NOTES: 
1. Ratings applv 'for open gate conditions. Thyristor devices shall not be tested with a constant current source for blocking capability such 

that the voltage applied exceeds the rated block ing voltage. 

QUADRANT DEFINITIONS 

MT2(+1 
QUADRANT II QUADRANT! 

MT2i+1. Gi-) MT2i+), Gi+) 

G(-I --------l,.---------G(+I 

QUADRANT III QUADRANT IV 

MT21-), GI-) MT21-1, Gi+1 

MT2H 

Trigger devices are recommended for gating on Triaes. They provide: 

1. Consistent predictable turn-on points. 
2. Simplified circuitry. 
3. Fast turn-on time for cooler, more efficient 

and reliable operation. 

ELECTRICAL CHARACTERISTICS of RECOMMENDED 
BIDIRECTIONAL SWITCHES ' 

USAGE General Lamp Dimmer 

PART NUMBER MBS4991 MBS4992 MBS100 

Vl; 6.0-10V 7.5 -9.0 V 3.0 - 5.0 V 

IS 350 I'A Max 120 I'A Max' 100 - 400l'A 

VSl -VS2 0.5 V Max 0.2 V Max 0.35 V Max, 

Temperature 
0.02%loC Typ 

Coefficient 

See AN·526 for Theory and Characteristics of Silicon Bidirectional Switches. 
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2N6342 thru 2N6349 (continued) 
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2N6342 thru 2N6349 (continued) 
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2N6342A (SILICON) 

thru 

2N6349A 

MT20~----~~G OMT1 

SILICON BIDIRECTIONAL THYRISTORS 
. designed primarily for full-wave ac control applications. such as 

light dimmers, motor controls, heating controls and power supplies; 
or wherever full-wave silico~ gate controlled solid-state devices are 
needed. Triac type thyristors sWitch from a blocking to a conducting 
state for either polarity of applied anode voltage with positive or 
negative gate triggering. 

• Blocking Voltage to 800 Volts 
• All Diffused and Glass Passivated Junctions for Greater Parameter 

Un iform ity and Stabil ity 

• Small, Rugged, Thermowatt Construction for Low Thermal 
Resistance, High Heat Dissipation and Durability 

• Gate Triggering Guaranteed in Two Modes (2N6342A, 2N6343A, 
2N6344A, 2N6345AI or Four Modes (2N6346A, 2N6347A, 
2N6348A, 2N6349AI 

• For 400 Hz Operation, Consult Factory 
.8 Ampere Devices Available as 2N6342 thru 2N6349 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

* Repetitive Peak Off-State Voltage, Note 1 VORM Volts 
ITJ : -40 to +1100 CI 

% SlOe Wave 50 to 60 Hz, Gate Open 

2N6342A, 2N6346A 200 
2N6343A, 2N6347 A 400 
2N6344A. 2N6348A 600 
2N6345A, 2N6349A 800 

*Peak Gate Voltage VGM 10 Volts 

*On-5tate Current RMS ITC: +80uCI 'TIRMSI 12 Amp 
Full Cycle Sine Wave 50 to 60 Hz IT C : +950 CI 6.0 

·Peak Surge Current 'TSM 
lOne Full Cycle. 60 Hz.TC: +800 CI 

120· Amp 

preceded and followed by rated current 

Circuit FUSing Considerations 12t 40 A2, 
ITJ : -40 to +1100 C. t: 1.0 to 8.3 m,l 

·Peak Gate Power (T C - +80oC, Pulse Width"'" 2.0,us PGM 20 Watts 

... Average Gate Power IT C +80uC, t 8.3m,1 PGIAVI 0.5 Watt 

·Peak Gate Current IGM 2.0 Amp 

·Operatlng Junction Temperature Range TJ -40 to +110 uC 

*Storage Temperature Range Tstg -40 to +150 °c 

THERMAL CHARACTERISTIC 
Characteristic 

*Thermal Reslstance,Junction to Case 

* Indicates JEDEC Registered Data. 
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Pin 1. MT 1 
2 MT 2 

3. Gate 

TRIACS 
(THYRISTORS) 

12 AMPERES RMS 
200 - 800 VOLTS 

H 

R 

IeJ 
I'I-H'C 

od~[G 
4. Mounting Tab Common to MT 2 

DIM 

A 
B 
C 
D 
F 
G 
H 
J 
K 
l 
N 
Q 

R 
S 
T 

MILLIMETERS INCHES 
MIN MAX MIN 

14.23 15.87 0.560 
9.66 10.66 0.380 
3.56 4.82 0.140 
0.51 1.14 0.020 
3.531 3.733 0.139 
2.29 279 0.090 
- 6.35 

0.31 1.14 0.012 
12.70 14.27 0.500 
1.14 1.77 0.045 
4.83 5.33 0.190 
2.54 3.04 0.100 
2.04 2.92 0.080 
0.51 1.39 0.020 
5.85 6.85 0.230 

CASE 221-02 
TO 220AB 

MAX 
0.625 
0.420 
0.190 
0.045 
0.147 
0.110 
0.250 
0.045 
0.562 
0.070 
0.210 
0.120 
0.115 
0.055 
0.270 

All JEDEC dimenSIOns and notes apply 



2N6342A thru 2N6349A (continued) 

ELECTRICAL CHARACTERISTICS (TC = 250 unless otherwise noted) 

Characteristic Symbol Min Typ Max Unit 

"'Peak Blocking Current (Either Direction) IDRM - - 2.0 mA 
Rated VDRM @TJ = 11o"C, Gate Open 

'Peak On-Stat. Voltage (Either Direction) VTM - 1.3 1.75 Volts 
ITM = 17 A Peak; Pulse Width = 1.0 to 2.0 ms, Duty Cycle:!S2.0 % 

Peak Gate Trigger Current IGTM mA 
Main Terminal Voltage = 12 Vdc, RL = 100 Ohms 
Minimum Gate Pulse Width::;::: 2.0 ~s 

MT2 (+), G(+) All Types - 6.0 50 
MT2 (+1. G(-) 2N6346A thru 2N6349A - 6.0 75 
MT2 H, GH All Types - 10 50 
MT2 H, G(+) 2N6346A thru 2N6349A - 25 75 

'MT2 (+), G(+); MT2 H, G(-) TC = -40oC All Types - - 100 
'MT2 (+1. G(-); MT2 (-), G(+) TC = -40°C 2N6346A thru 2N6349A - - 125 

Peak Gate Trigger Voltage VGTM Volts 
Main Terminal Voltage = 12 Vdc, RL = 100 Ohms 
Minimum Gate Pulse Width = 2.0 fJS 

MT2 (+), G(+) All Types - 0.9 2.0 
MT2 (+1. G(-) 2N6346A thru 2N6349A - 0.9 2.5 
MT2 H, GH All Types - 1.1 2.0 
MT2 H, G(+) 2N6346A thru 2N6349A - 1.4 2.5 

'MT2 (+), G(+); MT2 (-), G(-) TC = -40°C All Types - - 2.5 
'MT2 (+), GH; MT2 (-), G(+) TC = -40°C 2N6346A thru 2N6349A - - 3.0 

Main Terminal Voltage = Rated VDRM, RL = 10 k ohms, TJ = 110°C 
'MT2 (+1. G(+); MT2 (-), GH All Types 0.2 - -
'MT2 (+), G(-); MT2 (-), G(+) 2N6346A thru 2N6349A 0.2 - -
Holding Current (E Ither Direction) IH mA 

Main Terminal Voltage = 12 Vdc, Gate Open, } TC = 25°C - 6.0 40 
Initiating Current = 200 rnA Tr.=-400C - - 75' 

*Turn-On Time tgt - 1.5 2.0 ~s 

Rated VDRM, ITM = 17A 
IGT = 120mA, RiseTime=0.1!Ls, 
Pulse Width = 2.0 IlS 

Critical Rate of Rise of Commutation Voltage dv/dt - 5.0 - V/~s 
Rated VDRM, ITM = 17A,Commutating 
di/dt = 6.5 Alms, Gate Unenergized 
TC = aooc 

ftndlcatesJEDEC RegIstered Data 

NOTES: 
1. Ratmgs apply for open gate condItions ThYristor devices shall not be tested With a constant current source for blocking capability such 

that the voltage applied exceech the rated block Ing voltage. 

QUADRANT DEFINITIONS 

MT2(+) 
QUADRANT II QUADRANT I 

MT2(+). GH MT2(+). GI+) 

GH--------if-------G(+) 

QUADRANT III QUADRANT IV 

MT2H. GI-) MT2H. G(+) 

MT2(-) 

Trigger devices are recommended for gating on Triaes. They provide: 

1. Consistent predictable turn-on points. 
2. Simplified circuitry. 
3. Fast turn-on time for cooler, more efficient 

and reliable operation. 

ELECTRICAL CHARACTERISTICS of RECOMMENDED 
BIDIRECTIONAL SWITCHES 

USAGE General Lamp Dimmer 

PART NUMBER MBS4991 MBS4992 MBS100 

Vs 6.0 - 10 V 7.5 - 9.0 V 3.0 - 5.0 V 

IS 350}.lA Max 120}.lA Max 100 - 400 !LA 

VS1 - VS2 0.5 V Max 0.2 V Max 0.35 V Max 

Temperatu re 0.02%/oC Typ 
Coefficient 

See AN-526 for Theory and Characteristics of Silicon Bidirectional Switches. 
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2N6342A thru 2N6349A (continued) 
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2N6342A thru 2N6349A (continued) 

FIGURE 7 -' MAXIMUM'ON-STATE'CHARACTERISTICS 
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2N636S,2N636SA (GERMANIUM) 

PNP GERMANIUM RF AMPLIFIER TRANSISTORS 

· .. designed for use in high gain RF amplifier applications. 

• Coliector·Emitter Breakdown Voltage -
BVCES = 25 Vdc (Min) @ IC = 200l1Adc 

• High Power Gain -
Gpe = 30 dB (Typ) @ VCE = 6.0 Vdc. f = 10 MHz 

• Low Collector·Base Capacitance -
Ccb = 2.0 pF (Max) @VCB= 10 Vdc 

'MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage (1) VCEO 10 

Collector-Base Voltage VCB 30 

Emitter-Base Voltage VEB 1.0 

Collector Current - Continuous IC 100 

Total Power Dissipation @ T A = 25°C Po 150 
Derate above 25°C 2.0 

Operating and Storage Junction TJ.Tstg -65 to +100 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic I Symbol I Max 

Thermal Resistance, Junction to Ambient I ROJA(2) I 500 

(1) Appticablefrom 10p.A to 10 rnA 

Unit 

Vdc 

Vdc 

Vdc 

mAde 

mW 
mW/oC 

°c 

I Unit 

I °C/W 

{21 R8JA is measured with the device soldered into a typical printed CirCUit board. 

2-561 

PNP GERMANIUM 
RF AMPLIFIER 
TRANSISTORS 

STYLE 1 

SEATING 
PLANE 

PIN 1. EMIITER 
2. BASE 
3 COLLECTOR I 

MilliMETERS 
DIM MIN MAX 

A 5.31 5.84 
B 4.52 4.95 
C 4.32 5.33 
D 0.406 0.533 
E - 0.162 
F 0.406 0.483 
G 2.548Se 
H 0.914 1.17 
J 0.711 1.22 
K 12.10 
L 6.35 
M 45 8Se 
N 1.27 sse 
p - 1.27 

INCHES 
MIN MAX 

0.209 0.230 
0.178 0.195 
0.170 0.210 
0.D16 0.021 

0.030 
0.016 0.D1. 

0.100 BSJ'_ 
0.036 0.046 
0.028 0.048 
,.'!OJ 
0.250 -

45 BSe 
.05 

0.050 

CASE 22 
TO-18 



2N'6365, 2N6365A (continued) 

ELECTRICAL CHARACTERISTICS tT A = 250 C unle .. otherwise noted.) 

Cheracteristic I Symbol Min 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage (1) BVCES 25 
(lC = 200 I'Ade, VBE = 0) 

Collector-Ba .. Breakdown Voltage BVCBO 30 
(lC= 1001'Ade, IE= 0) 

Emitter-Base Breakdown Voltage BVEBO 1.0 
(IE = 1001'Ade, IC = 0) 

Collector Cutoff Current ICBO -
(V CB = 15 Vde, IE = 0) 

Emitter Cutoff Current lEBO -
(VBE = 0.5 Vde, IC = 0) 

ON CHARACTERISTICS (1) 

DC Current Gain hFE 
(lc = 1.0 mAde, VCE = 6.0 Vde) 2N6365 20 

2N6365A 20 

Base-Emitter Saturation Voltage VBE(sat) 
(lC = 10 mAde, IB = 1.0 mAde) 2N6365 -

2N6365A -
OYNAMIC CHARACTERISTICS 

Current-Gain-Bandwidth Product fT 200 
(lC = 1.0 mAde, VCE = 6.0 Vde, f = 100 MHz) 

Collector-Base Capacitance Ceb 
(VCB = 10 Vde, IE = 0, f = 1.0 MHz) 

Small-Signal Current Gain hfe 
(lc = 1.0 mAde, VCE = 6.0 Vde, f = 10 MHz) 

Input Resistance Re(hie l 
(lC = 1.0 mAde, VCE = 6.0 Vde, f = 250 MHz) 

FUNCTIONAL TEST 

Common-Emitter Amplifier Power Gain 
(VCE = 6.0 Vde, IC = 1.0 mAde, f = 10 MHz) 

*Indicates JEDEC Registered Data. 
(1) Pulse Test: Pulse Width ";;300 1", Duty Cycle ";;2.0%. 

FIGURE 1 - POWER GAIN TEST CIRCUIT 

9.0·35 pF 

VEE 
L 1 = 24 Turns of #28 AWG Wire 

Load Tap - 5 Turns from Collector End 

Supply Tap - 15 Turns from Collector End 

Neutralization - 9 Turns 

2-562 

-
16 

25 

61 pF 

Typ Max Unit 

- - Vde 

- - Vde 

- - Vde 

- 10 I'Ade 

- 100 I'Ade 

-
50 100 
- 80 

Vde 
0.40 0.50 
0.38 0.42 

500 800 MHz 

1.0 2.0 pF 

- 63 -

- 250 Ohms 



2N6366 (SILICON) 

The RF Line 

NPN SILICON RF POWER TRANSISTOR 

. designed for operation in driver and predriver stages for high 
power linear amplifiers, 2.0 to 30 MHz. 

• Optimized for Operation from a 12.5 Volt Supply 

• Power Gain @ 2.5 W (PEP) = 17 dB (Min) 

• I ntermodulation Distortion at Rated Power Output 
IMD = -35 dB (Max) 

MAXIMUM RATINGS 

Rating Symbol Value 

* COllector-Emitter Voltage VCEO 18 

* Collector-Base Voltage VCBO 36 

* Emitter-Base Voltage VEBO 4.0 

* Collector Current - Continuous IC 1.0 

*Total Device Dissipation@Tc = 25°C Po 10 
Derate above 25°C 57.2 

• Storage Temperature Range T stg -65 to +200 

Maximum Stud Torque (11 - 2.1 

-Indicates JEDEC Registered Data. 

(1) For repeated assembly use 1.8 in-Ib maximum. 

2-663 

Unit 

Vdc 

Vdc 

Vdc 

Adc 

Watts 
mW/oC 

°c 
inAb. 

2.5 W (PEP)-30 MHz 

RFPOWER 
TRANSISTOR 

NPN SILICON 

MILLIMETERS 
DIM MIN MAX 

A 10.49 11.00 
8 9.19 9.53 
C 5.33 5.72 
o 0.406 0.533 
E 1.65 1.78 
F 0.406 0.483 
G 2.5 esc 
H 0.5lI8 0.889 
J 6.13 1.42 
K 12.70 
L 6.35 
N 1.21 esc 
P 1.21 
R 8.89 9.14 
S 4.45 4.83 
T 4.11 4.29 
U 1.14 1.52 

CASE 24 
TO-l02 

PIN 1 EMITTER 
2. BASE 
3. COLLECTOR 



2N6366 (continued) 

'ELECTRICAL CHARACTERISTICS (TC = 2SoC unless otherwise noted) 

I Characteristic 

OFF CHARACTERISTics 

Collector-Emitter Breakdown Voltage 
(lC = 50 mAde, IB = 0) 

Collector-Emitter Breakdown Voltage 
(lC = 50 mAde, VBE = 0) 

Emitter-Base Breakdown Voltage 
(IE = 0.25 mAde, IC = 0) 

Collector Cutoff Current 
(VCE = 15 Vde, VBE = 0, T A = 125°C) 

ON CHARACTERISTICS 

DC Current Gain 
(lC = 250 mAde, VCE = 5.0 Vde) 

DYNAMIC CHARACTERISTICS 

Current-Gain - Bandwidth Product 
(lc = 150 mAde, VCE = 12.5 Vde, I = 50 MHz) 

Output Capacitance 
(VCB = 12.5 Vde, IE = 0, I = 1.0 MHz) 

FUNCTIONAL TESTS (Figure 1) 

Common~Emitter Amplifier Power Gain 
(VCC = 12.5 Vde, Pout =2.5 W (PEP), 11 = 30 MHz, 12= 30,001 MHz) 

Collector Efficiency 
(VCC = 12.5 Vde, Pout = 2.5 W (PEP), 11 = 30 MHz,12 = 30,001 MHz) 

Intermodulation Distortion 
(VCC = 12.5 Vde, Pout = 2.5 W (PEP), 11 = 30 MHz, 12= 30,001 MHz) 

*lndicatesJEDEC Registered Data 

50n 
2W 

FIGURE 1 - 30 MHz TEST CIRCUIT 

Symbol Min MIIX Unit 

BVCEO 18 - Vdc 

BVCES 36 - Vde 

BVEBO 4_0 - Vde 

ICES - 5.0 mAde 

for 50 - MHz 

Cob - 20 pF 

GpE 17 - dB 

'I 38.5 - % 

IMD - -35 dB 

L3 

Bias = 0 to 5 V ........ WIr" ..... ..,------<t-...... -.., .--__ ~-.... -----I...,.-rr'---..... ------- VCC = 12.5 V 

RF 
Input 

son 

lN4001 

Cl Ll 

.... ____ .... __ rvy--,n..._ ...... _°--i·l~ ~~tPut 
C4 I 5~n 

Adjust Bias For ICO = 15 rnA 

2-564 

Cl,C2 
C3,C4 

Ll 
L2 
L3 

80·480 pF. AACO 466 or equivalent 
25·280 pF. AReO 464 or equivalent 
0.1 ,..H Molded Choke 
0.15 ",H Molded Choke 

Ferrite Choke. FERROXCUBE 
VK200 01"()3B or equivalent 



2N6366 (continued) 

FIGURE 2 - LINEAR OUTPUT POWER versus FREQUENCY 
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2N6366 (continued) 

FIGURE 8 - PARALLEL EQUIVALENT INPUT RESISTANCE 
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2N6366 (continued) 

FIGURE 14 - OUTPUT CAPACITANCE versus VOLTAGE 
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2N6367 (SILICON) 

The RF Line 

NPN SILICON RF POWER TRANSISTOR 

· . . designed primarily for driver applications in 12.5 volt single-
~ideband amplifiers from 2.0 to 30 MHz. 

• Optimized for Operation from a 12:5 Volt Supply 

• Power Output@ 12.5 Vdc, 30 MHz -:-H.O W (PEP) 

• Intermodulation Distortion at Ra.ted Powe, Output-
IMD .= -30 dB (Max) 

"MAXIMUM RATINGS 

Rating 
,. 

Symbol 

Collector-Emitter Voltage VCEO 

Collector-Base Voltage VCBO 

Emitter-Base Voltage VEBO 

Collector Current - Continuous' IC 

Total Device Dissipation @ T C - 2SoC Po 
Derate above 2SoC 

Storage Temperature Range' T stg 

*Indicates JEDEC Registered Da~a. 

TYPICAL DRIVER. APPLICATION 
2-30 MHz WIDE BAND AMPLIFIER 

0.160 W(PEPj 

Value 

18 

36 

4.0 

2.0 

20 
0.114 

-65 to +200 

Unit 

Vdc 

Vdc 

Vdc 

Ado 

Watts 
W/oC 

°c 

, 

80 WIPEP) 

2-568 

DIM 

A 
B 
C 
D 
E 
F 
G 
H 
J 
K 
L 
M 
N 
Q 

9 W (PEP) - 30 MHz 

RF POWER 
,TRANSISTOR 

NPN SILICON 

MILLIMETERS INCHES 
MIN MAX MIN MAX 

1464 14.89 0.970 0.980 
9.47 9.73 0.373 0383 
6.07 7.14 0.239 0.281 
5.59 5.84 0.220 0.230 
2.16 2.67 0.085 0.105 
0.10 0.15 0.004 0.006 

18.19 18.54 0.720 0.7 0 
2159 22.10 0.850 0.870 
3.12 3.23 0.123 0.127 

10.80 11.05 0.425 0.435 
6.22 6.48 0.245 0.255 
400 500 400 500 

3.81 4.57 0.150 0.180 
2.97 3.11 0.117 0.123 

CASE 211·01 



2N6367 (continued) 

'ELECTRICAL CHARACTERISTICS ITC = 250 C unless otherwise notedl 

Characteristic Symbol Min Max 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage BVCEO 18 -
IIC = 50 mAdc, IB = 0) 

Collector-Emitter Breakdown Voltage BVCES 36 

IIC = 50 mAdc, VBE = 0) 

Emitter-Base Breakdown Voltage BVEBO 4,0 -
liE = 5.0 mAdc, IC = 0) 

Collector Cutoff Current ICES 10 
IVCE = 15 Vdc, VBE = 0, TC = 550 C) 

ON CHARACTERISTICS 

DC Current Gain 
IIC = 500 mAde, VCE = 5.0 Vde) 

DYNAMIC CHARACTERISTICS 

Current-Gain - Bandwidth Product fT 50 -
IIC = 500 mAde, VCE = 12.5 Vdc, f = 50 MHz) 

Output Capacitance Cob - 90 

IVCB = 12.5 Vdc, IE = 0, f = 1.0 MHz) 

FUNCTIONAL TESTS 

Common-Emitter Amplifier Power Gain GpE 14 -
IVCC = 12.5 Vdc, Pout = 9.0 WIPEP), IClmax) = 1.0 Adc, 
fl = 30MHz, f2 = 30.001 MHz) 

Collector Efficiency ~ 36 
IVCC = 12.5 Vde, Pout = 9.0 WIPEP), IClmax) = 1.0 Adc, 
f1 = 30 MHz, f2 = 30.00. MHz) 

Intermodulation Distortion IMD -30 

IVCC = 12.5 Vde, Pout = 9.0 WIPEP), IClmax) = 1.0 Adc, 
f. = 30 MHz, f2 = 30.00. MHz) 

*1 ndlcates JEDEC Registered Data 

FIGURE 1 - 30 MHz TEST CIRCUIT 

R1 LS 
r---~-"":;i:o-..r.rY"""' ... -~11.S Vdc 

IN4719 CS 
+ 

CS 

~---t--:H'--?---+T~RF OUTPUT 

RF INPUT >---I""I.--.,}f-_p-.J'fYV"\_t--_-j 

CI, C3 
C1, C4 

CS, C7, C9 
C6 
CB 
L1 

1S·180 pF, ARCO 4S4 OR EQUIVALENT L1 S TURNS #18 AWG, 114" 10, S/IS" LONG (O.13pHI 
170·7BO pF, ARCO 469 OR EQUIVALENT L3 3.3 "H 
0.1 pF L4 1.0 pH 
SOOpF TANTALUM LS FERROXCUBE VK 200 20/48 
SBO pF FEED THRU RI 10 OHMS 
3 TURNS fl8 AWG, 1/4" 10, 1/4" LONG (SO nHI R2 SO OHMS 

A~JUST BIAS FOR ICQ = 3S rnA WITH NO RF SIGNAL APPliED 

2-569 

Unit 

Vdc 

Vdc 

Vdc 

mAde 

MHz 

pF 

dB 

% 

dB 



2N6367 (continued) 

FIGURE 2 - LINEAR OUTPUT POWER versus FREQUENCY 
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2N6367 (continued) 

FIGURE 8 - PARALLEL EQUIVALENT INPUT RESISTANCE 
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2N6367 (continued) 
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2N6368 (SILICON) 

The RF Line 

NPN SILICON RF POWER TRANSISTOR 

· .. designed primarily for applications as a high·power linear ampli· 
fier from 2.0 to 30 MHz. 

