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HOW TO USE THE INDEXES 

If you know only the category of device, look in the Listing of 
Preferred Semiconductors and Components, pages 7 and 8. 

If you want a device for a particular application, look in the 
Application Guide to Preferred Semiconductors and 
Components, pages 9-14, also see pages 15-18 for Silicon 
Power devices. 

If you are seeking the Tl device nearest to a JEDEC or 
competitive type number, look in the Cross-Reference 
Guide Between JEDEC or Competitive Type Numbers and 
Tl Devices, pages 19-44. 

If you know the Texas Instruments device number, look in the 
Index to All Standard Discrete Semiconductors and Com­
ponents, pages 45-51. 

SPECIAL INFORMATION 

Tl Field Sales Office Addresses, back cover. 

Design Assistance Directory, pages 53-60. 

Tl Microlibrary Information, page 1320. 

Standard Mounting Hardware for Transistors, page 16001. 

Standard Mounting Hardware for Sri icon Thyristors, page 24001. 

IMPORTANT NOTICES 

Texas Instruments reserves the right to make changes at any time 
in order to improve design and to supply the best product 
possible. 

Tl cannot assume any responsibility for any circuits shown or 
represent that they are free from patent infringement. 



YOUR 1970 PRE FERR ED SEMICONDUCTORS AND COMPONENTS CATALOG 

Here's how to use it: 

Tl makes more than 15,000 different types of standard and special discrete 
semiconductors and passive electronic components. But this catalog includes detailed 
specifications on only 322. 

Months of computer demand analysis reveal that these 322 types will meet the vast 
majority of your requirements. They are workhorse devices-customer preferred 
devices-all in wide use today, readily available from distributor or Tl stocks, and in 
volume production that spells low prices. By specifying preferred Tl products, you save 
design time, reduce purchasing costs, cut inventory requirements, and increase the 
certainty of on-time delivery. That makes this the most helpful semiconductor catalog 
you've ever used. 

Preferred products are readily identifiable by their bold numbers at the top of the 
first page of each data sheet. A cross-reference guide between JED EC or competitive type 
numbers and Tl devices is presented on Pages 19-44. An applications guide for preferred 
semiconductors is found on Pages 9-14. 

Should you have interest in a device not listed as a preferred device, please check 
the index to All Standard Discrete Semiconductors and Components shown on Pages 
45-51. You may obtain specification data for any of these devices by writing to 
Information Services, Texas Instruments Incorporated, MS 308, P.O. Box 5012, Dallas, 
Texas 75222, specifying the device by type number. 

Keep your reference file up-to-date. Complete the enclosed postage-paid reply card 
to register your copy of the 1970 Preferred Semiconductors and Components Catalog. 
This way, we can advise you of the availability of the next edition. Also we can keep you 
informed of product developments in the areas of your interest. 

Our primary objective is to supply complete information for specifying and 
designing with preferred semiconductors. Your comments in helping us make this catalog 
a better design tool for you will be gratefully appreciated. 

Note that certain blocks of page numbers have intentionally been omitted to 
anticipate new products which may be added in future editions. 
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REVISIONS TO THE 1968-1969 SEMICONDUCTORS AND 
COMPONENTS PREFERRED LISTING 

To provide you with discrete devices that are truly customer preferred, we analyze 
the entire list of standard devices from several viewpoints prior to publishing a new 
edition of the Preferred Semiconductors and Components catalog. Each preferred device 
included in this catalog was selected on the following basis: 

(1) It must be in wide use today, known and proven. 

(2) It must be in volume production. 

(3) It must be readily available from distributor and factory stocks. 

(4) It must be recommended for new or existing designs. 

We fully realize that user preference for semiconductors can be quite fluid-older 
devices become obsolete, types with higher levels of performance are offered, new 
packaging options become available, to name a few reasons. As a result, sixty-three types 
were added to the catalog this year. 

The following devices have either been deleted from or are no longer considered 
preferred in this catalog. In most cases they are still available from Tl. Some of these 
types have been superseded by other devices or customer demand for them over the past 
year was too small to again categorize them as "preferred". As an aid to those designers 
who may be presently using these types, we are indicating the nearest Tl preferred types, 
direct replacement types, or their continued availability as standard products. 

Silicon Low-Power N-P-N 

TIS56 
TIS85 
2N718A 
2N720A 

2N1711 
2N1893 
2NJ010 
2N4104 
2N4418 
2N4420 

nearest preferred type is TIS108 
replaced by TIS108 (preferred) 

nearest preferred type is 2N2222 
available as a standard product, but no longer preferred 

nearest preferred tvoe is 2N2219 

nearest preferred type is 2N2243A 
nearest preferred type is 2N2369A 
nearest pref~rred type is 2N2484 
nearest preferred type is 2N2369A 
nearest Tl type is 2N3014 

Silicon Low-Power P-N-P 

2N2945A - nearest preferred type is 2N2945 
2N3304 nearest preferred type is 2N2894 
2NJ467 
2NJ486 
2N3495 
2NJ964 
2N4423 

nearest preferred type is 2N2905 
nearest preferred type is 2N2907 
available as a standard product, but no longer preferred 
nearest preferred type is 2N2605 
nearest preferred type is 2N2894 

Silicon Multiple and Multi-Element Transistors 

2N3043 
2NJ045 
2N3049 
2NJ051 
2NJJ51 

available as standard product, but no longer preferred 
available as standard product, but no longer preferred 
available as standard product, but no longer preferred 
available as standard product, but no tonger preferred 
nearest preferred type is 2N3350 

Silicon Field-Effect Transistors 

TIS69 
TIS88 
2NJ993 

available as standard product. but no longer preferred 
directly replaced by 2N5245 (preferred) 
nearest preferred type is 2N3993A 

Silicon Unijunction 

2N4891 available as standard product, but no longer preferred 

Silicon Power Transistors 

2NJ055 
2N5JB9 

Switching Diodes 

1N3064 
1N4531 

Thyristors 

TIC20 
TIC21 
TIC22 
TIC23 
2N5273 
2N5274 

nearest preferred type is 2N3714 
available as standard product, but no longer preferred 

preferred direct electrical replacement is 1 N4454 
preferred direct electrical replacement is 1N4148 

direct replacement is TIC220B 
direct replacement is TIC220D 
direct replacement is TIC222B 
direct replacement is TIC222D 
available as standard product, but no longer preferred 
available as standard product, but no longer preferred 



LISTING OF PREFERRED SEMICONDUCTORS AND COMPONENTS 
BY DEVICE CLASSIFICATION • SILICON LOW· 2N3250 2209 2N5245 6703 2N2987 16401 

POWER N-P-N 2N3702 2225 2N5246 6703 2N2988 16401 
2N3703 2225 2N5247 6703 2N2989 16401 

TIS62 1025 2N3829 2235 2N5248 6711 2N2990 16401 
TIS63 1025 2N4058 2301 

SILICON UNIJUNCTION 2N2991 16401 
TIS84 1033 2N4059 2301 2N2992 16401 
TIS86 1041 2N4060 2301 2N491A 7101 2N2993 16401 
TIS87 1041 2N4061 2301 2N492A 7101 2N2994 16401 
TIS97 1053 2N4062 2301 2N1671B 7109 2N3418 16501 
TIS98 1053 2N5447 2305 2N3980 7201 2N3419 16501 
TIS99 1053 2N5448 2305 2N3420 16501 
TIS100 1061 

SILICON UHF GERMANIUM 2N3421 16501 Tl$101 1061 
LOW-POWER 2N3551 16507 

TIS108 1033 TRANSISTORS 
ALLOY.JUNCTION 2N3552 16507 2N697 1201 2N918 3201 TRANSISTORS 2N3713 16511 2N930 1263 A3T918 3203 2N3714 16511 

2N1613 1201 2N3570 3401 2N398 9101 2N3715 16511 
2N2219 1305 2N3866 3501 2N404 9105 2N3716 16511 A3T2221 1313 2N4875 3701 2N1302 9205 2N3789 16557 A3T2221A 1317 SILICON MULTIPLE 2N1303 9205 2N3790 16557 ..-2N2222- 7'!305 AND MULTI-ELEMENT 2N1304 9205 2N3791 16557 A3T2222 1J13 TRANSISTORS 2N1305 9205 2N3792 16557 A3T2222A 1317 

3N79 4101 2N1306 9205 2N3846 16579 2N2243A 1301 TIS92 4015 2N1307 9205 2N3847 16579 2N2369A 1327 TIS92M 4105 2N1308 9205 2N3996 16601 2N2432 1337 TIS93 4105 2N1309 9205 2N3997 16601 2N2484 1349 TIS93M 4105 2N1377 9213 2N3998 16601 A3T2484 1269 3N111 4109 2N1997 9301 2N3999 16601 A3T3011 1405 
2N997 4301 2N2000 9307 2N4000 16607 2N3013 1409 2N2060 4401 GERMANIUM MESA 2N4001 16607 2N3015 1413 
2N2223 4401 AND PLANAR 2N4002 16613 2N3704 1433 
2N2639 4405 SWITCHING 2N4003 16613 2N3705 1433 
2N2642 4405 TRANSISTORS 2N4300 16625 2N3706 1433 2N2643 4405 2N4301 16631 2N3707 1435 2N2920 4409 2N797 12101 2N4398 16645 2N3708 1435 2N2977 4409 2N964 12105 2N4399 16645 2N3709 1435 
2N2979 4409 2N2635 12301 2N5301 16687 2N3710 1435 
2N3350 4507 2N5302 16687 2N3711 1435 2N3680 4509 GERMANIUM UHF/ 2N5303 16687 

2N3725 1437 2N3838 4517 MICROWAVE 2N5333 16701 
2N4252 1445 2N4854 4701 TRANSISTORS 2N5384 16707 
2N4994 1503 

SILICON 2N5043 14401 2N5385 16707 
2N4995 1503 2N5386 16711 
2N4996 1511 FIELD-EFFECT SILICON POWER 2N5387 16715 
2N4997 1511 TRAN SISTO RS TRANSISTORSt 2N5388 16715 
2N5449 1701 TIS58 6091 
2N5450 1701 TIS59 6091 TIP29 16101 GERMANIUM POWER 2N5451 1701 TIS73 6103 TIP29A 16101 TRANSISTORS 

TIS74 6103 TIP30 16105 
SILICON LOW· TIS75 6103 TIP30A 16105 

2N456A 17101 POWER P-N-P 3N160 6201 TIP31 16109 
2N103B 17201 

TIS37 2001 2N2386 6301 TIP31A 16109 
2N1539 17223 

TIS38 2001 2N2498 6303 TIP32 16113 
2N1907 17231 

2N2605 2119 2N3330 6305 TIP32A 16113 
Tl3027 17301 

2N2894 2125 2N3819 6401 TIP33 16117 
A3T2894 2127 2N3820 6403 TIP33A 16117 GENERAL PURPOSE 
2N2905 2131 2N3822 6405 TIP34 16121 DIODES 
A3T2906 2135 2N3823 6407 TIP34A 16121 
A3T2906A 2135 2N3909 6413 TIP35 16125 1N456 18101 
2N2907 2131 2N3993A 6501 TIP35A 16125 1N457 18101 
A3T2907 2135 2N4416 6503 TIP36 16129 1N458 18101 
A3T2907A 2135 2N4857 6511 TIP36A 16129 1N459 18101 
2N2945 2139 2N5045 6601 2N1724 16301 1N482 18109 

tsee page 16001 for transistor mounting hardware. 

7 



8 

LISTING OF PREFERRED SEMICONDUCTORS AND COMPONENTS 
BY DEVICE CLASSIFICATION (Cont'd.) 

GENERAL PURPOSE 1N756A 23109 TIL606 27503 
DIODES (Cont'd.) 1N757 23109 TIL607 27503 

1N757A 23109 TIL608 27503 
1N483 18109 1N758 23109 1N2175 27801 
1N484 18109 1N758A 23109 
1N485 18109 1N759 23109 
1N645 18113 1N759A 23109 PRECISION FILM 
1N646 18113 1N4370 23601 RESISTORS 
1N647 18113 1N4370A 23601 
1N648 18113 1N4371 23601 CG1/8 28201 
1N649 18113 1N4371A 23601 CG1/4 28201 

1N4372 23601 CG1/2 28201 
SWITCHING DIDOES 1N4372A 23601 MC50 28401 

MC55 28401 
1N251 19101 THYRISTORS AND MC60 28401 
1N661 19151 TRIGGER DIODESt MC65 28401 

......-!N914 .~19201 
1N914B 19201 Tl42A 24105 TEMPERATURE-SENSING 
1N3070 19303 Tl43A 24105 SILICON RESISTORS 
1N4148 19401 TIC44 24109 
1N4154 19403 TIC45 24109 TG1/8 29001 
1N4448 19401 TIC46 24109 TM1/8 29001 
1N4454 19405 TIC47 24109 TM1/4 29001 

2N3001 24401 
MULTIPLE DIODES 2N3002 24401 

2N3003 24401 
TID21 20005 2N3004 24401 
TID22 20005 2N3005 24407 
TID23 20005 2N3006 24407 
TID24 20005 2N3007 24407 
TID25 20009 2N3008 24407 
TID26 20009 2N3555 24417 
TID29 20013 2N3556 24417 
TID30 20013 2N3557 24417 

TUNING DIODES 2N3558 24417 
2N3559 24425 

TIV306 21205 2N3560 24425 
TIV307 21205 2N3561 24425 
TIV308 21205 2N3562 24425 

REGULATOR DIODES SILICON RECTIFIERS 

1N746 23109 1N4001 ....__ 25401-
1N746A 23109 1N4002...- 25401 -
1N747 23109 1N4003 25401 
1N747A 23109 1N4004 25401 
1N748 23109 1N4005 25401 
1N748A 23109 1N4006 25401 
1N749 23109 1N4007 25401 
1N749A 23109 
1N750 23109 
1N750A 23109 OPTOELECTRONIC 
1N751 23109 DEVICES 
1N751A 23109 
1N752 23109 TIL01 27001 
1N752A 23109 TIL09 27009 
1N753 23109 LS400 27401 
1N753A 23109 LS600 27501 
1N754 23109 TIL601 27503 
1N754A 23109 TIL602 27503 
1N755 23109 TIL603 27503 
1N755A 23109 TIL604 27503 
1N756 23109 TIL605 27503 
tsee page 24001 for thyristor mounting hardware. 



APPLICATIONS GUIDE TO 
PREFERRED SEMICONDUCTORS AND COMPONENTS 

DEVICE RECOMMENDATION • APPLICATION BIPOLAR FET 

N-P·N P·N·P N-CHANNEL P-CHANNEL 

Type No. Page No. Type No. Page No. Type No. Page No. Type No. Paga No. 

Small-Signal Transistor: •A3T2484 1269 •A3T2906 2135 TIS58 6091 2N2386 6301 
Amplifier: •TIS92 4105 •A3T2907 2135 TIS59 6091 •2N2498 6303 

•TIS92M 4105 •A3T2906A 2135 •2N3819 6401 •2N3330 6305 
DC to 1 MHz •TIS97 1053 •A3T2907A 2135 •2N3822 6405 •2N3820 6403 

•TIS98 1053 •TIS93 4105 2N3909 6413 
TIS99 1053 •TIS93M 4105 
2N697 1201 2N404 9105 
2N930 1263 2N1303 9205 

•2N997 4301 2N1305 9205 
o2N1302 9205 2N1307 9205 
•2N1304 9205 2N1309 9205 
•2N1306 9205 2N2000 9307 
•2N1308 9205 2N2605 2119 
•2N2484 1349 •2N2905 2131 

2N3704 1433 •2N2907 2131 
2N3705 1433 2N3702 2225 
2N3706 1433 2N3703 2225 
2N3707 1435 •2N4058-62 2301 
2N3708 1435 •2N5447 2305 
2N3709 1435 2N5448 2305 
2N3710 1435 
2N3711 1435 

•2N5449 1701 
•2N5450 1701 
•2N5451 1701 

1 MHz to 10 MHz •A3T2484 1269 •TIS37 2001 TIS58 6091 2N2386 6301 
2N697 1201 2N404 9105 TIS59 6091 •2N2498 6303 
2N930 1263 2N1303 9205 •2N3819 6401 •2N3330 6305 
2N1302 9205 2N1305 9205 •2N3822 6405 •2N3820 6403 
2N1304 9205 2N1307 9205 •2N3823 6407 2N3909 6413 
2N1306 9205 2N1309 9205 •2N4416 6503 
2N1308 9205 2N1377 9213 •2N5245 6703 
2N1613 1201 2N1997 9301 •2N5246 6703 

•2N2484 1349 2N2605 2119 •2N5247 6703 
2N3704 1433 •2N2905 2131 •2N5248 6711 
2N3705 1433 2N3702 2225 
2N3706 1433 2N3703 2225 
2N4994 1503 2N5447 2305 

•2N4995 1503 2N5448 2305 
•2N4996 1511 
•2N4997 1511 

2N5449 1701 
2N5450 1701 
2N5451 1701 

10 MHz to 50 MHz TIS63 1025 •TIS37 2001 TIS58 6091 •2N2498 6303 
•TIS84 1033 •2N5043 14401 TIS59 6091 •2N3330 6305 
•TIS86 1041 •2N3819 6401 
•TIS87 1041 •2N3822 6405 
•TIS108 1033 •2N3823 6407 

2N918 3201 •2N4416 6503 
•2N2219 1305 •2N5245 6703 
•2N2222 1305 •2N5246 6703 
•2N2243A 1301 •2N5247 6703 

2N4252 1445 •2N5248 6711 
•2N4996 1511 
•2N4997 1511 

50 MHz to 100 MHz •TIS63 1025 •2N2905 2131 •2N3823 6407 •2N2498 6303 
•TIS86 1041 •2N2907 2131 •2N4416 6503 •2N3330 6305 
•TIS87 1041 •2N5043 14401 •2N5245 6703 
•TIS108 1033 •2N5246 6703 

2N918 3201 •2N5247 6703 

o2N2219 1305 
•2N2222 1305 

2N4252 1445 
•2N4875 3701 
•2N4996 1511 
•2N4997 1511 

Devices especially recommended for new design. 



APPLICATIONS GUIDE TO 
PREFERRED SEMICONDUCTORS AND COMPONENTS (Cont'd.) 

DEVICE RECOMMENDATION 

APPLICATION BIPOLAR FET 

N-P-N P-N-P N-CHANNEL P-<:HANNEL 

Type No. Page No. Type No. Page No. Type No. Page No. Type No. P- No. 

100 MHz to 5 GHz •TIS84 1033 e2N5043 14401 •2N3823 6407 
2N918 3201 •2N4416 6503 

•2N3570 3401 e2N5245 6703 
2N4252 1445 e2N5246 6703 

•2N4875 3701 e2N5247 6703 

Low-Noise Amplifier: •A3T2484 1269 •TIS37 2001 •2N3822 6405 •2N2498 6303 
•TIS97 1053 2N2605 2119 •2N4416 6503 •2N3330 6305 

0 to 10 MHz 2N930 1263 e2N4058-62 2301 •2N5248 6711 
•2N2484 1349 

2N3707 1435 

10 MHz to 50 MHz •A3T918 3203 •TIS37 2001 •2N3822 6405 
•TIS62 1025 •2N3823 6407 
•TIS86 1041 •2N4416 6503 

2N918 3201 •2N5245 6703 
•2N4252 1445 •2N5246 6703 
•2N4875 3701 •2N5247 6703 
•2N4997 1511 •2N5248 6711 

50 MHz to 100 MHz •A3T918 3203 •2N5043 14401 e2N3823 6407 
•TIS62 1025 •2N4416 6503 
•TIS86 1041 •2N5245 6703 

2N918 3201 •2N5246 6703 
•2N3570 3401 •2N5247 6703 

2N4252 1445 •2N5248 6711 
•2N4875 3701 
•2N4997 1511 

100 MHz to 1 GHz •A3T918 3203 •2N5043 14401 •2N3823 6407 
•TIS86 1041 e2N4416 6503 

2N918 3201 •2N5245 6703 
•2N3570 3401 •2N5246 6703 
•2N4875 3701 e2N5247 6703 

Mixer and Converter: 2N918 3201 •TIS37 2001 TIS58 6091 •2N2498 6303 
0 to 10 MHz •2N4995 1503 TIS59 6091 •2N3330 6305 

e2N3823 6407 
•2N4416 6503 

10 MHz to 50 MHz •TIS63 1025 •TIS37 2001 TIS58 6091 •2N3820 6403 
•TIS86 1041 TIS59 6091 

2N4252 1445 •2N3823 6407 
•2N4875 3701 •2N4416 6503 
•2N4994 1503 •2N5245 6703 
•2N4995 1503 •2N5246 6703 

•2N5247 6703 
•2N5248 6711 

50 MHz to 100 MHz •TIS63 1025 •2N5043 14401 •2N3823 6407 
•TIS86 1041 •2N4416 6503 
•2N3570 3401 •2N5245 6703 

2N4252 1445 •2N5246 6703 
•2N4875 3701 •2N5247 6703 
•2N4997 1511 •2N5248 6711 

100 MHz to 5 GHz •A3T918 3203 •2N5043 14401 •2N3823 6407 
eTIS86 1041 •2N4416 6503 

2N918 3201 •2N5246 6703 
•2N3570 3401 e2N5247 6703 

2N4252 1445 •2N5248 6711 
•2N4875 3701 
•2N4997 1511 

Oscillator: •TIS98 1053 •TIS38 2001 •2N3819 6401 •2N2498 6303 
Oto 10MHz 2N697 1201 •2N2905 2131 •2N3822 6405 •2N3330 6305 

2N1613 1201 2N3702 2225 •2N3823 6407 
•2N2484 1349 •2N5447 2305 e2N4416 6503 

2N3704 1433 •2N5248 6711 

2N3711 1435 
•2N5449 1701 

Devices especially recommended for new design. 
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APPLICATIONS GUIDE TO 
PREFERRED SEMICONDUCTORS AND COMPONENTS (Cont'd.) 

DEVICE RECOMMENDATION 

APPLICATION BIPOLAR FET • N-P-N P-N-P N-CHANNEL P-CHANNEL 

Type No. Page No. Type No. Page No. Type No. Page No. 

10 MHz to 50 MHz •A3T918 3203 •TIS38 2001 •2N3822 6405 
•TIS63 1025 •2N2905 2131 •2N3823 6407 
•TIS98 1053 •2N2907 2131 •2N4416 6503 

2N918 3201 •2N5447 2305 e2N5245 6703 
•2N2219 1305 e2N5246 6703 
•2N2222 1305 •2N5247 6703 

2N3704 1433 •2N5248 6711 
•2N4875 3701 
•2N4994 1503 
•2N5449 1701 

50 MHz to 100 MHz •A3T918 3203 2N3702 2225 •2N3823 6407 
•TIS63 1025 •2N5043 14401 •2N4416 6503 
•TIS86 1041 o2N5447 2305 e2N5245 6703 

2N918 3201 •2N5246 6703 
2N3704 1433 •2N5247 6703 

•2N4875 3701 •2N5248 6711 
•2N5449 1701 

100 MHz to 5 GHz •A3T918 3203 •2N5043 14401 •2N3823 6407 
•TIS63 1025 •2N4416 6503 
oTIS86 1041 •2N5245 6703 

2N918 3201 •2N5246 6703 
•2N3570 3401 o2N5247 6703 
•2N4875 3701 
•2N4997 1511 

Power Oscillator: •2N3866 3501 

Power Amplifier: •2N3866 3501 
Radio Frequency •2N4875 3701 

Audio Frequency •TIP29 16101 oTIP30 16105 •2N4857 6511 
•TIP29A 16101 •TIP30A 16105 
•TIP31 16109 •TIP32 16113 
•TIP31A 16109 •TIP32A 16113 
•TIP33 16117 •TIP34 16121 
•TIP33A 16117 oTIP34A 16121 
•TIP35 16125 •TIP36 16129 
•TIP35A 16125 •TIP36A 16129 

2N697 1201 2N456A 17101 
2N1613 1201 2N1038 17201 

•2N5301 16687 •2N2905 2131 
•2N5302 16687 •2N2907 2131 
•2N5303 16687 Tl3027 17301 

•2N3789 16557 
•2N3790 16557 
e2N3791 16557 
•2N3792 16557 
•2N3846 16579 
•2N4398 16645 

BIPOLAR OTHER DEVICES 

N-P·N P-N-P 

Type No. Page No. Type No. Page No. Type No. Page No. Classification 

Switching: •A3T2221 1313 •A3T2894 2127 •2N3980 7201 UJT 
Multivibrator. •A3T2221A 1317 •A3T2906 2135 •2N4416 6503 N-FET 
Pulse Generator, •A3T2222 1313 •A3T2906A 2135 e2N4857 6511 N-FET 
Schmitt Trigger •A3T2222A 1317 •A3T2907 2135 

•A3T3011 1405 •A3T2907A 2135 
2N1302 9205 2N404 9105 
2N1304 9205 2N1303 9205 
2N1306 9205 2N1305 9205 
2N1308 9205 2N1307 9205 

•2N2219 1305 2N1309 9205 
•2N2222 1305 2N1997 9301 
•2N2369A 1327 2N2000 9307 

• DEN ices especially recommended for new design. 
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APPLICATIONS GUIDE TO 
PREFERRED SEMICONDUCTORS AND COMPONENTS (Cont'd.) 