• Optimized for Operation from a 12.5 Volt Supply 

• Power Output @ 12.5 Vdc, 30 MHz = 40 W (PEP) 

• Power Gain @ 30 MHz = 10 dB (Min) 

• Intermodulation Distortion at Rated Power Output -
IMD = -30 dB (Max) 

• Isothermal· Resistor Design Results in Rugged Device 

'MAXIMUM RATINGS 

Rating Symbol Value 

Collector-Emitter Voltage VCEO 20 

Collector-Base Voltage VCBO 40 

Emitter-Base Voltage VEBO 40 

Collector Current - Continuous IC 8.0 

Total Device Dlssipation@.Tc- 25°C Po 140 
Derate above 25°C 0.8 

Storage Temperature Range Tstg -65 '0+200 

·Indicates JEDEC Registered Data 

2-573 

Unit 

Vdc 

Vdc 

Vdc 

Adc 

Watts 
W/oC 

°C 

40 W (PEP) - 30 MHz 

RF POWER 
TRANSISTOR 

NPN SILICON 

.,ti/ 
/' PIN 1 EMITTER 

2 BASE 
3 EMITTER 

~
F .. r B 1. E 4 COLLECTOR I-, FJ ,~-t 
I-A-l---rT 
SEATING PLANE 

MilLIMETERS INCHES 
DIM MI. MAX MI. MAX 

A 24.64 24.89 0970 0.980 
B 11.81 1207 0.465 0.475 
C 582 6.73 0.229 0265 
D 2.16 3.84 0.085 0.155 
E 2.13 254 0.084 0.100 
F 0.10 015 0.004 0.006 
G 1829 18.54 0.720 0.730 
H 35.56 38.10 1.400 1500 
J 3.12 3.23 0.123 0.127 
K 17.78 1905 0700 0.750 
L 6.22 6.48 0.245 . 0.255 
M 40' 50' 40' 50' 
N 3.66 4.32 0144 0170 
Q 297 312 0117 0.123 

CASE 211-02 



2N6368 (continued) 

*ELECTRICAL CHARACTERISTICS (TC: 250 C unle,s otherwise noted) 

Characteristic Symbol Min Typ Max 

OFF CHARACTERISTICS 

Coliector·Emitter Breakdown Voltage BVCEO 
(lC ~ 100 mAde, IB = 0) 20 - -

Coliector·Emitter Braakdown Voltage BVCES 
(lC = 100 mAde, VBE = 0) 40 - -

Emitter·B ... Breakdown Voltage BVEBO 
(IE = 1.0 mAde, IC = 0) 4,0 - -

Collector Cutoll Current ICES 
(VCE = 12.5 Vde, VBE = 0, TC = +550 C) - - 10 

ON CHARACTERISTICS 

DC Current Gain 
(lC = 1.0 Ade, VCE = 5.0 Vde) 

DYNAMIC CHARACTERISTICS 

Current-Gain - Bandwidth Product IT 
(lc: 0.5 Ade, VCE = 12.5 Vde, I = 50 MHz) 50 110 -

Output Capacitance Cob 
(VCB = 12.5 Vdc, IE = 0, I = 1.0 MHz) - 300 400 

FUNCTIONAL TEST 

Common-Emitter Amplilier Power Gain (Figure 1) GpE 
(Pout = 40 W (PEP), IC = 4.7 Ade Max, VCC = 12.5 Vde, 
Ica = 50 mAde, 11 = 30 MHz, 12 = 30.001 MHz) 10 11.2 -

Intermodulation Distortion RatiO (Figure 1) IMD 
(Pout = 40 W (PEP), IC = 4.7 Ade Max, VCC = 12.5 Vde, 
Ica = 50 mAde, 11 = 30 MHz, 12 = 30.001 MHz) - -35 -30 

Collector Efficiency (Figure 1) 1] 

(Pout = 40 W (PEP), IC = 4.7 Ade Max, VCC = 12.5 Vde, 
Ica = 50 mAde, 11 = 30 MHz, 12 = 30.001 MHz) 34 40 -

*1 ndicote. JEDEC Registered Data. 

FIGURE 1 - 30 MHz TEST CIRCUIT 

RF 
INPUT 

lN4719 

II 

VaB 

,- -.., 
I I 
I I 
I I 
I I 
I Rl I 
I I L __ .1 

l5 

Cl 80·480 pF ARCO 466 
C2,C3,C4 170-780 pF ARCO 469 

C5,C8 0.01 ~F 
C6 500~F 

2·674 

C7 1000 pF UNElCO 
11 21/4 Torn. #18 AWG, 1/4" 1.0., 1/4" long (35 nH) 
l2 7Turns, #20 AWG Enameled, Cia .. Wound, 1/4" 1.0., (0.2~) 
l3 3 Turns, #14 AWG, 1/4" 1.0 .. 1/4" long (45 nH) 
l4 lhH RFC 
l5 RF Choke Ferroxcube VK200·20·4B 
Al 10 Ohms, Wlr_und, 1 W (0.25 ~H Inductance) 
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MHz 
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dB 
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2N6368 (continued) 
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2N6368 (continued) 
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2N6368 (continued) 

FIGURE 14 - OUTPUT CAPACITANCE versus VOL TAGE 
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APPLICATIONS INFORMATION 

The 2N6368 transistor is designed for linear power amplifier oper­
ation in the HF region (2 to 30 MHz). It features guaranteed 
linear amplifier performance rather than the conventional perform­
ance demonstrated in a class C* amplifier. 

Class C operation is inherently non-linear, but in many power 
amplifier applications non-liryear operation does not present major 
problems. With a single frequency driving signal, the only spurious 
signals generated are harmonics and these can be supressed in the 
amplifier tuned networks and output filter. 

For single sideband (SSB).low level amplitude modulation (AM). 
and other types of complex signals, class C operation is generally 
not satisfactory. For instance, when a signal contains multiple 
frequencies at close spacings, odd-order non-linearities will gener­
ate spurious outputs which are within the passband of the tuned 
circuits and filters; therefore, the spurious outputs are not sup­
pressed before they reach the antenna or other load. As a result, 

• "Class C", as used here refers to operation with the no signal con­
ditions IC =: 0, and Vse "" 0, and a theoretical conduction angle 
of less than 180°, even though the actual conduction angle may 
be more than 1800 . 

such complex signals require linear amplification if the amplified 
signal is to be free of spurious outputs. 

A detailed analysis of spurious signals generated by non-linear­
ities and linearity requ irements of various appl ications is described 
in Chapter 12 of Reference 1. 

The following discussion concerns itself with a detailed descrip­
tion of the 2N6368 characterization curves and general informa­
tion on solid-state linear power amplifier design. 

The Two-Tone Test 
The 2N6368 functional test specifications consists of a linear 

power amplifier test with guaranteed limits on power output, gain, 
efficiency, and intermodulation distortion (lMD) output levels. A 
two-tone test signal is used with the test amplifier as shown in 
Figure 1. 

The two-tone test is one of many methods commonly used for 
testing linear amplifier performance. This test involves driving the 
amplifier with two RF signals, of equal amplitude, separated in 
frequency from each other by approximately 1 kHz. 

2-577 



2N6368 (continued) 

APPLICATIONS INFORMATION (continued) 

When a two-tone test signal consisting of frequencies f1 and f2 
is passed th rough a non·' inear amp' ifiar. odd order none' inearities 
generate spurious signals near the desired carrier. The level of these 
spurious signals provides a measure of the degree of non-linearity 
of the amplifier. This type of non-I inearity is called intermodulation 
distortion liMO). The spurious signals generated by IMD are fur­
ther classified according to the exponential order of the ampl ifiar 
non-linearity, i.e., 3rd order IMD products, 5th order IMD products, 
etc. The 3rd and 5th order IMD products are usually the most 
significant encountered with linear power amplifiers. Data on both 
3rd and 5th order JMD are included in the 2N6368 characteri· 
zation. 

Third order IMD generates spurious signals near the operating 
frequency at frequencies 2fl - f2 and 2f2 - fl; and 5th order I MD 
spurious are at frequencies 3fl - 2f2 and 3f2 - 2fl. 

Specifications and Characterization 

The two-tone functional amplifier test is performed in a manner 
identical to the conventional class C functional test with two excep­
tions: a two-frequency signal is used in place of a single frequency, 
and ampl ifier I inearity is added to the items tested and specified. 

The functional test procedure for the 2N6368 require driving 
the test amplifier with a two-frequency signal and measuring power 
output, gain, efficiency, and linearity. 

Power output, gain and efficiency measurement methods are 
the same for both linear and class C amplifier. 

Since a multiple frequency test signal has an instantaneous 
power level which varies with time, power levels are normally ex­
pressed in peak envelope power (PEP). This is the average power 
level of the envelope at its greatest amplitude point. 

When the test Signal consists of multiple signals with equal 
amplitudes and different frequencies, the relationsh ip of average 
power and PEP is given by the following expression: 

PEP 
Average power = N 

where N = the number of input frequencies. 
Therefore, when measu ring the power level of a standard two­

tone test signal, a true average reading power meter will indicate 
1/2 the PEP of the signal. 

Linearity is tested by measuring the amplitudes of the 3rd and 
5th order IMD products. The ratio of one of the 3rd order products 
to one of the two desired frequencies is then expressed as a power 
ratio in decibels (dB). This is repeated for the 5th order products. 
The smaller of these two ratios (usually the 3rd order) is then 
included in the electrical characteristics specifications as intermod­
ulation distortion ratio (I MOL 

2N6368 Performance Curves 

Figures 2 through 5 show typical power output and gain char­
acteristics versus frequency andlor input power. These curves are 
similar to those found on other RF power transistor data sheets 
with one exception, a two-f.requency test signal was used rather 
than a single frequency signal. 

. The curves shown in Figure 6 are unique to transistors charac­
terized for linear power amplifier service and show the typical 
IMD levels versus power output. 

The 2N6368 features guaranteed I MD performance at the -30 
dB level. However, the designer may desire IMD greater or less 
than -30 dB for a particular application. Figure 6 provides data 
on IMD levels that can be expected as a function of output power. 

REFERENCES 

Figure 7 reflects the power output that can be obtained at a 
fixed IMC ratio for operation with dc supply voltages other than 
12.5 Vdc. 

Figures 8 through 11 show the large signal impedance charac· 
teristics of the 2N6368. These are similar to curves shown on 
other Motorola data sheets except a two-frequency test signal was 
used rather than a single frequency signal. 

It must be stressed that the data shown in Figures 8 through 11 
do not represent y, z, h, s, or any standard two-port parameter. set. 
The actual transistor impedance levels during normal ope(ation in 
a power amplifier are given. For a detailed discussion of RF PQwer 
transistor large signal impedance, see Reference 2. 

Linear Amplifier Design 
The following is a discussion of some general design considera­

tions for solid-state linear power amplifiers. While this is not a 
detailed analysis of linear amplifier design, some general guidelines 
are provided. 

The major difference between linear power amplifiers and class 
C power amplifiers is in the de bias circuitry. As stated in the 
introduction, class C operation usually involves a collector dc supply 
as the only bias voltage with VE = VB = O. The collector current 
is zero until the input RF signal turns the transistor "on." 

In contrast, a linear amplifier is normally operated with forward 
bias and some collector current flowing when no signal is present. 

The magnitude of no-signal collector current and the bias cir­
cuitry may vary with the application. Optimum no-signal collector 
current for the 2N6368 was found to be approximately 50 mAo 

The key to bias circuitry for good linearity lies in maintaining 
the base-emitter de voltage relatively constant as the RF signal 
amplitude varies. The inherent nature of a forward-biased RF 
power transistor is to bias itself "off" with increasing RF drive 
signal. Therefore, a constant voltage source is required for base 
voltage. 

Temperature effects also complicate the situation, since VBE 
decreases with increasing temperature. 

A simple solution to the bias problem involves the use of a 
forward-biased diode mounted on the transistor heat sink for ther­
mal coupling to the transistor. A sample of this technique is shown 
in the test circuit of Figure 1. The reader is referred to reference 
3 for a detailed description of the operation of this bias circuit. 
It is also possible to use complex active circuitry for biasing, and 
some rather exotic schemes have been developed to provide the 
same resu Its. 

Another important consideratibn is the collector-output net­
work. Normally, a network with low impedance to ground for 
harmonics provides better linearity than a network with high har­
monic impedances; therefore, some experimentation with network 
configuration is in order. Proper impedance matching remains the 
primary factor in both input and output network design. Further, 
it must also be stressed that the collector load impedance should 
be designed for the PEP, not the average power output. See Chapter 
13 of Reference 1 for a detailed discussion of network design con­
siderations. 

Feedback may also be employed to improve linearity and may 
take the form of either neutralization or negative RF feedback. 
The possibilities here are limited only by the designer's imagina­
tion. Of course, negative RF feedback involves a decrease in gain 
to improve linearity. 

1. Pappenfus, Bruene, Schoenike. "Single Sideband Principles and 
Circuits". McGraw-HilI. 

2. Hejhall, "Systemizing RF Power Amplifier Design'·, Motorola 
Semiconductor Products Inc., Application Note AN-282A. 

3. Hejhall, "Solid-State Linear Power Amplifier Design," Motorola 
Semiconductor Products Inc., Application Note AN·546. 
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2N6370 (SILICON) 

The RF Line 

NPN SILICON RF POWER TRANSISTOR 

designed primarily as a driver for high'power linear amplifier 
stages operating from 2.0 to 30 MHz with a 28·Volt supply. 

• Power Output @ 28 Vdc, 30 MHz -
10 W (PEP) 

• Intermodulation Distortion at Rated Power Output­
IMD ~ -30 dB (Max) 

"MAXIMUM RATINGS 

Ratina Symbol Value 

Collector-Emitter Voltage VeEO 35 

Collector-Base Voltage VCRn 65 

Emitter-Base Voltage VEBO 4.0 

Collector Current - Continuous Ie 1.5 

Total Device DissipatIOn @TC""250C Po 20 
Derate above 25°C 0.114 

Storage Temperature Range Tstg -65 to +200 

* Indicates JEDEC Registered Data 

TYPICAL DRIVER APPLICATION 

Unit 

Vdc 

Vdc 

Vdc 

Adc 

Watts 

wf'e 
°e 

05 W(PEP) +---__ '50W(PEP) 

2-579 

10 W (PEP) - 30 MHz 
RF POWER 

TRANSISTOR 
NPN SILICON 

Q 

fb~ETB~ 
\~A __ rTl 

SEATING PLANE 

MILLIMETERS INCHES 
DIM MI. MAX MI. MAX 

A 24.54 24.89 0.970 0.980 
8 9.47 9.73 0.373 0.383 
C 6.07 7.14 0.239 0.281 
D 5.59 584 0.220 0.230 
E 2.16 2.67 0.085 0.105 
F 010 0.15 0.004 0.006 
G 18.29 18.54 0.70 0.730 
H 21.59 22.10 0.850 0.870 
J 3.12 3.23 0.123 0.127 
K 10.80 11.05 0.425 0.435 
L 6.22 6.48 0.245 0.255 
M 40' 50' 40' 50' 

• 3.81 4.57 0.150 0.180 
n 2.97 3.12 0.117 0.123 

CASE 211-01 



2N6370 (continued) 

*ELECTRICAL CHARACTERISTICS (TC = 25°C unless otherwise notedl 

Characteristics I Symbol 

OFF CHARACTERISTICS 

CollectoT·Emitter Breakdown Voltage BVCEO 
lic = 50 mAde, IB = 01 

Coliector·Emitter Breakdown Voltage BVCES 
IiC = 50 mAde, VBe = 01 

Emitter·Base Breakdown Voltage BVEBO 
liE = 5.0 mAde, IC = 01 

Collector Cutoff Current ICES 
(VCE = 28 Vde, VBE = 0, TC = +550 CI 

ON CHARACTERISTICS 

DC Current Gain 
(lC = 0.5 Ade, VCE = 5.0 Vdel 

DYNAMIC CHARACTERISTICS 

Current-Gain - Bandwidth Product IT 
(lC = 0.5 Ade, VCE = 15 Vde, 1= 50 MHzl 

Output Capacitance Cob 
IVCB = 28 Vde, IE = 0, 1= 1.0 MHzl 

FUNCTIONAL TEST 

Common-Emitter Amplifier Power Gain (Figure 1) GpE 
IPout = 10 W(PEPI, IC = 470 mAde Max, VCC = 28 Vde, 
11 = 30 MHz, 12 = 30.001 MHzl 

Intermodulation Distortion Ratio (Figure 1) IMD 
IPout = 10 W(PEP!. IC = 470 mAde Max, VCC = 28 Vde, 
11 = 30 MHz, 12 = 30.001 MHzl 

Collector Efficiency 1/ 
IPout = 10 WIPEPI, IC = 470 mAde Max, VCC = 28 Vde, 
11 = 30 MHz, 12 = 30.001 MHz 1 

*lndicatesJEDEC Registered Data. 

, BIAS 
R4 

FIGURE 1 - 30 MHz TEST CIRCUIT 

L5 
o to 5 Vdc ~--'lM __ ""--""'--",,---, 

01 C6 
+ 

C7 

Min Max 

35 -

65 -

4.0 -

- 10 

50 -

- 40 

12 -

- -30 

38 -

C5 

~_' T T T '----.----JII----+-r+---,( 

Unit 

Vde 

Vdc 

Vde 

mAde 

MHz 

pF 

dB 

dB 

% 

Cl 
C2,C3,C4 
C5 ' 
C6,C9 

80 - 480 pF 
170 - 780 pF 
O.lI'F 
O.OlI'F 
500l'F 
2000 pF. 
lN4001 

ARea 466 or equivalent 
ARea 469 or equivalent 

L2 5 Turns, #18 AWG, 1/4" 1.0.,5/16" Long (O.13 ,uH) 

C7 
C8 
01 
L1 

TANTALUM or equiva<lent 
UNELCO or equivalent 

4 Turns, #18 AWG, 1/2" 1.0., 1/4" Long (O.1IJH) 

L3 10l'H 
L4 1.01'H 
L5 RFC VK200 FERROXCUBE 
Rl lQOHMS 1/2WALLENBRADLEYorequlvalent 
R2,R3 1.5 OHMS 1/2 WALLEN BRADLEY or equivalent 
R4 50 OHMS 1/2 W ALLEN BRADLEY or equivalent 

ADJUST BIAS FOR ICO = 10 mA 

2-580 



2N6370 (continued) 
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FIGURE 2 - LINEAR OUTPUT POWER 
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2N6370 (continued) 

0 

r--

a 
3.0 

1000 

0 
r--

0 

a 

0 
3.0 

550 

~ 500 
w 
'-' 
Z g 450 

~ 
<5 
~ 400 

'" .ci 
0" 35 0 

0 30 
0.3 

FIGURE 8 - PARALLEL EQUIVALENT 
INPUT RESISTANCE versus 

FREQUENCY 

I I 
Vcc ~ 2B Vdc 
Ica~ 10 mA 
Pout~ 10 W (PEP) 

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

'-t--... 
............. 

--......... 

I---
f--

--
4.0 5.0 7.0 10 

I, FREQUENCY (MHz) 

FIGURE 10 - PARALLEL EQUIVALENT 
OUTPUT CAPACITANCE versus 

FREQUENCY 

20 

VC~ ~ 2B Vd! 
Ica ~ 10 rnA 
Pout = 10 W jPEP) 

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

----- r-

4.0 5.0 7.0 10 20 

I, FREaUENCY (MHz) 

FIGURE 12 -INPUT CAPACITANCE 
versus EMITTER-BASE VOLTAGE 

I~ 1.0 MHz 

f' t---... 
i""'-r-. 

....... r-,. 

""-
.............. 

30 

I---
f--

---
30 

""'r-... 

0.4 0.5 0.7 1.0 2.0 3.0 

VEB, EMITTER·BASE VOLTAGE (VOLTS) 

2-582 

2000 

25 

r-.... 

o 
3.0 

0 

01-

f.--

o 

FIGURE 9 - PARALLEL EQUIVALENT 
INPUT CAPACITANCE versus 

FREQUENCY 

VCIC ~ 2B Vd~ 
teo = 10 mA 

Pout ~ 10 W (PEP)-

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

---r-.. 

4.0 5.0 7.0 10 20 
t, FREQUENCY (MHz) 

FIGURE 11 - CURRENT GAIN -
BANDWIDTH PRODUCT 

IT II 
VCE~15V 
fmeas = 30MHz 

..... 

..,../ 
V 

0.04 0.06 0.1 0.2 0.4 0.6 O.B 1.0 2.0 

100 

0 

0 

0 

0 
1.0 

'C, COLLECTOR CURRENT (AMP) 
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2N6370 (continued) 
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versus BASE-EMITTER VOLTAGE 

VCE 15V 
Tc" 25aC 

./ 

V 

7 

0.65 0.70 0.75 0.80 0.85 

VBE, BASE-EMITTER VOLTAGE (VOLTS) 

0.90 0.95 

25 

g 
20 

'" ~ 
z 
0 
;:: 15 
;E 
!ii 
0; 

'" 10 
3 
~ 
~ 50 

~ 

o 
o 

FIGURE 15 - RF POWER DERATING 

~ 
i'-.. 

'" "-
"-

........... 

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

50 100 150 200 
TC, CASE TEMPERATURE (aC) 

FIGURE 16 - DC SAFE OPERATING AREA 

0 

.0 

.0 

0 

0 

0 

7 

5 

3 

2 

1 O. 
1.0 2.0 5.0 

TC - 25aC 

i'.. 

\ 

1\ 
10 20 50 100 

VCE, COLLECTOR-EMITTER VOLTAGE (VOLTS) 

APPLICATIONS INFORMATION 

The 2N6370 transIstor IS desIgned for Irnear power amplifier 
service in the driver or lower level stages of HF (2·30 MHz) single 
sideband (SSB) transmitters. It may also be used In amplitude 
modulated (AM) transmitters employing low level modulation in 
the exciter, or in any application requiring a linear amplifier. The 
device also has adequate gain for many VHF applications below 
100 MH •. 

Designed prrmarily for lower level stages and not the output 
stage of SSB transmItters, the 2N6370 does not employ internal 
emitter resistors. Therefore, for linear power amplifier applications 
which normally require forward bias for improved linearity, it IS 
suggested that external emitter resistance be'employed for improved 
DC operating POint stability over the full temperature range. Typ· 
leal resistor values for HF operation are illustrated in the test 

2-583 

amplifier shown in Figure 1. The 2N6370 has more than adequate 
gain at HF, so the designer may wish to utilize unbypassed emitter 
resistance as shown in the circuit of Figure 1. Of course, bypass­
Ing may be included If more gain is desired. 

The linear amplifier characterization data in Figures 2 through 
10 were measured with the unbypassed emitter resistor configura­
tion shown in Figure 1. For a more detailed discussion of linear 
power amplifier specifications and design, see Reference 1. 

REFERENCES 

1. "Solid-State Linear Power Amplifier Design", Motorola Semi­
conductor Products, Inc. Application Note AN-546 

2. Pappenfus, Bruene, and Schoenike, "Single Sideband Princi­
ples and Circuits", McGraw - Hill. 



2N6377 thru 2N6379 (SILICON) 

HIGH-POWER PNP SILICON TRANSISTORS 
. designed for use in industrial·military power amplifier and 

switching circuit applications. 

• High Collector Emitter Sustaining Vpltage -
VCEO (sus) = 80 Vdc (Min) ~2N6377 

= 100 Vdc (Min) - 2N6378 
= 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 
. 'tr = 0.35'IIS (Max) 

ts = 0.8 liS (Max) 
tf = 0.25 liS (Max) 

* MAXIMUM RATINGS 
Rating Svmbol 2N6377 I 2N6378 

COllector-Base Voltage VeB 100 I 120 

COllector-Emitter Voltage VeEO 80 I 100 

Emitter-Sase Voltage VEB .. 6.0 

Collector Current Continuous Ie . 50 
Peak .. 100 

Base Current 16 ... 20 

Total Device Dissipatlon@ Po 
Te = 25De ... 250 
Derate above 2SoC • 1.43 

Operating and Storage Junction TJ.Tstg • -65 to +200 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case 

-'ndicatesJEDEC Registered Data. 

FIGURE 1 - POWER DERATING 
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" 
"'" 

I 
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.1'-.. ~ 
Ie SO 

o 
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TC. CASE TEMPERATURE (OC) 

?N6379 Unit 

140 Vdc 

120 Vdc .. Vdc .. Ade ... 
• 'Adc 

.. Watts .. WIDe 

... De 

...... 

"'" 175 200 
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50 AMPERE 

POWER TRANSISTORS 
PNPSIUCON 

80, 100, 120 VOLTS 
250 WATTS 

rFAB-=:L I r L7E:-+ te ,_ 0 K 
SEATING , 

PLANE 
STYLE " 

PIN 1 BASE r- F - . 2. EMI nER 
ECTOR 

~r~iT t'~_jJ 

a 

MILLIMETERS INCHES 
DIM 'MIN MAX MIN MAX 

A 3im 39.37' 1.510 1.550 
B 19.30 21.08 ' 0.180 0.B30 
C 6.35 7.B2 0.250 0.301!. 
D 1.4~ 1.60 0.057 0.063 
E - 3.43 - 0.135 
F 29.90 30.40 1.177. 1.1 7 
G 10.87 11.18 0.420 0.440 
H '5.21 5.72 0.205 0.25 
j lB.64 17.15 0. 5 O. 5 
K 11.1B 12.19 0.440 0.480 
Q 3.84 4.09 0.151 0.161 
R 24.B 26.67 0.9BO '1.050 

CASE 197·01 



2N6377 thru 2N6379 (continued) 

ELECTRICAL CHARACTERISTICS ITC = 250 C unless otherwise noted 1 

Characteristic 

'OFF CHARACTERISTICS 

Coliector·Emitter Sustaining Voltage 111 

IIc = 50 mAde, IB = 01 

I"olleetor Cutoll Current 
IVCE = 50 Vdc, IB = 01 
IVCE = 60 Vdc, IB = 01 
IVCE = 70 Vdc, IB = 01 

Collector Cutoff Current 
IVCE = 90% Rated VCB, VBEloff) = 1.5 Vdcl 
IVCE = 90% Rated VCB, VBEloll1 = 1.5 Vde, TC = 1500CI 

Emitter Cutoff Current 
IVEB = 6.0 Vde, IC = 01 

'ON CHARACTERISTICS (1) 

DC Current Gam 
IIc = 1.0 Ade, VCE = 4.0 Vdd 
IIC = 20 Ade, VCE = 4.0 Vde) 
IIc = 50 Ade, VCE = 4.0 Vdd 

Collector-Emitter Saturation Voltage 
IIc = 20 Ade, IB = 2.0 Ade) 
IIc = 50 Ade, IB = 10 Adc) 

Base-Emitter Saturation Voltage 
IIC = 20 Adc, IB = 2.0 Adc) 
IIc = 50 Ade, IB = 10 Add 

DYNAMIC CHARACTERISTICS 

*Currenr-Gam - Bandwidth Product (2) 

IIC= 1.0Ade, VCE = 10Vde, I test = 10MHz) 

I nput Capacitance 
(VEB = 2.0 Vde, IC = 0, 1= 0.1 MHz) 

*Output Capacitance 

IVCB = 10 Vde, IE = 0, I = 0.1 MHz) . SWITCHING CHARACTERISTICS IFlgu,e 2) 

Rise Time 

Storage Time IVCC = 80 Vdc, IC = 20 Adc, 

IIBl = IB2 = 2.0 Adc) 

Fall Time 

*Indlcates JEDEC Registered Data. 
(1) Pulse Test. Pulse Width == 300 jJS, Duty Cycle -= 2.0%. 