DEVICE RECOMMENDATION 

APPLICATION BIPOLAR OTHER DEVICES 

N-P-N P-N-P 

Type No. Page No. Type No. Page No. Type No. Page No. Qassification 

•2N3013 1409 2N2635 12301 
•2N3725 1437 •2N2894 2125 

•2N2905 2131 
•2N2907 2131 
•2N3829 2235 

Ring Counter/ 2N930 1263 •2N2894 2125 •2N3001-4 24401 SCR 
Latching Amplifier •2N2369A 1327 •2N2905 2131 •2N3555-8 24417 SCR 

•2N3013 1409 •2N3250 2209 •2N4416 6503 N-FET 
2N3704 1433 2N3702 2225 •2N4857 6511 N-FET 

•2N5449 1701 •2N3829 2235 •TIS73 6103 N-FET 

e2N4058-62 2301 TIS74 6103 N-FET 

•2NS447 2305 TIS75 6103 N-FET 

Relaxation Oscillator •Tl42A 24105 Trigger Diode 
•T143A 24105 Trigger Diode 

2N1671B 7109 UJT 
•2N3980 7201 UJT 

Pulse Amplifier •2N2243A 1301 2N1907 17231 •2N4857 6511 N-FET 
•2N2369A 1327 •2N2894 2125 

•2N2905 2131 
•2N3829 2235 
•2N5333 16701 
e2N5384 16707 
•2N5386 16711 

Chopper •TIP29 16101 •TIP30 16105 2N3993A 6501 P-FET 
•TIP29A 16101 •TIP30A 16105 •2N4857 6511 N-FET 
•TIP31 i6109 •TIP32 16113 
eTIP31A 16109 •TIP32A 16113 
•TIP33 16117 •TIP34 16121 
•TIP33A 16117 •TIP34A 16121 
•TIP35 16125 •TIP36 16129 
•TIP35A 16125 •TIP36A 16129 
•2N2432 1337 •2N2945 2139 
•2N5301 16687 e2N3789 16557 
•2N5302 16687 •2N3790 16557 
•2N5303 16687 •2N3791 16557 
•3N79 4101 •2N3792 16557 

•2N439B 16645 
•2N4399 16645 
•3N111 4109 

Computer Memory •2N3013 1409 •TIS73 6103 N-FET 
Driver •2N3015 1413 TIS74 6103 N-FET 

•2N3725 1437 TIS75 6103 N-FET 
•2N4857 6511 N-FET 

Po-r Control/ •TIP29 16101 •TIP30 16105 •TIC44-7 24109 SCR 
Regulator !See •TIP29A 16101 •TIP30A 16105 •2N3001-4 24401 SCR 
Selection Guide •TIP31 16109 •TIP32 16113 •2N3005-8 24407 SCR 
on pages 11-141 •TIP31A 16109 •TIP32A 16113 •2N3555-8 24417 SCR 

•TIP33 16117 •TIP34 16121 e2N3559-62 24425 SCR 
•TIP33A 16117 •TIP34A 16121 
•TIP35 16125 •TIP36 16129 
•TIP35A 16125 •TIP36A 16129 

2N1724 16301 2N456A 17101 
•2N2987-94 16401 2N1539 17223 
•2N3418-21 16501 2N1907 17231 
•2N3551,2 16507 Tl3027 17301 
e2N3713-16 16511 •2N3789 16557 
•2N3996-9 16601 •2N3790 16557 
•2N4000.1 16607 •2N3791 16557 
~2N4002.3 16613 •2N3792 16557 
•2N4300 16625 •2N4398 16645 
•2N4301 16631 •2N4399 16645 
•2N5301 16687 •2N5333 16701 

• Devices especially recommended for new design. 
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APPLICATIONS GUIDE TD 
PREFERRED SEMICONDUCTORS AND COMPONENTS (Cont'd.) 

DEVICE RECOMMENDATION 

APPLICATION BIPOLAR OTHER DEVICES II 
N-P-N P-N-P 

Type No. Page No. Type No. Page No. Type No. Page No. Classification 
•2N5302 16687 •2N5384 16707 
•2N5303 16687 •2N5385 16707 
•2N5387,8 16715 •2N5386 16711 

Computer Logic 2N797 12101 2N404 9105 •TIS73 6103 N-FET 
Switch 2N1302 9205 2N964 12105 TIS74 6103 N-FET 

2N1304 9205 2N1303 9205 TIS75 6103 N-FET 
2N1306 9205 2N1305 9205 •2N4857 6511 N-FET 
2N1308 9205 2N1307 9205 

•2N2369A 1327 2N1309 9205 
•2N3013 1409 2N1997 9301 

2N2635 12301 
•2N2894 2125 
•2N3250 2209 
•2N3829 2235 

Series Shunt Regulator •TIP29 16101 •TIP30 16105 •2N4857 6511 N-FET 
•TIP29A 16101 •TIP30A 16105 
•TIP31 16109 eTIP32 16113 
•TIP31A 16109 •TIP32A 16113 
•TIP33 16117 •TIP34 16121 
•TIP33A 16117 •TIP36 16125 
•TIP35 16125 •TIP36A 16129 
•TIP35A 16125 2N456A 17101 

2N1724 16301 2N1038 17201 
•2N2987-94 16401 2N1539 17223 
•2N3418-21 16501 2N1907 17231 
•2N3551,2 16507 Tl3027 17301 
•2N3713-16 16511 •2N5333 16701 
•2N3996-9 16601 •2N5384 16707 
•2N4000,1 16607 •2N5385 16707 
•2N4002,3 16613 •2N5386 16711 
•2N4300 16625 
•2N4301 16631 
e2N5387,8 16715 

Lamp Driver •TIS100 1061 2N398 9101 •2N4857 6511 N-FET 
(Nixie Driver) •TIS101 1061 
High Voltage •2N2243A 1301 

Linear Application: •3N79 4101 2N1907 17231 •2N4857 6511 N-FET 
Demodulator •2N2432 1337 

Differential •2N2060 4401 •2N3350 4507 •2N5045 6601 N-FET 
Amplifier •2N2642 4405 

•2N3680 4509 
•2N3838 4517 
•2N2920 4409 
•2N2977 4409 
•2N2979 4409 

Operational •2N2060 4401 •2N3350 4507 •2N4854 4701 NPN-PNP 
Amplifier •2N2223 4401 •2N5045 6601 N-FET 

•2N2642 4405 
•2N3680 4509 

Servo Amplifier •2N2060 4401 2N1038 17201 •2N5045 6601 N-FET 
•2N2223 4401 2N1907 17231 
•2N2642 4405 •2N3350 4507 
•2N3680 4509 

Sense Amp I iii er/ •2N2060 4401 •2N3350 4507 •2N4416 6503 N-FET 
Comparator •2N2642 4405 •2N5045 6601 N-FET 

•2N3680 4509 
•2N3838 4517 
•2N2920 4409 
•2N2977 4409 
•2N2979 4409 

Waveform Generator/ 2N930 1263 2N3702 2225 e2N4416 6503 N-FET 
Clipper/Compressor 2N3707 1435 •2N5447 2305 •2N4857 6511 N-FET 

• Devices especially recommended for new design. 
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APPLICATIONS GUIDE TO 
PREFERRED SEMICONDUCTORS AND COMPONENTS !Cont'd.I 

DEVICE RECOMMENDATION 

APPLICATION BIPOLAR OTHER DEVICES 

N-P-N P-N.P 

Type No. P;ge No. Type No. Page No. Type No. Page No. Classification 

2N3704 1433 
2N3708 1435 •2N5245 6703 N-FET 
2N3709 1435 •2N5246 6703 N-FET 
2N3711 1435 •2N5247 6703 N-FET 

•2N5449 1701 •2N5248 6711 N-FET 
•2N492A 7101 UJT 

Diode: 
Mixer/Converter 1N456-9 18101 

1N482-5 18109 
1N914 19201 

Detector 1N456-8 18101 
•1N459 18101 

1N914 19201 
•1N4148 19401 
•1N4448 19401 

Switch •1N251 19101 
•1N661 19151 

1N914 19201 
•1N3070 19303 200 v 
•1N4148 19401 
•1N4448 19401 
•1N4154 19403 

Tuning •TIV306-8 21205 Voltage 
Variable 

Voltage Regulator 1N746-
1N759 23109 

•1N746A· 
1N759A 23109 

1N4370 23601 
•1N4370A 23601 

Rectifier 
1N456-9 18101 
1N482-5 18109 

•1N645-9 18113 
•1N4001-7 25401 

Computer •TID21-24 20005 8-Diode Array 
•TID25-26 20009 16-Diode Array 
•TID29-30 20013 20-Diode Array 

1N914 19201 

Transistor Biasing •1N746A-
1N759A 23109 

TV "Color Kill er" •1N3070 19303 

Power Supply •1N645-9 18113 

Logarithmic •1N645-9 18113 
•1N746A-

1N759A 23109 

Light Sensor •LS400 27401 
•LS600 27501 
•TIL601 27503 
•TIL602 27503 
•TIL603 27503 
•TIL604 27503 
•TIL605 27503 
•TIL606 27503 
•TIL607 27503 
•TIL608 27503 
•1N2175 27801 

Infrared Source •TIL01 27001 
•TIL09 27009 

• Devices especially recommended for new design. 

14 



;&9 

SELECTION GUIDE 
SILICON POWER TRANSISTORS 

The following curves, arranged in ascending order of rated power dissipation at 100°C case temperature, 
show typical hFE versus collector current at 25°C case temperature, Listed above each curve are the 
standard open-base collector-emitter voltage ratings available from among the device types listed. 
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SELECTION GUIDE 
SILICON POWER TRANSISTORS 
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SELECTION GUIDE 
SILICON POWER TRANSISTORS 
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SELEOION GUIDE 
SILICON POWER TRANSISTORS 
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CROSS-REFERENCE GUIDE BETWEEN JEDEC 
OR COMPETITIVE TYPE NUMBERS AND Tl DEVICES 

Nearest Tl types were selected on the basis of the general similarity of electrical characteristics. • Interchangeability in particular applications is not guaranteed. Before using a substitute type, the user 
should compare the detailed specifications of the substitute device with the detailed specifications of 
the original device with emphasis on those ratings and characteristics which are actually critical. 
Occasionally another device on the same data sheet as the stated "Nearest Tl Type" may be found to 
be better suited for the particular application. 

Tl makes no warranty as to the information furnished and Buyer assumes all risk in the use thereof. 
No liability is assumed for damages resulting from the use of the information contained in this list. 

Preferred Nearest Preferred Nearest 
Type Tl Type Tl Type Type Tl Type Tl Type 
1N38B 1N484 1N458A 1N315 1N4004 1N4004 
1N39B 1N645 1N645 1N316 1N645 1N483A 
1N52A 1N483 1N457A 1N317 1N645 1N484A 
1N60 1N456 1N456 1N318 1N645 1N485A 
1N67A 1N484 1N458A 1N319 1N646 1N646 
1N69A 1N483 1N457A 1N320 1N648 1N648 
1N70A 1N484 1N458A 1N323 1N645 1N645 
1N81A 1N483 1N457A 1N324 1N645 1N645 
1N90 1N483 1N457A 1N325 1N645 1N645 
1N91 1N645 1N484A 1N326 1N646 1N646 
1N92 1N645 1N645 1N327 1N648 1N648 
1N93 1N646 1N646 1N330 1N456 1N456 
1N96 1N483 1N457A 1N331 1N456 1N456 
1N98 1N484 1N458A 1N332 1N332 
1N98A 1N484 1N458A 1N333 1N333 
lNlOOA 1N484 1N458A 1N334 1N334 
lNlll 1N914B 1N663 1N335 1N335 
1Nll2 1N914B 1N663 1N336 1N336 
1Nl13 1N914B 1N663 1N337 1N337 
1N114 1N914B 1N663 1N338 1N338 
1N115 1N914B 1N663 1N339 1N339 
1N118A 1N483 1N457A 1N340 1N340 
1Nll9 1N914B 1N663 1N341 1N341 
1N120 1N914B 1N663 1N342 1N342 
1Nl26 1N483 1N457A 1N343 1N343 
1Nl27 1N484 1N458A 1N344 1N344 
1Nl28 1N483 1N457A 1N345 1N345 
1N128A 1N457 1N457 1N346 1N346 
1Nl37B 1N483 1N457A 1N347 1N347 
1Nl38B 1N483 1N457A 1N348 1N348 
1Nl44 1N914B 1N914B 1N349 1N349 
1Nl45 1N914B 1N658 1N350 1N457 1N457 
1N191 1N3070 1N663 1N351 1N484 1N458A 
1Nl93 1N914 1N251 1N352 1N485 1N485 
1Nl94 1N914 1N251 1N353 1N645 1N645 
1Nl94A 1N914 1N251 1N354 1N646 1N646 
1Nl95 1N914 1N251 1N359 1N483 1N457A 
1N196 1N914 1N251 1N360 1N484 1N484 
1N198 1N484 1N458A 1N361 1N485 1N485 
1N198A 1N483 1N457A 1N362 1N646 1N646 
1Nl98B 1N483 1N457A 1N363 1N648 1N648 
1N200 1N764 1N417 1N914B 1N663 
1N201 1N765 1N418 1N914B 1N663 
1N202 1N766 1N419 1N914B 1N663 
1N251 1N251 1N251 1N432 1N482 1N457A 
1N253 1N253 1N432A 1N482 1N457A 
1N254 1N254 1N433 1N485 1N458A 
1N256 1N256 1N433A 1N485 1N458A 
1N270 TID32 1N434 1N485 1N459A 
1N273 1N914B 1N663 1N434A 1N485 1N459A 
1N276 1N914B 1N915 1N440 1N4002 1N2069 
1N277 1N914B 1N658 1N440B 1N4002 1N440B 
1N278 1N914B 1N658 1N441 1N4003 1N2069 
1N279 1N914B 1N663 1N441B 1N4003 1N441B 
1N281 1N914B 1N914B 1N442 1N4004 1N2070 
1N282 1N456 1N456 1N442B 1N4004 1N442B 
1N283 TID33 1N443 1N4004 1N2070 
1N294 1N457 1N457 1N443B 1N4004 1N443B 
1N294A 1N483 1N483 1N444 1N4005 1N2071 
1N295 1N457 1N457 1N444B 1N4005 1N444B 
1N297 1N483 1N458A 1N445 1N4005 1N2071 
1N298 1N483 1N457A 1N445B 1N4005 1N445B 
1N298A 1N483 1N457A 1N447 1N482 1N461A 
1N300 1N482 1N456A 1N448 1N484 1N458A 
1N300A 1N482 1N456A 1N449 1N482 1N461A 
1N301 1N483 1N457A 1N450 1N484 1N458A 
1N301A 1N483 1N457A 1N451 1N484 1N458A 
1N301B 1N483 1N457A 1N452 1N482 1N461A 
1N302A 1N645 1N645 1N453 1N484 1N458A 

*1N302B 1N645 1N645 1N454 1N482 1N461A 
1N303 1N484 1N484 1N455 1N482 1N461A 
1N303B 1N484 1N484 1N456 1N456 1N456 
1N305 1N645 1N483A 1N456A 1N482 1N456A 
1N306 1N645 1N482A 1N457 1N457 1N457 
1N307 1N484 1N458A 1N457A 1N483 1N457A 

*Denotes lN· or 2N· numbers not JEDEC registered through July 1969. 
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CROSS-REFERENCE GUIDE BETWEEN JEDEC OR COMPETITIVE TYPE NUMBERS AND Tl DEVICES (Confd.) 

Preferred Nearest Preferred Nearest 
Type Tl Type Tl Type Type Tl Type Tl Type 

1N458 1N458 1N458 1N606 1N606 
1N458A 1N484 1N458A 1N606A 1N648 1N606A 
1N459 1N459 1N459 1N607 1N607 
1N459A 1N459 1N459A 1N607A 1N4001 1N607A 
1N460 1N484 1N458A 1N608 1N608 
1N460A 1N484 1N458A 1N608A 1N4002 1N608A 
1N461 1N482 1N461 1N609 1N609 
1N461A 1N482 1N461A 1N609A 1N4003 1N609A 
1N462 1N483 1N462 1N610 1N610 
1N462A 1N483 1N483 1N610A 1N4003 1N610A 
1N463 1N485 1N463 1N611 1N611 
1N463A 1N485 1N485 1N611A 1N4004 1N611A 
1N464 1N484 1N464 1N612 1N612 
1N464A 1N484 1N484 1N612A 1N4004 1N612A 
1N465A 1N4370A 1N702A 1N613 1N613 
1N466A 1N747A 650CO 1N613A 1N4005 1N613A 
1N467A 1N749A 650 1N614 1N614 
1N468A 1N750A 651 1N614A 1N4005 1N614A 
1N469A 1N752A 652 1N615 1N4004 1N4004 
1N470A 1N754A 653 1N619 1N914 1N625 
1N471A 1N747A 650CO 1N622 1N3070 1N629 
1N472A 1N749A 650 1N625 1N914 1N625 
1N473A 1N750A 651 1N626 1N914 1N626 
1N474A 1N752A 652 1N627 1N914 1N627 
1N475A 1N754A 653 1N628 1N3070 1N628 
1N481 1N645 1N645 1N629 1N3070 1N629 
1N482 1N482 1N482 1N631 1N914B 1N915 
1N482A 1N482 1N482A 1N632 1N914 1N914 
1N482B 1N482 1N482B 1N633 1N3070 TID32 
1N483 1N483 1N483 1N634 1N3070 1N3070 
1N483A 1N483 1N483A 1N635 1N3070 1N3070 
1N483B 1N483 1N483B 1N636 1N4448 1N916B 
1N484 1N484 1N484 1N643 1N3070 1N643 
1N484A 1N484 1N484A 1N643A 1N3070 1N643 
1N484B 1N484 1N484B 1N645 1N645 1N645 
1N485 1N485 1N485 1N645A 1N645 1N645A 
1N485A 1N485 1N485A 1N646 1N646 1N646 
1N485B 1N485 1N485B 1N647 1N647 1N647 
1N486 1N645 1N645 1N648 1N648 1N648 
1N486A 1N645 1N645 1N649 1N649 1N649 
1N486B 1N645 1N645 1N658 1N658 
1N487 1N646 1N646 1N658A 1N914B 1N658 
1N487A 1N646 1N646 1N659 1N659 
1N487B 1N646 1N646 1N659A 1N914 1N659 
1N488 1N647 1N647 1N660 1N660 
1N488A 1N647 1N647 1N660A 1N914B 1N660 
1N488B 1N647 1N647 1N661 1N661 1N661 
1N490 1N914 1N462 1N661A 1N3070 1N661 
1N497 1N914B TID17 1N662 1N914 1N662 
1N498 1N914B TID17 1N663 1N914B 1N663 
1N499 1N914B TID31 1N664 1N756A 1N712 
1N500 1N914B tlD32 1N665 1N759 1N716 
1N501 1N914B 1032 1N674 1N750A 1N705A 
1N502 1N914B 1N658 1N675 1N753A 1N709A 
1N530 1N530 1N676 1N645 1N484A 
1N532 1N532 1N677 1N645 1N645 
1N533 1N533 1N678 1N645 1N645 
1N534 1N534 1N679 1N645 1N645 
1N535 1N535 1N681 1N646 1N646 
1N536 1N4001 1N536 1N682 1N646 1N646 
1N537 1N4002 1N537 1N683 1N647 1N647 
1N538 1N4003 1N538 1N684 1N647 1N647 
1N539 1N4004 1N539 1N685 1N648 1N648 
1N540 1N4004 1N540 1N686 1N648 1N648 
1N547 1N4005 1N547 1N687 1N649 1N649 
1N548 1N4007 1N4007 1N689 1N649 1N649 
1N549 1N4007 1N4007 1N690 1N645 1N645 
1N550 1N550 1N691 1N645 1N645 
1N551 1N551 1N692 1N645 1N645 
1N552 1N552 1N693 1N645 1N645 
1N553 1N553 1N695A 1N914B 1N663 
1N554 1N554 1N696 1N914 1N914 
1N555 1N555 1N699 1N914B 1N663 
1N571 1N4001 TID31 1N701 1N758A 1N714A 
1N599 1N599 1N702 1N702 
1N599A 1N645 1N599A 1N702A 1N4370A 1N702A 
1N600 1N600 1N703 1N703 
1N600A 1N645 1N600A 1N703A 1N746A 1N703A 
1N601 1N601 1N704 1N704 
1N601A 1N645 1N601A 1N704A 1N749A 1N704A 
1N602 1N602 1N705 1N705 
1N602A 1N645 1N602A 1N705A 1N750A 1N705A 
1N603 1N603 1N706 1N706 
illl603A 1N646 1N603A 1N706A 1N752A 1N706A 
1N604 1N604 1N707 1N707 
1N604A 1N647 1N604A 1N707A 1N755A 1N707A 
1N605 1N605 1N708 rn~ggA 1N605A 1N648 1N605A 1N708A 1N752A 
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CROSS-REFERENCE GUIDE BETWEEN JEDEC OR COMPETITIVE TYPE NUMBERS AND Tl DEVICES (Confd.) 

Preferred Nearest Preferred Nearest 
Type Tl Type Tl Type Type Tl Type Tl Type II 1N709 1N709 1N818 1N914B 1N916B 
1N709A 1N753A 1N709A 1N890 1N914 1N4447 
1N710 1N710 1N891 1N914B 1N915 
1N710A 1N754A 1N710A 1N892 1N3070 1N658 
1N711 1N711 1N897 1N4148 1N660 
1N711A 1N755A 1N711A 1N898 1N914B 1N4444 
1N712 1N712 1N899 1N914 1N662 
1N712A 1N756A 1N712A 1N900 1N914B 1N658 
1N713 1N713 1N901 1N914B 1N658 
1N713A 1N757A 1N713A 1N902 1N3070 1N643 
1N714 1N714 1N903A 1N914B 1N4446 
1N714A 1N758A 1N714A 1N904A 1N914B 1N4446 
1N715 1N715 1N905A 1N914B 1N4446 
1N715A 1N758A 1N715A 1N906A 1N914B 1N4446 
1N716 1N716 1N907A 1N914B 1N4446 
1N716A 1N759A 1N716A 1N908A 1N914B 1N4446 
1N746 1N746 1N746 1N912 1N759A 1N759 
1N746A 1N746A 1N746A 1N913 1N759A 1N759 
1N747 1N747 1N747 1N914 1N914 1N914 
1N747A 1N747A 1N747A 1N914A 1N914B 1N914A 
1N748 1N748 1N748 1N914B 1N914B 1N914B 
1N748A 1N748A 1N748A 1N915 1N914B 1N915 
1N749 1N749 1N749 1N916 1N914 1N916 
1N749A 1N749A 1N749A 1N916A 1N914B 1N916A 
1N750 1N750 1N750 1N916B 1N914B 1N916B 
1N750A 1N750A 1N750A 1N917 1N914 1N917 
1N751 1N751 1N751 1N919 1N3070 TID32 
1N751A 1N751A 1N751A 1N920 1N645 1N645 
1N752 1N752 1N752 1N921 1N645 1N645 
1N752A 1N752A 1N752A 1N922 1N645 1N645 
1N753 1N753 1N753 1N923 1N645 1N645 
1N753A 1N753A 1N753A 1N925 1N914 1N251 
1N754 1N754 1N754 1N926 1N914 1N251 
1N754A 1N754A 1N754A 1N927 1N914 1N916 
1N755 1N755 1N755 1N928 1N3070 1N643 
1N755A 1N755A 1N755A 1N929 1N914B 1N4446 
1N756 1N756 1N756 1N930 1N914B 1N4446 
1N756A 1N756A 1N756A 1N931 1N914B TID40 
1N757 1N757 1N757 1N932 1N914B TID40 
1N757A 1N757A 1N757A 1N934 1N914B 1N916B 
1N758 1N758 1N758 1N947 1N649 1N649 
1N758A 1N758A 1N758A 1N957 1N957 
1N759 1N759 1N759 1N957A 1N957A 
1N759A 1N759A 1N759A 1N957B 1N957B 
1N761 1N751 1N76l 1N958 1N958 
1N762 1N752 1N762 1N958A 1N958A 
1N763 1N755 1N763 1N958B 1N958B 
1N764 1N756 1N764 1N959 1N959 
1N765 1N758 1N765 1N959A 1N959A 
1N766 1N759 1N766 1N959B 1N959B 
1N771 1N914B TID37 1N960 1N960 
1N771A 1N645 TID31 1N960A 1N960A 
1N772 1N914B TID37 1N960B 1N960B 
1N772A 1N645 TID31 1N961 1N961 
1N773 1N914B TID37 1N961A 1N961A 
1N773A 1N645 TID31 1N961B 1N961B 
1N774 1N914B TID37 1N993 1N914 1N914 
1N774A 1N645 TID31 1N994 1N914 1N914 
1N775 1N914B TID37 1N995 1N914 1N914 
1N776 1N645 1N915 1N996 1N914B 1N915 
1N777 1N914B TID37 1N997 1N914 1N914 
1N778 1N914 1N643 1N999 1N914B 1N914B 
1N779 1N3070 1N643 1N1095 1N4005 1Nl095 
1N781 1N914 T172 1Nl096 1N4005 1N1096 
1N789 1N914 Tl72 lNllOO lNllOO 
1N790 1N914 Tl72 1Nll01 1Nl101 
1N791 1N914B Tl75 1Nll02 1N1102 
1N792 1N914B TID29 1Nl103 1Nl103 
1N793 1N914 1N662 1Nll04 1N1104 
1N794 1N914 1N662 1Nll05 1Nl105 
1N795 1N914B 1N915 1N1115 1Nll15 
1N't9-5 1N914B 1N658 1N1116 1Nlll6 
1N797 1N3070 TID42 1Nll17 1Nl117 
1N798 1N3070 TID42 1N1118 1Nll18 
1N799 1N3070 1N658 1N1119 1Nl119 
1N800 1N3070 1N658 1N1120 1Nl120 
1N801 1N3070 TID42 1N1124A 1N1124A 
1N802 1N3070 1N3070 1N1125A 1Nl125A 
1N806 1N914 1N628 1Nl126A 1Nll26A 
1N807 1N3070 1N643 1N1127A 1Nl127A 
1N808 1N3070 1N663 1N1128A 1N1128A 
1N810 1N914 1N4151 1Nl415 1N4004 1N4004 1N811 1N914 1N251 1Nl440 1N4003 1N4003 1N812 1N914 1N251 
1N813 1N914 1N251 1Nl441 1N4004 1N4004 
1N814 1N914 1N625 1Nl442 1N4004 1N4004 
1N815 1N914B 1N658 1Nl487 1N4002 1Nl487 
1N817 1N3070 1N643 1Nl488 1N4003 1N1488 
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CROSS-REFERENCE GUIDE BElWEEN JEDEC OR COMPETITIVE TYPE NUMBERS AND Tl DEVICES (Confd.) 

Preferred Nearest Preferred Nearest 
Type Tl Type Tl Type Type Tl Type Tl Type 

1Nl489 1N4004 1Nl489 1Nl831 1Nl831 
1N1490 1N4004 1N1490 1Nl831A 1Nl831A 
1N1491 1N4005 1Nl491 1Nl831C 1Nl831C 
1Nl492 1N4005 1Nl492 1Nl831CA 1N1831CA 
1N1581 1N1581 1Nl832 1N1832 
1N1582 1N1582 1N1832A 1N1832A 
1N1583 1N1583 1Nl832C 1Nl832C 
1N1584 1Nl584 1N1832CA 1N1832CA 
1N1585 1N1585 1N1833 1N1833 
1Nl586 1Nl586 1Nl833A 1N1833A 
1Nl587 1Nl587 1Nl833C 1Nl833C 
lN 1612 1Nl612 1Nl833CA 1N1833CA 
1N1613 1Nl613 1Nl834 1Nl834 
1Nl614 1Nl614 1Nl834A 1Nl834A 
lN 1615 1Nl615 1N1834C 1N1834C 
1Nl616 1Nl616 1Nl834CA 1Nl834CA 
1N1692 1N4002 1N1692 1Nl835 1N1835 
1N1693 1N4003 1N1693 1Nl835A 1N1835A 
1Nl694 1N4004 1Nl694 1Nl835C 1Nl835C 
1N1695 1N4004 1Nl695 1Nl835CA 1Nl835CA 
1Nl696 1Nl696 1Nl836 1Nl836 
1N1697 1Nl697 1Nl836A 1Nl836A 
1N1701 1N4001 1N4001 1Nl836C 1N1836C 
1Nl702 1N4002 1N4002 1Nl836CA 1Nl836CA 
1N1703 1N4003 1N4003 1N2008 1N2008 
1N1704 1N4004 1N4004 1N2008A 1N2008A 
1Nl705 1N4004 1N4004 1N2008C 1N2008C 
1N1706 1N4005 1N4005 1N2008CA 1N2008CA 
1N1816 1Nl816 1N2009 1N2009 
1Nl816A 1Nl816A 1N2009A 1N2009A 
1N1816C 1Nl816C 1N2009C 1N2009C 
1Nl816CA 1N1816CA 1N2009CA 1N2009CA 
1N1817 1N1817 1N2010 1N2010 
1N1817A 1N1817A 1N2010A 1N2010A 
1Nl817C 1N1817C 1N2010C 1N2010C 
1Nl817CA 1Nl817CA 1N2010CA 1N2010CA 
1N1818 1N1818 1N2011 1N2011 
1N1818A 1N1818A 1N2011A 1N2011A 
1N1818C 1Nl818C 1N2011C 1N2011C 
1N1818CA 1N1818CA 1N2011CA 1N2011CA 
1N1819 1N1819 1N2012 1N2012 
1Nl819A 1Nl819A 1N2012A 1N2012A 
1Nl819C 1N1819C 1N2012C 1N2012C 
1Nl819CA 1Nl819CA 1N2012CA 1N2012CA 
1Nl820 1N1820 1N2069 1N4003 1N2069 
1Nl820A 1N1820A 1N2069A 1N4003 1N2069A 
1N1820C 1Nl820C 1N2070 1N4004 1N2070 
1N1820CA 1Nl820CA 1N2070A 1N4004 1N2070A 
1Nl821 1Nl821 1N2071 1N4005 1N2071 
1N1821A 1Nl821A 1N2071A 1N4005 1N2071A 
1Nl821C 1N1821C 1N2072 1N4001 1N4001 
1N1821CA 1Nl821CA 1N2073 1N4002 1N4002 
1Nl822 1Nl822 1N2074 1N4003 1N4003 
1N1822A 1Nl822A 1N2075 1N4003 1N4003 
1Nl822C 1N1822C 1N2076 1N4004 1N4004 
1Nl822CA 1Nl822CA 1N2077 1N4004 1N4004 
1Nl823 1Nl823 1N2078 1N4004 1N4004 
1Nl823A 1N1823A 1N2079 1N4005 1N4005 
1N1823C 1N1823C 1N2080 1N4001 1N4001 
1Nl823CA 1Nl823CA 1N2081 1N4002 1N4002 
1N1824 1N1824 1N2082 1N4003 1N4003 
1N1824A 1Nl824A 1N2083 1N4004 1N4004 
1Nl824C 1Nl824C 1N2084 1N4004 1N4004 
1N1824CA 1Nl824CA 1N2085 1N4005 1N4005 
1N1825 1Nl825 1N2086 1N4005 1N4005 
1Nl825A 1N1825A 1N2088 1N4005 1N4005 
1Nl825C 1N1825C 1N2089 1N4005 1N4005 
1N1825CA 1N1825CA 1N2116 1N4004 1N4004 
1Nl826 1N1826 1N2117 1N4006 1N4006 
1Nl826A 1Nl826A 1N2175 1N2175 1N2175 
1N1826C 1N1826C 1N2372 1N4007 1N4007 
1Nl826CA 1Nl826CA 1N2482 1N4003 1N4003 
1N1827 1Nl827 1N2483 1N4004 1N4004 
1Nl827A 1Nl827A 1N2484 1N4005 1N4005 
1Nl827C 1N1827C 1N2485 1N4003 1N4003 
1N1827CA 1N1827CA 1N2486 1N4004 1N4004 
1N1828 1Nl828 1N2487 1N4004 1N4004 
1N1828A 1Nl828A 1N2488 1N4005 1N4005 
1Nl828C 1Nl828C 1N2489 1N4005 1N4005 
1Nl828CA 1Nl828CA 1N3062 1N914B 1N914B 
1Nl829 1Nl829 1N3063 1N4454 1N3064 
1Nl829A 1Nl829A 1N3064 1N4454 1N3064 
1Nl829C 1Nl829C 1N3065 1N914B 1N914B 
1N1829CA 1N1829CA 1N3066 1N4454 1N3064 
1Nl830 1Nl830 1N3067 1N4454 1N3064 
1Nl830A 1Nl830A 1N3068 1N4454 1N3064 
1Nl830C 1Nl830C 1N3069 1N914B 1N914B 
1N1830CA 1Nl830CA 1N3070 1N3070 1N3070 
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CROSS-REFERENCE GUIDE BElWEEN JEDEC OR COMPETITIVE TYPE NUMBERS AND Tl DEVICES (Confd.) 

Preferred Nearest Preferred Nearest 
Type Tl Type Tl Type Type Tl Type Tl Type • 1N3071 1N3070 1N3070 1N4362 1N645 1N484A 

1N3146 1N914B 1N4444 1N4370 1N4370 1N4370 
1N3179 1N4003 1N4003 1N4370A 1N4370A 1N4370A 
1N3192 1N645 1N645 1N4371 1N4371 1N4371 
1N3215 1N914 1N914 1N4371A 1N4371A 1N4371A 
1N3223 1N3070 1N3070 1N4372 1N4372 1N4372 
1N3477 1N4370 1N702 1N4372A 1N4372A 1N4372A 
1N3477A 1N4372A 1N702A 1N4373 1N914 1N4373 
1N3478 1N645 1N645 1N4375 1N914B 1N4446 
1N3479 1N647 1N647 1N4378 LS400 LS400 
1N3480 1N649 1N649 1N4444 1N914B 1N4444 
1N3485 1N3070 1N643 1N4416 1N4448 1N4446 
1N3506 1N3506 1N44 7 1N4448 1N4447 
1N3507 1N3507 1N4448 1N4448 1N4448 
1N3508 1N3508 1N4449 1N4448 1N4449 
1N3509 1N3509 1N4450 1N914B 1N4444 
1N3510 1N3510 1N4451 1N914B 1N4444 
1N3511 1N3511 1N4453 1N4448 1N4448 
1N3512 1N3512 1N4454 1N4454 1N4454 
1N3513 1N3513 1N4523 1N4448 1N4448 
1N3514 1N3514 1N4531 1N4148 1N4531 
1N3515 1N3515 1N4532 1N4148 1N4532 
1N3516 1N3516 1N4533 1N4148 1N4533 
1N3517 1N3517 1N4534 1N4148 1N4534 
1N3518 1N3518 1N4536 lN4148 1N4536 
IN3519 1N3519 1N4541 1N645 1N645 
1N3520 1N3520 IN4542 1N647 1N647 
1N3535 1N645 1N645 1N4543 1N649 1N649 
1N3536 1N457 1N457 1N4544 1N649 1N649 
1N3550 1N3070 1N3070 1N4545 1N649 1N649 
IN3568 1N914B 1N4446 1N4548 1N914B 1N4448 
1N3593 1N4148 1N4531 1N4606 1N4606 
1N3594 1N4148 1N4531 1N4718 1N4001 1N4001 
1N3596 1N3070 1N3070 1N4726 1N4148 1N4148 
1N3598 1N914 1N914 1N4727 1N4148 1N4727 
IN3599 1N3070 1N3070 1N4827 1N914 1N915 
1N3601 1N3070 1N3070 1N4828 1N914B 1N914B 
1N3602 1N3070 1N3070 1N4B61 1N483 1N483 
IN3603 1N3070 1N3070 1N4862 1N483 1N483 
1N3604 1N914B 1N914B 1N4863 1N914B 1N914B 
1N3607 1N914B 1N914B 1N4938 1N3070 1N4938 
1N3656 1N4003 1N4003 1N5411 Tl43A T143A 
1N3657 1N4004 1N4004 2N34 2N404 2N404 
1N3658 1N4005 1N4005 2N34A 2N404 2N404 
1N3668 1N914 1N914 2N35 2N404 2N404 
1N3722 1N914B 1N4446 2N36 2N404 2N404 
1N3728 1N649 1N649 2N37 2N404 2N404 
1N3731 1N914B 1N914B 2N3B 2N404 2N404 
1N3753 1N645 1N483A 2N41 2N404 2N404 
1N3866 1N4003 1N4003 2N42 2N404 2N404 
1N3867 1N4004 1N4004 2N45 2N404 2N404 
1N3868 1N4005 1N4005 2N46 2N404 2N404 
1N3873 1N914B 1N914B 2N47 2N404 2N404 
1N3894 1N648 1N648 2N48 2N404 2N404 
1N31i95 1N648 1N648 2N49 2N404 2N404 
1N3956 1N914B 1N4534 2N50 2N404 2N404 
1N4001 1N4001 1N4001 2N51 2N404 2N404 
1N4002 1N4002 1N4002 2N52 2N404 2N404 
1N4003 1N4003 1N4003 2N53 2N404 2N404 
1N4004 1N4004 1N4004 2N54 2N404 2N404 
1N4005 1N4005 1N4005 2N55 2N404 2N404 
1N4006 1N4006 1N4006 2N56 2N404 2N404 
1N4007 1N4007 1N4007 2N57 Tl3027 Tl3027 
1N4043 1N914B IN914B 2N59 2N404 2N404 
1N4087 1N914B 1N914B 2N60 2N404 2N404 
1N4099 1N4099 2N61 2N404 2N404 
1N4100 1N4100 2N62 2N404 2N404 
1N4101 1N4101 2N63 2N404 2N404 
1N4102 1N4102 2N64 2N404 2N404 
1N4103 1N4103 2N65 2N404 2N404 
1N4104 1N4104 2N66 Tl3027 Tl3027 
1N4105 1N4105 2N68 Tl3027 Tl3027 
1N4106 1N4106 2N71 2N404 2N404 
1N4147 1N914B 1N914B 2N73 2N404 2N404 
1N4148 1N4148 1N4148 2N74 2N404 2N404 
1N4149 1N4148 1N4149 2N75 2N404 2N404 
1N4150 1N914B 1N4444 2N76 2N404 2N404 
1N4151 1N4448 1N4151 2N77 2N404 2N404 
1N4152 1N4448 1N4152 2N78 2N1302 2N1302 
1N4153 1N4448 1N4153 2N7BA 2Nl302 2N1302 
1N4154 1N4154 1N4154 2N79 2N404 2N404 
1N4244 1N914B 1N4446 2NBO 2N404 2N404 
1N4305 1N4148 1N4305 2NB1 2N404 2N404 
1N4360 1N4370 1N4360 2N82 2N404 2N404 
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CROSS-REFERENCE GUIDE BElWEEN JEDEC OR COMPETITIVE TYPE NUMBERS AND Tl DEVICES (Confd.) 

Preferred Nearest Preferred Nearest 
Type Tl Type Tl Type Type TITy11e Tl Type 

2N94 2Nl304 2N1304 *2N204 2N1377 2N1373 
2N96 2N404 2N404 *2N205 2Nl377 2N1372 
2N97 2N1302 2N1302 2N206 2Nl377 2N1372 
2N98 2N1304 2N1304 2N207 2N1377 2N1372 
2N99 2Nl306 2N1306 2N211 2N1302 2N1302 
2Nl00 2Nl306 2N1306 2N212 2N1302 2N1302 
2N101 2N404 2N404 2N213 2Nl304 2N1304 
2Nl02 2N1302 2N1302 2N214 2Nl304 2N1304 
2N103 2Nl302 2N1302 2N215 2N404 2N404 
2N104 2N404 2N404 2N216 2Nl302 2N1302 
2N105 2N404 2N404 2N217 2N404 2N404 
2Nl06 2N404 2N404 2N218 2N404 2N404 
2N107 2N404 2N404 2N219 2N404 2N404 
2Nl08 2N404 2N404 2N220 2N404 2N404 
2N109 2N404 2N404 2N223 2N404 2N404 
2Nlll 2N404 2N404 2N224 2N404 2N404 
2Nl12 2N404 2N404 2N225 2N404 2N404 
2Nll3 2N404 2N404 2N226 2N404 2N404 
2Nll4 2N404 2N404 2N227 2N404 2N404 
2N115 2N404 2N404 2N228 2Nl302 2N1302 
2N117 2N117 2N229 2N1302 2N1302 
2Nll8 2N118 2N231 2N404 2N404 
2N118A 2N118A 2N232 2N404 2N404 
2Nll9 2Nll9 2N233 2N1306 2N1306 
2N120 2N120 2N234 Tl3027 Tl3027 
2N122 2N122 2N234A Tl3027 Tl3027 
2N123 2Nl303 2N1303 2N235 Tl3027 Tl3027 
2N124 2Nl302 2N1302 2N235A Tl3027 Tl3027 
2N125 2Nl304 2N1304 2N235B Tl3027 Tl3027 
2N126 2Nl304 2N1304 2N236 Tl3027 Tl3027 
2N127 2Nl304 2N1304 2N236A Tl3027 Tl3028 
2N128 2N404 2N404 2N236B Tl3027 Tl3028 
2Nl29 2N404 2N404 2N237 2N404 2N404 
2N130 2N404 2N404 2N238 2N404 2N404 
2Nl31 2N404 2N404 2N240 2N404 2N404 
2N132 '2N404 2N404 2N241 2N404 2N404 
2N133 2N404 2N404 2N242 Tl3027 Tl3029 
2N135 2N404 2N404 2N243 2N243 
2N136 2N404 2N404 2N244 2N244 
2N137 2N404 2N404 2N247 2N2188 2N138 2N404 2N404 2N248 2N2188 2Nl39 2N404 2N404 2N249 2N404 2N404 2N140 2N404 2N404 2N250 2N456A 2N250 2Nl41 2Nl038 2N1038 2N250A 2N456A 2N250A 2Nl43 2N1038 2Nl038 2N251 2N456A 2N251 2Nl45 2N1302 2Nl302 2N251A 2N456A 2N251A 2N146 2N1302 2N1302 2N252 2N2188 
2Nl47 2Nl302 2N1302 2N253 2N1302 2N1302 2Nl48 2Nl302 2N1302 2N254 2N1302 2N1302 
2Nl49 2Nl302 2Nl302 2N255 Tl3027 Tl3027 
2Nl50 2N1302 2Nl302 2N255A Tl3027 Tl3027 
2N155 Tl3027 Tl3027 2N256 Tl3027 Tl3027 
2N156 Tl3027 Tl156 2N256A Tl3027 Tl3027 
2N157 2Nl038 2N1038 2N257 Tl3027 Tl3027 
2N158 Tl3027 Tll58 •2N257B Tl3027 Tl3027 
2Nl58A Tl3027 Tll58A 2N263 2N263 

•2N164 2Nl302 2N1032 2N264 2N264 
*2Nl65 2Nl302 2N1302 2N265 2N404 2N404 
2N166 2Nl304 2N1304 

2N266 2N404 2N404 2N167 2N1306 2N1306 
2N168 2Nl306 2N1306 2N267 2N2188 
2N169 2N1308 2N1308 2N268 Tl3027 Tl3027 
2Nl70 2Nl308 2N1308 2N268A Tl3027 Tl3030 

2N269 2Nl303 2N1303 2N173 Tl3027 Tl3027 
2N270 2N404 2N404 2N174 Tl3027 Tl3027 

2Nl74A Tl3027 Tl3027 2N271 2N404 2N404 
2N175 2N404 2N404 2N272 2N404 2N404 
2Nl76 Tl3027 Tl3027 2N273 2N404 2N404 
2Nl78 Tl3027 Tl3027 2N274 2N2188 
2N179 Tl3027 Tl3027 2N279 2N404 2N404 

2N180 2N404 2N404 2N280 2N404 2N404 

2N181 2N404 2N404 2N281 2N404 2N404 
2N282 2N404 2N404 

2N182 2Nl302 2N1302 2N283 2N404 2N404 
2N183 2N1302 2N1302 2N284 2N404 2N404 
2N184 2N1306 2N1306 2N285 Tl3027 Tl3027 
2Nl85 2N404 2N404 2N285A Tl3027 Tl3027 
2N186 2N404 2N404 *2N285B Tl3027 Tl3027 
2N186A 2N404 2N404 2N291 2N404 2N404 
2Nl93 2Nl302 2N1302 2N292 2Nl302 2N1302 
2Nl94 2Nl302 2N1302 2N293 2Nl304 2Nl304 

•Denotes lN· or 2N· numbers not JEDEC registered through July 1969. 
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CROSS-REFERENCE GUIDE BETWEEN JEDEC OR COMPETITIVE TYPE NUMBERS AND Tl DEVICES (Confd.) 

Preferred Nearest Preferred Nearest 
Type Tl Type Tl Type Type Tl Type Tl Type • 2N296 2N456A 2N3146 2N388 2Nl306 2N388 

2N297 Tl3027 Tl3028 2N388A 2N1306 2N388A 
2N297A Tl3028 2N389 2N389 
2N299 2N2188 2N389A 2N389A 
2N300 2N2188 2N392 Tl3027 Tl3027 
2N301 Tl3027 Tl3027 2N393 2N2189 
2N301A Tl3027 Tl3028 2N394 2N404 2N404 
2N302 2N1303 2N1303 2N395 2N1308 2N395 
2N303 2N1303 2N1303 2N396 2N1305 2N396 
2N306 2N1302 2N1302 2N396A 2N1307 2N397 
2N307 Tl3027 Tl3027 2N397 2N1307 2N397 
2N307A Tl3027 Tl3027 2N398 2N398 2N398 
2N308 2N1377 2N1375 2N398A 2N398 2N398A 
2N309 2N1377 2N1375 2N3988 2N398 2N3988 2N310 2N1377 2N1375 2N399 Tl3027 Tl3028 
2N311 2N404 2N404 2N400 Tl3027 Tl3028 
2N312 2N1304 2N1304 2N401 Tl3027 Tl3028 
2N315 2N315A 2N402 2N404 2N404 
2N315A 2N315A 2N403 2N404 2N404 
2N316 2N404 2N404 2N404 2N404 2N404 
2N317 2N317A 2N404A 2N404 2N404A 
2N317A 2N317A 2N405 2N404 2N404 
2N325 Tl3027 Tl3027 2N406 2N404 2N404 2N326 Tl3027 Tl3027 2N407 2N404 2N404 2N327A 2N327A 2N408 2N404 2N404 
2N328A 2N328A 2N409 2N404 2N404 2N329A 2N329A 2N410 2N404 2N404 2N331 2N404 2N404 2N411 2N404 2N404 2N332 2N332 2N412 2N404 2N404 2N332A 2N332A 2N413 2N404 2N404 2N333 2N333 2N414 2N404 2N404 2N333A 2N333A 2N415 2N404 2N404 2N334 2N334 2N416 2N404 2N404 2N334A 2N334A 2N417 2N404 2N404 2N335 2N335 2N418 2N456A 2N3146 2N335A 2N335A 2N419 Tl3027 Tl3029 2N336 2N336 2N420 Tl3027 Tl3029 2N336A 2N336A 2N420A 2N456A 2N3146 2N337 2N337 2N424 2N424 2N338 2N338 2N424A 2N424A 2N339 2N339 2N425 2N404 2N404 2N340 2N340 2N426 2N404 2N426 2N341 2N341 2N427 2N404 2N427 2N342 2N342 2N428 2N404 2N428 2N342A 2N342A 2N428A 2N404 2N428 2N343 2N343 2N438 2Nl304 2N438 2N344 2N404 2N404 2N438A 2Nl304 2N438A 2N345 2N404 2N404 2N439 2Nl304 2N439 2N346 2N404 2N404 2N439A 2Nl304 2N439 2N350 Tl3027 Tl3028 2N440 2Nl304 2N440 2N350A Tl3027 Tl3028 2N444 2Nl304 2Nl304 2N351 Tl3027 Tl3028 2N444A 2N1304 2N1304 2N351A Tl3027 Tl3028 2N445 2N1304 2Nl304 2N352 Tl3027 Tl3027 2N445A 2N1304 2N1304 2N353 Tl3027 Tl3027 2N446A 2Nl304 2N1304 2N356 2Nl302 2Nl302 2N447A 2Nl304 2N1304 2N356A 2N1302 2Nl302 2N448 2Nl307 2Nl307 2N357 2Nl302 2Nl302 2N449 2Nl306 2Nl306 2N357A 2Nl302 2Nl302 2N450 2Nl302 2Nl302 2N358 2Nl304 2Nl304 2N456 2N456A 2N456A 2N358A 2Nl304 2Nl304 2N456A 2N456A 2N456A 2N359 2N404 2N404 2N4568 2N456A 2N4568 2N360 2N404 2N404 2N457 2N456A 2N457A 
2N361 2N404 2N404 2N457A 2N456A 2N457A 
2N362 2N404 2N404 2N457B 2N456A 2N4578 2N363 2N404 2N404 2N458 2N456A 2N458A 2N364 2Nl306 2Nl306 2N458A 2N456A 2N458A 2N365 2Nl306 2Nl306 2N4588 2N456A 2N4588 2N366 2Nl306 2Nl306 2N459 2N456A 2N3146 2N367 2N404 2N404 2N459A Tl3027 Tl3031 2N370 2N2188 2N462 2N1319 2N371 2N2188 2N464 2N404 2N404 
2N372 2N2188 2N465 2N404 2N404 
2N373 2N2188 2N466 2N404 2N404 
2N374 2N2188 2N467 2N404 2N404 2N375 Tl3027 Tl3031 2N470 2N470 
2N376 Tl3027 Tl3028 2N471 2N471 2N377 2Nl302 2N377 2N472 2N472 
2N377A 2N1302 2N377 2N473 2N473 
2N378 Tl3027 Tl3027 2N474 2N474 
2N379 Tl3027 Tl3029 2N475 2N475 
2N380 Tl3027 Tl3030 2N476 2N476 
2N384 2N2189 2N477 2N477 
2N385 2N1304 2N1304 2N478 2N478 
2N385A 2N1304 2N1304 2N479 2N479 
2N386 Tl3027 Tl3027 2N480 2N480 
2N387 Tl3027 Tl3027 2N481 2N2188 
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CROSS-REFERENCE GUIDE BEIWEEN JmEC OR COMPETITIVE TYPE NUMBERS AND Tl DEVICES (Cont'd.) 