FIGURE 2 - SWITCHING TIMES TEST CIRCUIT 

Vee 
+80 V 

RC = 
40 Ohms 

+19::l __ L __ +---1" Scope 

-21V-U 

30",+--j 

tr, tf ~ 10 ns 
Duty Cycle = 05% 

+40 V 

Note For mformatlon on Figures 3 & 6, RS and RC 
were vaned to obtam deslfed test conditions 

Symbol Min Max Unit 

VCEOlsusl Vde 
2N6380 80 -
2N6381 100 -
2N6382 120 -

ICEO I'Ade 
2N6380 - 50 
2N6381 - 50 
2N6382 - 50 

ICEX 
- 10 I'Aric 
- 1.0 mAde 

lEBO - 100 /.lAde 

hFE -
50 -
30 120 
10 -

VCEls,t) - Vde 
- 1.2 

- 3.0 

VBElsat) Vdc 
- 1.8 
- 3.5 

IT 30 - MHz 

Cib pF 

- 7000 

Cob 1500 pF 

tr - 0.35 /.IS 

ts - 080 /.IS 

tf - 0.25 I'S 

(2) fT = Ihf.l- f test 

FIClURE 3 - TURN ON TIME 

2. 0 

1.0 

0.7 

0.5 

III I leila = 10 1=1= 
t,@Vee 80 v 

f'.. 
-.......;:: t:-.. 
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] 0.3 

~ 0.2 
;:: 

td@ VaEloff) ~ 5.0 v r--.,r-
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1 O. 
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2N6377 thru 2N6379 (continued) 

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 dala of Figure 5 is based on T J(pk) = 200°C; T C is variable 
dependmg on conditions. Second breakdown pulse limits are valid 
for duty cycles 1010% prOVided T J(pk) .;; 200°C. T J(pkl may be 
calculated from the data to Figure 4. At high case temperatures, 
thermal limitations will reduce the power that can be h,ndled to 
values less than the limitations Imposed by second breakdown. 
ISeeAN·4151 

FIGURE 7 - CAPACITANCE 
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2N6377 thru 2N6379 (continued) 

FIGURE 8 - DC CURRENT GAIN 
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FIGURE 12 - COLLECTOR CUT-OFF REGION 
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FIGURE 13 - BASE CUTOFF REGION 
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2N6380 thru 2N6382 (SILICON) 

HIGH-POWER PNP SILICON TRANSISTORS 
. designed for use in industrial-military power amplifier and 

switching circuit applications. 

• High Coliector Emitter Sustaining Voltage -
VCEO (sus) = 80 Vdc (Min) - 2N6380 

= 100 Vdc (Min) - 2N6381 
= 120 Vdc (Min) - 2N6382 

• High DC Current Gain -
hFE = 30-120@IC=20Adc 

= 10 (Min) @ IC = 50 Adc 

• Low Coliector·Emitter Saturation Voltage -
VCE(sat) = 1.2 Vdc (Max) @ IC = 20 Adc 

• Fast Switching Times @ IC = 20 Adc 
tr = 0.35 IlS (Max) 
IS = 0.81ls (Max) 
tf = 0.25115 (Max) 

'MAXIMUM RATINGS 

Rating Symbol 2N6380 I 2N6381 

Collector-Base Voltage Ves 100 I 120 

I 2N6382 

I 140 

COllector-Emitter Voltage VeEO 80 J 
100 L 120 

Emitter-Sase Voltage VEB .. 6.0 

Collector Current Continuous Ie .. 50 
Peak .. 100 

Base Current IB ... 20 

Total Device Dissipation@ Po 
Te = 25°C .. 250 
Derate above 2SoC ' .. 1.43 

Operating and Storage Junction TJ,Tstg .. -65 to +200 
Temperature Ra~ge_ 

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 
w/oe 
°e 

a 

50 AMPERE 

POWER TRANSISTORS 
PNPSILICON 

80, 100, 120 VOL TS 
250 WATTS 

STYLE 10 
PIN 1. EMITTER 

2. BASE 
3. COLLECTOR 

SEATING 
PLANE 

5/16·24 UNF 2A 
ICOATED) 

E 
DIM MIN MAX MIN MAX 
A 2172 2223 0.855 0875 
B 18.92 19.69 0.745 .77 
C 12.19 1359 0.480 0.535 
E 2.29 4.24 0.090 0.167 
G 12.32 I .0 .4 5 .51 
H 2.67 - 0.105 
J 11.68 12.57 0460 0.495 
K 23.80 26.16 0937 1.030 
L 6.10 6.60 0240 0260 
N .- 7.62 -- 0.300 
p 706 7.92 0278 0312 
Q 152 267 0060 0105 
S 7127 7249 02806 02854 
T 1969 2223 0.775 0875 

All JEDEC notes and dimensions apply. 

CASE 188 
TO·63 



2N6380 thru 2N6382 (continued) 

ELECTRICAL CHARACTERISTICS ITC = 25°C unless otherwise notedl 

Characteristic 

·OFF CHARACTERISTICS 

Collector·Emitter Sustaining Voltage 111 

IIC = 50 mAde, IS = 0) 

collector Cutoff Current 

IVCE = 50 Vde, IS = 0) 
IVCE = 60 Vde, IS = 0) 
IVCE = 70 Vdc, IS = 0) 

Collector Cutoff Current 
IVCE = 90% Rated VCS, VBEloff) = 1.5 Vde) 
IVCE ~ 90% Rated VCB, VSEloff) = 1.5 Vde, TC = 150°C) 

Emitter Cutoff Current 
IVEB = 6.0 Vde, IC = 0) 

·ON CHARACTERISTICS 11) 

DC Current Gain 
IIC = 1.0 Ade, VCE = 4.0 Vdcl 
IIC = 20 Ade, VCE = 4.0 Vde) 
IIc = 50 Ade, VCE = 4.0 Vde) 

Collector-Emitter Saturation Voltage 
IIC = 20 Ade, IS = 2.0 Ade) 
IIC = 50 Ade, IS = 10 Ade) 

Base-Emitter Saturation Voltage 
IIC = 20 Adc, IS = 2.0 Adc) 
IIC = 50 Adc, IB = 10 Add 

DYNAMIC CHARACTERISTICS 
*Current-Gain - Bandwidth Product 12) 

IfC = 1.0 Ade, VCE = 10·Vde, f test = 10 MHz) 

I nput Capacitance 
(VEB = 2.0 Vde,IC = O~ f.= 0.1 MHz) 

*Output capacitance 

IVca = 10 Vde, IE = 0, f = 0.1 MHz) 

* SWITCHING CHARACTERISTICS (Figure 2) 

Rise Time -

Storage Time IVCC = 80 Vde, IC = 20 Adc, 

IIBI = IS2=2.0Adc) 

Fall Time 

*Indlcates JEDEC Registered Data. 
(1) Pulse Test: Pulse Width'" 300 IlS, Duty Cycle = 2.0%. 

FIGURE Z - SWITCHING TIMES TEST CIRCUIT 

+19:J __ L 
-2IV-U 

301"+-l 

tr, tf~ 10 ns 
Duty Cycle = 0 5% 

+4.0 V 

Note' For mformatlon on Figures 3 & 6, RS and RC 
were vaned to obtain desired test conditions 

Vce 
+80 V 

Re ~ 
40 Ohms 

__ ... --~Scope 

2N6380 
2N6381 
2N6382 

2N6380 
2N6381 
2N6382 

]; 
~ 
;:: 
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Symbol Min Max Unit 

VCEDlsu.) Vde 

80 -
100 -
120 -

ICED "Ade 
- 50 
- 50 
- 50 

ICEX 
- 10 "Ade 
- 1.0 mAde 

IESD 100 "Ade 

hFE -
50 -
30 120 
10 -

VCEls.t) - Vdc 

- 1.2 

- 3.0 

VSEls.t) Vde 
- 1.8 
- 3.5 

iT 30 - MHz 

Cib pF 

- 7000 

Cob 1500 pF 

tr - 0.35 "s 

t, 0.80 '" 
tf 0.25 "s 

FIGURE 3 - TURN ON TIME 
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2N6380 thru 2N6382 (continued) 

FIGURE 4 - THERMAL RESPONSE 
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FIGURE 5 - ACTIVE REGION SAFE OPERATING AREA 
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FIGURE 6 - TURN'()FF 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 di~ipation than the curves indicate. 

Thed.t. of Figure 5 is based on T Jlpk) = 200°C; TC is variable 
depending on conditions. Second breakqown pulse limits are valid 
for duty eyelesto 10% provided TJ(Pk)';; 200°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 b~eakdown. 
(See AN-4151 

FIGURE 7 - CAPACITANCE 
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2N6380 thru 2N6382 (continued) 

FIGURE 8 - DC CURRENT GAIN 
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FIGURE 12 - COLLECTOR CUT-OFF REGION 
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FIGURE 9 - COLLECTOR SATURATION REGION 
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FIGURE 13 - BASE CUT-OFF REGION 
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2N6394 thru 2N6399 (SILICON) 

G 

A O'---II~.J_·-, ~O K 

SILICON CONTROL'LED RECTIFIERS 

designed primarily for half,wave ac control applications, such 
as motor controls, heating controls and power supplies; or where, 
ever half,wave silicon gate'controlled, solid-state devices are needed, 

• Glass Passivated Junctions and Center Gate Fire for Greater Para, 
meter Uniformity and Stability 

• Small, Rugged, Thermowatt Construction for Low Thermal Resis­
tance, High Heat Dissipation and Durability 

• Blocking Voltage to 800 Volts 

'MAXIMUM RATINGS 

Rating Symbol Value Unit 

Peak Reverse Blocking Voltage (1) VRRM Volts 
2N6394 50 
2N6395 100 
2N6396 200 
2N6397 400 
2N6398 600 
2N6399 800 

Forward Current RMS TJ "" 125°C IT(RMSI 12 Amps 
(All Conduction Angles) 

Peak Forward Surge Current ITSM 100 Amps 
(1/2 cycle, Sine Wave, 60 Hz, TJ' 1250 CI 

Circuit Fusing Considerations 12t 40 A2s 
(TJ' -40 to +1250 C, t' 1,0 to 8.3 msl 

Forward Peak Gate Power PGM 20 Watts 

Forward Average Gate Power PG(AVI 0,5 Watt 

F~rward Peak Gate Current 10M 2,0 Amps 

Operating Junction Temperature Range TJ -40 to +125 °c 
Storage Temperature Range Tstg -40 to +150 °c 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Aesistance, Junction to Case 

P) VRRM for all types can be applied on a continuous de basis without Incurring damage. 
Ratings apply for zero or negative gate voltage. Devices should not be tested for blocking 

capability in a manner such that the voltage supplied exceeds the rated blocking voltage. 

"'Indicates JEDEC Registered Data. 

2-592 

SEATING 

THYRISTORS 

12 AMPERES RMS 
50-800 VOLTS 

PLANE 

1 2 '3 

=1rfs 
C 

IT 
H 1 ~ ~I 

K r-- L Lt LL TSECTA-A 

PIN' CATHOOE \'I+l' 
~t:: !:m~±[~ 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 

A 

H 

K 

N 
Q 

T 

14,23 15,87 0,560 
9.60 10,66 0,380 
3,56 4,82 0,140 
0,51 1.14 0,020 
3,531 3,733 0,139 
2,29 2.79 0,090 

0,31 1.14 0,012 
12,70 14,27 0,500 

1. 4 1.77 0,045 
5,33 0,190 

2,54 3,04 0,100 
2,04 2,92 0,080 
0,51 1.39 0,020 
5,85 6,85 0,230 

CASE 221-02 
TO 220AB 

0,625 
0,420 
0,190 
0,045 
0,147 
0,110, 
0,250 
0,045 
0,562 
0,070 
0,210 
0,120 
0,115 
0,055 
0,270 

All JEDEC dImensions and notes apply 



2N6394 thru 2N6399 (continued) 

• ELECTRICAL CHARACTERISTICS ITC = 25°C unless otherwISe noted.1 

Characteristic 

'" Peak Forward Blocking Voltage 
ITJ = 1250 CI 2N6394 

2N6395 
2N6396 
2N6397 
2N6398 
2N6399 

'" Peak Forward Blocking Current 
IRated VDRM@TJ = 1250 CI 

'" Peak Reverse Blocking Current 

IRated VRRM @ TJ = 125°C) 

'" Forward "On" Voitage 

IITM = 24 A Poak) 
-

'" Gate Trigger Cur rent (Continuous dc) 
IAnode Voltage = 12 Vde, RL = 100 Ohms) 

'" Gate Trigger Voltage (Continuous de) 

IAnode Voltage = 12 Vde, RL = 100 Ohms) 

'" Gate Non-Trigger Voltage 

IAnode Voltage = Rated VDRM, RL = 100 Ohms, TJ = 125°C) 

'" Holding Current 
(Anode Voltage = 12 Vde) 

Turn-On Time 

IITM = 12 A, IGT = 40 mAde) 

Turn·Off Time IVDRM = rated voltage) 
IITM = 12 A, IR = 12 A) 
IITM = 12 A, IR = 12 A, TJ = 125°C) 

Forward Voltage Application Rate 

ITJ = 125°C) 

*Indicates JEDEC Registered Data. 

FIGURE 1 - AVERAGE CURRENT DERATING 
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Symbol Min Typ Max Unit 

VDRM Volts 
50 - -
100 - -
200 - -
400 - -
600 - -
800 - -

IDRM - - 2.0 mA 

IRRM - - 2.0 mA 

VTM - 1.7 2.2 Volts 

-
IGT - 50 30 mA 

VGT - 0.7 1.5 Volts 

VGD 02 - - Volts 

IH - 6.0 40 mA 

tgt - 1.0 2.0 !,S 

tq I'S 

- 15 -

- 35 -

dv/dt - 50 - V/JJ.s 

FIGURE 2 - MAXIMUM ON·STATE POWER DISSIPATION 
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2N6394 thru 2N6399 (continued) 

FIGURE 3 - MAXIMUM ON-STATE CHARACTERISTICS 
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2N6394 thru 2N6399 (continued) 

TYPICAL CHARACTERISTICS 

FIGURE 7 - PULSE TRIGGER CURRENT 
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FIGURE 9 - GATE TRIGGER VOLTAGE 
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FIGURE 10 - HOLDING CURRENT 
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THYRISTER APPLICATION NOTES 

AN-140 Characterization of SeR's as Switches for Line Type 
Modulators 

AN-189 Solid-State Pulse Width Modulation DC Motor Control 

AN-240 SeR Power Control Fundamentals 

AN-295 Suppressing RFI in Thyristor Circuits 

AN-413 Unijunction Trigger Circuits for Gated Thyristors 

AN-441 SCR Slaving Circuits 

AN-443 Directional and Speed Control for Series, Universal and 
Shunt Motors 

AN-450 Induction Motor Speed Control 

AN-453 Zero Point Switching Techniques 

AN-482 Electronic Speed Control of Appliance Motors 

AN-526 Theory, Characteristics and Applications of Silicon Uni­
lateral and Bilateral Switches 

AN-527 Theory. Characteristics and ApplicatIOns of the Program­
mable Unijunction Transistor 

AN-568 A Fuse-Thyristor Coordinator Primer 

To obtain copies of these notes list the AN number(s) on your 
company letterhead and send your request to: 

2-595 

Technical Information Center 
Motorola Semiconductor Products, Inc. 
P.D Box 20924 
Phoenix, Arizona 85036 



2N6400 thru 2N640S (SILICON) 

G 

A O-.~of--C----<o K 

SILICON CONTROLLED RECTIFIERS 

designed primarily for half·wave ac control applications, such 
as motor controls, heating controls and power supplies, or where­
ever half-wave silicon gate-controlled, solid-state devices are needed. 

• Glass Passivated Junctions with Center Gate Fire for Greater Para· 
meter Uniformity and Stability 

• Small, Rugged, Thermowatt Construction for Low Thermal Resis· 
tance, High Heat Dissipation and Durability 

• Blocking Voltage to 800 Volts 

*MAXIMUM RATINGS 

Rating Symbol Value Unit 

Peak Reverse Blocking Voltage (1) VRRM Volts 
2N6400 50 
2N6401 100 
2N6402 200 
2N6403 400 
2N6404 600 
2N6405 800 

Forward Current AMS (TC = gOoe) ITIRMS) 16 Amps 
(All Conduction Angles) 

Peak Forward Surge Current ITSM 160 Amps 
(112 cycle, Sme Wave, 60 Hz, 
T = 1250 CI 

Circuit Fusing Considerations 12t 100 A2, 
ITJ = -40 to +1250 C, t = 1.0 to 8.3 m,1 

forward Peak Gate Power PGM 20 Watts 

Forward Average Gate Power PGIAV) 0.5 Watt 

Forward Peak Gate Current IGM 2.0 Amps 

Operating Junction Temperature Range TJ -40 to +125 °c 
Storage Temperature Range Tstg -40 to +150 °c 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal ReSistance, Junction to Case 

(1) VRRM for all types can be applIed on a contInuous dc baSIS without Incurring damage. 

Ratings apply for zero or negative gate voltage DeVices sh..)uld not be tested for blocking 

capability In a manner such that the voltage supplied exceeds the rated blocking voltage. 

"'lndicatesJEDEC Registered Data 

2-596 

DIM 

A 
B 
C 
D 
F 
G 
H 
J 
K 
L 
N 
n 
R 
S 
T 

THYRISTORS 

16 AMPERES RMS 
50-800 VOLTS 

F 

H ~ 
T";c;A-A Lt 

PIN 1 CATHODE 11+11 
R ~ ~~~~E j'ul 

[ L I-- 4 ANODE G 

J o--ll--
N 

MILLIMETERS INCHES 
MIN MAX MIN 

14.23 15.87 0.560 
9.66 10.66 0.380 
3.56 4.82 0.140 
0.51' 1.14 0.020 
3.531 3.733 0.139 
2.29 2.79 0.090 

6.35 
0.31 1.14 0.012 

12.70 14.27 0.500 
4 1.77 0:045 

4.83 5.33 0.190 
2.54 3.04 0.100 
2.04 2.92 0.080 

Jl51 1.39 0.020 
5.85 6.85 0.230 

CASE 221-02 
TO 220 AB 

MAX 
0.625 
0.420 
0.190 
0.045 
0.147 
0.110 
0.250 
0.045 
0.562 
0.070 
0.210 
0.120 
0.115 
0.055 
0.270 

All JEDEC dimensions and notes apply 



2N6400 thru 2N6405 (continued) 

ELECTRICAL CHARACTERISTICS (TC = 25°C unless otherwISe noted) 

Characteristic 

Peak Forward Blocking Voltage 

(TJ = 125°C) 2N6400 
2N6401 
2N6402 
2N6403 
2N6404 
2N6405 

Peak Forward Blocking Current 

(Rated VDRM @TJ = 125°C) 

"'Peak Reverse Blocking Current 
(Rated VRRM @TJ = 125°C) 

"Forward" On" Voltage 
(lTM = 32 A peak) 

Gate Trigger Current (Continuous del 
(Anode Voltage = 12 Vde, RL = 100 Ohms) 

.... Gate Trigger Voltage (Continuous del 

(Anode Voltage = 12 Vde, RL = 100 Ohms) 

·Gate Non-Trigger Voltage 

(Anode Voltage = Rated VDRM, RL = 100 Ohms, TJ = 125°C) 

... Holding Current 

(Anode Voltaae = 12 Vde) 

Turn-On Time 
(lTM = 16 A, IGT = 40 mAde) 

Turn-Off Time (VORM = rated voltage) 
(ITM = 16 A, IR = 16 A) 
(lTM = 16 A, IR = 16 A, TJ = 125°C) 

Forward Voltage Application Rate 
(TJ = 125°C) 

* Indicates JEDEC Registered Data. 

FIGURE 1 - AVERAGE CURRENT DERATING 
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Symbol Min Typ Ma. Unit 

VDRM Volts 
50 - -
100 - -
200 -
400 - -
600 - -
800 - -

IDRM - - 20 mA 

IRRM - - 2.0 mA 

VTM - - 1.7 Volts 

IGT - 5.0 30 mA 

VGT 0.7 1.5 Volts 

VGD 02 - - Volts 

IH - 6.0 40 mA 

tgt 
_. 10 - ps 

tq ps 

- 15 -
- 35 -

dv/dt - 50 - V/!'s 

FIGURE 2 - MAXIMUM ON·STATE POWER DISSIPATION 
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2N6400 thru 2N6405 (continued) 

FIGURE 3 - MAXIMUM ON·STATE CHARACTERISTICS 
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FIGURE 5 - CHARACTERISTICS AND SYMBOLS 
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2N6400 thru 2N6405 (continued) 

TYPICAL TRIGGER CHARACTERISTICS 
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THYRISTER APPLICATION NOTES 

AN-140 Characterization of SCR's as Switches for Line Type 
Modulators 

AN-189 Solid-State Pulse Width Modulation DC Motor Control 

AN-240 SeR Power Control Fundamentals 

AN-295 Suppressing RFI in Thyristor Circuits 

AN-413 Unijunction Trigger Circuits for Gated Thyristors 

AN-441 SeR Slaving Circuits 

AN-443 Directional and Speed Control for Series. Universal and 
Shunt Motors 

AN-450 I nduction Motor Speed Control 

AN-453 Zero Point Switching Techniques 

AN-482 Electronic Speed Control of Appliance Motors 

AN-526 Theory. Characteristics and Applications of Silicon Uni­
lateral and Bilateral Switches 

AN-527 Theory, Characteristics and AppJ icatians of the Program­
mable UniJunction Transistor 

AN-5G8 A Fuse-Thyristor Coordinator Primer 

To obtain copies of these notes list the AN numbedsl on your 
company letterhead and send your request to. 
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2N6406,2N6407 PNP (SILICON) 
2N6408, 2N6409 NPN 

COMPLEMENTARY PLASTIC SILICON ANNULAR 
POWER TRANSISTORS 

· .. designed for low power audio amplifier and low current, high 
speed switching applications. 

• Collector-Einhter Sustaining Voltage -
VCEO(sus) = 60 Vdc - 2N6406, 2N6408 

= 80 Vdc - 2N6407, 2N6409 
• DC Current Gain -

hFE = 30 (Min) @ IC'= 0.5 Adc 
= 12 (Min) @.IC= 1.5 Adc 

• Current-Gain - 8andwidth Product -
tr = 50 MHz (Min) @ IC = 100 mAdc 

• Pin Compatible With TO-220AB Package 

'MAXIMUM RATINGS 

2N6406 
Rating Symbol 2N6408 

Collector-Emitter Voltage VeEO 60 

Collector-Base Voltage VeBO 80 

2N6407 
2N6409 

80 

·100 

Emitter-Base Voltage VEB ~6.0----" 

Collector Current - Continuous Ie ~2.0~ 
Peak _40 ~ 

Base Current IB ~1.0 .. 
Total Power Dissipation @TC "" 2SoC Po ~ 12.5 ________ 

Derate Above 25°C ~O.10~ 

Operating and Storage Junction 

Temperature Range 
TJ, Tstg ~-65to+150~ 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case 

·'ndicates JEDEC Registered Data. 

TA TC FIGURE 1 - POWER DERATING 
1.B 14 

en 2.412 

~ 
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z 
o 
~ 1680 

~ 1.26.0 

'" '" ~ 0.84.0 

~ 
0.41.0 
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o 0 
10 

I" 
l"-

40 

e-, 
e:-". r--:C 

'" --... ""-r-...... ......... 
iA K 1"'-......... 

" ........ ~ 
I ~ 

60 BO 100· 120 140 160 

T, TEMPERATU'RE 10C) 

2-600 

Unit 

Vdc 

Vdc 

Vdc 

Adc 

Adc 

Watts 
wf'e 

DC 

2 AMPERE 

POWER TRANSISTORS 
. COMPLEMENTARY SILICON 

60-80 VOLTS 
12.5 WATTS 

INCHES 
DIM MIN MAX 

A 0.295 0.305 
B 0.095 0.105 
c 0.415 0.435 
D 0.010 0.016 
E 0.145 0.155 
F 0.093TP· 
G 0.025 
H 0.14B 
J 0.115 
K 0.595 
L 0.015 
M 30 

N 0.045 
P 0.085 

CASE 77-03 



2N6406, 2N6407 PNP/2N6408, 2N6409 NPN (continued) 

*ELECTRICAL CHARACTERISTICS (TC = 2SoC unless otherWISe noted.! 