Preferred Nearest Preferred Nearest 
Type Tl Type Tl Type Type Tl Type Tl Type 

2N482 2N2189 2N555 1"13027 Tl3027 
2N483 2N2189 2N556 2Nl302 2N1302 
2N484 2N2189 2N557 2N1304 2N1304 
2N485 2N2190 2N558 2Nl306 2N1306 
2N486 2N2191 2N560 2N3015 2N2537 
2N487 2N2191 2N561 2N456A 2N3146 
2N489 2N491A 2N489 2N574 2N456A 2N1022A 
2N489A 2N491A 2N489A 2N574A 2N456A 2N3146 
2N489B 2N491A 2N489B 2N576 2Nl304 2N1304 
2N490 2N492A 2N490 2N578 2N404 2N404 
2N490A 2N492A 2N490A 2N579 2N404 2N404 
2N490B 2N492A 2N490B 2N580 2N404 2N404 
2N491 2N491A 2N491 2N581 2N404 2N581 
2N491A 2N491A 2N491A 2N582 2N404 2N582 
2N491B 2N491A 2N491B 2N583 2N404 2N404 
2N492 2N492A 2N492 2N584 2N404 2N404 
2N492A 2N492A 2N492A 2N585 2N1304 2Nl304 
2N492B 2N492A 2N492B 2N586 2N404 2N404 
2N492C 2N492A 21114928 2N587 2Nl304 2N587 
2N493 2N491A 2N493 2N588 2N2189 
2N493A 2N491A 2N493A 2N591 2N404 2N404 
2N493B 2N491A 2N493B 2N594 2N594 
2N494 2N492A 2N494 2N595 2N595 

~~i~i~ 2N492A 2N494A 2N596 2N596 
2N492A 2N494B 2N597 2N1997 2N1997 

2N494C 2N492A 2N494C 2N598 2N1997 2Nl998 
2N495 2N2945 2N2944 2N599 2N1997 2N1999 
2N496 2N2945 2N2944 2N600 2Nl997 2N1998 
2N497 2N497 2N601 2N1997 2N1999 
2N497A 2N497A 2N602 2N2635 2N2635 
2111498 2N498 2N603 2N2635 2N2635 2N498A 2N498A 2N604 2N2635 2N2635 
2N499 2N2188 2N605 2N2635 2N2635 
2N500 2N2189 2N606 2N2635 2N2635 
2N501 2N2189 2N607 2N2635 2N2635 
2N502 2N2189 2N608 2N2635 2N2635 
2N503 2N2189 2N609 2N404 2N404 
2N504 2N2189 2N610 2N404 2N404 
2N508 2N508 2N611 2N404 2N404 
2N511 2N456A 2N511 2N612 2N404 2N404 2N511A 2N456A 2N511A 2N613 2N404 2N404 
2N511B 2N456A 2N511B 2N614 2N404 2N404 
2N512 2N456A 2N512 2N615 2N404 2N404 
2N512A 2N456A 2N512A 2N617 2N404 2N404 
2N512B 2N456A 2N512B 2N618 Tl3027 Tl3030 
2N513 2N456A 2N513 2N622 2N2432 2N2432 
2N513A 2N456A 2N513A 2N624 2N2188 
2N513B 2N456A 2N513B 2N625 2N1308 2Nl308 
2N514 2N456A 2N514 2N627 Tl3027 Tl3027 
2N514A 2N456A 2N514A 2N628 Tl3027 -Tl3028 
2N514B 2N456A 2N514B 2N629 Tl3027 Tl3030 
2N515 2Nl304 2N630 Tl3027 Tl3031 
2N516 2Nl304 2N631 2N404 2N404 
2N517 2Nl306 2N1306 2N632 2N404 2N404 
2N518 2N404 2N404 2N633 2N404 2N404 
2N519 2N404 2N404 2N634 2Nl304 2N634A 
2N520 2N404 2N520 2N634A 2Nl304 2N634A 
2N520A 2N404 2N520A 2N635 2N1304 2N635A 
2N521 2Nl377 2N1377 2N635A 2N1304 2N635A 
2N522 2N522A 2N636 2N1304 2N636A 
2N522A 2N522A 2N636A 2Nl304 2N636A 
2N523 2N1377 2Nl377 2N637 Tl3027 Tl3027 
2N524 2N524 2N637A Tl3027 Tl3031 
2N525 2N525 2N637B 2N456A 2N3146 
2N526 2N526 2N638 Tl3027 Ti3027 
2N527 2N527 2N638A Tl3027 Tl3028 
2N534 2N404 2N404 2N638B 2N456A 2N3146 
2N535 2N404 2N404 2N639 Tl3027 Tl3028 
2N536 2N404 2N404 2N639A 2N456A 2N3146 
2N538 Tl3027 Tl3031 2N639B 2N456A 2N3146 
2N538A Tl3027 Tl3031 2N640 2N2188 
2N539 Tl3027 Tl3031 2N641 2N2188 
2N539A Tl3027 Tl3031 2N642 2N2188 
2N540 Tl3027 Tl3031 2N643 2N2635 2N2635 
2N540A Tl3027 Tl3031 2N644 2N2635 2N2635 
2N541 2N541 2N645 2N2635 2N2635 
2N541A 2N541 2N647 2Nl306 2N1306 
2N542 2N542 2N649 2Nl308 2N1308 
2N542A 2N542 2N650 2Nl997 2N650A 
2N543 2N543 2N650A 2N1997 2N650A 
2N543A 2N543 2N651 2N1997 2N651A 
2N544 2N2188 2N651A 2Nl997 2N651A 
2N549 2N2243A 2Nl893 2N652 2Nl997 2N652A 

2N652A 2Nl997 2N652A 2N550 2N2243A 2N1893 2N653 2Nl997 2N1997 2N551 2N2243A 2N1893 2N654 2N1997 2N1997 2N552 2N2243A 2N1893 2N655 2Nl997 2N1997 
2N554 Tl3027 Tl3027 2N656 2N656 
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CROSS-REFERENCE GUIDE BETWEEN JEDEC OR COMPETITIVE TYPE NUMBERS AND Tl DEVICES (Confd,) 

Preferred Nearest Preferred Nearest 
Type Tl Type Tl Type Type Tl Type Tl Type • 2N656A 2N656A 2N727 2N727 

2N657 2N657 2N728 2N2219 2N2217 
2N657A 2N657A 2N729 2N2219 2N2217 
2N658 2N2000 2N658 2N730 2N2222 2N730 
2N659 2N2000 2N659 2N731 2N2222 2N731 
2N660 2N2000 2N660 2N734 2N734 
2N661 2N2000 2N661 2N735 2N735 
2N662 2N2000 2N662 2N735A 2N735 
2N663 Tl3027 Tl3027 2N736 2N736 
2N665 Tl3027 Tl3028 2N736A 2N736A 
2N669 Tl3027 Tl3027 2N736B 2N736A 
2N670 2Nl038 2Nl038 2N738 2N738 
2N671 2Nl038 2Nl038 2N739 2N739 
2N672 2Nl038 2Nl038 2N739A 2N739 
2N673 2Nl038 2N1038 2N740 2N740 
2N674 2Nl038 2Nl038 2N740A 2N740 
2N677 2N456A 2N456A 2N741 2N5043 2N2996 
2N677A 2N456A 2N456B 2N741A 2N5043 2N2997 
2N677B 2N456A 2N3146 2N742 2N2219 2N2217 
2N677C 2N456A 2N3146 2N742A 2N2219 2N2217 
2N678 2N456A 2N513 2N743 2N743 
2N678A 2N456A 2N513 2N743A 2N743 
2N678B 2N456A 2N513A 2N744 2N744 
2N678C 2N456A 2N513B 2N744A 2N744 
2N679 2Nl304 2Nl304 2N745 2N337 
2N680 2N404 2N404 2N746 2N338 
2N681 2N681 2N747 2N337 
2N681A 2N681A 2N748 2N337 
2N682 2N682 2N749 2N697 2N696 
2N682A 2N682A 2N751 2N697 2N697 
2N683 2N683 2N752 2N736 
2N683A 2N683A 2N753 2N753 
2N684 2N684 2N754 2N2243A 2Nl893 
2N684A 2N684A 2N755 2N2243A 2Nl893 
2N685 2N685 2N756 2N734 
2N685A 2N685A 2N757 2N734 
2N686 2N686 2N757A 2N734 
2N686A 2N686A 2N758 2N734 
2N687 2N687 2N758A 2N734 
2N687A 2N687A 2N758B 2N734 
2N688 2N688 2N759 2N759 
2N688A 2N688A 2N759A 2N759A 
2N689 2N689 2N7598 2N759A 
2N689A 2N689A 2N760 2N760 
2N694 2N2635 2N2635 2N760A 2N760A 
2N695 2N2635 2N2635 2N760B 2N760A 
2N696 2N697 2N696 2N768 2N964 2N961 
2N697 2N697 2N697 2N769 2N964 2N964 
2N698 2N2243A 2N698 2N773 2N734 
2N699 2N2243A 2N699 2N774 2N734 
2N699A 2N2243A 2N699 2N775 2N735 
2N699B 2N2243A 2N699 2N776 2N734 
2N700 2N5043 2N2415 2N777 2N734 
2N700A 2N5043 2N2415 2N778 2N735 
2N702 2N702 2N779 2N964 2N964 
2N703 2N703 2N779A 2N964 2N964 
2N705 2N964 2N705 2N780 2N780 
2N705A 2N964 2N705 2N781 2N2635 2N2635 
2N706 2N706 2N782 2N2635 2N2635 
2N706A 2N706A 2N783 2N2369A 2N3010 
2N706B 2N706B 2N784 2N2369A 2N3010 
2N706C 2N706B 2N784A 2N2369A 2N3010 
2N707 2N2484 2N2483 2N789 2N332 
2N707A 2N2484 2N2484 2N790 2N333 
2N708 2N708 2N791 2N334 
2N708A 2N708 2N792 2N335 
2N709 2N2369A 2N709 2N793 2N336 
2N709A 2N2369A 2N709 2N794 2N2635 2N2635 
2N710 2N964 2N710 2N795 2N2635 2N2635 
2N710A 2N964 2N710 2N796 2N2635 2N2635 
2N711 2N964 2N711 2N797 2N797 2N797 
2N711A 2N964 2N711A 2N799 2Nl309 2Nl309 
2N711B 2N964 2N711B 2N800 2N404 2N404 
2N715 2N4875 2N4875 2N801 2N404 2N404 
2N716 2N4875 2N4875 2N802 2N404 2N404 
2N717 2N2222 2N717 2N803 2N404 2N404 
2N718 2N2222 2N718 2N804 2N404 2N404 
2N718A 2N2222 2N718A 2N805 2N404 2N404 
2N719 2N2222 2N719 2N806 2N404 2N404 
2N719A 2N2222 2N719A 2N807 2N404 2N404 
2N720 2N2222 2N720 2N808 2N404 2N404 
2N720A 2N2222 2N720A 2N809 2N404 2N404 
2N721 2N2907 2N721 2N810 2N404 2N404 
2N721A 2N2907 2N721 2N812 2N404 2N404 
2N722 2N2907 2N722 2N813 2N404 2N404 
2N722A 2N2907 2N722 2N814 2N404 2N404 
2N725 2N2635 2N2635 2N815 2N404 2N404 
2N726 2N726 2N816 2N404 2N404 
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CROSS-REFERENCE GUIDE BEIWEEN JEDEC OR COMPETITIVE TYPE NUMBERS AND Tl DEVICES (Confd.) 

Preferred Nearest Preferred Nearest 
Type Tl Type Tl Type Type Tl Type Tl Type 

2N817 2N404 2N404 2N934 2N2635 2N2635 
2N818 2N404 2N404 2N935 2N2945 2N2944 
2N819 2N404 2N404 2N936 2N2945 2N2944 
2N820 2N404 2N404 2N937 2N2945 2N2944 
2N821 2N404 2N404 2N938 2N2945 2N2944 
2N822 2N404 2N404 2N939 2N2945 2N2944 
2N823 2N404 2N404 2N940 2N2945 2N2944 
2N824 2N404 2N404 2N941 2N2945 2N2944 
2N825 2N404 2N404 2N942 2N2945 2N2944 
2N826 2N404 2N404 2N943 2N2945 2N2944 
2N834 2N3014 2N944 2N2945 2N2944 
2N834A 2N3014 2N945 2N2945 2N2944 
2N835 2N3014 2N946 2N2945 2N2944 
2N838 2N2635 2N2635 2N947 2N706 
2N839 2N930 2N929 2N955 2N797 2N797 
2N840 2N930 2N929 2N955A 2N797 2N797 
2N841 2N930 2N929 2N956 2N2222 2N956 
2N842 2N4252 2N4253 2N957 2N2484 2N2484 
2N843 2N4252 2N4253 2N958 2N706 
2N844 2N2243A 2N1893 2N959 2N706 
2N845 2N2243A 2Nl893 2N960 2N964 2N960 
2N846 2N964 2N964 2N961 2N964 2N961 
2N846A 2N964 2N964 2N962 2N964 2N962 
2N846B 2N964 2N964 2N963 2N964 2N963 
2N849 2N849 2N964 2N964 2N964 
2N850 2N850 2N964A 2N964 2N964 
2N851 2N851 2N965 2N964 2N965 
2N852 2N852 2N966 2N964 2N966 
2N858 2N2945 2N2945 2N967 2N964 2N967 
2N859 2N2945 2N2945 2N968 2N964 2N968 
2N860 2N2945 2N2945 2N969 2N964 2N969 
2N861 2N2945 2N2944 2N970 2N964 2N970 
2N862 2N2945 2N2944 2N971 2N964 2N971 
2N863 2N2945 2N2944 2N972 2N964 2N972 
2N864 2N2905 2N2904 2N973 2N964 2N973 
2N864A 2N2905 2N2904 2N974 2N964 2N974 
2N865 2N2905 2N2904 2N975 2N964 2N975 
2N865A 2N2905 2N2904 2N976 2N964 2N961 
2N869 2N2905 2N2904 2N977 2N964 2N985 
2N869A 2N2894 2N3576 2N978 2N2907 2N721 
2N870 2N2222 2N870 2N979 2N2635 2N2635 
2N871 2N2222 2N871 2N980 2N2635 2N2635 
2N876 2N3005 2N3005 2N982 2N964 2N985 
2N877 2N3005 2N3005 2N983 2N964 2N985 
2N878 2N3006 2N3006 2N984 2N964 2N9'85 
2N879 2N3007 2N3007 2N985 2N964 2N985 
2N880 2N3008 2N3008 2N986 LS600 LS600 
2N881 2N3008 2N3008 2N987 2N2635 2N2635 
2N884 2N3001 2N3001 2N988 2N706 
2N885 2N3001 2N3001 2N989 2N706 
2N886 2N3002 2N3002 2N990 2N2635 2N2635 
2N887 2N3003 2N3003 2N991 2N2635 2N2635 
2NBBB 2N3004 2N3004 2N992 2N2635 2N2635 
2N889 2N3004 2N3004 2N993 2N2635 2N2635 
2N902 2N332 2N995 2N995 
2N903 2N333 2N995A 2N995 
2N904 2N334 2N996 2N2907 2N2906 
2N905 2N335 2N997 2N997 2N997 
2N906 2N336 2N998 2N997 2N997 
2N907 2N3015 2N2537 2N999 2N997 2N997 
2N908 2N3015 2N2537 2Nl000 2N404 2N404A 
2N909 2N2243A 2N2192 2N1010 2N1302 2Nl302 
2N910 2N2222 2N910 2Nl011 Tl3027 Tl3028 
2N911 2N2222 2N911 2N1012 2N1306 2N388A 
2N912 2N2222 2N912 2N1014 2N456A 2Nl021 
2N914 2N914 2N1017 2N404 2N582 
2N914A 2N914 2N1018 2N404 2N582 
2N915 2N915 2N1021 2N456A 2N1021 
2N915A 2N915 2N1021A 2N456A 2Nl021A 
2N916 2N916 2N1022 2N456A 2N1022 
2N916A 2N916 2N1022A 2N456A 2N1022A 
2N916B 2N916 2N1023 2N2635 2N2635 
2N917 2N918 2N917 2N1024 2N2945 2N2944 
2N917A 2N918 2N917 2N1025 2N2945 2N2944 
2N918 2N918 2N918 2N1026 2N2945 2N2944 
2N919 2N706 2N1027 2N2945 2N2944 
2N920 2N706 2N1028 2N2945 2N2944 
2N923 2N2605 2N2604 2N1029 Tl3027 Tl3027 
2N924 2N2605 2N2604 2N1029A Tl3027 Tl3027 
2N925 2N2605 2N2604 2N1029B Tl3027 Tl3031 
2N926 2N2605 2N2604 2N1029C 2N456A 2N3146 
2N927 2N2605 2N2604 2N1030 2N456A 2N514A 
2N928 2N2605 2N2604 2N1030A 2N456A 2N514B 
2N929 2N930 2N929 2N1031 Tl3027 Tl3027 
2N929A 2N930 2N929A 2Nl031A Tl3027 Tl3027 
2N930 2N930 2N930 2N1031B Tl3027 Tl3031 
2N930A 2N930 2N930A 2N1031C 2N456A 2N3146 
2N930B 2N930 2N930A 2N1032 2N456A 2N514A 
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CROSS-REFERENCE GUIDE BEIWEEN JEDEC OR COMPETITIVE TYPE NUMBERS AND Tl DEVICES (Confd.) 

Preferred Nearest Preferred Nearest 
Type Tl Type Tl Type Type Tl Type Tl Type • 2Nl032A 2N456A 2N514B 2Nl130 2Nl377 2N1375 

2N1034 2N2945 2N2944 2N1131 2N2905 2N1131 
21111035 2N2945 2N2944 2Nl131A 2N2905 2Nl131 
2N1036 2N2945 2N2944 2N1132 2N2905 2Nl132 
2N1037 2N2945 2N2944 2N1132B 2N2905 2N1132 
2Nl038 2Nl038 2N1038 2Nl136 Tl3027 Tl3027 
2N1038-l 2N1038 2N2552 2Nl136A Tl3027 Tl3028 
2Nl038·2 2N1038 2N2556 2Nl136B 2N456A 2N3146 
2N1039 2Nl038 2Nl039 2Nl137 2N456A 2N456A 
2Nl039-1 2N1038 2N2553 2Nl137A 2N456A 2Nl022A 
2N1039-2 2N1038 2N2557 2Nl137B 2N456A 2N3146 
2Nl040 2Nl038 2N1040 2Nll38 Tl3027 Tl3029 
2N1040-1 2N1038 2N2554 2Nl138A 2N456A 2N3146 
2N1040-2 2N1038 2N2558 2Nl138B 2N456A 2N3146 
2Nl041 2Nl038 2N1041 2Nl141 2Nll41 
2N1041-1 2N1038 2N2555 2N1141A 2Nl141A 
2N1041·2 2Nl038 2N2559 2N1142 2Nl142 
2Nl042 2Nl038 2N1042 2Nl142A 2Nl142A 
2N1042-l 2Nl038 2N2560 2Nl143 2NU43 
2Nl042-2 2N1038 2N2564 2N1143A 2N1143A 
2Nl043 2Nl038 2Nl043 2Nl144 2Nl303 2Nl303 
2Nl043-l 2N1038 2N2561 2Nl145 2Nl303 2Nl303 
2N1043-2 2Nl038 2N2565 2N1146 2N456A 2N456A 
2Nl044 2N1038 2Nl044 2Nl146A 2N456A 2N456B 
2Nl044-1 2Nl038 2N2562 2Nl146B 2N456A 2Nl021A 
2N1044-2 2Nl038 2N2566 2Nl146C 2N456A 2N3146 
2N1045 2Nl038 2N1045 2Nl147 2N456A 2N456A 
2N1045·1 2N1038 2N2563 2N1147A 2N456A 2N456B 
2Nl045·2 2N1038 2N2567 2N1147B 2N456A 2Nl021A 
2Nl046 2Nl907 2Nl046 2N1147C 2N456A 2N3146 
2Nl046A 2Nl907 2N1046 2Nl149 2N1149 
2Nl046B 2Nl907 2N1046 2Nl150 2Nl150 
2Nl047 2N1047 2Nll51 2N1151 
2Nl047A 2N1047A 2Nl152 2N1152 
2Nl047B 2Nl047B 2Nl153 2N1153 
2Nl048 2Nl048 2Nl154 2N1154 
2Nl048A 2Nl048A 2Nl155 2N1155 
2Nl048B 2N1048B 2Nl156 2Nl156 
2Nl049 2Nl049 2Nl158 2N5043 2N2996 
2Nl049A 2N1049A 2N1159 2N456A 2N3146 2Nl049B 2Nl049B 2N1160 2N456A 2N3146 2Nl050 2N105d 2Nl162 2N456A 2N514A 
2Nl050A 2N1050A 2Nl162A 2N456A 2N514A 2Nl050B 2Nl050B 2Nl163 2N456A 2N514A 
2Nl051 2N2219 2N2217 2Nl163A 2N456A 2N514A 
2Nl052 2N5058 2Nl168 Tl3027 Tl3027 
2Nl054 2N5059 2Nl169 2Nl995 
2Nl058 2N404 2N404 2Nl170 2Nl996 
2N1059 2N404 2N404 2N1171 2N404 2N404 
2Nl060 2N2219 2N2217 2Nl172 Tl3027 Tl3028 
2N1065 2N2188 2Nll73 2N1304 2Nl605 
2N1066 2N2189 2N1174 2N404 2N404A 
2N1074 2N328A 2Nl176 2N1038 2N1038 
2N1075 2N328A *2Nl176A 2Nl038 2Nl038 
2Nl076 2N328A *2Nll76B 2Nl038 2Nl041 
2N1078 2N404 2N404 2N1177 2N2188 
2Nl081 2N3725 2N3724 2Nl178 2N2188 
2Nl082 2N2219 2N2217 2Nl179 2N2188 
2Nl086 2Nl308 2Nl308 2Nl180 2N2188 
2Nl086A 2Nl308 2Nl308 2Nll83 2Nl038 2N1038 
2Nl087 2Nl308 2N1308 2Nl183A 2N1038 2Nl038 
2Nl090 2Nl304 2Nl605 2Nl183B 2Nl038 2Nl039 
2Nl091 2Nl304 2N1605 2Nl184 2N1038 2N2564 
2Nl093 2Nl305 2N1305 2N1184A 2N1038 2N2564 
2Nl094 2N1308 2Nl308 2N1184B 2Nl038 2N2565 
2Nl101 2Nl302 2Nl302 2N1185 2Nl377 2Nl375 
2N1102 2Nl306 2Nl306 2Nl186 2N1377 2Nl375 2N1107 2N2188 2Nl187 2N1377 2N1376 2N1108 2N2188 2Nll88 2N1377 2Nl376 2Nll09 2N2188 2Nl189 2Nl377 2N1377 2Nlll0 2N2188 2Nl190 2Nl377 2Nl377 2Nllll 2N2188 2Nll91 2N404 2N404 *2NllllA 2N2188 2Nll92 2N404 2N404 •2NllllB 2N2188 2Nl193 2N404 2N404 
2Nlll6 2N2243A 2N2243 2Nl194 2N404 2N404 
2N1117 2N2243A 2N2193 2Nl195 2N404 2Nll95 
2N1118 2N2605 2N2604 2Nll98 2N1304 2Nl304 
2Nll18A 2N2605 2N2604 2Nl200 2N4252 2N4252 2Nll19 2N2605 2N2604 2Nl201 2N4252 2N4252 2Nll20 Tl3027 Tl3031 2Nl202 2N456A 2N3146 2Nll21 2Nl306 2Nl306 2Nl203 2N456A 2N3146 
2N1122 2N964 2N964 2Nl206 2N5059 
2N1122A 2N964 2N964 2N1207 2N5059 
2N1123 2Nl997 2Nl997 2N1209 2Nl724 2Nl724 
2N1124 2N1377 2N1375 2Nl210 2Nl722 
2N1125 2N2000 2N2000 2Nl211 2Nl722 
2Nl128 2Nl377 2Nl377 2Nl212 2Nl724 2Nl724 
2N1129 2Nl377 2Nl379 2Nl217 2Nl308 2N1308 
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CROSS-REFERENCE GUIDE BEIWEEN JEDEC OR COMPETITIVE TYPE NUMBERS AND Tl DEVICES (Confd.) 

Preferred Nearest Preferred Nearest 
Type Tl Type Tl Type Type Tl Type Tl Type 

2N1220 2N2905 2N2904 2N1356 2N404 2N404 
2N1221 2N2905 2N2904 2N1357 2N404 2N404 
2N1222 2N2905 2N2904 2N1359 Tl3027 Tl3027 
2N1223 2N2905 2N2904 2N1360 Tl3027 Tl3027 
2N1224 2N2635 2N2635 2N1362 2N456A 2N3146 
2N1225 2N2635 2N2635 2N1363 2N456A 2N3146 
2N1226 2N2635 2N2635 2N1364 2N456A 2N3146 
2N1227 Tl3027 Tl3027 2N1365 2N456A 2N3146 
2N1235 2Nl235 2N1366 2N1302 2N1302 
2N1245 2N404 2N404 2N1367 2N1304 2N1304 
2N1246 2N404 2N404 2N1370 2N1377 2N1370 
2N1251 2N1304 2Nl304 2N1371 2N1377 2N1371 
2N1252 2Nl252 2N1372 2N1377 2Nl372 
2N1252A 2N1252 2N1373 2N1377 2Nl373 
2N1253 2Nl253 2N1374 2N1377 2Nl374 
2N1253A 2Nl253 2N1375 2N1377 2Nl375 
2N1254 2N2907 2N722 2N1376 2N1377 2N1376 
2N1255 2N2907 2N722 2N1377 2N1377 2Nl377 
2N1256 2N2907 2N722 2N1378 2N1377 2Nl378 
2N1257 2N2907 2N722 2N1379 2N1377 2Nl379 
2N1258 2N2907 2N722 2N1380 2N1377 2N1380 
2N1259 2N2907 2N722 2N1381 2N1377 2Nl381 
2N1260 2N1260 2N1382 2N1377 2Nl382 
2N1261 Tl3027 Tl3030 2N1383 2N1377 2Nl383 
2N1262 Tl3027 Tl3030 2N1384 2N2635 2N2635 
2N1263 Tl3027 Tl3030 2N1385 2Nl385 
2N1265 2N404 2N404 2N1391 2N1302 2Nl302 
2N1266 2N404 2N404 2N1395 2N2188 
2N1267 2N4252 2N4253 2N1396 2N2191 
2N1268 2N4252 2N4253 2N1397 2N2191 
2Nl269 2N4252 2N4253 2N1398 2N2996 
2Nl270 2N4252 2N4253 2N1399 2N2996 
2N1271 2N4252 2N4253 2N1400 2N2996 
2Nl272 2N4252 2N4253 2N1401 2N2996 
2Nl273 2N404 2N1273 2N1402 2N2996 
2Nl274 2N404 2Nl274 2Nl403 2N2996 
2Nl275 2N2945 2N2944 2N1404 2N1303 2Nl404 
2N1276 2Nl276 2Nl404A 2Nl303 2Nl404 
2Nl277 2Nl277 2Nl405 2N2996 
2N1278 2Nl278 2N1406 2N2996 
2N1279 2Nl279 2N1407 2N2996 
2N1280 2Nl305 2Nl305 2N1408 2N2000 2N2000 
2N1281 2N1305 2Nl305 2N1411 2N2188 
2N1282 2Nl305 2Nl305 2Nl413 2N1413 
2Nl284 2N1305 2N1305 2N1414 2Nl414 
2N1285 2N2188 2N1415 2N1415 
2N1287 2N1303 2Nl303 2Nl416 2N404 2N404 
2N1287A 2Nl305 2Nl305 2N1420 2N2243A 2Nl420 
2N1291 Tl3027 Tl3027 2N1420A 2N2243A 2Nl420 
2Nl293 Tl3027 Tl3028 2Nl425 2N2188 
2N1295 2N456A 2N3146 2Nl426 2N2188 
2Nl297 2N456A 2N3146 2Nl427 2N2635 2N2635 
2N1298 2Nl302 2Nl302 2N1428 2N2905 2Nll32 
2Nl299 2Nl306 2Nl306 2N1429 2N2905 2Nll32 
2Nl300 2N2635 2N2635 2Nl431 2Nl302 2Nl302 
2Nl301 2N2635 2N2635 2N1432 2N2189 
2Nl302 2N1302 2Nl302 2Nl437 2N456A 2N3146 
2Nl303 2N1303 2Nl303 2Nl438 2N456A 2N3146 
2Nl304 2Nl304 2Nl304 2Nl439 2N2945 2N2946 
2Nl305 2N1305 2N1305 2N1440 2N2945 2N2946 
2Nl306 2Nl306 2N1306 2N1441 2N2945 2N2946 
2N1307 2N1307 2N1307 2N1442 2N2945 2N2946 
2Nl308 2N1308 2N1308 2N1443 2N2945 2N2946 
2N1309 2N1309 2Nl309 2N1444 2N3252 
2Nl314 Tl3027 Tl3027 2N1445 2Nl445 
2Nl316 2N1997 2N1999 2Nl446 2N1377 2Nl373 
2Nl317 2Nl997 2Nl999 2Nl447 2N1377 2Nl373 
2Nl318 2Nl997 2Nl998 2N1448 2Nl377 2Nl373 
2Nl319 2N1319 2N1449 2Nl377 2Nl375 
2Nl320 2Nl038 2Nl038 2N1450 2Nll43 
2Nl322 2Nl038 2Nl038 2N1451 2Nl377 2N1375 

2N1452 2Nl377 2Nl375 2Nl324 2Nl038 2Nl038 2Nl465 2N456A 2N3146 
2Nl326 2Nl038 2Nl041 2Nl466 2N456A 2N3146 
2Nl328 2Nl038 2Nl038 2N1469 2N2945 2N2944 
2Nl343 2N404 2N404 2Nl471 2N1309 2Nl309 
2Nl344 2N404 2N404 2N1472 2N3015 2N2537 
2Nl345 2N404 2N404 2Nl473 2N2000 2N2000 
2Nl346 2N404 2N404 2N1474 2N2945 2N2944 
2N1347 2N404 2N404 2Nl474A 2N2945 2N2944 

*2Nl348 2N404 2N404 2Nl475 2N2945 2N2944 
2Nl476 2N2945 2N2944 

*2Nl349 2N404 2N404 2N1477 2N2945 2N2944 
0 2Nl350 2N404 2N404 2Nl478 2N1997 2Nl997 
*2Nl351 2N404 2N404 2N1479 2N2987 2N2987 

2N1353 2N404 2N404 2N1480 2N2988 2N2988 
2Nl354 2N404 2N404 2N1481 2N2989 2N2989 
2Nl355 2N404 2N404 2Nl482 2N2990 2N2990 
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CROSS-REFERENCE GUIDE BEIWEEN JEDEC OR COMPETITIVE TYPE NUMBERS AND Tl DEVICES (Cont'd.) 

Preferred Nearest Preferred Nee rut 
Type Tl Type Tl Type Type Tl Type TlyYpe • 2Nl487 2N4913 2Nl574 2Nl574 

2Nl488 2N4914 2Nl586 2Nl586 
2Nl489 2N4913 2Nl587 2N1587 
2Nl490 2N4914 2Nl588 2Nl588 
2Nl499 2N964 2N964 2Nl589 2Nl589 
2Nl499A 2N964 2N964 2Nl590 2Nl590 
2Nl499B 2N964 2N964 2Nl591 2Nl591 
2Nl500 2N964 2N964 2N1592 2Nl592 
2Nl501 Tl3027 Tl3028 2Nl593 2Nl593 
2Nl502 Tl3027 Tl3028 2Nl594 2Nl594 
2N1504 2N456A 2N3146 2Nl595 2N1595 
2Nl505 2N2219 2N2217 2Nl596 2Nl596 
2N1506 2N2219 2N221,7 2Nl597 2N1597 
2Nl507 2N2243A 2Nl507 2Nl598 2Nl598 

*2Nl515 2N2191 2Nl599 2N1599 
2N1516 2N2189 2N1600 2Nl600· 

*2Nl517 2N2189 2N1601 2N1601 
2N1524 TIS37 2N2188 2N1602 2ilr1&02 
2Nl525 TIS37 2N2188 2Nl603 2N1603 
2N1526 TIS37 2N2189 2N1604 2Nl604 
2N1527 TIS37 2N2189 2Nl605 2N1304 2N1605 
2N1529 2N1529 2N1605A 2Nl304 2N1605 
2N1530 2N1530 2Nl613 2Nl613 2Nl613 
2N1531 2Nl531 2Nl614 2N2000 2N2001 
2N1532 2N1532 2N1616 2N1724 2N1724 
2N1533 2N1533 2N1617 2N1724 2N1724 
2N1534 2Nl534 2N1618 2N1724 2Nl724 
2N1534A 2N1534 2Nli:i20 2Nl724 2Nl724 
2N1535 2N1535 2Nl624 2N1308 2N1308 
2N1535A 2Nl535 2Nl631 2N2635 2N2635 
2N1536 2Nl536 2N1632 2N2635 2N2635 
2N1536A 2N1536 2Nl633 2N2635 2N2635 
2Nl537 2N1537 2N1634 2N2635 2N2635 
2N1537A 2N1537 2Nl635 2N2635 2N2635 
2N1538 2Nl538 2Nl636 2N2635 2N2635 
2Nl539 2N1539 2Nl539 2N1637 2N2635 2N2635 
2N1540 2Nl540 2N1638 2N2635 2N2635 
21111540A 2Nl540 2N1639 2N2635 2N2635 
2Nl541 2Nl541 2Nl640 2N2945 2N2946 
2Nl541A 2Nl541 2.Nl641 2N2945 2N2946 
2Nl542 2N1542 2Nl642 2N2945 2N2946 
2Nl542A 2Nl542 2Nl643 2N2945 2N2944 
2Nl543 2Nl543 2Nl644 2N2243A 2Nl893 
2Nl544 2Nl544 2N1647 2N2150 
21".11544A 2N1544 2Nl648 2N2151 
2Nl545 2Nl545 2N1649 2N2150 
2Nl545A 2N1545 2N1650 2N2151 
2N1546 2N1546 2N1654 2N2945 2N2944 
2N1546A 2N1546 2Nl655 2N2945 2N2944 
2N1547 2Nl547 2Nl656 2N2945 2N2944 
2Nl547A 2Nl547 2Nl660 2Nl722 
2Nl548 2N1548 2Nl661 2Nl722 
2Nl549 Tl3027 Tl3027 2Nl662 2N1722 
2Nl549A Tl3027 Tl3027 2Nl663 2N2369A 2N3011 
2Nl550 Tl3028 2Nl666 Tl3027 Tl3027 
2Nl550A Tl3028 2Nl667 Tl3027 Tl3027 
2Nl551 2N458B 2Nl668 Tl3027 Tl3027 
2Nl551A 2N458B 2Nl669 Tl3027 Tl3027 
2N1552 2Nl021A 2Nl670 2N398 2N398A 
2N1552A 2Nl021A 2Nl671 2Nl671B 2Nl671 
2Nl553 Tl3027 Tl3027 2Nl671A 2Nl671B 2N167lA 
2Nl553A Tl3027 Tl3027 2Nl671B 2Nl671B 2Nl671B 
2Nl554 Tl3028 2Nl671C 2Nl671B 2N1671B 
2Ni554A Tl3028 2Nl672 2Nl302 2Nl302 
2Nl555 2N458B 2Nl672A 2Nl304 2Nl3o4 
2Nl555A 2N458B 2Nl673 2N404 2N404_ 
2Nl556 2Nl021A 2Nl676 2N2945 2N2944 

2Nl677 2N2945 2N2944 
2Nl556A 2Nl021A 2Nl678 2N2191 
2Nl557 2N456A 2N514 2N1682 2N2219 2N2217 
2Nl557A 2N456A 2N514 2Nl683 2N2635 2N2635 
2Nl558 2N514A 2Nl690 2N1690 
2Nl558A 2N514A 2Nl691 2Nl691 
2Nl559 2N514B 2N1694 2Nl302 2Nl302 
2Nl559A 2N514B 2Nl702 2N4913 
2Nl560 2Nl021A 2Nl704 2N2243A 2Nl893 
2Nl560A 2Nl021A 2Nl708 2N743 
2Nl564 2Nl564 2Nl708A 2N743 

2Nl711 2N2219 2Nl7ll 
2Nl565 2Nl565 2Nl711A 2N2219 2Nl711 
2Nl566 2N1566 2Nl711B 2N2219 2N1711 
2Nl566A 2Nl566A 2Nl714 2N1714 
2Nl572 2Nl572 2N1715 2N1715 
2N1573 2N1573 2Nl716 2N1716 

•Denote• lN• or 2N· numbers not JEDEC re1i1tered throuah July 19&9. 
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CROSS-REFERENCE GUIDE BElWEEN JEDEC OR COMPETITIVE TYPE NUMBERS AND Tl DEVICES (Confd.) 

Preferred Nearest Preferred Nearest 
Type Tl Type Tl Type Type Tl Type Tl Type 

2N1717 2Nl717 2N1876 2N3555 2N3555 
2N1718 2N1718 2N1877 2N3556 2N3556 
2N1719 2N1719 2N1878 2N3557 2N3557 
2N1720 2N1720 2N1879 2N3558 2N3558 
2Nl721 2Nl721 2Nl880 2N3558 2N3558 
2Nl722 2Nl722 2Nl886 2N2151 
2Nl722A 2Nl722A 2N1889 2N2243A 2Nl889 
2Nl724 2Nl724 2Nl724 2Nl890 2N2243A 2Nl890 
2N1724A 2Nl724A 2Nl891 2Nl891 
2Nl725 2Nl725 2Nl892 2Nl303 2Nl892 
2N1726 2N2996 2N1893 2N2243A 2Nl893 
2N1727 2N2996 2N1899 2N4002 2N4002 
2N1728 2N2996 2Nl901 2N4002 2N4002 
2N1729 2Nl303 2Nl729 2Nl905 2Nl046 
2N1730 2Nl302 2Nl730 2Nl906 2Nl907 2N1907 
2N1731 2N1303 2Nl731 2N1907 2Nl907 2N1907 
2Nl732 2Nl302 2Nl732 2Nl907A 2N1907 2N1907 
2Nl742 2N2996 2N1908 2N1907 2N1908 
2N1743 2N2996 2N1908A 2Nl907 2Nl908 
2N1744 2N2996 2N1917 2N2945 2N2944 
2N1745 2N2996 2Nl918 2N2945 2N2944 
2Nl746 2N2996 2N1919 2N2945 2N2944 
2N1747 2N2996 2N1920 2N2945 2N2944 
2N1748 2N2996 211!1921 2N2945 2N2944 
2N1748A 2N2997 2Nl922 2N2945 2N2944 
2N1749 2N2996 2N1924 2N1924 
2N1750 2N2996 2N1925 2N1925 
2N1752 2N2996 2N1926 2Nl926 
2N1754 2N2996 2Nl936 2N3846 2N3846 
2N1755 2N1038 2N2552 2N1937 2N3846 2N3846 
2N1756 2N1038 2N2554 2N1940 Tl3027 Tl3027 
2N1757 2N1038 2N2555 2N1943 2N2243A 2Nl893 
2Nl758 2N1038 2N2555 2N1944 2N2243A 2Nl893 
2N1759 2N1038 2N2564 2Nl945 2N2243A 2N1893 
2N1760 2N1038 2N2566 2N1946 2N2243A 2Nl893 
2Nl761 2Nl038 2N2567 2N1954 2N2000 2N2000 
2N1762 2N1038 2N2567 2N1955 2N2000 2N2000 
2N1763 2N3014 2N1956 2N2000 2N2000 
2N1764 2N2369A 2N3011 2N1957 2N2000 2N2000 
2N1768 2Nl050 2N1960 2N964 2N964 
2N1769 2N1050 2N1961 2N964 2N964 
2N1770 2N1770 2N1962 2N2369A 2N3011 
2N1770A 2Nl770A 2Nl963 2N2369A 2N30U 
2N1771 2N1771 2N1964 2N3015 2N2537 
2N1771A 2N1771A 2N1965 2N3015 2N2537 
2N1772 2N1772 2N1968 2N2997 
2N1772A 2Nl772A 2N1969 2N2996 
2N1773 2Nl773 2N1972 2N2243A 2N2192 
2N1773A 2Nl773A 2N1973 2N2243A 2Nl973 
2N1774 2N1774 2N1974 2N2243A 2Nl974 
2Nl774A 2Nl774A 2N1975 2N2243A 2Nl975 
2Nl775 2Nl775 2N1986 2N697 2N696 
2Nl775A 2Nl775A 2N1988 2N2243A 2Nl893 
2N1776 2Nl776 2Nl989 2N2243A 2Nl893 
2N1776A 2Nl776A 2Nl990 2N697 2N696 
2N1777 2N1777 2N1991 2N2905 2Nll31 
2N1777A 2N1777A 2N1992 2N2369A 2N3011 
2N1778 2Nl778 2Nl993 2Nl302 2N1993 
2N1785 2N2996 2N1994 2Nl994 
2N1786 2N2996 2Nl995 2Nl995 
2N1787 2N2996 2Nl996 2Nl996 
2N1788 2N2996 2N1997 2N1997 2Nl997 
2N1789 2N2996 2Nl998 2Nl997 2Nl998 
2N1790 2N2996 2N1999 2Nl997 2Nl999 
2Nl808 2N1302 2N1808 2N2000 2N2000 2N2000 
2N1842B 2N1842B 2N2001 2N2000 2N2001 
2N1843B 2N1843B 2N2002 2N2945 2N2944 
2N1844B 2Nl844B 2N2003 2N2945 2N2944 
2Nl845B 2N1845B 2N2004 2N2945 2N2944 
2N1846B 2Nl846B 2N2005 2N2945 2N2944 
2Nl847B 2N1847B 2N2006 2N2945 2N2944 
2N1848B 2Nl848B 2N2007 2N2945 2N2944 
2N1849B 2Nl849·B 2N2008 2N2990 2N2990 
2N1850B 2Nl850B 2N2018 2N3996 2N3996 
2N1853 2N2635 2N2635 2N2019 2N3996 2N3996 
2N1854 2N2635 2N2635 2N2033 2N3420 2N3420 
2N1864 2N2997 2N2034 2N3421 2N3421 
2N1865 2N2997 2N2048 2N2635 2N2635 
2Nl866 2N2997 2N2049 2N2219 2N1711 
2N1867 2N2997 2N2060 2N2060 2N2060 
2N1868 2N2997 2N2060A 2N2060 2N2060 
2N1869 2N3559 2N3559 2N2060B 2N2060 2N2060 

2N1870 2N3559 2N3559 2N2061A Tl3027 Tl3027 
2N1871 2N3560 2N3560 2N2062A Tl3027 Tl3027 
2N1872 2N3561 2N3561 2N2063A Tl3027 Tl3027 
2N1873 2N3562 2N3562 2N2064A Tl3027 Tl3027 
2N1874 2N3562 2N3562 2N2065A Tl3027 Tl3030 
2Nl875 2N3555 2N3555 2N2066A Tl3027 Tl3030 
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CROSS-REFERENCE GUIDE BETWEEN JEDEC OR COMPETITIVE TYPE NUMBERS AND Tl DEVICES (Cont'd.) 

Preferred Nearest Preferred Nearest 
Type Tl Type Tl Type Type Tl Type Tl Type • 2N2067 2Nl038 2N2553 2N2193B 2N2243A 2N2193A 

2N2068 2Nl038 2N2555 2N2194 2N2243A 2N2194 
2N2084 2N2189 2N2194A 2N2243A 2N2194A 
2N2085 2Nl304 2Nl304 2N2194B 2N2243A 2N2194A 
2N2086 2N2243A 2N2243 2N2195 2N2219 2N2217 
2N2087 2N2243A 2N2243 2N2195A 2N2219 2N2218 
2N2089 2N2188 2N2195B 2N2219 2N2218 
2N2090 2N2188 2N2197 2N2989 2N2989 
2N2091 2N2188 2N2205 2N706 
2N2092 2N2189 2N2206 2N3015 2N2410 
2N2095 2N2999 2N2214 2N706 
2N2096 2N2997 2N2216 2N3114 
2N2097 2N2997 2N2217 2N2219 2N2217 
2N2098 2N2999 2N2218 2N2219 2N2218 
2N2099 2N2997 2N2218A 2N2219 2N2218A 
2N2100 2N2997 2N2219 2N2219 2N2219 
2N2102 2N2102 2N2219A 2N2219A 
2N2102A 2N2102A 2N2220 2N2222 2N2220 
2N2104 2N2905 2N2904A 2N2221 2N2222 2N2221 
2N2105 2N2905 2N2904A 2N2221A 2N2222 2N2221A 
2N2106 2N2987 2N2987 2N2222 2N2222 2N2222 
2N2107 2N2987 2N2987 2N2222A 2N2222 2N2222A 
2N2108 2N2989 2N2989 2N2222B 2N2222 2N2222 
2N2109 2N3846 2N3846 2N2223 2N2223 2N2223 
2N2110 2N3846 2N3846 2N2223A 2N2223 2N2223A 
2N2111 2N3846 2N3846 2N2224 2N2219 2N2218 
2N2112 2N3846 2N3846 2N2225 2Nll43 
2N2113 2N3846 2N3846 2N2236 2N2243A 2N2193 
2N2114 2N3846 2N3846 2N2237 2N2243A 2N2192 
2N2116 2N3846 2N3846 2N2240 2N2243A 2N699 
2N2117 2N3846 2N3846 2N2241 2N2243A 2Nl890 
2N2118 2N3846 2N3846 2N2242 2N2369A 2N2369 
2N2119 2N3846 2N3846 2N2243 2N2243A 2N2243 
2N2123 2N4002 2N4002 2N2243A 2N2243A 2N2243A 
2N2124 2N4002 2N4002 2N2244 2N930 2N929 
2N2125 2N4002 2N4002 2N2245 2N930 2N929 
2N2126 2N4002 2N4002 2N2246 2N930 2N929 
2N2130 2N4002 2N4002 2N2247 2N930 2N929 
2N2131 2N4002 2N4002 2N2248 2N930 2N929 
2N2132 2N4002 2N4002 2N2249 2N930 2N929 
2N2133 2N4002 2N4002 2N2250 2N930 2N929 
2N2137 2Nl038 2N2552 2N2251 2N930 2N929 
2N2138 2Nl038 2N2552 2N2252 2N930 2N929 
2N2138A 2Nl038 2N2552 2N2253 2N930 2N929 
2N2139 2N1038 2N2554 2N2254 2N930 2N929 
2N2139A 2Nl038 2N2554 2N2255 2N930 2N929 
2N2140 2N1038 2N2555 2N2258 2N964 2N972 
2N2140A 2N1038 2N2555 2N2259 2N964 2N972 
2N2141 2Nl038 2N2555 2N2270 2N2243A 2N2270 
2N2141A 2Nl038 2N2555 2N2271 2N404 2N404 
2N2147 2N1907 2N1907 2N2272 2N914 
2N2148 2Nl907 2N1908 2N2274 2N2945 2N2944 
2N2150 2N2150 2N2288 2N1907 2N1046 
2N2151 2N2151 2N2291 2Nl907 2N1907 
2N2160 2N1671B 2N2160 2N2294 2Nl907 2N1907 
2N2162 2N2945 2N2946 2N2297 2N2243A 2N2243A 
2N2163 2N2945 2N2944 2N2303 2N2303 
2N2164 2N2945 2N2944 2N2307 2Nl671 
2N2165 2N2945 2N~946 2N2309 2N697 2N696 
2N2166 2N2945 2N2944 2N2310 2N2243A 2N698 
2N2167 2N2945 2N2944 2N2311 2N2243A 2N698 
2N2168 2N2997 2N2312 2N2243A 2N699 
2N2169 2N2996 2N2313 2N2243A 2N1889 
2N2170 2N2996 2N2314 2N2243A 2N698 
2N2171 2N1377 2N1376 2N2315 2N2243A 2N699 
2N2172 2N1377 2N1376 2N2316 2N2243A 2N1893 
2N2173 2N2173 2N2317 2N1613 2N1613 
2N2175 2N2945 2N2944 2N2318 2N3014 
2N2176 2N2945 2N2944 2N2319 2N3014 
2N2177 2N2945 2N2944 2N2320 2N3014 
2N2178 2N2945 2N2944 2N2322 2N2322 
2N2180 2N2635 2N2635 2N2323 2N2323 
2N2181 2N2945 2N2944 2N2324 2N2324 
2N2182 3Nlll 3Nl08 2N2325 2N2325 
2N2183 2N2945 2N2944 2N2326 2N2326 
2N2184 3Nlll 3N108 2N2330 2N2432 2N2432 
2N2185 2N2945 2N2944 2N2331 2N2432 2N2432 
2N2186 3Nlll 3Nl08 2N2332 2N2945 2N2944 
2N2187 3Nlll 3N108 2N2333 2N2945 2N2944 
2N2188 2N2188 2N2334 2N2945 2N2944 
2N2189 2N2189 2N2335 2N2945 2N2944 
2N2190 2N2190 2N2336 2N2945 2N2944 
2N2191 2N2191 2N2337 2N2945 2N2944 
2N2192 2N2243A 2N2192 2N2339 2Nl049 
2N2192A 2N2243A 2N2192A 2N2349 Tl495 
2N2192B 2N2243A 2N2192A 2N2350 2N2243A 2N2192 
2N2193 2N2243A 2N2193 2N2350A 2N2243A 2N2192 
2N2193A 2N2243A 2N2193A 2N2351 2N2243A 2N2193 
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CROSS-REFERENCE GUIDE BElWEEN JEDEC OR COMPETITIVE TYPE NUMBERS AND Tl DEVICES (Confd.) 

Preferred Nearest Preferred Nearest 
Type Tl Type Tl Type Type Tl Type Tl Type 

2N2351A 2N2243A 2N2193A 2N2451 2N2635 2N2635 
2N2352 2N2243A 2N2194 2N2452 LS600 LS600 
2N2352A 2N2243A 2N2194A 2N2453 2N3680 2N2453 
2N2353 2N2243A 2N2243 2N2453A 2N3680 2N3680 
2N2353A 2N2243A 2N2243A 2N2456 2N2999 
2N2354 2N1302 2N1302 2N2472 2N2432 2N2432 
2N2356 3N79 3N76 2N2473 2N2432 2N2432 
2N2356A 3N79 3N74 2N2474 2N2432 2N2432 
2N2360 2N2997 2N2475 2N3013 2N3013 
2N2361 2N2997 2N2476 2N3015 2N2539 
2N2363 2N2997 2N2477 2N3015 2N2537 
2N2364 2N2243A 2N2243A 2N2478 2N3015 2N2537 
2N2364A 2N2243A 2N2243A 2N2479 2N3252 
2N2368 2N2369A 2N2368 2N2480 2N2060 2N2060 
2N2369 2N2369A 2N2369 2N2480A 2N2639 2N2640 
2N2369A 2N2369A 2N2369A 2N2481 2N2481 
2N2370 2N2945 2N2944 2N2482 2N797 2N797 
2N2371 2N2945 2N2944 2N2483 2N2484 2N2483 
2N2372 2N2945 2N2944 2N2484 2N2484 2N2484 
2N2373 2N2945 2N2944 2N2484A 2N2484 2N2484 
2N2374 2N404 2N404 2N2487 2N2996 
2N2375 2N404 2N404 2N2488 2N2996 
2N2376 2N404 2N404 2N2489 2N2996 
2N2377 2N2945 2N2944 2N2494 2N2996 
2N2378 2N2945 2N2944 2N2495 2N2996 
2N2380 2N2243A 2N1893 2N2496 2N2996 
2N2380A 2N2219 2N2217 2N2497 2N2498 2N2497 
2N2386 2N2386 2N2386 2N2498 2N2498 2N2498 
2N2386A 2N2386 2N2386A 2N2499 2N2498 2N2499 
2N2387 2N2387 2N2500 2N2498 2N2500 
2N2388 2N2388 2N2501 2N3014 
2N2389 2N2389 2N2509 2N3014 
2N2390 2N2390 2N2510 2N930 2N930 
2N2393 2N2393 2N2511 2N2484 2N2586 
2N2394 2N2394 2N2520 2N930 2N929 
2N2395 2N2395 2N2521 2N930 2N929 
2N2396 2N2396 2N2522 2N930 2N929 
2N2397 2N2369A 2N3011 2N2523 2N930 2N929 
2N2398 2N2997 2N2524 2N930 2N930 
2N2399 2N2997 2N2535 2N1038 2N2565 
2N2400 2N964 2N711 2N2536 2N1038 2N2565 
2N2401 2N964 2N711A 2N2537 2N3015 2N2537 
2N2402 2N964 2N711B 2N2538 2N3015 2N2538 
2N2405 2N2243A 2Nl893 2N2539 2N3015 2N2539 
2N2410 2N3015 2N2410 2N2540 2N3015 2N2540 
2N2411 2N2411 2N2541 2N1038 2Nl038 
2N2412 2N2412 2N2552 2N1038 2N2552 
2N2414 2N2060 2N2060 2N2553 2N1038 2N2553 
2N2415 2N2415 2N2554 2Nl038 2N2554 
2N2416 2N2416 2N2555 2N1038 2N2555 
2N2417 2N3980 2N3980 2N2556 2N1038 2N2556 
2N2417A 2N3980 2N3980 2N2557 2Nl038 2N2557 
2N2417B 2N3980 2N3980 2N2558 2N1038 2N2558 
2N2418 2N3980 2N3980 2N2559 2Nl038 2N2559 
2N2418A 2N3980 2N3980 2N2560 2N1038 2N2560 
2N2418B 2N3980 2N3980 2N2561 2N1038 2N2561 
2N2419 2N3980 2N3980 2N2562 2Nl038 2N2562 
2N2419A 2N3980 2N3980 2N2563 2N1038 2N2563 
2N2419B 2N3980 2N3980 2N2564 2Nl038 2N2564 
2N2420 2N3980 2N3980 2N2565 2N1038 2N2565 
2N2420A 2N3980 2N3980 2N2566 2N1038 2N2566 
2N2420B 2N3980 2N3980 2N2567 2N1038 2N2567 
2N2421 2N3980 2N3980 2N2569 2N2432 2N2432 
2N2421A 2N3980 2N3980 2N2570 2N2432 2N2432 
2N2421B 2N3980 2N3980 2N2581 2N3847 2N3847 
2N2422 2N3980 2N3980 2N2582 2N3847 2N3847 
2N2422A 2N3980 2N3980 2N2583 2N3847 2N3847 
2N2422B 2N3980 2N3980 2N2586 2N2484 2N2586 
2N2423 2N456A 2N3146 2N2588 2N1038 2N2188 
2N2424 2N2945 2N2944 2N2590 2N2605 2N2604 
2N2425 2N2945 2N2946 2N2591 2N2605 2N2604 
2N2427 2N930 2N929 2N2592 2N2605 2N2604 
2N2428 2N1377 2Nl381 2N2593 2N2605 2N2604 
2N2429 2N1377 2N1381 2N2595 2N2605 2N2604 
2N2430 2N1304 2N1605 2N2596 2N2605 2N2604 
2N2431 2N1377 2N1381 2N2597 2N736 
2N2432 2N2432 2N2432 2N2598 2N2605 2N2604 
2N2432A 2N2432 2N2432A 2N2599 2N2605 2N2604 
2N2437 2N2243A 2Nl893 2N2599A 2N2605 2N2604 
2N2438 2N2243A 2N1893 2N2600 2N2605 2N2604 
2N2439 2N2243A 2Nl893 2N2600A 2N2605 2N2604 
2N2443 2N2243A 2N1890 2N2601 2N2605 2N2604 
2N2444 2N456A 2N3146 2N2602 2N2605 2N2604 
2N2445 2N456A 2N3146 2N2603 2N2605 2N2604 
2N2447 2N1309 2N1309 2N2604 2N2605 2N2604 
2N2448 2N1309 2Nl309 2N2605 2N2605 2N2605 
2N2449 2Nl307 2N1307 2N2605A 2N2605 2N2605 
2N2450 2N1307 2Nl307 2N2606 2N3330 2N3575 
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CROSS-REFERENCE GUIDE BETWEEN JEDEC OR COMPETITIVE TYPE NUMBERS AND Tl DEVICES (Confd.) 