Characteristic Symbol Min Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage (1) VCEO(susl Vde 
(lC = 10 mAde, 18 = 01 2N6406, 2N64OB 60 -

2N6407, 2N6409 80 -

Collector Cutoff Current ICED /lAde 
(VCE = 30 Vde, 18 = 01 2N6406,2N6408 - SOO 
(VCE = 40 Vde, 18 = 01 2N6407,2N6409 - SOO 

Collector Cutoff Current 'CEX /lAde 
(VCE = 80 Vde, VBE(offl = 1.5 Vdel 2N6406, 2N6408 - 1.0 
(VCE = 100 Vde, VSE(off) = 1.5 Vdel 2N6407, 2N 6409 - 1.0 
(VCE = 40 Vde, VSE(offi = 1.S Vde 2N6406, 2N64OB - 0.1 mAde 
TC = 12SoCI 

(VCE = 50 Vde, VSE(off) = 1.5 Vde, 2N6407, 2N6409 - 0.1 
TC=1250CI 

t:mltter t,,;uto 'l,.;urrent E80 .U /lAOe 
(VES = 6.0 Vde, IC = 01 

ON CHARACTERISTICS (11 

DC Current Gain hFE 
(lC = 100 mAde, VCE = 2.0 Vdel 50 2S0 
(lC = 500 mAde, VCE = 2.0 Vdel 30 -
(lC = 1.5 Ade, VCE = 2.0 Vdel 12 -
(IC = 2.0 Ade, VCE = 2.0 Vdcl 5.0 -

Collector-Emitter Saturation Voltage VCE(s.tl Vde 
(I C = 500 mAde, IS = 50 mAdel - 0.5 
(lC = 1.5 Ade, IS = 150 mAdel - 1.4 
(lC = 2.0 Ade, 18 = 400 mAdel - 2.0 

Base-Emitter Saturation Voltage VBE(s.tl - 1.5 Vde 
(lc = 1.S Ade, 'B = 150 mAdel 

Base-Emitter on Voltage 
(lC = 100 mAde, VCE = 2.0 Vdel VSE(onl - 1.2 Vde 

DYNAMIC CHARACTERISTICS 

Current-Gain - Bandwidth Product IT SO - MHz 
(lc = 100 mAde, VCE = 10 Vde, f = 10 MHzl 

Output Capacitance Cob pF 
(VCB = 10 Vde, 'E = 0, f = 0.1 MHzl 2N6406, 2N6407 - 50 

2N640B, 2N6409 - 30 

Small-Signal Current Gain hfe 10 - -
(lc = 100 mAde, VCE = 10 Vde, I = 1.0 kHzl 

*lndicBtes JEDEC Regls:tered Data, 
(11 Pulse test: Pulse W,dth';;300"s, Duty Cycle ';;2.0%. 

FIGURE 2 - SWITCHING TIME TEST CIRCUIT 
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FIGURE 3 - TURN-ON TIME 
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2N6406, 2N6407 PNP/2N6408, 2N6409 NPN (continued) 

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 Figures 5 and 6 is based on T Jlpk) = ISo"C; T C ,s 
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variable depending on conditions. Second breakdown pulse limits 
are val,d for duty cycles to 10% provided TJlpk) < lS00 C. TJlpk) 
may be calculated from the data in Figure 4. At high case tempera­
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ISee AN-415A) 

FIGURE B - CAPACITANCE 
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2N6406, 2N6407 PNP/2N6408, 2N6409 NPN (continued) 
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FIGURE 9 - DC CURRENT GAIN 
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FIGURE 10 - "ON" VOLTAGES 
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FIGURE 11 - TEMPERATURE COEFFICIENTS 
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2N6410 NPN (SILICON) 
2N6411 PNP 

COMPLEMENTARY SILICON ANNULAR 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 = 4.0 Adc 

• Low Collector· Emitter Saturation Voltage -
VCE(sat) = 0.35 Vdc (Max) @ IC = 500 mAdc 

= 0.8 Vdc (Max) @ IC = 2.0 Adc 

• High Current·Gain - Bandwidth Product -
tr = 50 MHz (Min) @ IC = 100 mAdc 

• Pin Compatible with TO·220AB Package 

'MAXIMUM RATINGS 

Rating Symbol 

Collector-Emitter Voltage VCEO 

Collector-Base Voltage VCBO 

Emitter-Base Voltage VEB 

Collector Cu rrent - Continuous IC 
Peak 

Base Current IB 

Total Power 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 
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Vdc 

Adc 
Adc 

Adc 

Watts 
W/oC 

DC 

4 AMPERE 
POWER TRANSISTORS 

COMPLEMENTARY SILICON 

PIN 1 
1 
3 

25 VOLTS 
15 WATTS 

T K 

;fjJ~" ! 
+m:'-+ 

D ~ 
BASE I~L COllECTOR I 
EMITTER -=i G F 

L +---C' 
~F,-

HEAT SINK 
CONTACT AREA M 

DIM 
A 
B 
C 
D 
E 
F 
G 
H 
J 
K 
L 
M 
N 
P 

(BOTTOM) 
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2N6410 NPN/2N6411 PNP (continued) 

'ELECTRICAL CHARACTERISTICS (TC = 25°C unless otherwise noted.) 

I Characteristic I Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage (1) 
(lc = 10 mAde, IS = Ol 

Collector Cutoff Current 
(VCE = 20 Vde, IS = 0) 

Collector Cutoff Current 
(VCE = 40 Vde, VSE(off) = 1.5 Vde) 
(VCE = 20 Vde, VSE(oll) = 1.5 Vde, TC = 1250 C) 

Emitter Cutoff Current 

(VES = 6.0 Vde, IC = 0) 

ON CHARACTERISTICS (1) 

DC Current Gain 
(IC = 500 mAde, VCE = 2.0 Vde) 
(lC = 2.0 Ade, VCE = 2.0 Vde) 
(lC = 4.0 Ade, VCE = 2.0 Vde! 

Collector-Emitter Saturation Voltage 
(lC = 500 mAde, IB = 50 mAde! 
(lC = 2.0 Ade, I B = 200 mAde) 
(lC = 4.0 Ade, IB = 400 mAde) 

Base-Emitter Saturation Voltage 
(lC = 2.0 Ade,IB = 200 mAde) 

Base-Emitter On Voltage 
(lC = 2.0 Ade, VCE = 2.0 Vde) 

DYNAMIC CHARACTERISTICS 

Current-Gain - Bandwidth Product 
(lC = 100 mAde, VCE = 10 Vde, I = 10 MHz) 

Output Capacitance 
(VCB = 10 Vde, IC = 0, I = 0.1 MHz) 2N641 0 

2N6411 

Small-Signal Current Gain 
(lC = 500 mAde, VCE = 10 Vde, I = 1.0 kHz) 

* Indicates JEDEC Registered Data. 
(1) Pulse Test: Pulse Width';;; 300/ls, Duty Cycle';;; 2.0%. 

FIGURE 2 - SWITCHING TIME TEST CIRCUIT 
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0, MUST BE FAST RECOVERY TYPE. eg 
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FOR PNPTEST CIRCUIT, REVERSE ALL POLARITIES 
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- 100 /lAde 
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- 1.6 Vde 
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pF 

- 80 
- 120 

50 - -

FIGURE 3 - TURN-ON TIME 



2N6410 NPN/2N6411 PNP (continued) 

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 mdlcate 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) = 150oC; T C IS variable 
depending on conditions. Second breakdown pulse limits are valid 
for dutv cvcles to 10% provIded TJ(pk) .,;;; 15o"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. 
(See AN-415A) 
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2N6410 NPN/2N6411 PNP (continued) 
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2N6412,2N6413 NPN (SILICON) 

2N6414,2N6415 PNP 

COMPLEMENTARY PLASTIC SILICON ANNULAR 
POWER TRANSISTORS 

· .. designed for low power audio amplifier and low current, high· 
speed switching applications. 

• Low Co lIectdt·Emitter Sustaining Voltage ~ 
VCEO(sus) = 40 Vdc (Min) - 21116412, 21116414 

. '= 60 Vdc (Min) - 21116413, 21116415 

• 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 

• Collector· Emitter Saturation Voltage Specified at 0.5, 1.0, 
2.0 and 4.0 Adc 

• Pin Compatible With TO·220AB Package 

"MAXIMUM RATINGS 

2N6412 2N6413 
Rating Symbol 2N6414 2N6415 ' 

Collector-Emitter Voltage VeEO 40 60 

Collector-Base Voltage VeBO 60 BO 

Emitter-Base Voltage VEBO 6:0 

Collector Current Continuous Ie 4.0 
~ Peak 8.0 

Base Current IB 1.0 

Total Power Dissipation@Tc 250e Po 15 
Derate Above 25°C 0.12 

Operating and Storage Ju.nction TJ, Tstg -65 to +150 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal ResIstance, Junction to Case 

·lndicatesJEDEC Registered Data. 

FIGURE 1 - POWER DERATING 
16 1 

-.., 
' . 

...... , 
2 

"'" 
I 

.0 f'.. ti 
:'t'--.. , 

0 0 , 
0 ........ 0 
20 40 60 80 100 120 140 160 

T, TEMPERATURE lOCI 

Unit 

Vdc 

Vdc 

Vdc 

Adc 
Adc 

Adc 

Watts 
w/oe 

°c 

4 AMPERE 
POWER TRANSISTORS 

COMPLEMENTARY SILICON 

40, 60 VOLTS 
15 WATTS 

+,:,-+ 
T K 

D =-1 
i ~~~T~~:O R _: ~ F 

PIN 1 BASE IlL' 
.j G 

L " N-..i'" LQ+-r V-----,-
HEAT SINK I 

CONTACT AREA -......, M 
(BOTTOM) 

INCHES MILLIMETERS 
DIM MIN MAX MIN MAX 

A 0295 0.305 7490 7150 
B 0095 0105 Hl0 2670 
C 0425 0435 10800 11050 
0 0020 0.026 0508 0.660 
E 0145 0155 3680 3940 
F 0093TP 2360TP 
G 0025 0.035 0.635 0889 
H 0.148 0158 3.760 4010 
J 0115 0118 2920 3.000 
K 0.595 0.645 15.110 16380 
L 0015 0.025 0381 0635 
M 30 TYP 30 TYP 
N 0045 0.055 1140 1400 
P 0085 0095 2160 2410 

CASE 77-03 



2N6412. 2N6413 NPN/2N6414. 2N6415 PNP(continued) 

"ELECTRICAL CHARACTERISTICS ITC = 25°C unless otherwISe noted.) 

Characteristic 

OFF CHARACTERISTICS 

Collector~Emitter Sustaining Voltage (1) 
(lC = 10 mAde, IS = 0) 2N6412, 2N6414 

2N6413,2N6415 

Collector Cutoff Current 

IVCE = 20 Vde, IS = 0) 2N6412,2N6414 
IVCE = 30 Vde, IB = 0) 2N6413,2N6415 

Collector Cutoff Current 
IVCE = 60 Vde, VSEloff) 2N6412,2N6414 
= 1.5 Vde) 

IVCE = 80 Vde, VSEloff) 2N6413,2N6415 
= 1.5 Vde) 

IVCE = 30 Vde, VBEloll) 2N6412,2N6414 
= 1.5 Vde, TC = 125°C) 

(VCE = 40 Vde, VBEloff) 2N6413, 2N6415 
= 1.5 Vde, TC = 125°C 

Emitter Cutoff Current 

(VES = 6.0 Vde, IC = 0) 

ON CHARACTERISTICS II) 

DC Current Gam 
(lC = 200 mAde, VCE = 3.0 Vde) 
(lC = 1.0 Ade, VCE = 3.0 Vde) 
(lC = 2.0 Adc, VCE = 3.0 Vde) 
IIC = 4.0 Ade, VCE = 3.0 Vde) 

Collector·Emitter Saturation Voltage 
(lC = 500 mAde, IS = 50 mAde) 
IIC = 1.0 Ade, IS = 100 mAde) 
(lc = 2.0 Ade, IB = 200 mAde) 
(lC = 4.0 Ade, I B = 800 mAde) 

Base-Emitter Saturation Voltage 
(lC = 2.0 Ade, IS = 200 mAde) 

Base-Emitter on Voltage 
(lC = 2.0 Ade, VCE = 3.0 Vde) 

DYNAMIC CHARACTERISTICS 

Current-Gam - Bandwidth Product 

(lc = 100 mAde, VCE = 10 Vde, I = 10 MHz) 

Output Capacitance 
IVcs = 10 Vde, IC = 0) 2N6412,2N6413 

1= 0.1 MHz) 2N6414,2N6415 

Small-Signal Current Gain 

(lC = 200 mAde, VCE = 10 Vde, f = 1.0 kHz) 

* Indicates JEDEC Registered Data. 

II) Pulse Test: Pulse Width';; 300 IJ.S, Duty Cycle';; 2.0% 

FIGURE 2 - SWITCHING TIME TEST CIRCUIT 
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FIGURE 3 - TURN-ON TIME 
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DUTY CYCLE" , 0% -4 V 20 

RB .nd RC VARIED TO OBTAIN DESIRED CURRENT LEVELS 

01 MUST BE FAST RECOVERY TYPE. eg 

MB05300 USED ABOVE IB -100 mA 
MS06100 USED BELOW IB =100 mA 

FOR PNP TEST CIRCUIl, REVERSE ALL POLARITIES 
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2N6412, 2N6413 NPN/2N6414, 2N6415 PNP(continued) 

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 mdlcate le·VeE limits of the tranSistor 
that must be observed for reliable operation, Ie, the transistor 
must not be subjected to greater diSSipation than the curves mdlcate 

The data of Figure 5 IS based on T J~pk) = 150°C; TC IS variable 
depending on conditions Second breakdown pulse limits are valid 
for duty cycle, to 10% provIded T Jlpk) .;; 15o"C. T Jlpkl may be 
calculated from the data tn 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 
(See AN·415A) 
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2N6412, 2N6413 NPN/2N6414, 2N6415 PNP(continued) 
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2N6416,2N6417 NPN (SILICON) 
2N6418,2N6419 PNP 

COMPLEMENTARY PLASTIC SILICON ANNULAR 
POWER TRANSISTORS 

· .. designed for low power audio amplifier and low·current, high 
speed switching applications. 

• High Coliector·Emitter Sustaining Voltage -
VCEO(sus) = 80 Vdc (Min) - 2N6416, 2N6418 

= 100 Vdc (Min) - 2N6417, 2N6419 

• High DC Current Gain @ IC = 200 mAdc 
hFE = 40·250 

• Low Coliector·Emitter Saturation Voltage -
VCE(sat) = 0.5 Vdc (Max) @ IC = 500 mAdc 

• High Current Gain - 8andwidth Product -
fT = 40 MHz (Min) @ IC = 100 mAdc) 

• Pin Compatible With TO·220AB Package 

'MAXIMUM RATINGS 

2N6416 2N6417 
Rating Symbol 2N6418 2N6419 

Collector-EmItter Voltage VeEO 80 100 

Collector-Base Voltage VeB 80 100 

EmItter-Base Voltage VEBO 6.0 

Collector Current - Continuous Ie 3.0 
- Peak 6.0 

Base Current IB 1.0 

Total Power Dissipation @TC = 25°C PD 15 
Derate above 2SoC 0.12 

Operating and Storage Junction TJ,Tstg -65 to +150 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case 

*Indicates JEDEC Registered Data. 
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2N6416, 2N6417 NPN/2N6418, 2N6419 PNP(continued) 

*ELECTRICAL CHARACTERISTICSITC = 25°C unless otherwIse noted.) 

I Characteristic I Symbol 

OFF CHARACTERISTICS 

Collector~Emitter Sustaining Voltage (1) 

(lC = 10 mAde, IS = 0) 2N6416,2N6418 
2N6417,2N6419 

Collector Cutoff Current 
(VCE = 40 Vde, IS = 0) 2N6416,2N6418 
(VCE = 50 Vde, IS = 0) 2N6417,2N6419 

Collector Cutoff Current 
IVCE = 80 Vde, VSE(oll) = 1.5 Vde) 2NS41S,2N6418 
(VCE = 100 Vde, VaE(oll) = 1.5 Vde) 2N6417,2N6419 
IVCE = 40 Vde, VSEloff) = 1.5 Vde, TC = 125°C) 2N6416, 2N6418 
(VCE = 50 Vde, VSE(off) = 1.5 Vde, TC = 125°C) 2N6417,2N6419 

Emitter Cutoff Current 
IVES = 6.0 Vde, IC = 0) 

ON CHARACTERISTICS II) 

DC Current Gain 
(lC = 200 mAde, VCE = 3.0 Vde) 
(lC = 1.0 Ade, VCE = 3.0 Vde) 
(lC = 2.0 Ade, VCE = 3.0 Vde) 
(lC ~ 3.0 Ade, VCE = 3.0 Vde) 

Collector-Emitter Saturation Voltage 
(lc = 500 mAde, IS = 50 mAde) 
(lc = 1.0 Ade, IS = 100 mAde) 
(lc = 2.0 Ade, IS = 200 mAde) 
(lc = 3.0 Ade, I a = 600 mAde) 

Base-Emitter Saturation Voltage 
(lc = 2.0 Ade, la = 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, 1= 10 MHz) 

Output Capacitance 
IVCS = 10 Vde,lc = 0, I = 0.1 MHz 2N6416,2N6417 

2N6418,2N6419 

Small-Signal Current Gain 
(lC = 200 mAde, VCE = 10 Vde, f = 1.0 kHz) 

*Indicates JEDEC Registered Data. 
II) Pulse Test: Pulse Width ';;;300l's, Duty Cycle ';;;2.0%. 
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2N6416, 2N6417 NPN/2N6418, 2N6419 PNP (continued) 

FIGURE 4 - THERMAL RESPONSE 
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2N6416, 2N6417 NPN/2N6418, 2N6419 PNP (continued) 
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2N6426 (SILICON) 
2N6427 

NPN SILICON ANNULAR DARLINGTON 
TRANSISTORS 

· .. designed 'for use as high·gain amplifiers for audio, chroma, and 
control circuits; drIvers for displays, !limps, buzzers and so~enoids. 

• Coliector·Emitter Breakdown Voltage -
. BVCEO = 40 Vdc (Min) @ IC = 10 mAde 

• DC Current Gain specified from 10 mAdc to 500 mAdc 

• Low Noise .Figure -
NF = 3.0 dB (Typ)@ IC =1.0 mAdc 

• Monolithic Construction 

*MAXIMUM RATINGS' 

RatirtIJ Symbol Value Unit 

Collector-Emitter Voltage VCEO 40 Vdc 

Collector-Base Voltage VCB 40 Vdc 

Emitter-Base Voltage VEB 12 Vdc 

Collector Current - Continous IC 500 mAde 

Total Power Dissipation @ T A "" 25°C Po 625 mW 
Derate above 25°C 5.0 mW/oC 

Total Power Dissipation @ T C = 2SoC Po 1.5 Watts 
Derate above 2SoC 12 mW/oC 

Operating and Storage Junctton TJ,Tstg -55 to +150 °c 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Thermal Resistance. Junction to Ambient R&JA(l) 200 °CIW 

Thermal Re~istance. Junction to Case R&JC 83.3 °CIW 

*Indicates JEDEC Registered Data. 
(1) R8JA is measured with the device soldered into a typical printed circuit board. 
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NPNSILICON 
DARLINGTON 
TRANSISTORS 

SEATING J ! ~ 
PLANE ~ 

STYLE I 
PIN 1 

2. 
3 

MILLIMETERS INCHES 
DIM MIN 

A 4.450 
B 3.180 
C 4.320 
0 .0.4117 
F 0.4117 

I 
L 1.150 
N' 
P 6.350 
Q 3.430 

'oR. 2.410 
S' 2.030 

MAX MIN 
5.200 0.175 
4.190 0.125 
5.330 0.170 . 
0.533 0.016 
0.482 0.Q16 
- . u.~oo 

1.390 0.045 
1.270 -
- 0.250 
- 0.135 

2.670 0.095 
2.670 0.080 

CASE 29·02 
TO·92 

MAX 
0.205 
0.165 
0.210 
0.021 
0.019 
-

0.055 
0.050 

-
0.105 
0.105 



2N6426, 2N6427 (continued) 

*ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted.! 

Characteristic Symbol Min Typ Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage (1) BVCEO 40 - - Vde 
(lC = 10 mAde, IB = 01 

Collector-Base Breakdown Voltage BVCBO 40 - - Vde 
(I C = TOO !,Ade, IE = 01 

Emitter-Base Breakdown Voltage BVEBO 12 - - Vde 
(IE = 10!,Ade, IC = 01 

Collector Cutoff Current ICBO - - 50 nAdc 
(VCB = 30 Vde, IE = 01 

Emitter Cutoff Current lEBO - - 50 nAdc 
(VBE = 10 Vdc, IC = 01 

Collector Cutoff Current ICEO - - 1.0 !,Ade 
•• (VCE= 25Vde, IB= 01 

ON CHARACTERISTICS 

DC Current Gain (11 hFE -
(lC = 10 mAde, VCE = 5.0 Vdel 2N6426 20,000 - 200,000 

2N6427 10,000 - 100,000 
(lC = 100 mAde, VCE = 5.0 Vdel 2N6426 30,000 - 300,000 

2N6427 20,000 - 200,000 
(lc = 500 mAde, V CE = 5.0 Vdel 2N6~26 20,000 - 200,000 

2N6427 14,000 - 140,000 

Collector-Emitter Saturation Voltage VCE(satl Vde 
•• (lC = 50 mAde, I B = 0.5 mAdel - 0.71 1.2 

(lc = 500 mAde, I B = 0.5 mAdel - 0.9 1.5 

Base-Emitter Saturation Voltage VBE(satl - 1.52 2.0 Vde 
(lC = 500 mAde, IB = 0.5 mAdel 

Base-Emitter On Voltage VBE(onl - 1.24 1.75 Vde 
(lC = 50 mAde, VCE = 5.0 Vdel 

SMALL SIGNAL CHARACTERISTICS 

High Frequency Current Gain Ihlel -
(lC = 10 mAde, VCE = 5.0 Vde, I = 100 MHzl 2N6426 1.5 2.4 -

2N6427 1.3 2.4 -

Output Capacitance Cob - 5.4 7.0 pF 
(VCB= 10Vde, IE= 0,1= 1.0MHzI 

I nput Capacitance Cib - 10 15 pF 
(VBE = 1.0 Vde, IC = 0, I = 1.0 MHzl 

I nput Impedance hie kn 
(lC = 10 mAde, VCE = 5.0 Vde, 1= 1.0 kHzl 2N6426 100 - 2000 

2N6427 50 - 1000 

Small-Signal Current Gain hie -
(lC = 10 mAde, VCE = 5.0 Vde, I = 1.0 kHzl 2N6426 20,000 - -

2N6427 10,000 - -
Output Admittance hoe - - 1000 J,.tmhos 

(lC = 10 mAde, VCE = 5.0 Vde, I = 1.0 kHzl 

Noise Figure NF - 3.0 10 dB 
(lc = 1.0 mAde, VCE = 5.0 Vde, RS = 100 kn, 
1= 10kHzto15.7kHzl 

·'ndicates JEDEC Registered Data. • -Motorola guarantees this data in addition to JE DEC Registered Data. 

m Pulse Test: Pulse Width ';;300 !,5, Duty Cycle ';;2.0%. 
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2N6426, 2N6427 (continued) 

FIGURE 1 - TRANSISTOR NOISE MODEL 
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I I L ___________ J 

NOISE APPLICATION NOTE 

For a transistor, total noise at the input may be 
expressed as: 

VT= [e~ +4KT RS+i~ R ~J y, (1) 

(See Figure 1) 

Where: 
VT = Total noise voltage at the transistor input 

(Volts/jHz) 

en = noise voltage of the transistor referred to the 
input (Figure 2) 

in = noise current of the transistor referred to the 
input (Figure 3) 

K = Boltzman's constant (1.38 x 10-23 j/oK) 

T = temperature of the source resistance (OK) 

RS'" source resistance (Ohms) 

Example: 
Find the total noise at the input of a 2N6426 for a 

collector current of 1.0 mA and a source impedance of 
10 Kilohm at a frequency of 100 Hz and at a temperature 
of 250 C. 

Read en = 31 nV IFz from Figure 2. (Note that this is for 
a one cycle bandwidth) 

Read in = 0.38 PA/Fz from Figure 3. 

VT= [(31 x 10-9 )2+ (4) (1.38x 10-23 ) (300) (10 x 103 ) 

+ (0.38 x 10-12)2 (10 x 103)2]% = 3.38nV/~ 

Noise figure is defined as: 

2-618 

N F = 20 10 . total nOi.se voltage 
g10 nOise voltage contrl buted by the Source 

Resistance 

or: 

(2) 

Noise figure can be calculated for the above example as 
follows: 

[
(33.8 x 10-9)2J % 

NF" 20 10910 17 = 8.4 dB 
16.6 x 10-

To minimize noise in a transistor stage, one might use 
Figure 5 and deduce that noise is minimized when Noise 
Figure is minimum. This is not necessarily true as shown 
by Figure 4 where the total noise voltage is a minimum at 
small values of source impedance. This can be seen from 
equation (1) which shows that total noise is a direct 
function of source resistance. 

Noise over a frequency band can be handled in one of 
two ways depending upon whether total transistor noise is 
constant or variable over the bandwidth of interest: 

1. For Constant transistor noise, multiply, VT by the 
square root of bandwidth, i.e., V,. = VT. Llf%. 

2. For variable transistor noise, plot VT (where Llf = 
1.0 Hz) versus frequency over the bandwidth and 
integrate the result. 

Total noise voltage at the output of the transistor stage 
can be found by multiplying VT or V,. by the voltage gain 
of the stage. 



2N6426, 2N6427 (continued) 
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2N6426, 2N6427 (continued) 
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2N6426, 2N6427 (continued) 
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The safe operating area curves indicate IC-VCE limits 
of the transistor that must be observed for reliable oper­
ation. Collector load lines for specific circuits must fall 
below the limits indicated by the applicable curve. 

The data of Figure 13 is based upon T J(pk) = 1500 C; 
TC or T A is variable depending upon conditions. Pulse 
curves are valid for duty cycles to 10% provided T J(pk) ..;; 
1500 C. T J(pk) may be calculated from the data in Figure 
12. At high case or ambient temperatures, thermal limi­
tations will reduce the power than can be handled to 
values less than the limitations imposed by second break­
down. (See AN-415A). 

DESIGN NOTE: USE OF TRANSIENT THERMAL RESISTANCE DATA 

FIgure A 

I I 
---, tl t-- I 

I I I 
1_l/f----l 

Duty Cycle'" t1 f ""~ 
tp 

Peak Pulse Power"" Pp 

Pp 

2-621 

A train of periodical power pulses can be represented by 
the model as shown in Figure A. Using the model and the 
device thermal response the normalized effective transient 
thermal resistance of Figure 12 was calculated for various 
duty cycles. 

To find ZOJC(t), multiply the value obtained from Figure 
12 by the steady state value ROJC. 

Example: 
The 2N6426 is dissipating 2.0 watts under the following 
conditions: 

t1 = 1.0 ms, tp = 5_0 ms_ (D = 0.2) 

Using Figure 12, at a pulse width of 1.0 ms and D = 0.2, 
the reading of r(t) is 0_4. 