Preferred Nearest Preferred Nearest • Type Tl Type Tl Type Type Tl Type Tl Type 
2N2607 2N3330 2N3575 2N2821 2N3846 2N3846 
2N2608 2N3330 2N3575 2N2822 2N3846 2N3846 
2N2609 2N3330 2N3575 2N2823 2N3846 2N3846 
2N2610 2Nll49 2N2824 2N3846 2N3846 
2N2612 Tl3027 Tl3031 2N2825 2N3846 2N3846 
2N2613 2N404 2N404 2N2832 2Nl907 2Nl908 
2N2614 2N404 2N404 2N2835 2Nl038 2N2564 
2N2616 2N918 2N917 2N2836 Tl3027 Tl3029 
2N2617 2N2945 2N2944 2N2837 2N2905 2N2904 
2N2632 2N3421 2N3421 2N2838 2N2905 2N2904 
2N2633 2N3421 2N3421 2N2840 2N491A 2N489 
2N2634 2N3421 2N3421 2N2841 2N3330 2N3573 
2N2635 2N2635 2N2635 2N2842 2N3330 2N3574 
2N2639 2N2639 2N2639 2N2843 2N3330 2N3575 
2N2640 2N2639 2N2640 2N2844 2N3330 2N3575 
2N2641 2N2639 2N2641 2N2845 2N3015 2N2537 
2N2642 2N2642 2N2642 2N2846 2N3015 2N2537 
2N2643 2N2642 2N2643 2N2847 2N3015 2N2537 
2N2644 2N2643 2N2644 2N2848 2N3015 2N2537 
2N2645 2N2219 2Nl711 2N2850 2N3421 2N3421 
2N2646 TIS43 2N2851 2N3421 2N3421 
2N2647 2N3980 2N3980 2N2852 2N3419 2N3419 
2N2648 2N1377 2N1379 2N2853 2N3418 2N3418 
2N2651 2N3554 2N2855 2N3420 2N3420 
2N2652 2N2639 2N2639 2N2856 2N3418 2N3418 
2N2652A 2N2639 2N2639 2N2857 2N918 2N918 
2N2653 2N2653 2N2860 2N964 2N964 
2N2657 2N2151 2N2861 2N2861 
2N2658 2N2151 2N2862 2N2862 
2N2659 2N1038 2N2659 2N2863 2N2863 
2N2660 2N1038 2N2660 2N2864 2N2864 
2N2661 2Nl038 2N2661 2N2865 2N2865 
2N2662 2N1038 2N2662 2N2868 2N2243A 2N699 
2N2663 2Nl038 2N2663 2N2869 Tl3027 Tl3030 
2N2664 2N1038 2N2664 2N2870 Tl3027 Tl3030 
2N2665 2N1038 2N2665 2N2873 2N2997 
2N2666 2Nl038 2N2666 2N2875 2N3418 2N3418 
2N2667 2N1038 2N2667 2N2877 2N3998 2N3998 
2N2668 2N1038 2N2668 2N2878 2N3998 2N3998 
2N2669 2Nl038 2N2669 2N2879 2N3998 2N3998 
2N2670 2N1038 2N2670 2N2880 2N3998 2N3998 
2N2692 2N2692 2N2881 2N5333 2N5333 
2N2693 2N2693 2N2882 2N5333 2N5333 
2N2694 2N2694 2N2883 2N2883 
2N2695 2N2907 2N2695 2N2884 2N2884 
2N2696 2N2907 2N2696 2N2885 2N849 
2N2697 2N3998 2N3998 2N2886 2N697 2N696 
2N2698 2N3998 2N3998 2N2890 2N3421 2N3421 
2N2699 2N964 2N964 2N2891 2N3421 2N3421 
2N2706 2N404 2N404 2N2892 2N3998 2N3998 
2N2708 2N918 2N918 2N2894 2N2894 2N2894 
2N2709 2N2945 2N2944 2N2901 3N79 3N74 
2N2711 TIS98 TIS98 2N2902 2N2902 
2N2712 TIS98 TIS98 2N2903 2N2639 2N2640 
2N2713 TIS98 TIS98 2N2903A 2N2639 2N2639 
2N2714 TIS98 TIS98 2N2904 2N2905 2N2904 
2N2715 TIS98 TIS98 2N2904A 2N2905 2N2904A 
2N2717 2N2635 2N2635 2N2905 2N2905 2N2905 
2N2720 2N2639 2N2639 2N2905A 2N2905 2N2905A 
2N2721 2N2639 2N2640 2N2906 2N2907 2N2906 
2N2722 2N2639 2N2639 2N2907 2N2907 2N2907 
2N2784 2N2369A 2N3010 2N2907A 2N2907 2N2907A 
2N2795 2N2635 2N2635 2N2909 2N2243A 2N2193A 
2N2796 2N2635 2N2635 2N2910 2N2639 2N2639 
2N2797 2N2635 2N2635 2N2911 2N3421 2N3421 
2N2798 2N2635 2N2635 2N2913 2N2643 2N2913 
2N2799 2N2635 2N2635 2N2914 2N2643 2N2914 
2N2800 2N2905 2N2904 2N2915 2N2920 2N2915 
2N2801 2N3244 2N2915A 2N2920 2N2915A 
2N2802 2N3350 2N2802 2N2916 2N2920 2N2916 
2N2803 2N3350 2N2803 2N2916A 2N2920 2N2916A 
2N2804 2N3350 2N2804 2N2917 2N2977 2N2917 
2N2805 2N3350 2N2805 2N2918 2N2977 2N2918 
2N2806 2N3350 2N2806 2N2919 2N2920 2N2919 
2N2807 2N3350 2N2807 2N2919A 2N2920 2N2919A 
2N2811 2N4301 2N4301 2N2920 2N2920 2N2920 
2N2812 2N4301 2N4301 2N2920A 2N2920 2N2920A 
2N2813 2N4301 2N4301 2N2921 TIS98 TIS98 
2N2814 2N4301 2N4301 2N2922 TIS98 TIS98 

2N2923 TIS98 TIS98 
2N2815 2N4002 2N4002 2N2924 TIS98 TIS98 
2N2816 2N3846 2N3846 2N2925 TIS98 TIS98 
2N2817 2N3846 2N3846 2N2926 TIS98 TIS98 
2N2818 2N3846 2N3846 2N2929 2Nll41 
2N2819 2N3846 2N3846 2N2936 2N2639 2N2639 
2N2820 2N3846 2N3846 2N2937 2N2639 2N2639 

35 



CROSS-REFERENCE GUIDE BElWEEN JEDEC OR COMPETITIVE TYPE NUMBERS AND Tl DEVICES (Confd.) 

Preferred Nearest Preferred Nearest 
Type Tl Type Tl Type Type Tl Type Tl Type 

2N2942 2N2635 2N2635 2N3059 2N2945 2N2944 
2N2943 2N2635 2N2635 2N3060 2N2945 2N2944 
2N2944 2N2945 2N2944 2N3061 2N2945 2N2944 
2N2944A 2N2945 2N2944A 2N3062 2N2945 2N2944 
2N2945 2N2945 2N2945 2N3063 2N2945 2N2944 
2N2945A 2N2945 2N2945A 2N3064 2N2945 2N2944 
2N2946 2N2945 2N2946 2N3065 2N2945 2N2944 
2N2946A 2N2945 2N2946A 2N3066 2N3822 2N3821 
2N2953 2N404 2N404 2N3067 2N3822 2N3821 
2N2954 2N918 2N918 2N3068 2N3822 2N3821 
2N2955 2N2635 2N2635 2N3069 2N3822 2N3821 
2N2956 2N2635 2N2635 2N3070 2N3822 2N3821 
2N2957 2N2635 2N2635 2N3071 2N3822 2N3821 
2N2958 2N2219 2N2217 2N3072 2N2905 2N2904 
2N2959 2N697 2N697 2N3073 2N2907 2N2906 
2N2966 2N2997 2N3077 2N2484 2N2484 
2N2968 2N2945 2N2944 2N3079 2N3846 2N3846 
2N2969 2N2945 2N2944 2N3080 2N3847 2N3847 
2N2970 2N2945 2N2944 2N3082 3N79 3N76 
2N2971 2N2945 2N2944 2N3083 3N79 3N74 
2N2972 2N2977 2N2972 2N3084 2N3822 2N3821 
2N2973 2N2977 2N2973 2N3085 2N3822 2N3821 
2N2974 2N2979 2N2974 2N3086 2N3822 2N3821 
2N2975 2N2979 2N2975 2N3087 2N3822 2N3821 
2N2976 2N2977 2N2976 2N3088 2N3822 2N3821 
2N2977 2N2977 2N2977 2N3088A 2N3822 2N3821 
2N2978 2N2979 2N2978 2N3089 2N3822 2N3821 
2N2979 2N2979 2N2979 2N3089A 2N3822 2N3821 
2N2987 2N2987 2N2987 2N3107 2N2243A 2N2243 
2N2988 2N2988 2N2988 2N3108 2N1613 2N1613 
2N2989 2N2989 2N2989 2N3109 2N697 2N697 
2N2990 2N2990 2N2990 2N3110 2N2243A 2N2243A 
2N2991 2N2991 2N2991 2N3114 2N3114 
2N2992 2N2992 2N2992 2N3115 2N2222 2N2221 
2N2993 2N2993 2N2993 2N3116 2N2222 2N2221 
2N2994 2N2994 2N2994 2N3117 2N2484 2N3117 
2N2996 2N2996 2N3121 2N2907 2N2906 
2N2997 2N2997 2N3125 2N456A 2N3146 
2N2998 2N2998 2N3126 2N456A 2N3146 
2N2999 2N2999 2N3132 Tl3027 Tl3031 
2N3001 2N3001 2N3001 2N3133 2N2905 2N2904 
2N3002 2N3002 2N3002 2N3134 2N2905 2N2905 
2N3003 2N3003 2N3003 2N3137 2N3014 
2N3004 2N3004 2N3004 2N3146 2N456A 2N3146 
2N3005 2N3005 2N3005 2N3147 2N456A 2N3147 
2N3006 2N3006 2N3006 2N3153 2N2432 2N2432 
2N3007 2N3007 2N3007 2N3202 2N5333 2N5333 
2N3008 2N3008 2N3008 2N3203 2N5333 2N5333 
2N3009 2N3009 2N3204 2N5333 2N5333 
2N3010 2N2369A 2N3010 2N3205 2N5333 2N5333 
2N3011 2N2369A 2N30ll 2N3206 2N5333 2N5333 
2N3012 2N2894 2N3012 2N3207 2N5333 2N5333 
2N3013 2N3013 2N3013 2N3208 2N5333 2N5333 
2N3014 2N3014 2N3209 2N2894 2N3576 
2N3015 2N3015 2N3015 2N3217 2N2945 2N2944 
2N3019 2N2243A 2N2243A 2N3218 2N2945 2N2944 
2N3020 2N2243A 2N1893 2N3219 2N2945 2N2944 
2N3021 2N5384 2N5384 2N3224 2N2905 2N2904 
2N3022 2N5384 2N5384 2N3227 2N2369A 2N3011 
2N3023 2N5384 2N5384 2N3232 2N3715 2N3715 
2N3024 2N5384 2N5384 2N3235 2N3715 2N3715 
2N3025 2N5384 2N5384 2N3242 2N2222 2N730 
2N3026 2N5384 2N5384 2N3242A 2N2222 2N730 
2N3033 2N3033 2N3244 2N3244 
2N3034 2N3034 2N3245 2N3245 
2N3035 2N3035 2N3246 2N2484 2N2484 
2N3036 2N2243A 2N3036 2N3247 2N2484 2N2484 
2N3037 2N3037 2N3248 2N2894 2N2894 
2N3038 2N3038 2N3249 2N2894 2N2894 
2N3039 2N3039 2N3250 2N3250 2N3250 
2N3040 2N3040 2N3250A 2N3250 2N3250A 
2N3043 2N3043 2N3251 2N3250 2N3251 
2N3044 2N3044 2N3251A 2N3250 2N3251A 
2N3045 2N3045 2N3252 2N3252 
2N3046 2N3046 2N3253 2N3253 
2N3047 2N3047 2N3263 2N4002 2N4002 
2N3048 2N3048 2N3264 2N4002 2N4002 
2N3049 2N3049 2N3265 2N4002 2N4002 
2N3050 2N3050 2N3266 2N4002 2N4002 
2N3051 2N3051 2N3267 2N3267 
2N3052 2N3052 2N3268 2N337 
2N3053 2N2243A 2N3053 2N3277 2N3330 2N3328 
2N3055 2N3713 2N3713 2N3278 2N3330 2N3328 
2N3056 2N2243A 2N2243 2N3279 2N2997 
2N3056A 2N2243A 2N2243A 2N3280 2N2997 
2N3057 2N2243A 2N2243 2N3281 2N2996 
2N3057A 2N2243A 2N2243A 2N3282 2N2996 
2N3058 2N2945 2N2944 2N3283 2N2996 

36 



CROSS-REFERENCE GUIDE BETWEEN JEDEC OR COMPETITIVE TYPE NUMBERS AND Tl DEVICES (Confd.) 

Preferred Nearest Preferred Nearest 
Type Tl Type Tl Type Type Tl Type Tl Type II 2N3284 2N2996 2N3417 2N5449 2N5449 

2N3285 2N2996 2N3418 2N3418 2N3418 
2N3286 2N2996 2N3419 2N3419 2N3419 
2N3287 2N2945 2N2944 2N3420 2N3420 2N3420 
2N3288 2N2945 2N2944 2N3421 2N3421 2N3421 
2N3289 2N918 2N918 2N3423 2N2639 2N2639 
2N3291 2N918 2N918 2N3424 2N2639 2N2639 
2N3292 2N918 2N918 2N3425 2N3014 
2N3293 2N918 2N918 2N3426 2N3303 
2N3294 2N918 2N918 2N3427 2Nl377 2Nl377 
2N3295 2N2219 2N2217 2N3428 2Nl377 2Nl377 
2N3299 2N3015 2N2537 2N3436 2N3822 2N3822 
2N3303 2N3303 2N3437 2N3822 2N3821 
2N3304 2N2894 2N3304 2N3438 2N3822 2N3821 
2N3305 2N2907 2N2907 2N3439 2N5058 
2N3306 2N2907 2N2907 2N3444 2N3444 
2N3317 2N2945 2N2944 2N3445 2N3715 2N3715 
2N3318 2N2945 2N2944 2N3446 2N3714 2N3714 
2N3319 2N2945 2N2944 2N3447 2N3715 2N3715 
2N3320 2N964 2N964 2N3448 2N3716 2N3716 
2N3321 2N964 2N964 2N3449 2N3449 
2N3328 2N3328 2N3452 2N3822 2N3821 
2N3329 2N3330 2N3329 2N3453 2N3822 2N3821 
2N3330 2N3330 2N3330 2N3454 2N3822 2N3821 
2N3331 2N3330 2N3331 2N3455 2N3822 2N3821 
2N3332 2N3330 2N3332 2N3456 2N3822 2N3821 
2N3333 2N3333 2N3457 2N3822 2N3821 
2N3334 2N3334 2N3458 2N3822 2N3458 
2N3335 2N3335 2N3459 2N3822 2N3459 
2N3336 2N3336 2N3460 2N3822 2N3460 
2N3337 2N2883 2N3465 2N3822 2N3822 
2N3338 2N2883 2N3466 2N3822 2N3822 
2N3339 2N2883 2N3467 2N2905 2N3467 
2N3341 2N2605 2N2604 2N3468 2N2905 2N3468 
2N3342 2N2945 2N2944 2N3469 2N3420 2N3420 
2N3343 2N2945 2N2944 2N3479 2N491A 2N489A 
2N3344 2N2945 2N2944 2N3480 2N3980 2N3980 
2N3345 2N2945 2N2944 2N3481 2N3980 2N3980 
2N3346 2N2945 2N2944 2N3482 2N3980 2N3980 
2N3347 2N3350 2N3347 2N3483 2N3980 2N3980 
2N3348 2N3350 2N3348 2N3485 2N2907 2N3485 
2N3349 2N3350 2N3349 2N3485A 2N2907 2N3485A 
2N3350 2N3350 2N3350 2N3486 2N2907 2N3486 
2N3351 2N3350 2N3351 2N3486A 2N2907 2N3486A 
2N3352 2N3350 2N3352 2N3493 2N4252 2N4252 
2N3365 2N3822 2N3821 2N3494 2N2605 2N3494 
2N3366 2N3822 2N3821 2N3495 2N2605 2N3495 
2N3367 2N3822 2N3821 2N3496 2N2605 2N3496 
2N3368 2N3822 2N3821 2N3497 2N2605 2N3497 
2N3369 2N3822 2N3821 2N3498 2N697 2N698 
2N3370 2N3822 2N3821 2N3499 2N5058 
2N3371 2N3371 2N3500 2N2243A 2N2243 
2N3375 2N3375 2N3501 2N2243A 2N2243 
2N3376 2N3330 2N3329 2N3502 2N2905 2N3502 
2N3377 2N3330 2N3329 2N3503 2N2905 2N3503 
2N3378 2N3330 2N3330 2N3504 2N2907 2N3504 
2N3379 2N3330 2N3330 2N3505 2N2907 2N3505 
2N3380 2N3330 2N3331 2N3506 2N2989 2N2989 
2N3381 2N3330 2N3331 2N3507 2N2989 2N2989 

2N3382 2N3993A 2N3994 2N3512 2N3015 2N2537 

2N3383 2N3993A 2N3994 2N3513 2N2639 2N2640 
2N3384 2N3993A 2N3994 2N3516 2N2639 2N2639 
2N3385 2N3993A 2N3994 2N3518 2N3046 
2N3386 2N3993A 2N3994 2N3520 2N3043 
2N3387 2N3993A 2N3994 2N3521 2N3043 2N2643 
2N3390 TIS98 TIS98 2N3522 2N2643 2N2643 
2N3391 TIS98 TIS98 2N3524 2N2639 2N2640 
2N3391A TIS98 TIS98 2N3527 2N2945 2N2944 
2N3392 TIS98 TIS98 2N3544 2N918 2N918 
2N3393 TIS98 TIS98 2N3546 2N2894 2N3576 
2N3394 TIS98 TIS98 2N3549 2N2605 2N2604 
2N3395 TIS98 TIS98 2N3550 2N2945 2N2944 
2N3396 TIS98 TIS98 2N3551 2N3551 2N3551 
2N3397 TIS98 TIS98 2N3552 2N3552 2N3552 
2N3398 TIS98 TIS98 2N3553 2N3553 
2N3399 2N2996 2N3554 2N3554 
2N3401 2N2945 2N2944 2N3555 2N3555 2N3555 
2N3402 2N5449 2N5449 2N3556 2N3556 2N3556 
2N3403 2N5449 2N5449 2N3557 2N3557 2N3557 
2N3404 2N5449 2N5449 2N3558 2N3558 2N3558 
2N3405 2N5449 2N5449 2N3559 2N3559 2N3559 
2N3406 2N1671B 2Nl671 2N3560 2N3560 2N3560 
2N3409 2N2639 2N2639 2N3561 2N3561 2N3561 
2N3410 2N2639 2N2639 2N3562 2N3562 2N3562 
2N3411 2N2639 2N2639 2N3563 TIS62 TIS62 
2N3414 2N5449 2N5449 2N3565 TIS98 TIS98 
2N3415 2N5449 2N5449 2N3566 2N5449 2N5449 
2N3416 2N5449 2N5449 2N3570 2N3570 2N3570 

37 



CROSS-REFERENCE GUIDE BETWEEN JEDEC OR COMPETITIVE TYPE NUMBERS AND Tl DEVICES (Confd.) 

Preferred Nearest Preferred Nearest 
Type Tl Type Tl Type Type Tl Type Tl Type 

2N3571 2N3570 2N3571 2N3749 2N3996 2N3996 
2N3572 2N3570 2N3572 2N3750 2N3996 2N3996 
2N3573 2N3573 2N3751 2N3996 2N3996 
2N3574 2N3574 2N3752 2N3996 2N3996 
2N3575 2N3575 2N3762 2N3244 
2N3576 2N2894 2N3576 2N3764 2N2907 2N3486 
2N3578 2N3330 2N3529 2N3765 2N2907 2N3486A 
2N3579 2N2605 2N2604 2N3771 2N5301 2N5301 
2N3580 2N2605 2N2605 2N3772 2N5302 2N5302 
2N3581 2N2605 2N2605 2N3783 2N5043 TIXMlOl 
2N3582 2N2605 2N2605 2N3784 2N5043 TIXMlOl 
2N3597 2N4002 2N4002 2N3789 2N3789 2N3789 
2N3598 2N4002 2N4002 2N3790 2N3790 2N3790 
2N3599 2N4002 2N4002 2N3791 2N3791 2N3791 
2N3600 2N918 2N918 2N3792 2N3792 2N3792 
2N3608 3N174 2N3796 2N3823 2N3823 
2N3610 3Nl74 2N3797 2N3823 2N3823 
2N3611 Tl3027 Tl3027 2N3798 2N2605 2N3798 
2N3613 Tl3027 Tl3027 2N3799 2N2605 2N3799 
2N3614 Tl3027 Tl3028 2N3800 2N3350 2N3352 
2N3615 Tl3027 Tl3031 2N3801 2N3350 2N3352 
2N3616 2N456A 2N3146 2N3802 2N3350 2N3347 
2N3617 Tl3027 Tl3030 2N3803 2N3350 2N3351 
2N3618 2N456A 2N3146 2N3804 2N3350 2N3350 
2N3632 2N3632 2N3804A 2N3350 2N3350 
2N3638 2N5447 2N5447 2N3805 2N3350 2N3350 
2N3638A 2N5447 2N5447 2N3805A 2N3350 2N3350 
2N3639 TIS53 2N3806 2N3350 2N3806 
2N3640 TIS54 2N3807 2N3350 2N3807 
2N3641 2N5449 2N5449 2N3808 2N3350 2N3808 2N3642 2N5449 2N5449 2N3809 2N3350 2N3809 2N3643 2N5449 2N5449 2N3810 2N3350 2N3810 2N3644 2N5449 2N5449 2N3810A 2N3350 2N3810 2N3646 2N4422 2N3811 2N3350 2N3811 
2N3647 2N3303 2N3811A 2N3350 2N3811 
2N3648 2N3303 2N3819 2N3819 2N3819 
2N3659 2N5058 2N3820 2N3820 2N3820 
2N3665 2N2432 2N2432 2N3821 2N3822 2N3821 
2N3666 2N2432 2N2432 2N3822 2N3822 2N3822 
2N3671 2N2905 2N2905 2N3823 2N3823 2N3823 
2N3672 2N2905 2N2905 2N3824 2N3823 2N3824 
2N3673 2N2905 2N2905 2N3826 2N4994 2N4994 
2N3677 2N2945 2N2944 2N3827 2N4995 2N4995 
2N3679 2N3980 2N3980 2N3828 2N3828 
2N3680 2N3680 2N3829 2N3829 2N3829 
2N3681 2N3570 2N3570 2N3830 2N3830 
2N3682 2N918 2N918 2N3831 2N3831 
2N3683 2N3570 2N3570 2N3832 2N3832 
2N3684 2N3822 2N3822 2N3833 2N3833 
2N3685 2N3822 2N3821 2N3834 2N3834 
2N3686 2N3822 2N3821 2N3835 2N3835 
2N3687 2N3822 2N3821 2N3838 2N3838 2N3838 
2N3691 TIS98 TIS98 2N3839 2N3570 2N3571 
2N3692 TIS98 TIS98 2N3840 2N2945 2N2946 
2N3695 2N3330 2N3575 2N3841 2N2945 2N2946 
2N3696 2N3330 2N3575 2N3842 2N2945 2N2946 
2N3697 2N3330 2N3575 2N3846 2N3846 2N3846 
2N3702 2N3702 2N3702 2N3847 2N3847 2N3847 
2N3703 2N3703 2N3703 2N3850 2N3998 2N3998 
2N3704 2N3704 2N3704 2N3851 2N3998 2N3998 
2N3705 2N3705 2N3705 2N3852 2N3998 2N3998 
2N3706 2N3706 2N3706 2N3853 2N3998 2N3998 
2N3707 2N3707 2N3707 2N3857 2N2945 2N2944 
2N3708 2N3708 2N3708 2N3858 TIS98 TIS98 
2N3709 2N3709 2N3709 2N3858A TIS98 TIS98 
2N3710 2N3710 2N3710 2N3859 TIS98 TIS98 
2N3711 2N3711 2N3711 2N3860 TIS98 TIS98 
2N3712 2N3712 2N3866 2N3866 2N3866 
2N3713 2N3713 2N3713 2N3867 2N5333 2N5333 
2N3714 2N3714 2N3714 2N3868 2N5333 2N5333 
2N3715 2N3715 2N3715 2N3877 TIS98 TIS98 
2N3716 2N3716 2N3716 2N3877A TIS98 TIS98 
2N3719 2N5333 2N5333 2N3900 TIS98 TIS98 
2N3720 2N5333 2N5333 2N3900A TIS98 TIS98 
2N3722 2N3015 2N3015 2N3909 2N3909 2N3909 
2N3723 2N3015 2N3015 2N3909A 2N3909A 
2N3724 2N3725 2N3724 2N3910 2N2945 2N2944 
2N3724A 2N3725 2N3724A 2N3911 2N2945 2N2944 
2N3725 2N3725 2N3725 2N3912 2N2945 2N2944 
2N3725A 2N3725 2N3725A 2N3913 2N2945 2N2944 
2N3733 2N3733 2N3914 2N2945 2N2944 
2N3737 2N3725 2N3725A 2N3915 2N2945 2N2944 
2N3742 2N5058 2N3921 2N5045 TIS25 
2N3744 2N3996 2N3996 2N3922 2N5045 TIS25 
2N3745 2N3996 2N3996 2N3930 2N2605 2N3497 
2N3746 2N3996 2N3996 2N3934 2N5045 TIS25 
2N3747 2N3996 2N3996 2N3935 2N5045 TIS25 
2N3748 2N3996 2N3996 2N3936 2N3936 

38 



CROSS-REFERENCE GUIDE BETWEEN JEDEC OR COMPETITIVE TYPE NUMBERS AND Tl DEVICES (Cont'd.) 