The peak rise in junction temperature is therefore 
AT = r(t) X Pp X RI1JC = 0_4 X 2.0 X 83.3 = 66.50 C 

For more information, see AN-569. 



2N6436 (SILICON) 
2N6437 
2N6438 

HIGH-POWE;R PNP SILICON TRANSISTORS 

· .. designed f~r" use in industrial·military power amplifier and 
switching circuit applications. 

• High Coliector·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 Coliector·Emitter Saturation Voltage -
VCE(sat) = 1.0 Vdc (Max) @ IC = 10 Adc 

• Fast Switching Times @ IC = 10 Adc 
tr = 0.3 /.Is (Max) 
ts = 1.0 /.Is (Max) 
tf = 0.25 /.IS (Max) 

• Hard Solder Construction 

• Complement to NPN 2N6338 thru 2N6341 

'MAXIMUM RATINGS 

Rating Symbol 2N6436 

Collector-Base Voltage Vea 100 

Cotlector-Emltter Voltage VeEO 80 

Emitter-Base Voltage VEa 

Collector Current Continuous Ie 
Peak 

Base Current la 

Total Device DISSipation @TC = 25°C PD 
Derate above 2SoC 

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 

O1aracteristic 

Thermal Resistance, Junction to Case 

-Indicates JEDEC Registered Data. 

FIGURE 1 POWER DERATING 
20 0 

-

"" 5 

~ 
0 

5 ~ 

"" 0 ........ 
5 

'" 0 

'" 5 

'" 0 
25 50 75 100 125 150 175 200 

TC, CASE TEMPERATURE (OC) 

2-622 

Unit 

Vdc 

Vdc 

Vdc 

Adc 

Adc 

Watts 
wloe 

°e 

25 AMPERE 
POWER TRANSISTORS 

PNPSILICON 

80. 100. 120 VOLTS 
200 WATTS 

Lr~ r~K ESEATIN(~ I 
PLANE 

DIM 

A 
B 
C 
D 
E 
F 
G 
H 
J 
K 
Q 

R 

STYLE " 
PIN 1 BASE 

2. EMITTER 
CASE, COLLECTOR 

NOTE. 
1. DIM "0" IS DIA. 

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 

29,90 30.40 1.177 1.197 
10.67 11.18 0.420 0,440 
5.33 5.59 0.210 0,2 0 

lH,64 17.15 0,655 0,675 
11.18 12,19 0.440 0,480 
3,84 4.09 0.151 0.161 
- 28,67 - 1.050 

Collector connected to case. 
CASE 11·01 



2N6436, 2N6437, 2N6438 (continued) 

'ELECTRICAL CHARACTERISTICS ITC = 2SoC unle .. otherwise notedl 

Characteristic I Symbol Min M •• Unit 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage (1) VCEOlsu,1 Vde 
(lC = 50 mAde, IB = 01 2N6436 60 -

2N6437 100 -
2N6438 120 -

Collector Cutoff Current ICEO /JAde 
IVCE = 40 Vdc, 18 = 01 2N6436 - SO 
IVCE = SO Vde, IB = 01 2N6437 - 50 
IVCE = 60 Vde, 18 = 01 2N6438 - 50 

Collector Cutoff Current ICEX /JAde 
IVCE = 90 Vde, VBEloffl = -1.5 Vdel 2N6436 - 10 
IVCE = 110 Vde, VBElolfi = -1.S Vdel 2N6437 - 10 
IVCE = 130 Vde, VBEloffi = -1.5 Vdel 2N6438 - 10 
IVCE = 60 Vde, VBEloffi = -1.S Vdc, 2N6436 - 1.0 mAde 

TC = 1500 CI 
IV CE = 100 Vde, VBEloffi = -l.S Vde, 2N6437 - 1.0 
TC = 1500 CI 

IVCE = 120 Vde, VBEloffl= -1.S Vde, 2N6438 - 1.0 
TC"" 150°C 

Collector Cutoff Current ICBO /JAde 
IVCB = 100 Vde,IE = 01 2N6436 - 10 
IVCB = 120 Vde, IE = 01 2N6437 - 10 
IVCB = 140 Vde, IE = 01 2N6438 - 10 

Emitter Cutoff Current lEBO - 100 /JAde 

IVEB = 6.0 Vde, IC = 01 

ON CHARACTERISTICS 

OCCurrent Gain (1) hFE -
(lc = 0.5 Ade, VCE = 2.0 Vdel 30 -
IIc = 10 Ade, VCE = 2.0 Vdel 20 60 
(lc = 25 Ade, VCE = 2.0 Vdel 12 -

Collector-Emitter Saturation Voltage (1) VCElsatl Vde 
IIc = 10 Ade,IB = 1.0 Adel - 1.0 
(lc = 25 Adc, IB = 2.S Adel - 1.8 

Base-Emitter Saturation Voltage (1) VBElsatl Vde 
(lC = 10 Ade, IB = 1.0 Adel - 1.8 
(lC = 25 Adc, IB = 2.5 Adel - 2.5 

DYNAMIC CHARACTERISTICS 

Current-Gain - Bandwidth Product fT 40 - MHz 
(lc = 1.0 Adc, VCE = 10 Vde, f test = 10 MHzl 

Output Capacitance Cob - 700 pF 
IVCE = 10 Vde, IE = 0, f = 100 kHzl 

SWITCHING CHARACTERISTICS 

Rise Time 0.3 ~s 

IVcc = 80 Vde,lc = 10 A, VSEloffl = 6.0 Vde, IBl = 1.0 Adel 

Storage 1.0 ~s 

IVCC = 80 Vde, IC = 10 A, VSEloffl = 6.0 Vde, 181 = IB2 = 1.0 Adel 

Fall Time t, 0.25 ~s 

IVcc = 60 Vde,lc = 10 A,VSEloffl = 6.0 Vde,IB 1 = IB2 = 1.0 Adel 

*Indlcates JEDEC Registered Data. 
(1) Pulse Test: Pulse Width ~300 ",s; Duty Cycle :S;;;;2.0%. 

FIGURE 2 - SWITCHING TIME TEST CIRCUIT FIGURE 3 - TURN-ON TIME 
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2N6436, 2N6437, 2N6438 (continued) 

FIGUR·E 4 - THERMAL RESPONSE 
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There are two limitations on the power hand,ling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves IOdicate le·VeE limits of the transistor 
that must be observed for rehable operation; i.e., the tranSistor 
must not be subjected to greater diSSipation than the curves Indicate. 
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calculated from the data In Figure 4. At high case temperatures, 
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values less than the limitattons Imposed by second breakdown. 
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2N6436, 2N6437, 2N6438 (continued) 

FIGURE 8 - DC CURRENT GAIN 
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2N6441 (SILICON) 
thru 

2N6448 

MULTIPLE SILICON ANNULAR MONOLITHIC 
TRANSISTORS 

... designed for use as differential amplifiers, dual general-purpose 
amplifiers, front end detectors and temperature compensation" 
applications. 

• Excellent Temperature Tracking - 2N6445 thru 2N6448 
"'IVBEl - VBE21 = 0.8 mVdc (Maxi @-55 to +250 C 

= 1.0 mVdc (Maxi @+25 to +1250 C 

• Low Collector-Emitter Saturation Voltage -
VCE(satl = 0.1 Vdc (Typl @ IC = 1.0 mAdc 

• DC Current Gain Specified - 10 !lAdc to 1.0 mAdc 

• High Current-Gain-Bandwidth Product­
fT = 500 MHz (Typl @ IC = 0.5 mAdc 

'MAXIMUM RATING 

Rating Symbol 

Collector-Emitter Voltage VCEO 

Collector-Base Voltage VCB 

Emitter-Base Voltage VEB 

Collector Current - Contmuous IC 

Total Power DiSSipation @ T A = 25°C Pal1l 
Derate above 25°C 

Total Power DIssipation @TC = 25°C Pa l1l 
Derate above 25°C 

Operatmg and Storage Junction TJ, Tstg 
Temperature Range 

(1) One die or both die with equal power 

THERMAL CHARACTERISTICS 

Junction to 
Characteristic ease 

Thermal Resistance Each Die 125 
Effective, 2 Die 

Coupling Factors 100 

*1 ndicates JE DEC Registered Data 

Value 

45 

60 

6.0 

10 

550 
3.14 

1.4 
8.0 

-65 to +200 

Junction to 

Ambient 

319 

100 

2-626 

Unit 

Vdc 

Vdc 

Vdc 

mAde 

mW 
mW/oC 

Watts 
mW/oC 

°c 

Unit 

°C/W 

% 

NPN SILICON 
MONOLITHIC 
MULTIPLE 

TRANSISTORS 

STYLE 1, 
PIN 1. COLLECTOR 

2. BASE 
3. EMITTER 
4. OMITTED 

DIM MIN MAX 
A B.51 9.40 
B 7.75 B.51 
C 3.81 4.70 
D 0.41 0.53 
G 5.0B BSC 
H 0.71 0.B6 
J 0.74 1.14 
K 12.70 
M 45' BSC 
N 2.54 BSC 

5. EMITTER 
6. BASE 
7. COLLECTOR 
B. OMITTEO 

CASE 654-07 



2N6441 thru 2N6448 (continued) 

THERMAL COUPLING AND EFFECTIVE THERMAL RESISTANCE 

In multiple chip devices, coupling of heat between die occurs. 
The junction temperature can be calculated as follows: 

(1) ~TJl % ReI POl + Re2 Ke2 P02 

Where AT Jl IS the change in junction temperature of die 1 
RS1 and R02 is the thermal resistance of die 1 and die 2 
P01 and P02 is the power dissipated In die 1 and die 2 
KS2 IS the thermal coupling between die 1 and die 2. 

An effective package thermal resistance can be defined as 
follows: 

(2) Re(EFF) % ~TJ1/POT 

Where PDT IS the total package power diSSipation. 

Assuming equal thermal resistance for each die, equation (1) 
simplifies to: 

(3) ~TJl % ReI (POI + Ke2 P02) 

For the conditions where P01 =: P02. PDT = 2 PO. equation 

(3) can be further simplified and by substituting Into equation (21 
results in: 

(4) Re(EFF) % ReI (1 + Ke2) /2 

Values for the coupling factors when either the c~se or the 
ambient is used as a reference are given In the table on page 1. 

*ELECTRICAL CHARACTERISTICS (TA % 25°C unless otherWise noted.) 

Characteristic I Symbol Min Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage (1) BVCEO 45 - Vde 
(IC % 10mAde, 'B % 0) 

Collector-Base Breakdown Voltage BVCBO 60 Vde 
(lC % 10 !lAde, 'E % 0) 

emitter-Base Breakdown Voltage BVEBO 6.0 Vde 
(IE % 10 !lAde, IC % 0) 

Collector Cutoff Current 'CBO 50 nAdc 
IVCB % 45 Vde, IE = 0) 

Emitter Cutoff Current 'EBO 50 nAdc 
(VBE % 5.0 Vde, IC % 0) 

COllector Cutoff Current ICEO 50 nAdc 
(VCE % 5.0 Vde, 'B % 0) 

Collector-Collector Leakage Current IC1-C2 5.0 nAdc 
(VC1-C2 % 100 Vdcl 

ON CHARACTERISTICS (1) 

DC Current Gain hFE -
(lC % 10 !lAde, VCE % 5.0 Vde) 2N6441 , 43, 45, 47 60 240 

2N6442, 44, 46, 48 120 600 
(lC % 100 !lAde, VCE % 50 Vdcl 2N6441 , 43, 45, 47 100 -

2N6442, 44, 46, 48 200 -
(lC = 100 !,Ade, VCE = 5.0 Vde, T A = -55°C) 

2N6441, 43, 45, 47 30 -
2N6442, 44, 46, 48 60 -

(lC % 1.0 mAde, VCE % 5.0 Vde) 2N6441, 43, 45, 47 125 -
2N6442, 44, 46, 48 250 -

Collector-Emitter Saturation Voltage VCE(s.t) 0.3 Vde 
(lC % 1.0 mAde, 'B % 0.1 mAdcl 

Base-Emitter On Voltage VBE(on) 07 Vde 
(IC % 100!,Ade, VCE = 5.0 Vde) 

DYNAMIC CHARACTERISTICS 

Current-Ga,n-Bandw,dth Product (2) IT 160 MHz 
(lc % 0.5 mAde, VCE % 5.0 Vde, I % 20 MHz) 

Collector-Base Capacitance Ceb 1.5 pF 
(VCB % 5.0 Vde, IE % 0, I % 140 kHz) 

Collector-Collector Capacitance CC1-C2 1.5 pF 
(VC1-C2 = 0) 

Emitter-Base Capacitance Ceb 20 pF 
(VBE % 0.5 Vde, IC % 0, I % 140 kHz) 

NOIse Figure NF dB 
lic= 10!,Ade,VCE% 50Vdc,RS% 10kohms,BW= 15.7kHz) - 4.0 
(lC % 10!,Ade, VCE % 5.0 Vde, Rs= 10 kohms, I % 10kHz, BW = 20 Hz) - 3.0 

"Indicates JEDEC Registered Data. 
(1) Pulse Test: Pulse Width ~300 }J.s, Duty Cycle ~ 2.0% 
(2) fT IS defined as the frequency at which Ihfel extrapolates to unity 
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2N6441 thru 2N6448 (continued) 

ELECTRICAL CHARACTERISTICS (eontmued) 

Characteristic Symbol Min Max Unit 

'MATCHING CHARA<lTERISTICS 

DC Current Gain Ratio (3) hFE1/hFE2 
(lC = 100 /LAde, VCE = 5.0 Vdc) 2N6441, 2N6442 0.6 1.0 

2N6443, 2N6444 0.8 1.0 
2N6445, 2N6446 0.9 1.0 
2N6447,2N6448 0.95 1.0 

Base-Emitter Voltage Differential IVBE1-VBE21 mVdc 
(lC = 10 /LAde, VCE = 5.0 Vde) 2N6441 , 2N6442 - 10 

2N6443, 2N6444 - 5.0 
2N6445 thru 2N6448 - 3.0 

(lC = 100 /LAde, VCE = 5.0 Vde) 2N644 1, 2N6442 - 10 
2N6443, 2N6444 - 5.0 
2N6445 thru 2N6448 - 3.0 

Base-Emitter Voltage Differential Change "IVBE1-V BE21 mVde 
Due to Temperature 
(lC = laO /LAde, VCE = 5.0 Vdc, T A = -55 to +250 C) 

2N6441, 2N6442 - 3.2 
2N6443, 2N6444 - 1.6 
2N6445 thru 2N6448 - 0.8 

(lC = 100 /LAde, VCE = 5.0 Vde, TA = +25 to +1250 C) 
4.0 2N6441, 2N6442 -

2N6443,2N6444 - 2.0 
2N6445 thru 2N6448 - 1.0 

*Indlcates JEDEC Registered Data 
(3) The lowest hFE reading is taken as hFE1 for this ratio. 

NOISE FIGURE 
(VCE = 5.0 Vdc, T A = 25°C) 
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2N6441 thru 2N6448 (continued) 

FIGURE 3 - DC CURRENT GAIN 

z 

" 

1i00 

400 

300 

'" 200 

I 
~ 100 
co 80 

i 60 

40 

30 

...-

~ 

...t-1"l 
VCE - 5.0 V 

TJ= 150'C , -
I-" 25'C 

.-
~~-55'C 

0.01 0.02 0.05 0.1 0.2 0.5 1.0 2 0 5.0 10 

in 
':; 

1.0 

0.8 

~ 0.6 
w 

'" ... 
~ 0.4 
> 
,; 

0.2 

o 

FIGURE 4 - "ON" VOLTAGES 

TJ = 25'ci I IIII 
II 1111 I--

JBEi i ~ IIC~I~I ~ 10 -- ,....1-" 
r-- j'tl -I I' 

F"- VBE(,n)@VCE = 5.0 V 

i=c- VCE (sal) @lcllB = 10 -I--'" 

I II IIII 
0.01 0.02 0.05 0.1 0.2 0.5 1.0 2.0 

IC. COLLECTOR CURRENT (rnA) 

IC. COLLECTOR CURRENT (rnA) 

5.0 10 

>2. 

~ +2. 
> 
~ +1. 
f-

~ +1. 
U 

FIGURE 5 - TEMPERATURE COEFF CIENTS 

5 
• APPLIES FOR IcllB '" hFE/4 

0 

5 

0 

~ +0. 5 -'OVC for VCE(",) 
25'Clo 150~ 

8 0 
w 
~ -0. 

~ 
~ -1. 

~ -1. 
f-

i -2. 
-2. 

5 

0 

5 

0 

5 

,550C 10 250C , 

OVB for VBE I-

II 
-55°C to 1500C 

0.01 0.02 0.05 0.1 0.2 0.5 1.0 2.0 
IC. COLLECTOR CURRENT (rnA) 

FIGURE 6 - CURRENT,GAIN-BANDWIDTH PRODUCT FIGURE 7 - CAPACITANCE 

0 1.0 

I 

H' 
, 

5.0 10 

~ 60 
;! )-- VCE = 5.0 V 

V "' - I TJ = .50C 
t; 400 
=> 
:5 30 
g: 
~ 20 
co 
3: 
co 
z ... 

0 

0 

'100 z 

" 8 
0 

'" ~ 6 0 

0: 

~ 40 

-

/ 

TJ = 25'C 
V 

/~ 

/ 
V 

V 

0 
J:' 30.03 0.05 0.07 0.1 0.2 0.3 0.5 0.7 1.0 

IC. COLLECTOR CURRENT (rnA) 

1\ 
\ 

o. 7 ..... C.b 

l' 

\ 
...... N. 5 

Ccb 
r-.. 

I'--
0.3 

0.2 
2.0 3.0 0.1 0.2 0.3 0.5 1.0 2.0 3.0 5.0 10 20 30 50 100 

VR. REVERSE VOLTAGE (VOLTS) 

2-629 



2N64 97 (SILICON) 
2N6498 
2N6499 

HIGH VOLTAGE NPN SILICON POWER TRANSISTORS 

· .. designed for high voltage inverters, switching regulators and line· 
operated amplifier applications. Especially well suited for switching 
power supply applications in associated consumer products. 

• High Coliector·Emitter Sustaining Voltage -
VCEO(sus) = 250 Vdc (Min) - 2N6497 

= 300 Vdc (Min) - 2N6498 
= 350 Vdc (Min) - 2N6499 

• Excellent DC Current Gain -
hFE = 10 - 75@ IC = 2.5 Adc 

• Low Collector· Emitter Saturation Voltage @ IC = 2.5 Adc -
VCE(sat) = 1.0 Vdc (Max) - 2N6497 

= 1 25 Vdc (Max) - 2N6498 
= 1.5 Vdc (Max) - 21'16499 

*MAXIMUM RATINGS 

Rating Symbol 2N6497 2N649a 2N6499 

Collector·Emitter Voltage VCEO 250 300 350 

Collector-Base Voltage VCS 350 400 450 

Emitter-Base Voltage VES _6.0 --Collector Current - Continuous IC - 5.0 -- Peak - 10 -Base Current IS - 2.0 --Total Power Dissipation @TC - 2SoC Po - 80 --Derate above 25"C _0.64 --Operating and Storage Junction 
Temperature Range 

TJ,Tstg ~-65to+150 ___ 

Stud Torque ___ 8.0_ 

THERMAL CHARACTERISTICS 

Characteristic Symbol I Max 1 
Thermal Resistance, Junction to Case R8JC J 1.56 I 
* Indicates JEDEC Registered Data. 
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Unit 

Vdc 

Vdc 

Vdc 

Adc 

Adc 

Watts 
W/OC 

°c 

In. Lb. 

Unit 

°CIW 

5 AMPERE 
POWER TRANSISTORS 

NPNSILICON 

250,300,360 VOLTS 
BOWATTS 

-B-

L~/F M 

o ".~"r Tm =t+. ll ____ ,u 
1 

-----rH K ~·s 
--~ 

D~' --II--J GL 
~ill ... ~i 

STYLE 1 
PIN 1. BASE 

2. COLLECTOR 
3. EMITIER 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 

A 16.08 16.33 
I 12.57 12.83 
C 3.18 3.43 
D 0.51 0.76 
F 3.61 3.86 
G 2.541se 
H 2.67 2.92 
J 0.43 0.69 
K 14.73 14.99 
L 2.1& 2.41 
M 3 TVP 
N 1.47 1.73 0.058 0.068 
a 4.78 5.03 0.1 8 0.198 
R 1.91 2.16 0.075 0.086 
S 0.81 0.8 0.0 0.034 
T 6.99 7.24 0.275 0.286 
U .2 4 0.245 .255 

1. DIM "G" IS TO CENTER LINE OF LEADS. 

CASE 199.04 



2N6497, 2N6498, 2N6499 (continued) 

'ELECTRICAL CHARACTERISTICS (TC' 25°C unless otherwise noted.) 

Characteristic I Svmbol 

OFF CHARACTERISTICS 

Coliector·Emitter Sustaming Voltage (1) 

(I C ' 25 mAde, I B ' 0) 2N6497 
2N649B 
2N6499 

Collector Cutoff Current 
(VCE' 350 Vde, VBE(off) = 1.5 Vde) 2N6497 
(VCE' 400 Vde, VBE(off) = 1.5 Vde) 2N6498 
(VCE' 450 Vde, VBE(off) = 1.5 Yde) 2N6499 

(VCE' 175 Vde, VSE(off)' 1.5 Vde, TC = 100°C) 2N6497 
(VCE' 200 Vde, VSE(olf) = 1.5 Vde, TC = 100°C) 2N6498 
(VCE' 225 Vde, VSE(off) , 1,5 Vde, TC' 100°C) 2N6499 

Emitter Cutoff Current 

(VSE' 6.0 Vde, IC' 0) 

ON CHARACTERISTICS (1) 

DC Current Gain 
(lC' 2.5 Ade, VCE' 10 Vde) 
(lC' 5,0 Ade, VCE' 10 Vde) 

Collector-Emitter Saturation Voltage 

(lC' 2.5 Ade, IS = 500 mAde) 2N6497 
2N6498 
2N6499 

(lc' 5.0 Ade, IS' 2,0 Ade) All Devices 

Base-Emitter Saturation Voltage 
(lC • 2.5 Ade, IS • 500 mAde) 
(lC' 5,0 Ade, IS • 2.0 Ade) 

DYNAMIC CHARACTERISTICS 

Current-Gain-Bandwidth Product 
(lC' 250 mAde, VeE' 10 Vde, I' 1.0 MHz) 

Output Capacitance 
IV CS • 10 Vde, IE' 0, f • 100 kHz) 

SWITCHING CHARACTERISTICS 

Rise Time 
IVCC' 125 Vde, IC' 2,5 Ade, ISl • 0.5 Ade) 

Storage Time 
IVCC' 125Vde, IC' 2.5 Ade, VSE' 5.0 Vde, IS1' IS2' 0.5 Ade) 

Fall Time 
IVCC' 125 Vde, IC' 2.5 Ade, ISl • IS2' 0,5 Ade) 

*Indltates JEDEC Registered Data. 
III Pulse Test: Pulse Width ';;300 #s, Duty Cycle ';;2,0%, 

FIGURE 1 - SWITCHING TIME TEST CIRCUIT 
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2N6497, 2N6498, 2N6499 (continued) 

FIGURE 3 - THERMAL RESPONSE 

1.0 

ffi 0.7 
N O•5 

.... ::; 
!:Ji 0.3 
0;'" 
:i ~ 0.2 
",-
.... w 

=0-0.5 

== f= 012 

- r O•1 

1~ 2: ~ o. 
~!2i 0.07 
~ ~ 0.05 

~~ 

Fo.05 

'= ~ 0.03 

~O.02 .... 
1 

== 0.0 

;;- -" 
I-- '-0.Q1 

I 

-Singl. Pulse 

II 0.0 
om 0.02 0.03 0.05 

- I? 

I-::: ~ 

0.1 0.2 0.3 0.5 

- fIlfl R9JClmax) -1.56DC/W 

o CURVES APPLY FOR POWER 
PULSE TRAIN SHOWN 

-t,~ 
SINGLE READ TIME AT 11 

PULSE 
TJlpk) - TC = Plpk) R 8Jcltl 

DUTY CYCLE, 0 = 11/12 

11111 II II II 11111 1111 11111 
1.0 2.0 3.0 5.0 10 20 30 50 100 200 300 500 1000 

I, TIME OR PULSE WIDTH 1m.) 

FIGURE 4 - ACTIVE·REGION SAFE OPERATING AREA 

i 5. 
5 .... 

0 

0 

0 

0 ~ 2. 

~ 1.0 

5 

1 

~ O. 

= 0.2 

8 O. 
u 
- 0.05 

0.02 

i 

.. 
de ~ SiD rna 

TC = 250C I 

- - Bonding Wire Limit 
---- Thermal Limit (Single Pulse) 

Second Breakdown Limit 

Curves apply below rated VCEO 

~oms ~oo", c-

.'-

" \0 
2N6497 
2N6498 
2N8499 i-F 

5.0 7.0 10 20 30 50 70 100 200 300 500 
VCE, COLLECTOR·EMITTER VOLTAGE (VOLTS) 

FIGURE 5 - TURN-QFF TIME 

10 
7.0 
5.0 

VCC=125Vf= 
I. ICliB" 5.0 r-- TJ= 250 C r-

3.0 

2.0 r--... 
j 
w 

1.0 .. ...... 
;:: 

0.7 ... 
0.5 

0.3 -If 
0.2 

0.1 
0.05 0.07 0.1 0.2 0.3 0.5 0.7 1.0 2.0 .3.0 5.0 

IC, COLLECTOR CURRENT lAMP) 

2-632 

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 4 i. based on T C = 250 C; T J(pk) i. 
variable depending on power level. Second breakdown pulse limits 
are valid for duty cycle. to 10% provided TJ(pk) .;;;; 1500 C. TJlpk) 
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 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. 
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2N6497, 2i\i6498, 2N6499 (continued) 

FIGURE 7 - DC CURRENT GAIN 
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3N 124 (SILICON) 
3N125 
3N126 

N-:channel silicon annular tetrode-connected field­
effect transistors, designed for low-power switching 
and amplifier applications in the audio through VHF 
frequency range, features high breakdown voltage, low 
transfer capacitance, and tetrode configuration for a 
broad range of applications. 

CASE 20 
TO-72 

2 STYLE4 

o 2. GATE 
1 0 0 3 3. DRAIN 

o 4. GATE2-
O PIN 1. SOURCE 

4 ~~~~TRATE AND 

MAXIMUM RATINGS 

Rating 

Reverse Gate-Source Voltage 
Gate 1 
Gate 2 

Drain-Source Voltage 

Drain-Gate Voltage 
Gate I 
Gate 2 

Gate 1-Gate 2 Current 

Gate 2-Gate 1 Current 

Gate Current 
Gate I 
Gate 2 

Drain Current 

Junction Operating Temperature 

Storage Temperature Range 

Total Device Dissipation @ T A = 25°C 
Derate Above 25°C 

Total Device Dissipation @ TC = 25°C 
Derate Above 250C 

Symbol 

VGlS 
VG2S 

VDS 

VDGl 
VDG2 

IGlG2 

IG2G1 

IGl 
IG2 

ID 

TJ 

Tstg 

PD 

PD 

2·634 

Value Unit 

Vdc 
50 
50 

50 Vdc 

Vdc 
50 
50 

1.0 mAdc 

1.0 mAdc 

mAdc 
20 
20 

20 mAdc 

175 °c 

-65 to +175 °c 

300 mW 
1.71 mW/oC 

800 mW 
4.57 mW/oC 



3N124, 3N125, 3N126 (continued) 

ELECTRICAL CHARACTERISTICS (T A = 2SoC unless otherwise notedl 

Characteristic Symbol Min Max Un~ 

Gate-Source Breakdown Voltage V(BR)GSS Vdo 
(rG ... 10 /.'Adc, Vos '" 0, VG1G2 ,,0) 50 

Gate Reverse Current IGSS nAdo 
(VGS -' 25 Vdc, VOS '" 0, VGIG2 -; 0) 0.250 

(Vas = 25 Vdc, VDS" 0, VOlG2 '" 0, TA " +i5Q"C) 250 

Zero-Gate- Voltage Dram Current lOSS rnAdo 
(Vas" 15 Vdc, VGIG2 "0, Vas'" 0) 3N124 0.2 2.0 

3Nt25 1.5 4.5 
3N126 3 .• 9.0 

Gate-Source Voltage Vos Vdo 
(In" 20 /lAde, VDS = 15 Vdc, V GlG2 ,,0) 3N124 0.2 2 .• 

(In = 150 JlAdc, Vos =- 15 Vdc, VG1G2 = 0) 3N125 1.0 3 .• 

(ID" 300 /-LAde, Vos = 15 Vdc, VGlG2 = 0) lN126 1.5 5.5 

Gate-Source Cutoff Volt>lge VGS(off) Vdo 
(VIlS" 15 Vdc, In" 1.0 jlAdc, VOlG2 " 0) 3N124 -2.5 

3N125 -4.0 
lNI26 --6.5 

Gate I-Source Cutoff Voltage VG1S{o!f) Vdo 
(VDS = 15 Vdc, In = 1.0 /lAde, VG2S " 0) lN124 -5.0 

3N125 -8.0 
lNI26 -18 

Gate 2-Source Cutoff Voltage VG2S(off) Vdo 
(Vos" 15Vdc, IO=l.OllAdc, VGlS '" 0) SN124 -8.0 

SN125 -14 
SNI26 -26 

Gate I-Gate 2 Reach Through Voltage Vq1G2 Vdo 
(IG1G2 " 10 iJA,de, IS'" 0, In'" 0) SN124 1.0 

SNI25 3.0 
SNI26 5 .• 

Gate 2-Gate 1 Reach Through Voltage VG2Gl Vdo 
(lG2m " 10 /-lAde, IS "0, In '" 0) SN124 2.0 

SNI25 '.0 
3NI26 I. 

Gate I-Gate 2 Reach Tht'ough Dram Current 10 ""do 
(Vns" 15 Vdc, IGl '" 10 jJAdc, VG2S '" 0) 1.0 

Gate 2-Gate I Reach Through Dram Current 10 ""do 
(Vns = 15 Vdc, IG2 '" 10 jJAdc, VGlS '" 0) 1.0 

SMALL·SIGNAL COMMON -SOURCE CHARACTERISTICS 

Forward Transfer AdmIttance j.tIllhos 
(Vns" 15 Vdc, VGlS '" VG2S = 0, f = 1.0 kHz) 

Gate I-Gate 2 3N124 ! 'fs! 500 2000 
3N125 800 2400 
3NI26 1200 3600 

Gate 1 Only 3NI24 !'Isll 250 1000 
3N125 4.0 1600 
3NI26 80. 2700 

Gate 2 Only 3N124 l'fs21 200 800 
3NI25 25. 1000 
3NI26 400 1200 

(Vns = 15 Vdc, VGlS = v G2S = 0, f" 100 MHz) 

Gate 1 Only 3N124 IYls11 25. 
3NI25 400 
3NI26 800 

Output Admittance 'os ~hos 

(VOS '" 15 Vdc, VGlS" VG2S '" 0, f = 1. 0 kHz) 3NU4 2.0 
3N125 10 
3N126 2. 

Input Capacitance pF 
(VOS '" 15 Vdc, Vms =VG2S '" 0, f" 1.0 kHz) 

Gate I-Gate 2 CIBS 14 

Gate I Only Clsst 5.0 

Gate 2 Only CIss2 '.0 

Reverse Transfer Capacitance pF 
(VDS = 15 Vdc, Vms = VG2S " 0, f = 1. 0 kHz) 

Gate I-Gate 2 Crss 2.0 

Gate 1 Only Crss ! 0.5 

Gate 2 Only Crss2 1.5 

Spot Noise Figure NF dB 

(Vns=15Vdc, VGlS"'VG2S=O, RS "'1.0megohm, 4.0 

f = 1. 0 kHz, BW = 100 Hz) 

Typ 
Static Dram-Source "ON" Resistance rOS(on) ohms 

(Vas '" 0, VDS '" 0) 3N124 1000 
3N125 75. 
aNI26 500 
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3N124, 3N125, 3N126 (continued) 
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3N124, 3N125, 3N126 (continued) 
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3N128 (SILICON) 

SILICON N-CHANNEL 
MOS FIELO-EFFECT TRANSISTOR 

.. designed for VHF amplifier am; oscillator applications in com­
munications equipment. 

• High Forward Transadmittance -
IYfsl=5000I'mhos(Minl@f= 1.0kHz 

• Low I nput Capacitance -
Ciss = 7.0 pF (Maxi @f= 1.0 MHz 

• Low Noise Figure -
NF = 5.0 dB (Maxi @ f = 200 MHz 

• High Power Gain -
PG = 13.5 dB (Mini @ f = 200 MHz 

• Complete "y" Parameter Curves 

• Third Order Intermodulation Distortion Performance 
Curve Provided 

• MAXIMUM RATINGS 

Rating Symbol Value 

Drain-Source Voltage VOS +20 

Drain-Gate Voltage VOG +20 

Gate-Source Voltage VGS ±10 

Drain Current 10 50 

Power Dissipation @ T A "" 2SoC Po 330 
Derate above 2SoC 2.2 

Operatmg and Storage Junction TJ,Tstg -65 to +175 
Temperature Range 

*1 ndtcates JEDEC Registered Data. 

HANDLING PRECAUTIONS 

Unit 

Vdc 

Vdc 

Vdc 

mAde 

mW 
mW/oC 

°c 

MOS field-effect trans'lstors have extremely high Input resistance. They 
can be damaged by the accumulation of excess static charge. AVOId possible 
damage to the devices whIle handling, testing, or In actual operation, by follow­
mg the procedures outlined below 

1. To avoId the build-up of static charge, the leads of the devIces should 
remain shorted together with a metal ring except when being tested or 
used 

2. AvoId unnecessary handling. PIck up devices by the case Instead of the 
leads. 

3. Do not insert or remove devices from circuits with the power on be­
cause transient VOltages may cause permanent damage to the deVIces. 

2-638 

N·CHANNEL 
MOS FIELD-EFFECT 

TRANSISTOR 

STYLE 7 
PIN 1. 

2. 
3. 
4. 

CASE2()'03 
TO-72 



3N128 (continued) 

*ELECTRICAL CHARACTERISTICS ITA = 25°C unless otherwise noted) 

Characteristic 

OFF CHARACTERISTICS 

Gate~Source Breakdown Voltage 

IIG = -10 "Adc, VOS = D) 

Gate~Source Cutoff Voltage 
IVOS = 15 Vde, 10 = 50 "Ade) 

Gate Reverse Current 

IVGS = -8.0 Vde, VOS = D) 
IVGS = -8.0 Vde, VOS = 0, T A = 1250 C) 

ON CHARACTERISTICS 

Zero·Gate-Voltage Drain Current (1) 

IVOS = 15 Vdc, VGS = D) 

SMALL-SIGNAL CHARACTERISTICS 

Forward Transadmittance 
IVOS = 15 Vde, 10 = 5.0 mAde, f = 1.0 kHz) 

Forward Transconductance 
IVOS = 15 Vdc, 10 = 5.0 mAdc, f = 200 MHz) 

Output Conductance 
IVOS = 15 Vde, 10 = 5.0 mAde, f = 200 MHz) 

Input Conductance 
IVOS = 15 Vde, 10 = 5.0 mAde, f = 200 MHz) 

Input Capacitance 
IVOS = 15 Vde, 10 = 5.0 mAde, f = 1.0 MHz) 

Reverse Transfer Capacitance 
IVOS = 15 Vde, 10 = 5.0 mAde, f = 1.0 MHz) 

Noise Figure 
IVOS = 15 Vdc, 10 = 5.0 mAde, f = 200 MHz) 

Power Gain 
IVOS = 15 Vde, 10 = 5.0 mAde, f = 200 MHz) 

*Indicates JEDEC Registered Data. 
(1) Pulse Test: Pulse Width = 300 "s, Duty Cyele = 2.0%. 

Symbol 

VIBR)GSS 

VGSloff) 

IGSS 

I Yfs I 

RelYfs) 

Relyos) 

RelYis) 

C1SS 

Crss 

NF 

PG 

TYPICAL CHARACTERISTICS 
ITA = 25°C) 

Min Max Unit 

-50 - Vdc 

-0.5 -8.0 Vdc 

nAde 
- 0.05 
- 5.0 

5000 12,000 ,umhos 

5000 - IJ.mhos 

- 500 J,Lmhos 

800 Jolmhos 

- 7.0 pF 

- 0.28 pF 

- 5.0 dB 

13.5 dB 

FIGURE 1 - DRAIN CHARACTERISTICS FIGURE 2 - TRANSFER CHARACTERISTICS 
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3N128 (continued) 
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3N128 (continued) 
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Figure 11 shows the typical third order Intermodulatlon diS­
tortion (IMD) performance of the 3N128 at 200 MHz. 

80th fundamental output and third order IMD output charac­
+enstlCS are plotted The curves have been extrapolated to show 
the trnrd order Interf'l1odulatlon output intercept pOint 

Performance for drilln L'urrents from lOSS to 0.1 I DSS, JS given 
Tl-je power gain and r.Olse figure test amplifIer shown In F I gl.l re 12 
was ,Jsed to generate the IMD data. 

FIGURE 12 - POWER GAIN, NOISE FIGURE AND INTERMODULATION DISTORTION TEST CIRCUIT 

INPUT 
Rg= 50n 

0.5-3.0 pF 

3N128 

1.0-9.0 3.0 k 
pF 

-14V 

2-641 

3.0 pF 

RFC 
0.82 ~H 

+16 V 

OUTPUT 
RL-50!l 

II '" 4-1/2 turns #20 AWG Wire, 3/16" diameter, 
approximately 112" long, tapped 1 turn from 
ground end. 

L2 '" 3-1/2 turns#20 fl.WG wire. 3/8" diameter, 
clpproxlmately 1/2" long 

*leadless-type disc capacitor 
.6NeutrallzatlOn fixed for a TranSistor havmg a 

Typical value of Crss (0.13 pF) 



3N 140 (SILICON) 

N-CHANNEL DUAL-GATE 
N-CHANNEL SILICON-NITRIDE PASSIVATED 

MOS FIELD-EFFECT TRANSISTOR DUAL-GATE 
MOS FIELD-EFFECT 

TRANSISTOR 
Depletion mode (Type B) dual-gate transistor designed for VHF 

amplifier and mixer applications_ TypeB 

• Silicon-Nitride Passivation for Excellent Long Term Stability 

• High Common-Source Power Gain - U Gps = 16 dB (Min) @f = 200 MHz 

• Low Reverse Transfer Capacitance -
Crss = 0.02 pF (Typ) @ VOS = 13 Vdc 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

Drain-Source Voltage vos o to +20 Vdc 

~~ Drain-Gate I Voltage VDGI 20 Vdc 

Drain-Gate 2 Voltage VDG2 20 Vdc ,,,) -~ Reverse Gate I-Source Voltage VGS1(r) -8.0 Vdc 
PLANE 

Reverse Gate 2-Source Voltage VGS2(r) B.Oto 0.4 V DB Vdc 
STYLE 7 

Forward Gate I-Source Voltage 
PIN 1. DRAIN -11---0 

VGS1(f) +1.0 Vdc 2. SOURCE 
3. GATE N 

Forward Gate 2-Source Voltage VGS2(f) 0.4 VDS Vdc 4. CASE AND 
2 ~ SUBSTRATE V", 

o-t-OJ G 
Drain Current ~ 50 mAdc M Y.; ~ 

Totai Device .Dissipation @TA = 25° C PD 400 mW 
Z~J 

Derate above 25· C 2.67 mWrC --
MILLIMETERS INCHES 

Operating and Storage Junction TJ,Tstg -65 to +175 ·C DIM MIN MAX MIN MAX 

Temperature Range A 5.31 5.84 0.109 0.130 
B 4.52 4.95 0.178 0.195 
C 4.31 5.33 0.170 0.110 
D 0.41 0.53 0.D16 0.011 
E - 0.76 - 0.030 

HANDLING PRECAUTIONS: F 0.41 0.48 0.016 0.019 
G 2.54 BSC 0.1008SC 

MOS field"""ect tranllston have extremely high Input resistance. They can be damaged H 0.91 1.17 0.036 0.046 

H,-~1.11 0.018 0.048 
by the accumulation of excess static charge. Avoid possible damage to the devicas whila H!- 0.500 -
handling, testing, or in actual operation, by following the procedures outlined below: c+.- 0.250 

1. To avoid the bulld·up of static charge, ·'the leads of the devices should remain ~ 45 8Se 
N 1. BSe 0.0508SC 

shorted together with a metal ring except when being tested or used. p - 1.27 - 0.050 

2. Avoid unnecessary handling. Pick up devices by the case instead of the leads. ALL JEDEC dimensions anif notes apply 

3. Do not insert or remove devices from circuits with the po~r on because transient CASE 20-03 
voltages may ceusa permanent damage to the devices. TO-72 

2·642 



3N140 (continued) 

ELECTRICAL CHARACTERISTICS (TA = 25'C unless otherwise noted) 

Characteristic 

OFF CHARACTERISTICS 
Gate I-Source Cutoff Voltage 

(V DS = +16 Vdc, ~ = 200 !lAdc, V G2S = +4.0 Vdc) 

Gate 2-Source Cutoff Voltage 
(VDS = +16 Vdc, ~ = 200 !lAde, V GIS = 0) 

Gate I-Reverse Current 
(VGlS = 20 Vdc, VG2S = 0, VDS = 0) 

(V GIS = 20 Vdc, VDS = 0, V G2S = 0, T A = 125'C) 

Gate 2-Reverse Current 
(VG2S = 20 Vdc, VGlS = 0, Vos = 0) 

(V G2S = 20 Vdc, VDS = 0, V GIS = 0, T A = 125'C) 

ON CHARACTERISTICS 
Zero-Gate Voltage Drain Current 

(VDD = +14 Vdc, V GIS = 0, V G2S = +14 Vdc) 

SMALL·SIGNAL CHARACTERISTICS 
Forward Transconductance 

(V DD = +14 Vdc, ~ = 10 mAde, V G2S = +4.0 Vdc, f = 1. 0 kHz) 

Input Capacitance 
(V DS = +13 Vdc, ~ = 10 mAde, V G2S = +4. 0 Vdc, f = 1. 0 MHz) 

Reverse Transfer Capacitance 
(VDS = +13 Vdc, ~ = 10 mAde, V G2S = +4.0 Vdc, f = 1. 0 MHz) 

Common-Source Noise Figure (See Figure 1) 
(VDD = +15 Vdc, RS = 275 Ohms, RG = 50 Ohms, 

Power Gain (See Figure 1) 
(f = 200 MHz) 

Bandwidth (See Figure 1) 
(f = 200 MHz) 

·Drain-to-Gate 1 
··Gate l-Io-Drain 

f = 200 MHz) 

Symbol 

V GIS(off) 

V G2S(off) 

IG1SS 

IG2SS 

Re\yfsl' 

Ciss 

Crss • 

NF 

G ps 

BW 

Min Max Unit 

Vdc 
-0.5 -4.0 

Vdc 
-0.5 -4.0 

nAdc 
- 1.0 

- 0.2 !lAde 

nAdc 
- 1.0 

- 0.2 !lAdc 

!lmnos 
6000 18,000 

pF 
3.0 7.0 

pF 
0.01 0.03 

dB 
- 4.5 

dB 
16 22 

MHz. 
9.5 14.5 

FIGURE 1 - 200 MHz POWER GAIN AND NOISE FIGURE TEST CIRCUIT 

"Tubular Ceramic 
tOiSt Ceramic 

36k 

120 k 

RFC 
(OHMITE TYPE I 
Z235 OR EQUIVALENT), 

~ ___ J 

VOO 

+15 V 

2·643 

Ct. C2: 1.5·5.0pFvariable air capacitor : E.F. Johnson Type 160·102 
or equivalent. 

C3: to-10 pF piston·type variable air capacitor: JFO Type 
VAM·Ol.0, Johanson Type 4335. or equivalent. 

C4: 0.3-3.0 pF piston-type variable air capacitor; RoanweU Type 
MH·t3 or equivalent. 

l t: 5 turns silver-plated 0.02" thick. 0.01" - 0.03" wide copper 
ribbon. Internal diameter of winding = 0.25"; winding length 
approx.0.65". Tapped at 1-112 turns from C1 end of 
winding. 

L2: Same as II except winding length approx. 0.1"; no tap. 

11 

i1 
I 

I 
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3N 155,A (SILICON) 
3N156,A 

P-channel silicon nitride passivated MOS field-effect enhance­
ment mode transistors designed for chopper and switching 
application. 

2 STYLE Z 

CASE 20 
(T0-72) 

O PIN 1. SOURCE 
o Z. GATE 

1 0 0 0 3 3. DRAIN 
4. SUBSTRATE AND 

CASE LEAD 

MAXIMUM RATINGS 

Rating 

Drain-Source Voltage 

Drain-Gate Voltage 

Gate-Source Voltage 

Drain Current 

Total Device Dissipation @ T A = 25°C 
Derate above 25°C 

Operating Junction Temperature Range 

Storage Temperature Range 

HANDLING PRECAUTIONS: 

Symbol 

VDS 

VDG 

VGS 

1D 

P D 

TJ 

Tstg 

Value Unit 

35 Vdc 

35 Vdc 

50 Vdc 

30 mAdc 

300 mW 
1.7 mW;oC 

-65 to +175 °c 

-65 to +200 °c 

MOS field-effect transistors have extremely high input resistance. They can be damaged 
by the accumulation of excess static charge. Avoid possible damage to the devices while 
handling. testing. or in actual operation. by following the procedures outlined below: 

1. To avoid the build-up of static charge. the leads of the devices should remain 
shorted together with a metal ring except when being tested or used. 

2. Avoid unnecessary handling. Pick up devices by the case instead of tl)e leads. 
3. Do not insert or remove devices from circuits with the power on because transient 

voltages may cause permanent damage to the devices. 
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3N155,A, 3N156,A (continued) 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherw'5e noted) 

Characteristic 

OFF CHARACTERISTICS 

Drain-Source Breakdown Voltage V(BR)DSS Vde 
(IO = -10 "Ade, VG = Vs = 0) 35 - -

Gate Reverse Current IGSS pAdc 
(VGS =+50Vdc, VOS=O) - - 1000 

(VGS = +25 Vdc, VOS = 0) - - 10 

Zero-Gate Voltage Drain Current lOSS nAdc 
(VDS = -10 Vdc, V GS = 0) 3N155,3N156 - - 1.0 

3N155A,3N156A - - 0.25 

(VDS = -10 Vdc, V GS = 0, T A = 125°C) 3N155,3N156 - - 1000 
3N155A,3N156A - - 250 

Resistance Drain Source ROS(ofl) Ohms 
(IO = 0, VGS = 0) IxIO+IO - -

Resistance Gate Source Input RGS I x 10+16 
Ohms 

(V GS = -25 Vdc) - -

ON CHARACTERISTICS 

Gate Source Threshold Voltage VGS(TH) Vdc 
(VOS = -10 Vdc, 10 = -10 "Ade) 3N155,3N155A 1.5 - 3.2 

3N156,3N156A 3. O. - 5.0 

Drain Source "ON" Voltage VDS(on) Vdc 
(ID = -2. a mAde, V GS = -10 Vde) - - -1. a 

Gate Forward Leakage Current IG(f) pAdc 
(VGS = -50 Vdc, VOS = 0) - - 1000 

(VGS = -25 Vde, VOS = 0) - - 10 

"ON" Drain Current lo(on) mAde 
(VOS = -15 Vde, V GS = -10 Vde) 5. a - -

Static Drain-Source "ON" Resistance rDS(on) Ohms 
(10 = a mAde, V GS = -10 Vde) 3N155,3N156 - - 600 

3N155A,3N156A - - 300 

SMALL·SIGNAL CHARACTERISTICS 

Drain-Bource Resistance r ds(on) Ohms 
(VGS = -10 Vde, 10 = 0, 1= 1. 0 kHz) 3N155,3N156 - - 600 

3N155A,3N156A - - 300 

(VGS = -15 Vde, ID = 0, 1= 1.0 kHz) 3N155,3N156 - - 500 
3NI55A 3NI56A - - 250 

Forward Transfer Admittance I Yisl J.lmhos 
(VDS = -15 Vdc, ID = -2. a mAde, 1= 1. a kHz) 1000 - 4000 

Input Capacitance 'e iSS pF 
(VOS = -15 Vdc, V GS = -10 Vdc, 1= 140 kHz) - - 5.0 

Reverse Transfer Capacitance Crss pF 
(Vns = 0, VGS = 0, 1= 140 kHz) - - 1.3 

Drain-Substrate Capacitance Cd(sub) pF 
(VD(SUBl = -10 Vdc, 1= 140 kHz) 4.0 - -

SWITCHING CHARACTERISTICS 

Turn-On Delay td - - 45 "S (VDD = -10 Vdc, ID(on) = -2. a mAde, 
65 Rise Time V GS(on) = -10 Vdc, V GS(ofl) = 0) tr - - ns 

Turn-Ofl Delay ts - - 60 ns 
Test Circuit given in Figure 1 

Fall Time tf - - 100 ns 

2-645 



3N155,A, 3N156,A (continued) 

FIGURE 1 - GATE VOLTAGE EFFECTS 
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3N 1 SS,A, 3N 1 S6,A (continued') 
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FIGURE 11 - SWITCHING CIRCUIT and WAVEFORMS The switching characteristics shown above were measured in a test CircUIt simi la, to 
Figure 11 At the beginning of the switching Interval, the gate voltage is at ground and 
the gate-source capacitance (egs = Giss - Crss) has no charge The drain voltage IS at 
Vao, and thus the feedback capacitance (Crssl is charged to VOO Similarly, the drain­
substrate capacitance /Cd(subjlis charged to VOO since the substrate and source are con­
nected to ground 

VOO 

SET VOS" 10 V +--"V'l0V'k...-_~~ V OUTPUT TO SAMPLING 

~ ... I OSCILLOSCOPE 
IN v--:';;-l )l 50 

tr::: tf ~2.0 ns 

PW" 10". 

(ge~;~;:r ~~ep:~:~-coe) ;~::~~:'; ir ~r~h~~~~ ~: d~s~~a:~:~ :~p~~~o~a~~(~~~Ot~~~~~ 
RG and the parallel combination of the load resistor (ROJ and the channel resIstance 
1 rdsJ_ In addItIon. CdlsubJ IS discharged to a low value (VOlonl)through RO In parallel 
with ds During tum-off this charge flow is reversed 

Predicting turn-on time proves to be somewhat difficult since the channel resistance 
(fdsJ is a function of the gate-source voltage (VGS). As Cgs becomes charged VGS is ap­
proaching Vin and Tds decreases (see Figure 4) and since Crss and Cd(suh) are charged 
through rds, turn·on time IS quite non·linear. 

(W~rC~h~ ~:~~:;'~e~L:~t~fR~~S ;il~h:;\~~~~~~~r~~ \~a~~ dC~~n:~~eC~:tUc~)in~hr~e:vdai 
and will largely determine the turn·on time. On the other hand, during turn-off rds will 
be almost an open circuit requiring Crss and Cd(sub) to be charged through RD and result­
ing in a turn·off tnne that is long compared to the turn-on time. This is especially notice· 
able for the curves where RG '" 0 and Cgs IS charged through the pulse generator Imped· 
anceonly. 