Preferred Nearest Preferred Nearest • Type Tl Type Tl Type Type Tl Type Tl Type 
2N3937 2N3937 2N4060 2N4060 2N4060 
2N3938 2N3938 2N4061 2N4061 2N4061 
2N3939 2N3939 2N4062 2N4062 2N4062 
2N3940 2N3940 2N4065 3Nl74 
2N3941 2N2920 2N2920 2N4066 3Nl74 
2N3942 2N2920 2N2920 2N4072 2N2863 
2N3943 2N2920 2N2920 2N4073 2N2863 
2N3944 2N2920 2N2920 2N4075 2N3996 2N3996 
2N3946 2N2219 2N2217 2N4076 2N3996 2N3996 
2N3947 2N2219 2N2217 2N4081 2N4252 2N4252 
2N3954 2N5045 TIS25 2N4082 2N5045 TIS25 
2N3955 2N5045 TIS25 2N4083 2N5045 TIS25 
2N3956 2N5045 TIS25 2N4084 2N5045 TIS25 
2N3957 2N5045 TIS25 2N4085 2N5045 TIS25 
2N3958 2N5045 TIS25 2N4086 TIS98 TIS98 
2N3962 2N2605 2N3962 2N4087 TIS97 TIS97 
2N3963 2N2605 2N3963 2N4091 2N4857 2N4091 
2N3964 2N2605 2N3964 2N4092 2N4857 2N4092 
2N3965 2N2605 2N3965 2N4093 2N4857 2N4093 
2N3966 2N3823 2N3824 2N4099 2N3680 2N3680 
2N3967 2N3822 2N3822 2N4104 2N2484 2N4104 
2N3967A 2N3822 2N3821 2N4115 2N3996 2N3996 
2N3968 2N3822 2N3821 2N4116 2N3996 2N3996 
2N3968A 2N3822 2N3821 2N4117 2N3822 2N3821 
2N3969 2N3822 2N3821 2N4117A 2N3822 2N3821 
2N3969A 2N3822 2N3821 2N4118 2N3822 2N3821 
2N3970 2N4857 2N3970 2N4118A 2N3822 2N3821 
2N3971 2N4857 2N3971 2N4119 2N3822 2N3821 
2N3972 2N4857 2N3972 2N4119A 2N3822 2N3821 
2N3973 2N5449 2N5449 2N4120 3Nl60 3N160 
2N3974 2N5449 2N5449 2N4121 2N4423 
2N3975 2N5449 2N5449 2N4122 2N4423 
2N3976 2N5449 2N5449 2N4123 TIS99 TIS99 
2N3977 2N2945 2N2944 2N4124 TIS98 TIS98 
2N3978 2N2945 2N2944 2N4125 2N5447 2N5447 
2N3979 2N2945 2N2944 2N4126 2N4061 2N4061 
2N3980 2N3980 2N3980 2N4138 2N2432 2N4138 
2N3983 TIS62 TIS62 2N4139 2N3823 2N3823 
2N3984 TIS63 TIS63 2N4150 2N3421 2N3421 
2N3985 TIS63 TIS63 2N4210 2N4002 2N4002 
2N3993 2N3993A 2N3993 2N4211 2N4002 2N4002 
2N3993A 2N3993A 2N3993A 2N4220 2N3822 2N3821 
2N3994 2N3993A 2N3994 2N4220A 2N3822 2N3821 
2N3994A 2N3994A 2N4221 2N3822 2N3822 
2N3995 2Nll95 2N4221A 2N3822 2N3822 
2N3996 2N3996 2N3996 2N4222 2N3823 2N3821 
2N3997 2N3997 2N3997 2N4222A 2N3823 2N3821 
2N3998 2N3998 2N3998 2N4223 2N3823 2N3823 
2N3999 2N3999 2N3999 2N4224 2N3819 2N3819 
2N4000 2N4000 2N4000 2N4235 2N5333 2N5333 
2N4001 2N4001 2N4001 2N4236 2N5333 2N5333 
2N4002 2N4002 2N4002 2N4241 Tl3027 Tl3027 
2N4003 2N4003 2N4003 2N4242 Tl3027 Tl3028 
2N4004 2N4004 2N4243 Tl3027 Tl3028 
2N4005 2N4005 2N4244 Tl3027 Tl3028 
2N4008 2N2945 2N2944 2N4245 Tl3027 Tl3028 
2N4014 2N2219 2N2219A 2N4246 Tl3027 Tl3028 
2N4015 2N3350 2N3350 2N4247 Tl3027 Tl3028 
2N4016 2N3350 2N3350 2N4248 2N4058 2N4058 
2N4017 2N3350 2N3352 2N4249 2N4058 2N4058 
2N4018 2N3350 2N3352 2N4250 2N4059 2N4059 
2N4020 2N3350 2N3350 2N4252 2N4252 2N4252 
2N4021 2N3350 2N3350 2N4253 2N4252 2N4253 
2N4022 2N3350 2N3350 2N4254 2N4996 2N4996 
2N4023 2N3350 2N3350 2N4255 2N4997 2N4997 
2N4024 2N3350 2N3350 2N4259 2N4252 2N4252 2N4025 2N3350 2N3350 2N4267 3Nl60 3Nl60 2N4026 2N2907 2N2906A 2N4268 3Nl60 3Nl60 
2N4027 2N2907 2N2906A 2N4269 2N2243A 2N2243A 
2N4028 2N2907 2N2907A 2N4274 2N4419 
2N4029 2N2907 2N2907A 2N4275 2N4418 
2N4030 2N2905 2N2904A 2N4284 2N2945 2N2944 
2N4031 2N2905 2N2904A 2N4285 2N4060 2N4060 2N4032 2N2905 2N2905A 2N4286 TIS98 TIS98 2N4033 2N2905 2N2905A 2N4287 TIS98 TIS98 
2N4034 2N3250 2N3250 2N4288 2N4062 2N4062 
2N4035 2N3250 2N3250 2N4289 2N4062 2N4062 
2N4036 2N2905 2N2904 2N4290 2N5447 2N3702 
2N4037 2N2905 2N2904 2N4291 2N5447 2N3702 
2N4040 2N4040 2N4292 TIS62 TIS62 
2N4041 2N4041 2N4293 TIS62 TIS62 
2N4042 2N3680 2N3680 2N4300 2N4300 2N4300 
2N4043 2N3680 2N3680 2N4301 2N4301 2N4301 
2N4044 2N3680 2N3680 2N4302 2N5246 2N5246 
2N4045 2N3680 2N3680 2N4303 2N5245 2N5245 
2N4046 2N3252 2N4304 2N3819 2N3819 
2N4058 2N4058 2N4058 2N4313 2N4423 
2N4059 2N4059 2N4059 2N4338 2N3822 2N3821 
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CROSS-REFERENCE GUIDE BETWEEN JEDEC OR COMPETITIVE TYPE NUMBERS AND Tl DEVICES (Cont'd.) 

Preferred Nearest Preferred Nearest 
Type Tl Type Tl Type Type Tl Type Tl Type 

2N4339 2N3822 2N3821 2N4967 TIS99 TIS99 
2N4340 2N3822 2N3821 2N4968 TIS99 TIS99 
2N4341 2N3822 2N3822 2N4976 2N4875 TIS39 
2N4342 2N3820 2N3820 2N4977 2N4857 2N4856A 
2N4343 2N3820 2N3820 2N4978 2N4857 2N4856A 
2N4357 2N2605 2N3494 2N4979 2N4857 2N4856A 
2N4358 2N2605 2N3494 2N4994 2N4994 2N4994 
2N4360 2N3820 2N3820 2N4995 2N4995 2N4995 
2N4381 2N3330 2N3330 2N4996 2N4996 2N4996 
2N4382 2N3330 2N3331 2N4997 2N4997 2N4997 
2N4390 2N5058 2N5020 2N2386 2N2386A 
2N4391 2N4857 2N4391 2N5021 2N2386 2N2386A 
2N4392 2N4857 2N4392 2N5022 2N2386 2N2386A 
2N4393 2N4857 2N4393 2N5023 2N2386 2N2386A 
2N4397 2N4252 2N4252 2N5034 TIP33 TIP33 
2N4398 2N4398 2N4398 2N5035 TIP33 TIP33 
2N4399 2N4399 2N4399 2N5036 TIP33A TIP33A 
2N4400 2N5449 2N5449 2N5037 TIP33A TIP33A 
2N4401 2N5449 2N5449 2N5043 2N5043 2N5043 
2N4402 2N2905 2N2904 2N5044 2N5044 
2N4403 2N2905 2N2905 2N5045 2N5045 2N5045 
2N4416 2N4416 2N4416 2N5046 2N5045 2N5046 
2N4416A 2N4416 2N4416A 2N5047 2N5045 2N5047 
2N4418 2N4418 2N5053 2N918 2N918 
2N4419 2N4419 2N5054 2N918 2N918 
2N4420 2N3014 2N5055 2N3829 2N3829 
2N4421 2N4421 2N5056 2N3829 2N3829 
2N4422 2N4422 2N5057 2N3829 2N3829 
2N4423 2N2894 2N4421 2N5058 2N5058 
2N4436 2N5449 2N5449 2N5059 2N5059 2N4437 2N5449 2N5449 2N5060 TIC44 TIC44 2N4854 2N4854 2N4854 2N5061 TIC45 TIC45 2N4855 2N4855 2N5062 TIC46 TIC46 2N4856 2N4857 2N4856 2N5063 TIC47 TIC47 2N4856A 2N4857 2N4856A 2N5064 TIC47 TIC47 2N4857 2N4857 2N4857 2N5066 2N2432 2N2432 
2N4857A 2N4857 2N4857A 2N5078 2N4416 2N4416 2N4858 2N4857 2N4858 2N5086 2N4058 2N4058 2N4858A 2N4857 2N4858A 
2N4859 2N4857 2N4859 2N5103 2N4416 2N4416 
2N4859A 2N4857 2N4859A 2N5104 2N4416 2N4416 
2N4860 2N4857 2N4860 2N5105 2N4416 2N4416 
2N4860A 2N4857 2N4860A 2N5106 2N5399 
2N4861 2N4857 2N4861 2N5107 2N5399 
2N4861A 2N4857 2N4861A 2N5126 TIS98 TIS98 
2N4867 2N3822 2N3821 2N5127 TIS98 TIS98 
2N4867A 2N3822 2N3821 2N5128 2N5451 2N5451 
2N4868 2N3822 2N3821 2N5129 2N5451 2N5451 
2N4868A 2N3822 2N3821 2N5130 2N5450 2N5450 
2N4869 2N3822 2N3821 2N5131 2N5451 2N5451 
2N4869A 2N3822 2N3821 2N5132 2N5451 2N5451 
2N4874 2N4875 2N4874 2N5133 2N5449 2N5449 
2N4875 2N4875 2N4875 2N5134 2N4422 
2N4876 2N4875 2N4876 2N5138 2N4061 2N4061 
2N4891 2N4891 2N5139 2N3250 2N3250 
2N4892 2N4892 2N5140 2N3250 2N3250 
2N4893 2N4893 2N5141 2N3829 2N3829 
2N4894 2N4894 2N5142 2N3829 2N3829 
2N4901 2N4901 2N5143 2N3829 2N3829 
2N4902 2N4902 2N5190 TIP31 TIP31 
2N4903 2N4903 2N5191 TIP31A TIP31A 
2N49G4 2N4904 2N5192 TIP31A TIP31A 
2N4905 2N4905 2N5193 TIP32 TIP32 
2N4906 2N4906 2N5194 TIP32A TIP32A 
2N4913 2N4913 2N5195 TIP32A TIP32A 
2N4914 2N4914 2N5196 2N5045 2N5545 
2N4915 2N4915 2N5197 2N5045 2N5545 
2N4918 TIP30 TIP30 2N5198 2N5045 2N5546 2N4919 TIP30A TIP30A 2N5199 2N5045 2N5547 2N4920 TIP30A TIP30A 2N5245 2N5245 2N5245 
2N4921 TIP29 TIP29 2N5246 2N5246 2N5246 
2N4922 TIP29A TIP29A 2N5247 2N5247 2N5247 
2N4923 TIP29A TIP29A 2N5248 2N5248 2N5248 
2N4934 2N4252 2N4252 2N5273 2N5273 
2N4944 2N4252 2N4252 2N5274 2N5274 
2N4935 2N4252 2N4252 2N5275 2N5275 
2N4936 2N5449 2N5449 2N5293 TIP31A TIP31A 
2N4946 2N5449 2N5449 2N5294 TIP31A TIP31A 
2N4947 2N3980 2N4947 2N5295 TIP31 TIP31 
2N4948 2N3980 2N4948 2N5296 TIP31 TIP31 
2N4949 2N3980 2N4949 2N5297 TIP31A TIP31A 
2N4951 2N5450 2N3705 2N5298 TIP31A TIP31A 
2N4952 2N5499 2N3704 2N5301 2N5301 2N5301 
2N4954 2N5449 2N5449 2N5302 2N5302 2N5302 
2N4964 2N4060 2N4060 2N5303 2N5303 2N5303 
2N4965 2N4058 2N4058 2N5312 2N5386 2N5386 
2N4966 TIS99 TIS99 2N5313 2N5386 2N5386 
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CROSS-REFERENCE GUIDE BETWEEN JEDEC OR COMPETITIVE TYPE NUMBERS AND Tl DEVICES (Confd.) 

Preferred Nearest Preferred Nearest • Type Tl Type Tl Type Type Tl Type Tl Type 
2N5314 2N5386 2N5386 3N71 3N79 3N77 
2N5316 2N5384 2N5384 3N72 3N79 3N78 
2N5317 2N5384 2N5384 3N73 3N79 3N79 
2N5318 2N5384 2N5384 3N74 3N79 3N74 
2N5332 2N5332 3N75 3N79 3N75 2N5333 2N5333 2N5333 3N76 3N79 3N76 2N5384 2N5384 2N5384 3N77 3N79 3N77 2N5385 2N5385 2N5385 
2N5386 2N5386 2N5380 3N78 3N79 3N78 
2N5387 2N5387 2N5387 3N79 3N79 3N79 
2N5388 2N5388 2N5388 3N87 3N79 3N77 
2N5389 2N5388 2N5389 3N88 3N79 3N78 
2N5390 2N5390 3N90 3Nlll 3Nll0 
2N5399 2N5399 3N91 3Nlll 3Nll0 
2N5404 2N5384 2N5384 3N92 3Nlll 3Nlll 
2N5405 2N5384 2N5384 3N93 3Nlll 3Nl08 
2N5406 2N5384 2N5384 3N94 3Nlll 3Nl08 
2N5407 2N5384 2N5384 3N95 3Nlll 3N109 
2N5413 2N5413 3N100 3Nl11 3Nl08 
2N5414 2N5414 3Nl01 3Nlll 3N108 

*2N5441 2N5273 3Nl02 3Nlll 3N108 
*2N5442 2N5274 3N103 3Nlll 3N108 
*2N5444 2N5273 3Nl04 3Nlll 3Nl08 
*2N5445 2N5274 3N105 3Nlll 3Nl08 

2N5447 2N5447 2N5447 3Nl06 3Nlll 3N108 
2N5448 2N5448 2N5448 3N107 3Nlll 3N108 
2N5449 2N5449 2N5449 3Nl08 3Nlll 3N108 
2N5450 2N5450 2N5450 3N109 3Nlll 3N109 
2N5451 2N5451 2N5451 3Nl10 3Nlll 3Nl10 
2N5543 2N5543 3Nlll 3Nlll 3Nlll 
2N5544 2N5544 3Nl12 3Nlll 3N108 
2N5545 2N5045 2N5545 3N113 3Nlll 3Nl08 
2N5546 2N5045 2N5546 3N114 3Nlll 3Nll0 
2N5547 2N5045 2N5547 3N115 3Nlll 3N110 
2N5548 2N5548 3N116 3Nlll 3Nlll 
2N5549 2N5549 3Nll7 3Nlll 3Nll0 

*2N5567 TIC230B 3N118 3Nlll 3Nll0 
*2N5568 TIC230D 3N119 3Nlll 3Nlll 
*2N5569 TIC232D 3N120 3Nlll 3Nlll 
*2N5570 TIC232D 3N121 3Nlll 3Nlll 
*2N5571 TIC240B 3N123 3Nlll 3Nlll 
''2N5572 TIC240D 3Nl24 TIXSBO 
*2N5573 TIC242B 3Nl25 TIXS80 
*2N5574 TIC242D 3Nl26 TIXS80 

3N34 3N34 3N127 3N79 3N79 
3N35 3N35 3N129 3Nlll 3N108 
3N62 3N79 3N79 3Nl30 3Nlll 3N108 
3N63 3N79 3N78 3Nl31 3Nlll 3N108 
3N64 3N79 3N77 3N132 3Nlll 3N108 
3N65 3N79 3N79 3N133 3Nlll 3Nl08 
3N66 3N79 3N78 3N134 3Nlll 3N108 
3N67 3N79 3N77 3Nl35 3Nlll 3N108 
3N68 3N79 3N79 3Nl36 3Nlll 3N108 
3N68A 3N79 3N108 3Nl60 3N160 3N160 
3N69 3N79 3N78 3Nl61 3Nl60 3N161 
3N70 3N79 3N77 3N174 3N174 

"Denotes IN- or 2N- numbers not JEDEC registered through July 1969. 

Manu· Preferred Nearest Manu- Preferred Nearest 
Type facturer Tl Type Tl Type Type facturer Tl Type Tl Type 

3RC2 INR 2N1600 5RC50 INR 2Nl778 
3RC5 INR 2N1600 5RCL2 INR Tl40AO 
3RC10 INR 2N1601 5RCL5 INR Tl40AO 
3RC15 INR 2Nl602 5RCL10 INR Tl40Al 
3RC20 INR 2N1602 5RCL15 INR Tl40A2 
3RC25 INR 2Nl603 5RCL20 INR Tl40A2 
3RC30 INR 2Nl603 5RCL25 INR Tl40A3 
3RC40 INR 2N1604 5RCL30 INR Tl40A3 
5RC2 INR 2N1770 5RCL40 INR Tl40A4 
5RC5 INR 2N1771 10RC2 INR 2Nl842B 
5RC10 INR 2N1772 10RC5 INR 2N1843B 
5RC15 INR 2N1773 lORCIO INR 2N1844B 
5RC20 INR 2N1774 10RC15 INR 2N1845B 
5RC25 INR 2N1775 10RC20 INR 2N1846B 
5RC30 INR 2N1776 10RC25 INR 2Nl847B 
5RC40 INR 2Nl777 10RC30 INR 2N1848B 

KEY TO MANUFACTURERS 

ECC - Electronic Control Corporation MONS - Monsanto 
FSC - Fairchild Semiconductor Corporation MOTA- Motorola Semiconductor Products, Incorporated 
GE - General Electric Company OPTRON - Optron, Incorporated 
GSI - General Sensors, Incorporated RAYN - Raytheon Semiconductor Division 
H PA - Hewlett-Packard Associates RCA - Radio Corporation of America 
HUDSON - Hudson Electronics SOD - Solitron Devices, Incorporated 
INR - International Rectifier Corporation TEC -Transitron Electronic Corporation 
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CROSS REFERENCE GUIDE BETWEEN COMPETITIVE DEVICES AND Tl DEVICES (Confd.) 