OUTY CYCLE ~ 10% 
The switching curves shown with RG '" RO simulate the swItching behavior of cascaded 

stages where the driving source impedance is normally the same as the load impedance. 
The set of curves With RG '" 0 simulates a low source impedance dnve such as might occur 
In complementary logic circuits. 

VOS 

-10 V 1---..... ,...-+---------+--;-'''--
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FIGURE 12 - SWITCHING CIRCUIT with MOSFET 
EQUIVALENT MODEL 
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3N 15 7,A (SILICON) 

3N158,A 

P-channel silicon nitride passivated MOS field-effect enhance­
ment mode transistors designed for chopper and switching 
application. 

2 STYlE 2 

CASE 20 
(T0-72) 

G PIN 1. SOURCE 
I 0 2. GATE 

o 0 0 3 3. ORAIN 
4. SUBSTRATE AND 

CASE LEAD 

MAXIMUM RATINGS 

Rating 

Drain-Source Voltage 

Drain-Gate Voltage 

Gate-Source Voltage 

Drain Current 

Total Device Dissipation @ T A = 25°C 
Derate above 25°C 

Operating Junction Temperature Range 

Storage Temperature Range 

HANDLING PRECAUTIONS: 

Symbol 

VDS 

VDG 

VGS 

ID 

P D 

T J 

Tstg 

3N157 3N157A 
Unit 3N158 3N158A 

35 50 Vdc 

35 50 Vdc 

50 Vdc 

30 mAdc 

300 mW 
1.7 mW/"C 

-65 to +175 °c 

-65 to +200 °c 

MOS field·effect transistors have extremely high input resistance. They can be damaged 
by the accumulation of excess static charge. Avoid possible damage to the devices while 
handling, testing, or in actual operation, by following the procedures outlined below: 

1. To avoid the build-up of static charge, the leads of the devices should remain 
shorted together with a metal ring except when being tested or used. 

2. Avoid unnecessary handling. Pick up devices by the case instead of the leads. 
3. Do not insert or remove devices from circuits with the power on because transient 

voltages may cause permanent damage to the devices. 
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3N157,A, 3N158,A (continued) 

ELECTRICAL CHARACTERISTICS (TA = 25'C IInless otherwISe noted) 

Characteristic 

OFF CHARACTERISTICS 

Drain-Source Breakdown Voltage V (BR)DSS Vde 
(ID = -10 ,lAde, VG = Vs = 0) 3N157,3N158 35 - -

3N157A,3N158A 50 - -
Gate Reverse Current IGSS pAde 

(VGS = +25 Vde, VDS = 0) - - 10 

Zero-Gate Voltage Drain Current IDSS 
(VDS = -15 Vdc, V GS = 0) 3N157,3N158 - - 1.0 nAde 

3N157A,3N158A - - 0.25 

(VDS = -35 Vde, VGS = 0) 3N157,3N158 - - 10 !lAde 

(VDS = -50 Vde, V GS = 0) 3N157A,3N158A - - 10 

Input Resistance RGS Ohms 
(VGS = -25 Vde) - 1 x 10+12 -

ON CHARACTERISTICS 

Gate-Source Threshold Voltage VGS(TH) Vde 
(VDS = -15 Vde, ID = -10 !lAde) 3N157,3N157A 1.5 - 3.2 

3N158 3N158A 3.0 - 5.0 

Gate-Source Voltage VGS Vde 
(VDS = -15 Vde, ID = -0.5 mAde) 3N157,3N157A 1.5 - 5.5 

3N158,3N158A ·3.0 - 7.0 

Gate Forward Current IG(f) pAde 
(VGS = -25 Vde, VDS = 0) - - 10 

(VGS = -25 Vde, VDS = 0, TA = +55'C) - - 10 nAde 

"ON tl Drain Current ID(on) mAde 
(VDS = -15 Vde, V GS = -10 Vde) 5.0 - -

SMALL·SIGNAL CHARACTERISTICS 

Forward Transfer Admittance IYf81 (VDS = -15 Vde, ID = -2.0 mAde, f = 1. 0 kHz) 1000 - 4000 J.lmhos 

(VDS = -15 Vde, V GS = -15 Vdc, f = 1. 0 kHz) 1800 - -

Output Admittance IY08 1 Ilmhus 
(VDS = ~15 Vde, ID = -2.0 mAde, f = 1. 0 kHz) - - 60 

Input Capacitance CiSS pF 
(VDS = -15 Vde, V GS = 0, f = 140 kHz) - - 5.0 

Reverse Transfer Capacitance C r58 pF 
(VDS = -15 Vdc, V GS = 0, f = 140 kHz) - - 1.3 

Drain-Substrate Capacitance Cd(8Ub) pF 
(VD(sub) = -10 Vde, f = 140 kHz) - - 4.0 

Noise Voltage e 
n NV/-fHz 

(RS = 0, BW = 1. 0 Hz, - 300 -
VDS = -15 Vde, ID = -2.0 mAde, f = 100 Hz) 

(RS = 0, BW = 1.0 Hz, - 120 500 

VDS = -15 Vdc, ID =-2.0 mAde, f = 1. 0 kHz) 
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3N 157 ,A, 3N 158,A (continued) 

FIGURE 1 - FORWARD TRANSCONDUCTANCE 
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3N 157 ,A, 3N 158,A (continued) 

SWITCHING CHARACTERISTICS 
(TA = 25°C) 
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The switching characteristics shown above were measured in a test circuit similar to 
Figure 11 At the beginning of the switching interval, the gate voltage is at ground and 
the gate-source capacitance (Cgs = Ciss - Crss) has no charge. The drain voltage is at 
VOD. and thus the feedback capacitance (Crss) is charged to Voe. Similarlv, the drain· 
substrate capacitance (Cd(sub))is charged to VOO since the substrate and source are con· 
nectedlo ground. 

(ge~:r~;:r ~~ep!~~~:~ m:~~\;r.s ~r~h~~~ bt: d~s~~a:;~~ ~~p~~;o~~~(:~;Ot~~~u~g 
RG and the parallel combination of the load resistor (RO) and the channel resistance 
(rds). In addition, Cd(sub) is discharged to a low value (VO(on))through RO in parallel 
with rds. During turn·off this charge flow is reversed. 

Predicting turn·on time proves to be somewhat difficult since the channel resistance 
(rdsl is a function of the gate-source voltage (VGS). As Cgs becomes charged VGS isap· 
proaching Vin and rds decreases (see Figure 5) and since Crss and Cd(subl are charged 
through rds, turn-on time is quite non·linear. 

(w~:c~h~ f~~::~~e~i:~t~fR~)s :iI~h~;tl::~~~~~r~~ ;~a~~ dC~rin:~~eC~i~c~)in~~~~e;:ai 
and will largely determine the turn·on time. On the other hand, during turn·off rds will 
be almost an open circuit requiring Crss and Cd (sub) to be charged through RD and result· 
ingin a turn·off time that is long compared to the turn·ontime. This is especiaity notice­
able for the curves where RG '" 0 and Cgs is charged through the pulse generator imped· 
ance only. 

OUTY CYCLE:::: 2.0% 

n~e switching curves shown with RG= RO simulate the switching behavior of cascaded 
stages where the driving source impedance is normally the same as the load impedance. 
The set of curves with AG '" 0 simulates a low source impedance drive such as might occur 
in complementary logic circuits. 

Vas 

-10V +----=:.r--+--------+-~ ..... --
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FIGURE 12 - SWITCHING CIRCUIT with MOSFET 
EQUIVALENT MODEL 
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3N 169 (SILICON) 
3N170 
3N171 

I SILICON N-CHANNEL 
I MOS FIELD-EFFECT TRANSISTORS 

I 

I 
i 
I 

i 
i 

I 

Enhancement Mode transistors designed for low-power switching 
applications. 

• Low Switching Voltages - VGS(th)';; 3.0 Vdc 

• Fast Switching Times .- tr';; 10 ns 

• Low Drain-Source Resistance rds(on) = 200 Ohms (Max) 

• Low Reverse Transfer Car;acitance Crss = 1.3 pF (Max) 

.. Ma"ufdctur~<i USing the N~w Silicun Nitride Process Resulting in 
a Stable VGS(th) and Gate Oxide Breakdown Protection to 
Typical Transients of ± 150 Volts Peak 

L ________________________________________ ~ 

MAXIMUM RATINGS (T A = 25°C unless otherwise noted) ,-_. ------.-
Rating I Symbol Value Unit 

Forain-Source Voltage 
I -
I 

VOS 25 Vdc I 
! .... Dram-Gate Voltage -r VOG ±35 Vdc 

~i.te-source Voltage VGS ±3& Vde 

Drain Current I D 30 . mAde 

! Power DiSSlpation@TA-"" 25°C ------ Po 300 I mW I uerate above 25°C -+--'.7 mW/oC 

I *Power DISSipation I,!jl TC = 25°C Po 800 mW 
* Cerate above 2SoC 

I 
4.56 mW/oC 

! Operating Junction Temperature TJ 175 °c 
! 'IStorage Temperature Range DC; 

--
Tstg -65 to +200 

"'Indicates JEDEC Registered Data. 

HANDLING PRECAUTIONS: 

MOS field-effect transistors have extremely high input resistance. They can be damaged 
by the accumulation of excess static charge. Avoid possible damage to the devices while 
handling, testing, or in actuai operation, by following the procedures outlined below: 

1. To avoid the build-UP of static Cl18rge, the leads of the devices should remain 
shorted together with a Inetal ring except when being tested or used. 

2. Avoid unnecessary handling. Pick up devices by the case instead of the leads. 
3. Do not insert or remove devices from circuits with the power on because transient 

voltages may cause permanent damage to the devices. 
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STYLE 2 

MOS FIELD-EFFECT 
TRANSISTORS 

N-CHANNEL 

PIN I. SOURCt --11-0 
2. GATe 
3. DRAIN 
4. SUBSTRATE AND 

CASE LEAO 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 

A 531 0.209 

~ ::;~ ~!c:~'!c;~'H--'!'!!~ 
0- 0.11 0.016 
E 

ALL JEOE:.C dimensions and notes apply 

CASE 20-03 
TO·72 



3N169, 3N170, 3N171 (continued) 

ELECTRICAL CHARACTERISTICS (T A ~ 25°C unless otherwise noted) 
Substrate connected to source. 

[ Characteristic Figure No. Symbol Min Max umt~ 
OFF CHARACTERISTICS 

I 
-

I I 

, 
I Drain~Source Breakdown Voltage - VIBR)DSS 25 I liD - 10 /LAde, VGS - 0) -+ *Gate leakage Current - 'GSS I 

IVGS ~ -35 Vde, VDS - 0) 
, 

I 
10 i 

I 
- I 

IVGS ~ -35 Vde, VDS = 0, TA = 1250 C) I - 100 I I 
I 

+Zero~GateMVoltage Dram Current - I lOSS I I , 
IVDS = 10 Vde, VGS = 01 I 

I 
I -

I 
10 

IVDS = 10 Vde, VGS = 0, TA = 1250 CI I ~ - 1.0 ! 
'ON CHARACTERISTICS 

Gate-Source Threshold Voltage 
(VDS = 10 Vde, ID = 10/LAde) 

3N169 - I VGS(th) I 0.5 I 1.5 I Vdc I 
3N170 I 1.0 2.0 i I 

~ ______________________________ 3_N_l_7_1 ____ t-_________ -tI. ______________ ~ ___ 1._5 ___ ~L ___ 3._0~ _______ ~ 

"ON" Drain Current 
(VGS = 10 Vdc, VDS = 10 Vdel 

3 t I D(on) 10 I - i mAde I 
---~~~- - - I 2.0 t V~ Drain-Source "ON" Voltage 

~ID = 10 mAde, VGS = 10 Vde) 

SMALL SIGNAL cHARAcTERI:_S..:.T_IC"-S'--__________ __ 

'dslonl 200 Ohm~ r*Drain.source Resistance 1=4, 
IVGS ~ 10 Vde, ID = 0_, f .. _= __ I_.0_k_H_z_I ___________ _ 

Forward Transfer Admittance i I Visl 1000 - I Ilmhos.1 , 
IVDS = 10 Vde, ID = 2.0 mAde, f = 1.0 kHz) I ~ 

~·~R-~~er~~~T-ra-n-~-e-r-c~ap~a-e-i~-n-e-e-------------------+-----2----~------C·-r$-------+----------r---,~.3---ill---PF I 

IVDS = 0, VGS = 0, I = 1.0 MHzI 

*Input Capacitance 2 Ciss - 5.0 1 pF 
IVDS = 10 Vde, VGS = 0, f = 1.0 MHz) J 

*Drain-Substrate Capacitance - Cd(SUbl l! - 5.0 JI 
IVDISUB) = 10 Vde, f = 1.0 MHz) 

pF 

'SWITCHING CHARACTERISTICS 

Turn-On Delay Time I 6,10 'dIan) 
! - 3.0 n.~ 

(VDD= 10Vdc, IDlon) = 10mAde'l I 
Rise Time 7,10 t, - 10 ns I 

Turn·Off Delay Time 
VGSlon) ~ 10 Vdc, VGSloffl = 0, I 

8,10 tdloff) -. 3.0 ~ , 
RG' = 50 Ohms) 

I i 
Fall Time 9,10 tf - 15 ns I 

-'ndicates JEDEC Registered Data. 

FIGURE 1 - FORWARD TRANSFER ADMITTANCE FIGURE 2 - CAPACITANCE 

5000 III 
I I I I .......... 1--

f--~ Vos ~·10V 
f~1.0kHz 

TA ~ 25'C 
~ 

1/ 
vV' 

V 

/ 

! :::: 
~ g 
~ 
ffi 1000 

i 700 

~!?: _ 500 

300 

5.0 
,II 
C".@V.;;s 

! I 
I 
I 

I I 
I I T:c"25O~ I ! 

I I ! ' I I i 

I t-H I C".@Vos J 

3.0 

~ 
~ 

5 
;i; 
;5 2.0 
(.~: 

200 1.0 

0.1 0.2 0.5 1.0 2.0 5.0 10 20 2.0 4.0 6.0 8.0 10 

10 , DRAIN CURRENT (mA) VOlTAGE r/Ol TSI 
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3N169, 3N170, 3N171 (continued) 

FIGURE 3 - TRANSFeR CHARACTERISTICS FIGURE 4 - DRAIN-SOURCE "ON" RESISTANCE 

20 
~ V ./ 5000 \ 

10 

7.0 

5.0 

TA =.:55'C ~ ~ V 

/..c: - 125'C 

W l"-
I 25'C 

\ i~I.~kHZ-I-\ 
\ 

2000 

3.0 

~ 
~ 2.0 

~ 
z: 
ill 1.0 Q 

.9 

, 
vo, = 10V f---l-

/, 

Vh 
\ 
\ \\ 
,\ 

" 0.7 

0.5 

0.3 

0.2 

0.1 

I 

1 
I I 
I 

~ ~ TA = 125'C 

~ .......... r-...i;' 

r---.t---.. ...... r;: 25'C ~ I-

"- ./ "--

-55'C _ ....... r-. 
~ ....... 

'-

100 

50 
1.0 3.0 5.0 7.0 10 13 15 1.0 3.0 5.0 7.0 10 13 15 

VG,. GATE-SOURCE VOLTAGE (VOLTS) VG'. GATE·SOURCE VOLTAGE (VOLTS) 

FIGURE 5 - "ON" DRAIN-SOURCE VOLTAGE 

2.0 \ TA = 25'C 

1.8 '\ 
\ 

1.6 \ 

1.4 

'" ~ 
~ 1.2 

~ 
~ 

1.0 ~ 

l;l 

~ 
0.8 ill 

Q 

ii 
> 

0.6 

10 = 500 JJA \. 
2.0mA ""-

\ "'-\ 5.0mA , 
\ ............... --- 10mA 

\. -f--
"'-... , 

............... 
I\. r--

0.4 ......... 
\ t-....... 

0.2 \ r---. 
...... t--

2.0 4.0 6.0 8.0 10 12 14 15 

VG,. GATE·SOURCE VOLTAGE (VOLTS) 
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3N169, 3N170, 3N171 (continued) 

TYPICAL SWITCHING CHARACTERISTICS 
TA = 25°C 

2.0 

~ 1.8 

'" ;:: 
>-
~ 1.6 
<=> 
z 
9 
~ 1.4 
=> 
f-

-? 
~ 1.2 

1.0 

10 

! 1.0 
w ,. 
;:: 5.0 

~ 
c 

~ 3.0 

~ 
=> 
f- 2.0 

~ 
"§ 

1.0 

FIGURE 6 - TURN·ON DELAY TIME 

---- --..... 
lLdC :------- -r-- :""-1-

VOO = "iO Vdc 

1.0 2.0 3.0 5.0 7.0 10 

10. ORAIN CURRENT (rnA) 

FIGURE 8 - TURN·OFF OELAY TIME 

" VOO = 10 Vdc 

""" " I 
""" 15 Vdc 

I'.... "'-
" "'- I'-. 

r-... ...... 

r--.... I'-
r--- ..... 

1.0 2.0 3.0 5.0 7.0 10 

10. ORAIN CURRENT (rnA) 

:! 
w 

'" 

10 

7.0 

5.0 

~ 3.0 

"' .;, 2.0 

1.0 

100 

70 

] 
50 

w ,. 
;:: 
~ 30 
-' 
~ 
:ii 

20 

10 

FIGURE 7 - RISE TIME 

15 Vdc 

~ J--

...--t- - r--- VOO = 10 Vdc 

1.0 2.0 3.0 5.0 

la. ORAIN CURRENT (rnA) 

FIGURE 9 - FALL TIME 

"- "-
f"'-.. ....... 

Voa = 10 Vdc " " """..... 1""".....15 Vdc 

f"., 
r-..... "" .......... .......... 

.......... 

1.0 2.0 3.0 5.0 

10. ORAIN CURRENT (rnA) 

FIGURE 10 - SWITCHING TIME TEST CIRCUIT 

INPUT 
(SCOPE A) 

Id(off) 

OUTPUT 
(SCOPE B) 

INPUT PU LSE: 
tr.o;;;;O.33 ns 
,,';;0.33 ns 
PW= 0.4", 
Ouly Cycle';; 1.0% 

--VGS(on) 

Ir 

PULSE 
GENERATOR 

OSCI LLOSCOPE: 
tr.s;;O.4 os 
Zin..;.50 Ohms 

RL = VOO -(rd,(on) +50) 
10 

VOO 

+---+:===--"'TO 50 OHM 
SCOPE A 
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3N209 (SILICON) 

3N210 

N·CHANNEL DUAL·GATE 
SILlCON·NITRIDE PASSIVATED 

MOS FIELD·EFFECT TRANSISTORS 
· .. depletion mode dual gate transistors designed and characterized 
for UHF communications applications 

• Two Packages Offered-
Hermetic Metal TO· 72 - 3N209 
Micro-H Plastic - 3N21 0 

• Silicon Nitride Passivation for Excellent Long Term Stability 

• Zener Diode Protected Gates 

• Third Order Intermodulation Distortion Curve Provided 

• Common Source Power Gain-
Gps = 10 dB (Min) @f = 500 MHz 

• Noise Figure - 6.0 dB Max @ f = 500 MHz 

MAXIMUM RATINGS 
Rating Svmbol Value Unit 

*Dram - Source Voltage VOS 25 Vdc 

·Orain Gate Voltage VOGI 30 Vdc 

VOG2 30 Vdc 

Gate Current IGIR -10 mAde 

IGIF 10 mAde 

IG2R -10 mAde 

IG2F 10 mAde 

*Draln CLlrrent Contmuous 10 30 mAde 

3N209 3N210 

Total Power Dissipation @TA ::: 2SoC Po 300 350 mW 
Derate above 2SoC 1.71 2.80 mW/oC 

·Storage Channel Temperature Range Tstg -6510 -6510 °c 
+200 +175 

·Operatlng Channel Temperature T channel 200 150 °c 
"lead Temperature, 1/16" From Seated Surface 260 260 °c 

for 10 Seconds 

·Indlcates JEDEC Registered Data. 

FIGURE 1 - MOS FET CIRCUIT SCHEMATIC 

G2 /7w-o 
{ ~~~~ f4 
~~~~ r--

Gl ~ S 
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N-CHANNEL 
DUAL GATE 

MOS FIELD·EFFECT 
TRANSISTORS 

3N209 

STYlE 9 
PINI DRAIN 

2 GATE2 
J GATE I 
4 SOURCE, 

3N210 

SUBSTRATE 
AND CASE 

f 
MILLIMETERS 

DIM MIN MAX 

A 531 0209 
8 452 0176 
C 432 0170 
o (141 0016 

• f 

ALLJEDECdlmenslonsandno"sapplv 

CASE 20-03 
TO-72 

L~L_-: 
G D '.' , -"-

Point of 

L rv----·-. -"-~ Cas. 
"'-~ Temperature 

A. Measu rement 

Ldt=--"-W- K --] 
c LT: __ _ 
r;r,-----

STYLE 1 
PINt SOURCE 

2 DRAIN 
3 GATE2 
4 GATE 1 

CASE 262-02 



3N209, 3N210 (continued) 

ELECTRICAL CHARACTERISTICS IT A = 2SOC unless otherwise noted) Substrate Connected to Source 

I Characteristic I Symbol I Min I Typ Max Unit 

'OFF CHARACTERISTICS 

Drain-Source Breakdown Voltage VIBR)OS 25 - - Vde 
110 = 10 /lAde, VG1S = -4.0 Vde, VG2S = 4.0 Vde) 

Gate 1 - Source Forward Breakdown Voltage VIBR)G1SSF 7.0 - 22 Vde 
IIGl = 10 mAde, VG2S = VOS = 0) 

Gate 1 - Source Reverse Breakdown Voltage VIBR)G1SSR -7.0 _. -22 Vde 
IIGI = -10 mAde, VG2S = VOS = 0) 

Gate 2 - Source Forward Breakdown Voltage VIBR)G2SSF 7.0 - 22 Vde 
IIG2=10mAde VGlS=VOS=O) 

Gate 2 - Source Reverse Breakdown Voltage VIBR)G2SSR -7.0 - -22 Vde 
IIG2=-10mAde VG1S=VOS=0) 

Gate 1 - Source Cutoff Voltage VG1SIoff) -0.1 - -4.0 Vde 
IVOS = 15 Vde, VG2S = 4.0 Vde, 10 = 50 /lAde) 

Gate 2 - Source Cutoff Voltage VG2SIoff) -0.1 - -4.0 Vde 
1VOS = 15 Vde, VG1S = 0 Vde, '0 = 50 /lAde) 

Gate 1 - Terminal Forward Current IGISSF - - 20 nAdc 
IVG1S = 6.0 Vde, VG2S = VOS = 0) 

Gate 1 - Terminal Reverse Current 'GISSR 
IVG1S= -6.0Vde, VG2S= VOS= 0) - - -20 nAde 
IVG1S = -6.0 Vde, VG2S = VOS = 0, TA = 150°C) - - -10 /lAde 

Gate 2 - Terminal Forward Current IG2SSF - - 20 nAde 
IVG2S = 6.0 Vde, VGlS = VOS = 0) 

Gate 2 - Terminal Reverse Current IG2SSR 
IVG2S = -6.0 Vde, VGl S = VOS = 0) - - -20 nAdc 
IVG2S = -6.0 Vde, VG1S = VOS = 0, TA = 150°C) - - -10 /lAde 

'ON CHARACTERISTICS 

Gate 1 - Zero Voltage Drain Current 
IVOS = 15 Vde, VG1S = 0, VG2S = 4.0 Vde) 

SMALL SIGNAL CHARACTERISTICS 

"'Forward Transfer Admittance VIs 10 13 20 mmhos 
IVOS = 15 Vde, VG2S = 4.0 Vde, '0 = 10 mAde, f = 1.0 kHz) 

·'nput Capacitance Ciss - 4.5 . 7.0 pF 
IVOS = 15 Vde, VG2S = 4.0 Vde, '0;;:' 5.0 mAde, f = 1.0 MHz) 

* Reverse Transfer Capacitance Crss 0.005 0.023 0.03 pF 
IVOS = 15 Vde, VG2S = 4.0 Vde, 10;;:' 5.0 mAde,f = 1.0 MHz) 

"Output Capacitance Coss 0.5 2.0 4.0 pF 
IVOS = 15 Vde, VG2S = 4.0 Vde, '0 ;;:. S.O mAde, f = 1.0 MHz) 

·Common-Source Noise Figure (Figure 12) NF - 4.5 6.0 dB 
IVOS = 15 Vde, VG2S = 4.0 Vde, '0 = 10 mAde. I = 500 MHz) 

·Common-Source Power Gain (Figure 12) 
IVOS = 15 Vde, VG2S = 4.0 Vde, 10 = 10 mAde, f = 500 MHz) 

Gps 10 13 20 dB 

Bandwidth 
IVOS = 15 Vde, VG25 = 4.0 Vde, BW 7.0 - 17 MHz 

10 = 10 mAde, f = SOO MHz) 

* Indicates JEDEC Registered Data. 

2-657 



3N209, 3N210 (continued) 

TYPICAL SCATTERING PARAMETERS 

FIGURE 2 - S".INPUT REFLECTION COEFFICIENT 
vorsus FREQUENCY 

100 

210· 200. 190. 180. 170. 160· 150· 

FIGURE 4 - S2'. FORWARD TRANSMISSION 
COEFFICIENT versus FREQUENCY 

100 

2100 200. 1900 180. 170. 160· 150· 

FIGURE 3 - S,2. REVERSE TRANSMISSION COEFFICIENT 

400 400 

50· 

600 600 

70. 70. 

800 8oo 

90· 

100. 100. 

1100 lloo 

120· 120. 

13oo 1300 

140. 140. 
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vorsus FREQUENCY 
100 36QO 

FIGURE 5 - S22. OUTPUT REFLECTION 
COEFFICIENT versus FREQUENCY 
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1500 160. 170. 180. 190· 200· 
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3N209, 3N210 (continued) 

2 

28 

I 24 

~ 20 

~ 16 
::> 

lil 12 
8 
~ 8. a 
z 
~ 4.0 

'" 
a 
a 

TYPICAL COMMON·SOURCE ADMITTANCE PARAMETERS 
(Vos = 15 Vde, VGS2 = 4.0 Vde, 10 = 10 mAde) 

FIGURE 6 - Yll, INPUT ADMITTANCE 
versus FREQUENCY 
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FIGURE 7 - Y'2, REVERSE TRANSFER ADMITTANCE 
versus FREQUENCY 
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FIGURE 8 - Y21, FORWARD TRANSFER ADMITTANCE 
versus FREQUENCY 

FIGURE 9 - Y22, OUTPUT ADMITTANCE 
versus FREQUENCY 
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The Sand Y Parameters were Measured with a Hewlett Packard 
HP8542A Network Analyzer. 
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3N209, 3N210 (continued) 

FIGURE 10 - POWER GAIN AND NOISE FIGURE versus SOURCE RESISTANCE 

(See Schematic Figure 12) 

'" '" w 

'" '" to 
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'" i5 
z 
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r-- VOO = 15 Vde 
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The Test Circuit shown in Figure 12 was used to generate Power Gain 
and Noise Figure as a function of Source Resistance curves. 

FIGURE 11 - THIRD ORDER INTERMODULATION DISTORTION 

(See Schematic Figure 12) 

20 
10 = S.Otol0mAde 3~d O'~" 'n:"ce~t ..... 

'VOS" 15 ~dC ' 
Point - ~ '" - - f1=499MHz 

/ 12' 500 MHz V 
0 

FU~da""'~ta' V 
Output 

./ 3rd Order V 
./V 

IMD Output 

7 
/' 

V V 

I 
w 

i5 -20 
I-

~ -4 

'" ~ -60 

I­

'" -80 
~ 
<=>_100 

-120 
-120 -100 -80 -60 -40 -20 

INPUT POWER PER TONE (dBM) 

Figure 11 shows the typical third order intermodulation distortion 
(lMD) performance of the 3N209 and 3N21 0 at 500 MHz. 

Both fundamental output and third order I MD output characteristics 
are plotted. The curves have been extrapolated to show the third order 
intermodulation output intercept pOint. 

The performance is typical for) 0 between 5.0 mAde and 10 mAde. 
The t8St circuit shown in Figure 12 was used to generate the IMD Data. 
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3N209, 3N210 (continued) 

FIGURE 12 - TEST CIRCUIT FOR POWER GAIN, NOISE FIGURE 
AND THIRD ORDER INTERMODULATION DISTORTION 

50 n VOO 

Input 

C3J 
C1 

L1 

C2 

Cl = 1.0-20 pF, JOHANSON Air Variable Cap. (14.5 pF Nominal) 

C2 :c: 1.0-10 pF. JOHANSON Air Variable Cap (5.4 pF Nominal) 

ca, e11 "'" 470 pF, Low Inductance Feedthru Cap. 
C4, CS, eg, Cl0= 250 pF. Low Inductance, UNDERWOOD Cap. (J-l01) 
C5 = 0.4-6.0 pF, JOHANSON Air Variable Cap. (0.92 pF Nominal) 

C6 == 1.0-10 pF, JOHANSON Air Variable Cap. (5.9 pF Nominal) 

C7 = 1.0-10 pF. JOHANSON Air Variable Cap (3.0 pF Nominal) 

1..1 "" 2.52 x 0.1 InCheS} ® 
L2 "" 0.4 x 0.1 inches On ~ sided glass Teflon, 1 oz. copper clad, 1/16" 

1...3"" 1.23 x 0.2 inches fR - 2.55 

®Trademark of E./, Dupont, DeNemours and Co., Inc. 
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NPN PHOTOTRANSISTOR AND 
PN INFRARED EMITTING DIODE 

Gallium Arsenide LED optically coupled to a Silicon Photo 
Transistor designed for applications requiring electrical isolation, 
high-current transfer ratios, small package size and low cost; such as 
interfacing and coupling systems, phase and feedback contro Is, solid­
state relays and general-purpose switching circuits. 

• High Isolation Voltage - • Excellent Frequency Response -
VISO = 2500 V (Mini - 4N25 300 kHz (Typl 

1500 V (Mini - 4N26,4N27 
500 V (Mini - 4N28 • Fast Switching Times@ IC = 10 mA 

• High Collector Output Current ton = 0.87 I1S (Typl - 4N25, 4N26 
@ IF = 10 mA - 2.111S ITypl - 4N27, 4N28 
IC = 5.0 mA (Typl - 4N25, 4N26 toff = 11 iJ.s (Typl - 4N25, 4N26 

3.0 mA ITypl - 4N27, 4N28 5.0 iJ.S (Typl - 4N27, 4N28 

• Economical, Compact, Dual-In-Line Package 

'MAXIMUM RATINGS (TA = 25"C unless otherWISe notedl 

I Rating I Svmbol I Value 

INFRARED EMITTING DIODE MAXIMUM RATINGS 

Rever<;e Voltage 

Forward Current - Continuous 

Forward Current - Peak 
Pulse Width'" 300 pS, 2,0% Duty Cycle 

Total DeVIce DI<;slpatlon @ T A 25°C 
Negligible Power In TranSistor 

Derate above 25°C 

PHOTOTRANSISTOR MAXIMUM RATINGS 

Collector·Emltter Voltage 

Emlttel-CoiJector Voltage 

Collector· Base Voltage 

Total DeVIce Dlsslpatlon@ T A .,. 25°C 
Negligible Power In Diode 

Derate above 2SoC 

TOTAL DEVICE RATINGS 

Total DeVIce Dlsslpatlon@ T A ~ 2SoC 
Equal Power DISSipation In Each Element 

Derate above :?SoC 

Junction Temperature Range 

Storaq~ Temperature Range 

Soldering Temperature (10s1 

• Indicates JEOf:C Registered Data, 

I, 

VCEO 

VC80 

30 Volts 

80 mA 

30 Amp 

'50 mW 

2.0 

30 Volts 

7.0 Volts 

70 Volts 

150 mW 

2.0 

250 mW 

33 

·55to+100 

-55 to .. 150 DC 

260 

FIGURE 1 - MAXIMUM POWER OISSIPATION 
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F,gure 1 IS based upon uSing limIt 
values In the equation 

TJ1 -TA "" R8JA (P01 + Ke P02) 
where 
TJ1 Junction Temperature 1100o C) 

T A AmbIent Temperature/\ 

ReJA Junction to Ambient Thermal 

ReSistance 15000CIWI 
P01 Power DIssipation to One Chip 

P02 Power D,SSIpation in Other Chip 

Ke Thermal Coupl ing CoeffiCient 
(20%) 

Example 
0 

20 40 60 80 100 120 140 160 With POl:' 90 mW '" the lEO 
Po2,AVEIIAGE POWER DISSIPATION (mW) @ T A ,. SOoC, the transistor 

Po (P021must be less than 50 mW. 
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INFRARED LIGHT EMITTING DIODE 
PHOTOTRANSISTOR 

COUPLED PAIR 

-jh~ 0" PIN I ANODE 
2 CATHIlDE 

l 3 Nt 
4 EMITTER 

L' '-4-1 : ~~~iEC1OR 
JGU 
'-A--j R 

F ~CF9-.lE ~'.--j ::t 

~- 71 B I 

r-o I- SEATI~G ...1I-J Ji-M 
PLANE 

lLiMETERS INCHES 
DIM MI MAX MI. MAX 
A 8.38 6.89 0.330 D.350 
B 1.40 1.65 0.056 D. 6 
C 2.92 3.'B 0.115 D.125 
D 0,41 0,51 0.016 
E 0.64 0.89 0,025 0.035 
F 1.14 1.40 0.45 0 
G 2.508se 0.100 Bse 
H 1.57 1.83 0.062 0.072 

O. 0.28 0.009 0.011 
K 2.54 3.30 O.IDO .I 
l 7.37 7.87 0.90 0.31 
M -
N - 1.27 - 0.!!l!L 
R 1.52 1.78 0.060 0.070 
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4N25, 4N26, 4N27, 4N28(continued) 

LED CHARACTERISTICS (T A = 2SoC unless otherWise noted) 

Characteristic 

*Reverse Leakage Current 
(VR = 3.0 V, RL = 1.0 M ohms! 

-Forward Voltage 
(IF ., SO mA) 

Svmbol 

Capacitance C 
(VR =OV, f "'1.0MHz) 

PHOTOTRANSISTOR CHARACTERISTICS IT A III 25~C and IF '" 0 unless otherWise nOted) 

Min Typ M .. Unit 

0.05 100 

1.2 1.5 Volts 

150 pF 

~ ____________ ~Ch~,~,,~,,~,,~~~tiC~ ______ ~~~~~ ____ -+ __ ~SY'~emE~bo~OI __ -+ __ ~M~in ____ -+ _____ T3Y.~5P ____ -+ ____ M~'~X __ ~~ __ ~Un~nAi~t __ ~ 
·Collector-Emltter Dark Current 4N25. 4N26. 4N27 50 

;;C 
.§ 
t-

~ 
'" a 
'" 0 

~ 
0 

'" E 

(VeE = 10 V, Base Open) 4N28 100 

·Collector-Base Dark Current ~CBO 20 
(Vea '" 10 V, Emitter Open) 

·Collector-Base Brs&kdOwn Voltage 
lie "'100p.A,le =OJ 

·Collector-Emitter Breakdown Voltage 

(Ie" 1 OmA,la "'~ 

*Emttter..coHector Breakdown Voltage 
(Ie =100JJ.A, 'e =0) 

DC Current Gam 
(VCE "" S.O V IC = SOOJ..lA) 

COUPLED CHARACTERISTICS (T A'" 25°e unless othelWlse noted) 

CharacteristIc 

"Collector Output Current (1) 
(VCE =-10V,IF"'10mA,IB=0) 

·Isolatlon Voltage (2) 

IsolatIon ReSistance (2) 

(V < 500 V) 

·Coliector·Emltter SaturatIOn 
(lC =20 rnA, IF '" 50mA) 

Isolation Capacitance (2) 

(V = 0, f'" 1 0 MHz) 
BandWidth (3) 

(Ie.: 2 C rnA, Rl '" 100 ohms, Figure 11) 

SWITCHING CHARACTERISTICS 

Delay Time 

Storage Time 

(lC '" lOrnA, Vee'" 10 VI 

Figures 6 and 8 

(Ie'" 10 rnA, Vee'" 10 ,/) 

Figures 7 and 8 

4N25,4N26 
4N27,4N28 

4N25 
4N26,4N27 

4N28 

4N25,4N26 
4N27,4N28 

4N25,4N26 
4N27,4N28 

4N25,4N26 
4N27,4N28 

4N2S,4f\J26 
4N27,4N28 

BVCBO 

BVCEO 

BVeco 

Symbol 

Ie 

VCE(sat) 

td 

t, 

t, 

'Indicates JFDEC Registered Data (1) Pulse Test Pulse Width - 300 IJ,S. Duty Cycle < 20"" 
(2) For thiS fast LED pins 1 and 2 are common and Photo TranSistor PinS 4. 5 and 6 are common 

(3) IF adlusted to vleld Ie" 2 a mA and 'c '" 2 0 mAp p at to kHz 

70 

30 

70 

250 

Moo Typ M .. 
20 5.0 
10 30 

2500 
1500 
500 

10" 

02 05 

13 

300 

007 
010 

O.S 
20 

40 
20 

70 
30 

DC CURRENT TRANSFER CHARACTERISTICS 
FIGURE 2 - 4N25. 4N26 

IJO 

50 
-VCE-lOV 

20 

10 

5.0 

./.;;'-: 
~TJ=-55°C 

2.0 r--. 25°C 

1.0 i"'--100°C 

0.5 

0.2 

0.1 

10 0 

0 

a 
0 

5. 

2. 

1. 

0 

0 

0 

5 

2 O. 

0.1 

FIGURE 3 - 4N27. 4N28 

VCE -l(OV 

, 
TJ--WC 

V 

::-"" 25°C 

""100°C 

I 
L 

V 

nA 

Volts 

Volts 

Volts 

Unit 

mA 

Volts 

Ohm~ 

Volts 

pF 

kH, 

"' 

"' 

....-

0.5 1.0 2.0 5.0 10 20 50 100 200 500 0.5 1.0 2.0 5.0 10 20 50 100 200 
IF. FORWARD DIODE CURRENT (rnA) IF. FORWARD DIODE CURRENT (rnA) 
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4N25, 4N26, 4N27 , 4N28 (continued) 

TYPICAL ELECTRICAL CHARACTERISTICS 

FIGURE 4 - DIODE FORWARD CHARACTERISTICS 

'F. INSTANTANEnus FORWARD CURRENT (mAl 

FIGURE 6 - TURN-ON TIME 

IC. COLLECTOR CURRENT (mAl 

FIGURE 8 - SATURATED SWITCHING TIME 
TEST CIRCUIT 

+10V 

RL 

RO and ftL VARIED TO OBTAIN OESIRED CURRENT LEVELS SCOPE 

FIGURE 5 - COLLECTOR SATURATION VOLTAGE 

1. 
o III 

, I, FI=12ml 
8 III - ,4- 'F=50IC 

! II I TJ = 25°C 

i I! ! II , 

i i I I 

-~++- I 
--

4N~5 I J 
__ J I 4N26 /J 

I .. ~ 2 
~ -- - 4N27 -- --

I ! , I 4N28 
o 
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200 

10 o ., 
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20 

0 

;::: 5.0 

2. 

1. 

0, 

0, 

0 
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2 

IC. COLLECTOR CURRENT (mAl 

FIGURE 7 - TURN-OFF TIME 
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Ie, COLLECTOR CURRENT (rnA) 

FIGURE 9 - DARK CURRENT versus 
AMBIENT TEMPERATURE 
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4N25, 4N26, 4N27, 4N28 (continued) 

FIGURE 10 - FREQUENCY RESPONSE 
0 

H=--=t=' 
! ! H+J OI--TA'25°C-

I , 
~ Ii 

! i I I I i II 
0 -. ~~Ioo"r H-.7 

5 
..... 

r--,5b~ ++ ....... 

.3 l' :""""'h,. ';" 

, , ; ~OO<,I' rti-.1 
J II 'l' , 

i 1 LiJ. .1 , 50 70 100 100 300 .00 700 1000 

i. FREUUENCY I,H,) 

FIGURE 11 - FREQUENCY RESPONSE TEST CIRCUIT 

10 pF 47 I! 

r.f:OOUl/I T!ON o--1l-.JVv... ...... 
INPUT 

'f 
Ie (DC) ~ 2 n JI1A 
10 (At: SiNE WAVE = J 0 mA P P) 

CONSTANT 
CURfH:Nf 

1NPUT 

:c 
- vee - HJ VO\.Tt} 

'---,.--<> \J lJ TPU T 

Rl 

TYPICAL APPLICATIONS 

FIGURE 12 -ISOLATEO MTTL 
TO MOS (P·CHANNELl LEVEL TRANSLATOR 

t-50 v 
1 

FROM MTTl r 
LOGIC I 

15.0 mA PULSE) L 

-15 V 

FiGURE 14 - POWER AMPLIFIER 

INPUT 
SIGNAL 

I 

+5 V 

50n 

VOllt 

2-665 

FIGURE 13 - COMPUTER/PERIPHERAL INTERCONNECT 

FIGURE 15 - INTERFACE BETWEEN LOGIC AND LOAD 
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4N29,4N30 
4N31, 4N32, 4N33 

NPN PHOTOTRANSISTOR AND PN INFRARED 
EMITTING DIODE 

· .. Gallium Arsenide LED 'optically coupled to a Silicon Photo 
Darlington Transistor designed for applications requiring electrical 
isolation, high·current transfer ratios, small package size and low 
cost; such as interfacing and coupling systems, phase and feedback 
controls, solid·state relays and general·purpose switching circuits. 

• High Isolation Voltage -
Visa = 2500 V (Min) - 4N29,32 

1500 V (Mini - 4NJO,31 ,33 

• High Collector Output Current 
@IF= 10 mA-
IC = 50 mA (Mini - 4N32,33 

10 mA IMinl - 4N29,30 
5.0 mA IMinl - 4N31 

• Excellent Frequency Response -
30 kHz (Typl 

• Fast Switching Times@ Ie = 50 rnA 
'on = 0.61" (Typl 

'off = 17 ~s (Typl - 4N29,30,31 
45 ~s (Typl - 4N32,33 

• Economical, Compact, Dual-In-Line Package 

MAXIMUM RATINGS ITA = 25°C unless otherw"e noted) 

I Rating I Symbol I Value Unit 

INFRARED EMITTING DIODE MAXIMUM RATINGS 

Reverse Voltage VR 30 Volts 

Forward Current - Continuous 'F 80 mA 

Forward Current - Peak IF 30 Amp 

(Pulse Width = 300 IlS, 2.0% Duty Cycle) 

Total Power Dissipation @TA - 25°C Po 150 mW 

Negligible Power in TranSistor 
Derate above 25°C 2.0 mW/oC 

PHOTOTRANSISTOR MAXIMUM RATINGS 

Collector-Emitter Voltage VCEa 30 Volts 

Emitter-Collector Voltage VECa 5.0 Volts 

Collector-Base Voltage VCBO 30 Volts 

Total Power Dissipation @TA - 2SoC Po 150 mW 

Negligible Power in Diode 
Derate above 25°C 2.0 mW/oC 

TOTAL DEVICE RATINGS 

Total Device Dissipation @ T A - 2SOC Po 250 mW 
Equal Power Dissipation in Each Element 

Derate above 2SoC 3.3 mW/oC 

Operating Junction Temperature Range TJ -55.0 +100 °c 

Storage Temperatura Range T stg -55 to +150 °c 

Soldering Temperature (105) - 260 °c 

'FIGURE 1 - MAXIMUM POWER DISSIPATION 
Figure 1 IS based upon USing limit 

'611 

~J.c-
values in the equation' 

j 14(1 t-- I-- f---- TJl - TA '" ROJA (POl + KO P02) 

:g 120 
t-- VIIhere 

f \ TJI Junction Temperature (100oC) 

t1100 TA Ambient Temperature 
Q r--t--f---50oc '\ R9JA Junction to Ambient Thermal 

:0 80 

1\ '\ 
ReSistance (5000CIWI 

~ 
60 

POI Power DISSipation In One Chip 

~ "t-- r-- 150C \ P02 Power DISSipation in Other Chip 

1\ \ 1\ 
K •. Thermal Coupling Coefficient 

120%1 
~ 10 

\ '\ Example. 
0 With POl'" 90 mW In the LEO 

0 10 .. 60 80 "0 120 140 ,"0 
@ T A '" 500C, the Darlington 

PoZ. AVERAGE POWER DISSIPATION (mWI 
Po (P02) must be less than 50 mW. 

2-666 

INFRARED LIGHT EMITTING DIODE 
PHOTO DARLINGTON TRANSISTOR 

COUPLED PAIR 

STYLE 2 
PIN 1. ANODE 

2. CATHODE 

l\· "1.1 ~:~JiTTER J U ~. COLLECTOR 
6. BASE 

G 

-A ---j R 

!Mii'F9~' 
10 J I-- SEATI:G --1I--J J \-M 

PLANE 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 

A 8.38 B.89 0.330 0.350 
B 1.40 1.65 0.055 0.065 ' 
C 2.92 3.18 0.115 0.125 
D 0.41 0.51 0.016 0.020 
E 0.64 0.89 0.025 0.035 
F 1.14 1.40 0.045 0.055 
G 2.54 sse 

~ 
~ H 1.57 1.83 
1 0.072 

J 0.23 0.28 
1 0.011 

K 2.54 3.30 0.130 
L 7.37 7.87 0.290 0.310 
M 0;0 ,0 
N 1.27 0.050 
R 1.52 1.78 0.060 0.070 

CASE 673-03 



4N29, 4N30, 4N31, 4N32, 4N33 (continued) 

LED CHARACTERISTICS (TA = 25°C unless otherwise noted. I 

Characteristic Symbol Min 

*Reverse Leakage Current 'R -
(VR = 3.0 V. R L = 1.0 M ohmsl 

*Forward Voltage VF -
(IF = 50 mAl 

Capacitance e 
(VR = 0 V. f = 1.0 MHzl 

PHOTOTRANSISTOR CHARACTERISTICS (TA = 25°C and 'F = 0 unless otherwIse noted I 

Characteristic 

*Collector-Emitter Dark Current 
(VeE = 10 V, Base Open) 

*Collector-Base Breakdown Voltage 
(Ie = 100;tA, 'E =01 

*Collector-Emitter Breakdown Voltage 
(Ie = 100 ;tA, 'B = 0) 

*Emitter-Collector Breakdown Voltage 
(lE=100;tA,IB=01 

DC Current Gain 
(VeE = 5.0 V, Ie = 500 ;tAl 

COUPLED CHARACTERISTICS (TA = 25°C unless otherwise noted.1 

Characteristic 

·Collector Output Current (1) 4N32,4N33 
(VCE = 10 V, 'F = 10 rnA, 'B = 0) 4N29,4N30 

4N31 

*Isolation Voltage (2) 4N29,4N32 
4N30, 4N31, 4N33 

Isolation Resistance (21 
(V = 500 VI 

·Collector-Emitter Saturation Voltage (1) 4N31 
(Ie = 2.0 rnA, 'F = 8.0 rnA) 4N29,4N30,4N32,4N33 

Isolation Capacitance (21 
(V = 0, f = 1.0 MHzl 

Bandwidth (31 
(Ie = 2.0 mA, RL = 100 ohms, Figures 6 and 81 

SWITCHING CHARACTERISTICS (Figures 7 and 91, (41 

Turn-On Time (IC = 50 rnA, 'F = 200 rnA, Vee = 10 VI 

Turn-Off Time (Ie = 50 rnA, 'F = 200 rnA, Vee = 10 V) 4N29,30,31 
4N32,33 

*lndicatesJEDEC Registered Data. 
(11 Pulse Test: Pulse Width = 300 ;tS, Duty Cycle';; 2.G% 

Symbol Min 

'CEO -

BVCBO 30 

BVCEO 30 

BVEeO 5.0 

hFE 

Symbol Min 

Ie 50 
10 
5.0 

V,SO 2500 
1500 

- -

VCE(satl -
-

- -

(2) For this test LED pins 1 and 2 are common and Photo Transistor pins 4,5 and 6 are common. 
(3) 'F adjusted to YIeld Ie = 2.0 rnA and ic = 2.0 rnA pop at 10 kHz. 

Typ 

0.05 

1.2 

150 

Typ 

-

-

-

-

5000 

Typ 

-
-
-

-
-

1011 

-
-

0.8 

30 

(4) td and tr are inversely proportional to the amplitude of IF; ts and tf are not significantly affected by IF· 

DC CURRENT TRANSFER CHARACTERISTICS 

Ma. 

100 

1.5 

Max 

100 

-

-

-

-

Ma. 

-
-
-
-
-

-

1.2 
1.0 

-

FIGURE 2 - 4N29, 4N30, 4N31 FIGURE 3 - 4N32, 4N33 

100 

50 VCE ~ 10 V 

TJ ~ 75°C 

'" i 

100 

50 t VCE. 10 V 

Tr 750C/.V' 
20 

I- 25°C V 
- 20 
I-

~ 10 
25°C » V 

ffi 10 

'" '" " 5.0 <.:> 

'" ~ 2.0 

_ 1.0 

8 
~ 0.5 

0.2 

O. I I / 

/ -150C-r---

VI '-55GC 

1/ 
/ 

'" a 5.0 

'" o 

~ 2.0 

g 1.0 

E 0.5 

./ 0.2 

O. lV 
1/ 

V 

'" I 
15°C 

/ ./""- -55°C 

./ 

Unit 

;tA 

Volts 

pF 

Unit 

nA 

Volts 

Volts 

Volts 

-

Unit 

mA 

Volts 

Ohms 

Volts 

pF 

kHz 

0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 20 30 50 0.2 0.3 0.5 0.1 1.0 2.0 3.0 5.0 7.0 10 

IF, FORWARD DIODE CURRENT (mAl IF, FORWARD DIODE CURRENT {mAl 

2·667 
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4N29, 4N30, 4N31, 4N32, 4N33 (continued) 

TYPICAL ELECTRICAL CHARACTERISTICS 
(Printed Circuit Board Mounting) 

FIGUR E 4 - DIODE FORWARD CHARACTERISTIC 

2.5 

+~ -2;OJ I 
I 

5 

o 
3.0 5.0 10 20 30 50 100 200 300 500 1.0 k 2.0 k 3.0 k 

iF, INSTANTANEOUS FORWARD CURRENT (mAl 

FIGURE 6 - FREOUENCY RESPONSE 
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FIGURE 8 - FREOUENCY RESPONSE TEST CIRCUIT 
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FIGURE 5 - COLLECTOR·EMITTER CUTOFF CURRENT 
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FIGURE 7 - SWITCHING TIMES 
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FIGURE 9 - SWITCHING TIME TEST CIRCUIT 
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4N29, 4N30, 4N31, 4N32, 4N33 (continued) 

TYPICAL APPLICATIONS 
FIGURE 10 - VOLTAGE CONTROLLEO TRIAC 

N.C. 

51 1 r-

v;n~En'5V : 
I ~ 

2 
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CONTROL SIGNAL 

01 
MPSA92 

01 
lN4003 

[]

51 1~-~--

V,n=I.5V : 
21 

'---

51 1 r------, 

2.0 k 

1.0 k 

2N5060 

FIGURE 11 - AC SOLID STATE RELAY 
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FIGURE 12 - OPTICALL Y COUPLED ONE SHOT 
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FIGURE 13- ZERO VOLTAGE SWITCH 
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115 Vae 

MT2 

60 Hz AC POWER 

2N6165 

MTI 

PULSE WIDTH 
1= 0.5 RC 
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60 Hz 
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------------------NOTES-------------------