Ma nu· Preferred Nearest Manu· Preferred Nearest 
Type facturer Tl Type Tl Type Type facturer Tl Type Tl Type 

10RC40 INR 2Nl849B CllC GE 2Nl776 
10RC50 INR 2Nl850B CllO GE 2Nl777 
10RCL2 INR 2Nl842B CllE GE 2Nl778 
10RCL5 INR 2Nl843B CllF GE 2Nl771 
lORCLlO INR 2Nl844B CllG GE 2Nl773 
10RCL15 INR 2Nl845B CllH GE 2Nl775 
lORCL20 INR 2Nl846B CllU GE 2Nl770 
10RCL30 INR 2Nl848B Cl2A GE 2N3936 
10RCL40 INR 2Nl849B Cl2B GE 2N3937 
16RC2 INR 2N1842B C12C GE 2N3938 
16RC5 INR 2N1843B Cl20 GE 2N3939 
16RC10 INR 2N1844B Cl2F GE 2N3936 
16RC15 INR 2Nl845B Cl2G GE 2N3937 
16RL20 INR 2Nl846B Cl2H GE 2N3938 
16RL25 INR 2Nl847B 
16RL30 INR 2Nl848B Cl2U GE 2N3936 
16RL40 INR 2Nl849B Cl5A GE Tl40Al 
16RL50 INR 2Nl850B Cl5B GE Tl40A2 
505-4400 HPA TIXL202 Cl5C GE Tl40A3 
40251 RCA 2N3715 2N3715 Cl50 GE Tl40A4 
40325 RCA 2N3715 2N371S Cl SF GE Tl40AO 
40363 RCA 2N371S 2N371S ClSG GE Tl40A2 
40369 RCA 2N4914 Cl5U GE Tl40AO 
40411 RCA 2N3715 2N371S C20A GE Tl40Al 
40513 RCA TIP33 TIP33 C20B GE Tl40A2 
40Sl4 RCA TIP33 TIP33 
40S83 RCA TIC56 C20C GE Tl40A3 
40598 RCA TIL09 TIL09 C200 GE Tl40A4 
BTS0320 TEC TIC220B C20F GE Tl40AO 
BTS0330 TEC TIC2200 C20U GE Tl40AO 
BTS0340 TEC TIC2200 C36A GE 2Nl844B 
BTS0350 TEC TIC220E C36B GE 2Nl846B 
BTS0420 TEC TIC230B C36C GE 2Nl848B 
BTS0430 TEC TIC2300 C360 GE 2N1849B 
BTS0440 TEC TIC2300 C36E GE 2Nl8SOB 
BTS04SO TEC TIC230E C36F GE 2N1843B 
BTSOS20 TEC TIC240B C36G GE 2Nl84SB 
BTSOS30 TEC TIC240D C36H GE 2Nl847B 
BTS0540 TEC TIC240D C36U GE 2Nl842B 
BTSOSSO TEC TIC240E C37A GE 2Nl844B 
BTU0320 TEC TIC222B C37B GE 2Nl846B 
BTU0330 TEC TIC222D C37C GE 2Nl848B 
BTU0340 TEC TIC222D C37D GE 2Nl849B 
BTU0350 TEC TIC222E 
BTU0420 TEC TIC232B C37E GE 2Nl8SOB 

BTU0430 TEC TIC232D C37F GE 2N1843B 
BTU0440 TEC TIC232D C37U GE 2Nl842B 

BTU0450 TEC TIC232E 04001 GE TIP29 TIP29 
BTUOS20 TEC TIC242B 04002 GE TIP29 TIP29 
BTU0530 TEC TIC2420 04003 GE TIP29 TIP29 
BTUOS40 TEC TIC242D D4004 GE TIP29A TIP29A 
BTU05SO TEC TIC242E D40DS GE TIP29A TIP29A 
BTU0620 TEC 2NS273 D40D7 GE TIP29A TIP29A 
BTU0640 TEC 2N5274 D40D8 GE TIP29A TIP29A 
BTU0660 TEC 2NS275 04101 GE TIP30 TIP30 
CSA GE 2N2324 D41D2 GE TIP30 TIP30 
C5B GE 2N2326 04104 GE TIP30A TIP30A 
CSF GE 2N2323 D4lDS GE TIP30A TIP30A 
CSG GE 2N2325 D4107 GE TIP30A TIP30A 
CSU GE 2N2322 D41D8 GE TIP30A TIP30A 
C6A GE 2N3S61 2N3S61 D42Cl GE TIP31 TIP31 
C6B GE 2N3S62 2N3S62 042C2 GE TfP31 TIP31 
C6F GE 2N3560 2N3560 D42C3 GE TIP31 TIP31 
C6G GE 2N3S62 2N3562 D42C4 GE TIP31A TIP31A 
C6U GE 2N3S59 2N3559 D42CS GE TIP31A TIP31A 
C7A GE 2N3557 2N3S57 D42C7 GE TIP31A TIP31A 
C7B GE 2N3558 2N3SS8 D42C8 GE TIP31A TIP31A 
C7F GE 2N3S56 2N3SS6 D43Cl GE TIP32 TIP32 
C7G GE 2N3558 2N35S8 043C2 GE TIP32 TIP32 
C7U GE 2N3SSS 2N35S5 D43C3 GE TIP32 TIP32 
ClOA GE 2Nl772A D43C4 GE TIP32A TIP32A 
ClOB GE 2Nl774A D43CS GE TIP32A TIP32A 
ClOC GE 2Nl776A 043C7 GE TIP32A TIP32A 
Cl OD GE 2Nl777A D43C8 GE TIP32A TIP32A 
Cl OF GE 2Nl771A ER900 TEC Tl43A Tl43A 
ClOG GE 2Nl773A FK918 FSC A3T918 
Cl OH GE 2Nl77SA FK2484 FSC A3T2484 
Cl OU GE 2N1770A FLBlOO FSC TILOl TILOl 
CllA GE 2Nl772 FPDlOO FSC LS600 LS600 
CUB GE 2Nl774 FPMlOO FSC TIL613 

KEY TO MANUFACTURERS 

ECC - Electronic Control COl'JJOration MONS - Monsanto 
FSC - Fairchild Semiconductor Corporation MOTA- Motorola Semiconductor Products, Incorporated 
GE - General Electric Company OPTRON - O~tron, Incorporated 
GSI - General Sensors, Incorporated RAYN - Rayt eon Semiconductor Division 
HPA- Hewlett-Packard Associates RCA- Radio Corporation of America 
HUDSON - Hudson Electronics SOD - Solitron Devices, Incorporated 
INR - International Rectifier Corporation TEC - Transitron Electronic Corporation 
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CROSS REFERENCE GUIDE BElWEEN COMPETITIVE DEVICES AND Tl DEVICES (Confd.J 

Ma nu· Preferred Nearest Manu- Preferred Nearest 
Type fac:turer Tl Type Tl Type Type facturer Tl Type Tl Type • FPM200 FSC 1N2175 1N2175 MPS6515 MOTA TIS97 TIS97 

FPTlOO FSC LS600 LS600 MPS6516 MOTA 2N5447 2N5447 
FV918 FSC A3T918 MPS6517 MOTA 2N5447 2N5447 
FV2484 FSC A3T2484 MPS6518 MOTA 2N5447 2N5447 
FV2894 FSC A3T2894 MPS6519 MOTA 2N5447 2N5447 
FW2484 FSC A3T2484 MPS6520 MOTA TIS98 TIS98 
GAl RAYN TIXL03 MPS6521 MOTA TIS97 TIS97 
GA2 RAYN · TIXL03 MPS6522 MOTA 2N5447 2N5447 
GS600 GSI LS600 LS600 MPS6523 MOTA 2N5447 2N5447 
Hl6820 HUDSON LS400 LS400 MPS6528 MOTA TIS84 TIS84 
HP4107 HPA TILOl MPS6529 MOTA TIS108 TISlOB 
HP4120 HPA TIXLlO MPS6530 MOTA TIS92 TIS92 
HP4205 HPA LSX900 MPS6531 MOTA TIS92 TIS92 
HP4220 HPA TIXLSl MPS6532 MOTA TIS92 TIS92 
HP4309 HPA TIXL101 MPS6533 MOTA TIS93 TIS93 
HP4310 HPA TIL102 MPS6534 MOTA TIS93 TIS93 
M120Bl MONS TIXLlO MPS6535 MOTA TIS93 TIS93 
MAC1·2 MOTA TIC220B MPS6541 MOTA TIS86 2N4996 
MACl-4 MOTA TIC2208 MPS6542 MOTA TIS62 TIS62 
MAC1·6 MOTA TIC220D MPS6543 MOTA TIS86 TIS86 MAC2·2 MOTA TIC222B MPS6544 MOTA TIS87 TIS87 
MAC2·4 MOTA TIC2228 MPS6545 MOTA TIS87 TIS87 MAC2·6 MOTA TIC222D MPS6546 MOTA TIS86 TIS86 
MEl MONS TIL09 TIL09 MPS6547 MOTA TIS86 TIS86 
MHM2001·2017 SOD 2N5390 MPS6552 MOTA TIS98 TIS98 MHM2101-2117 SOD 2N5390 MPS6553 MOTA TIS97 TIS97 MHM2201·2217 SOD 2N5390 MPS6554 MOTA TIS97 Tl$97 MHT4551-4583 SOD 2N2151 MPS6555 MOTA TIS97 TJS97 MHT5501.5508 SOD 2N4300 2N4300 MPS6560 MOTA TIS92 TIS92 MHT6408-6416 SOD 2N3996 2N3996 MPS6561 MOTA TIS92 TIS92 MHT7011-7019 SOD 2N4301 2N4301 MPS6562 MOTA TIS93 TIS93 MHT7401-7419 SOD 2N3421 2N3421 
MHT7801-7809 SOD 2N5387 2N5387 MPS6563 MOTA TIS93 TIS93 
MHT8002-8304 SOD 2N4002 2N4002 MPS6564 MOTA 2N4994 
MHT9001·9012 SOD 2N4002 2N4002 MPS6565 MOTA TIS99 TIS99 
MJ450 MOTA 2N4398 2N4398 MPS6566 MOTA TIS98 TIS98 
MJ480 MOTA 2N4913 MPS6567 MOTA TIS86 TIS86 
MJ481 MOTA 2N4914 MPS6579 MOTA TIS37 TIS37 
MJ490 MOTA 2N4904 MRD200 MOTA LS600 LS600 
MJ491 MOTA 2N4905 MRD250 MOTA TIL602 TJL602 
MJ2255 MOTA 2N3713 2N3713 MRD300 MOTA LS600 LS600 
MJ2256 MOTA 2N3713 2N3713 MRD600 MOTA LS600 LS600 
MJ2257 MOTA 2N3714 2N3714 MVlOA MONS TIXL201 
MJ2267 MOTA 2N4901 MVlOB MONS TIXL201 
MJ2268 MOTA 2N4902 MVE101 MONS TIXL202 
MJ2801 MOTA 2N3713 2N3713 OP400 OPTRON LS400 LS400 
MJ2802 MOTA 2N3714 2N3714 OP600 OPT RON LS600 LS600 
MJ2901 MOTA 2N4901 Q2040 ECC 2N5273 
MJElOl MOTA TIP34 TIP34 Q3040 ECC 2N5274 
MJE102 MOTA TIP34A TIP34A Q4040 ECC 2N5274 
MJE103 MOTA Ti'P34 TIP34 Q6040 ECC 2N5275 
MJE104 MOTA TIP34A TIP34A Q6540 ECC 2N5275 
MJE105 MOTA TIP34A TIP34A SC408 GE TIC222B 
MJE201 MOTA TIP33 TIP33 SC40D GE TIC222D 
MJE202 MOTA TIP33A TJP33A SC40E GE TIC222E 
MJE203 MOTA Ti'P33 TIP33 SC418 GE TIC220B 
MJE204 MOTA TIP33A TIP33A SC41D GE TIC220D 
MJE205 MOTA TIP33 TIP33 SC41E GE TIC220E 
MJE370 MOTA TIP32 TIP32 SC45B GE TIC232B 
MJE371 MOTA TIP32 TIP32 SC45D GE TIC2320 
MJE520 MOTA TIP31 TIP31 SC45E GE TIC232E 
MJE521 MOTA TIP31 TIP31 SC468 GE TIC2308 
MJE2801 MOTA TIP33A TIP33A SC46D GE TIC230D 
MJE2901 MOTA TIP34 TIP34 SC46E GE TIC230E 
MJE2955 MOTA TIP34 TIP34 SC50B GE TIC242B 
MJE3055 MOTA TIP33A TIP33A SC50D GE TJC242D 
MPS918 MOTA TIS62 TIS62 SCSOE GE TIC242E 
MPS2923 MOTA TIS99 TIS99 SC51B GE TIC240B 
MPS2924 MOTA TIS98 TIS98 SCSlD GE TIC240D 
MPS2925 MOTA TIS98 TIS98 SC51E GE TIC240E 
MPS3563 MOTA TIS62 TIS62 SC608 GE 2N5273 
MPS6506 MOTA TIS86 2N4996 SC60D GE 2N5274 
MPS6507 MOTA TIS86 2N4996 SDT6905-6908 SOD 2N3421 2N3421 
MPS6508 MOTA TIS86 2N4996 SDT8105·8116 SOD 2N4004 
MPS6509 MOTA TIS84 TIS84 SDT8801·8805 SOD 2N3846 
MPS6510 MOTA TIS84 TIS84 SDT9901·9904 SOD 2N4301 2N4301 
MPS6511 MOTA TIS87 TIS87 SElOOl FSC 2N4994 
MPS6512 MOTA TIS99 TIS99 SE1002 FSC 2N4995 
MPS6513 MOTA TIS99 TIS99 SE2001 FSC TIS98 TIS98 
MPS6514 MOTA TIS98 TIS98 SE2002 FSC 2N5449 2N5449 

KEY TO MANUFACTURERS 

ECC - Electronic Control Corporation MONS - Monsanto 
FSC - Fairchild Semiconductor Corporation MOTA- Motorola Semiconductor Products, Incorporated 
GE - General Electric Company OPTRON - O~tron, Incorporated 
GSI - General Sensors, Incorporated RAYN - Rayt eon Semiconductor Division 
HPA - Hewlett-Packard Associates RCA - Radio Corporation of America 
HUDSON - Hudson Electronics SOD - Solitron Devices, Incorporated 
INR - International Rectifier Corporation TEC -Transitron Electronic Corporation 

43 



CROSS REFERENCE GUIDE BETWEEN COMPETITIVE DEVICES AND Tl DEVICES (Confd.) 

Manu· Preferred Nearest Manu- Preferred Nearest 
Type facturer Tl Type Tl Type Type facturer Tl Type Tl Type 

SE3001 FSC TIS62 TIS62 TCR35C TEC Tll45AO 
SE3002 FSC TIS62 TIS62 TCR38 TEC Tl40A3 
SE4001 FSC TIS97 TIS97 TCR40C TEC 2N3559 2N3559 
SE4002 FSC TIS97 TIS97 TCR41C TEC 2N3559 2N3559 
SE4010 FSC TIS97 TIS97 TCR42C TEC 2N3560 2N3560 
SE5020 FSC TIS84 TIS84 TCR43 TEC 2Nl604 
SE5021 FSC TIS108 TIS108 TCR43C TEC 2N3561 2N3561 
SE5022 FSC TIS108 TIS1Q8 TCR44C TEC 2N3562 2N3562 
SE5023 FSC TIS108 TIS108 TCR45C TEC 2N3562 2N3562 
SE5024 FSC TIS108 TIS108 TCR48 TEC Tl40A4 
SE7001 FSC TISlOO TISlOO TCR65C TEC Tll45AO 
SE7002 FSC TISlOO TISlOO TCR105C TEC Tll45Al 
SSLSA GE TIXL06 TCR205C TEC Tl145A2 
SSLSB GE TIX LOS TCR305C TEC Tll45A3 
ST2 GE Tl43A Tl43A TCR405C TEC Tll45A4 
TA2314 RCA 2N3846 2N384i' TCR730 TEC Tl40AO 
TCR3 TEC 2N1600 TCR731 TEC Tl40Al 
TCRS TEC Tl40AO TCR732 TEC Tl40A2 
TCR13 TEC 2N1601 TCR733 TEC Tl40A3 
TCR18 TEC Tl40Al TCR734 TEC Tl40A4 
TCR23 TEC 2N1602 TTSOO TEC 2N3560 2N3560 
TCR28 TEC Tl40A2 TT501 TEC 2N3561 2N3561 
TCR33 TEC 2Nl603 TT502 TEC 2N3562 2N3562 

KEY TO MANUFACTURERS 

ECC - Electronic Control Corporation MONS - Monsanto 
FSC - Fairchild Semiconductor Coriporation MOTA- Motorola Semiconductor Products, Incorporated 
GE - General Electric Company OPTRON - O~tron, Incorporated 
GSI - General Sensors, Incorporated RAYN - Rayt eon Semiconductor Division 
HPA- Hewlett•Packard Associates RCA- Radio Corporation of America 
HUDSON - Hudson Electronics SOD- Solitron Devices, Incorporated 
INR - International Rectifier Corporation TEC -Transitron Electronic Corporation 
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INDEX TO ALL STANDARD DISCRETE 
SEMICONDUCTORS AND COMPONENTS MANUFACTURED 

BY TEXAS INSTRUMENTS 

(Preferred Devices in Bold Type) 

Devices shown below represent the entire line of Tl standard discrete semiconductors ar­
ranged in strict numerical order disregarding prefix. 

Example: LSX900 
A905-A908 (A900) (parentheses indicate first device listed on data sheet) 
2N910-2N912 
1N914-1N917 

DEVICE TYPE PAGE/CODE DEVICE TYPE PAGE/CODE 

CD 1/8 R sec TIP31 16109 
CG 1/8 28201 TIP31A (TIP31) 16109 
CR 1/8 sec TIP32 16113 
TC 1/8 cso TIP32A (TIP32) 16113 
TG 1/8 29001 TIP33 16117 
TM 1/8 (TG 1/8) 29001 TIP33A (TIP33) 16117 
CD 1/4 R (CD 1/8 R) sec TIXS33 NR 
CG 1/4 (CG 1/8) 28201 3N34 sec 
CR 1/4 (CR 1/8) sec TIP34 16121 
TM 1/4 (TG 1/8) 29001 TIP34A (TIP34) 16121 
CD 1/2 MR (CD 1/8 R) sec 3N35 sec 
CD 1/2 PR (CD 1/8 R) sec H35 (H11) sec 
CD 1/2 SR (CD 1/8 R) sec TIC35-TIC36 R 
CG 1/2 (CG 1/8) 28201 TIP35 16125 
CR 1/2 (CR 1/8) sec TIP35A (TIP·35) 16125 
CD 1 R (CD 1 /8 R) sec TIXS35-TIXS36 sec 
G01 cso TIP36 16129 
TIL01 27001 TIP36A (Tl P36) 16129 
TIXV01-TIXV04 sec TIS37-TIS38 2001 
CD 2 R (CD 1 /8 R) sec H38 (H11) sec 
G02 cso TID38-TID39 CSD 
TIXL02 NR TIXP39-TIXP40 R 
TIXL03 sec TIS39 (Same as TIXS39) sec 
TIS05 NR TIXS39 sec 
TIXL05-TIXL06 sec Tl40AO-Tl40A4 sec 
TIXV05-TIXV07 sec TID40-TID44 sec 
TIXL08 sec Tl42A-Tl43A 24105 
TIL09 27009 TIS43 NR 
TIXL10 sec TIC44-TIC47 24109 
H11 sec TID45 R 
TIXL 12-TIXL 15 R MC&O 28401 
TIS14 sec Tl51-Tl60 sec 
TIXL16 R TIXL51-TIXL53 sec 
TID17-TID20 sec TIC54-TIC57 (Tl42A) 24105 
TIXL 17-TIXL 18 R TIXL54 sec 
TIXL19-TIXL22 cso MC55 (MC50) 28401 
TID21-TID24 20005 TIXL55-TIXL56 sec 
TIS22-TIS24 sec TIS56-TIS57 sec 
TID25-TID26 20009 TIXL57 sec 
TIS25-TIS27 sec TIL58 R 
TID29-TID30 20013 TIL59 cso 
TIP29 16101 TIS58-TIS59 6091 
TIP29A (TIP29) 16101 H60-H62 (H11) sec 
TIP30 16105 MC60 (MC50) 28401 
TIP30A (TIP30) 16105 MM60 sec 
TID31-TID37 sec TIS62, TIS63, TIS64 1025 

Explanation of Page/Code column: 

Page Number - Page number in this catalog of data sheet for device listed at left. 
SCC - Data sheet in 1967-68 Semiconductors and Components Catalog - data sheet available on request. 
CSO - Data sheet not presently available; contact Tl sales office. 
NA - Not recommended for new design; data sheet available on request. 
R - Data sheet available on request. 

• 

45 



DEVICE TYPE PAGE/CODE DEVICE TYPE PAGE/CODE 

MC65 (MC501 28401 TIV305 sec 
MM65 (MM601 sec TIV306-TIV30B 21205 
TIS68-TIS70 sec 2N315A cso 
MM70 (MM60) sec 2N317A cso 
Tl7t-Tl75 cso 2N327 A-2N329A sec 
TIS71-TIS72 sec 1N332-1N349 cso 
TIS73·TIS75 6103 2N332 sec 
3N74-3N79 4101 2N332A cso 
TIS78-TIS79 sec 2N333 sec 
TIXS80-TIXS81 sec 2N333A cso 
TISB2 'SCC 2N334 sec 
TIS84 1033 2N334A cso 
TIS86-TIS87 1041 2N335 sec 
TISBB sec 2N335A cso 
TIS90-TIS91 NR 2N336 sec 
TIS90M-TIS91M NR 2N336A cso 
TIS92-TIS93 4105 2N337 sec 
TIS92M·TIS93M (TIS92) 4105 2N338 sec 
TIS94-TIS96 NR 2N339-2N343 sec 
TIS97, TIS98, TIS99 1053 2N342A (2N339) sec 

100 Tl363·Tl364 NR 
TIS100-TIS101 1061 Tl365 cso 
TIXL101 sec 2N377 cso 
TIXM101 sec 2N3BB sec 
TIXL 102-TIXL 103 sec 2N388A (2N3BBI sec 
TIS102-TIS103 sec Tl388-T1391 cso 
TIXM103-TIXM104 sec 2N389 sec 
TIXL104-TIXL106 sec 2N389A cso 
TIS104 R 2N395-2N397 NR 
TIS106-TIS107 R Tl395 cso 
3N108-3N111 4109 Tl397-Tl39B cso 
TIS108 1033 2N398 9101 
2N117 sec 2N39BA (2N398) 9101 
2N118 sec 2N3988 (2N398) 9101 
2N11BA sec Tl399 cso 
2N119 sec 400 
2N120 sec LS400 27401 
2N122 sec Tl400-Tl403 sec 
G129 sec 2N404 9105 
G130 sec 2N404A (2N404) 9105 
Tl145AO-Tl145A4 sec 2N424 (2N389) sec 
TIXL151-TIXL152 cso 2N424A cso 
Tl156 sec 2N426-2N42B sec 
Tl156L (Tl156) sec 2N43B cso 
Tl15B (Tl156) sec 2N43BA cso 
Tl158A IT1156) sec 2N439-2N440 cso 
Tl158AL (Tl156) sec 1 N440B-1 N445B cso 
Tl158L IT1156) sec 1N456-1N459 18101 
Tl159-Tl162 sec 1 N456A-1 N459A cso 
3N160 6201 2N456A-2N45BA 17101 
3N161 sec 2N456B-2N45BB sec 
3N174 cso 1N461-1N464 sec 

200 1N461A-1N464A cso 
TIXL201-TIXL202 cso 2N470-2N480 cso 
TIC220-TIC222 R Tl480-Tl481 sec 
TIC230-TIC232 (TIC220) R 1 N4B2-1 N4B5 18109 
TIC240-TIC242 (TIC220) R 1N482A-1N485A cso 
2N243-2N244 sec 1 N482B-1 N485B cso 
2N250 NR Tl482 sec 
2N250A-2N251 A sec Tl483-Tl484 sec 
1N251 19101 Tl485 cso 
2N251 NR Tl486-Tl487 sec 
1 N253-1 N256 cso 2N489-2N494 7101 
2N263-2N264 cso 2N489A,2N490A,2N491A, 

300 2N492A,2N493A, 
TIXV304 sec 2N494A (2N489) 7101 

Explanation of Page/Code column: 

Page Number - Page number in this catalog of data sheet for device listed at left. 
SCC - Oata sheet in 1967-68 Semiconductors and Components Catalog - data sheet available on request. 
CSO - Data sheet not presently available; contact Tl sales office. 
NA - Not recommended for new design; data sheet available on request. 
R - Data sheet available on request. 
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DEVICE TYPE PAGE/CODE DEVICE TYPE PAGE/CODE 

2N489B·2N494B (2N489) 7101 650-653 sec 
Tl492 sec 2N650A·2N652A NR -Tl493-Tl495 sec 650C0-650C7 (650) sec 
2N494C cso 651C0-651C9 (650) sec 
Tl496 sec 652C0·652C9 (650) sec 
2N497-2N498 sec 653C0-653C9 (650) sec 
2N497 A·2N498A cso 654C9 (650) sec 

500 655C9 (650) sec 
LS500 cso 2N656-2N657 (2N497) sec 
XD500-XD502 sec 2N656A· 2N657 A cso 
2N508 cso 1N658 cso 
2N511 sec 2N658·2N662 NR 
2N511 A (2N511 I sec 1 N659-1N661 19151 
2N511 B (2N511) sec 1N662·1 N663 sec 
2N512 sec 2N681 ·2N688 sec 
2N512A (2N512) sec 2N681 A·2N689A sec 
2N512B (2N512) sec 2N689 cso 
2N513 sec 2N696·2N697 1201 
2N513A (2N513) sec 2N698·2N699 sec 
2N513B (2N513) sec 700 
2N514 sec 1N702-1N707 sec 
2N514A (2N514) sec 1N702A-1N707A (1N702) sec 
2N514B (2N514) sec 2N702 NA 
A516-A517 sec 2N703 NA 
2N520 cso 2N705 NR 
2N520A cso A706-A713 sec 
2N522A cso 2N706 cso 
2N524·2N527 sec 2N706A sec 
1 N530·1 N540 cso 2N706B cso 
Tl539-Tl540 NA 1 N708·1 N716 sec 
2N541-2N543 cso 1N708A·1N716A (1N708) sec 
1N547 cso 2N708 sec 
1N550-1N555 cso 2N709 sec 
Tl550-Tl551 sec 2N710 cso 
2N581-2N582 cso 2N711 NR 
2N587 cso 2N711A sec 
2N594-2N596 NR 2N711B (2N711AI sec 
1N599 cso 2N715-2N716 cso 
1N599A cso 2N717-2N718 (2N6961 1201 

600 2N718A (2N696) 1201 
600C-601C sec 2N719-2N720 (2N698) sec 
1N600-1N606 cso 2N719A·2N720A (2N698) sec 
1 N600A·1 N606A cso 2N721-2N722 cso 
A600-A602 sec 2N726-2N727 sec 
LS600 27501 2N730-2N731 (2N696) 1201 
TIL601-TIL608 27503 2N734 cso 
TIL609·TIL616 (TIL601) 27503 2N735 sec 
604C (600C) sec 2N736 sec 
606C (600C) sec 2N736A sec 
1N607-1N614 cso 2N738 NA 
1 N607A-1 N614A cso 2N739 sec 
608C (600C) sec 2N740 sec 
610C (600C) sec 2N743-2N744 sec 
A610-A612 sec 1N746-1N759 23109 
612C (600C) sec 1N746A-1N759A (1N746) 23109 
614C (600C) sec 2N753 (2N706A) sec 
616C (600C) sec 2N759 sec 
618C (600C) sec 2N759A (2N759) sec 
620C (600C) sec 2N760 sec 
622C (600C) sec 2N760A (2N760) sec 
624C (600C) sec 1N761-1N766 sec 
1 N625-1 N629 sec 2N780 sec 
2N634A-2N636A cso 2N797 12101 
1N643 sec 800 
1N645·1N649 18113 2NB49-2N850 sec 
1N645A (1N645) 18109 2NB51·2NB52 sec 

Explanation of Page/Code column: 

Page Number - Page number in this catalog of data sheet for device listed at left. 
SCC - Data sheet in 1967-68 Semiconductors and Components Catalog - data sheet available on request. 
CSO - Data sheet not presently available; contact Tl sales office. 
NA - Not recommended for new design; data sheet available on request. 
R - Data sheet available on request. 
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DEVICE TYPE PAGE/CODE DEVICE TYPE PAGE/CODE 

2N870-2N871 (2N698) sec 2N1370-2N1371 (2N1273) sec 
900 2N1372-2N1377 9213 

A900-A903 sec 2N1378-2N1381 (2N1372) 9213 
LSX900 sec 2N 1382-2N 1383 NR 
A905-A908 (A900) sec 2N1385 cso 
2N910-2N912 sec 1400 
1N914-1N917 19201 2N1404 cso 
2N914 sec 2N1413-2N1415 sec 
1N914A (1N914) 19201 2N1420 l2N696) 1201 
1N914B (1N914) 19201 2N1445 cso 
2N915 sec 1N1487-1 N1492 cso 
2N916 sec 1500 
1N916A (1N914) 19201 2N1507 (2N696) 1201 
1N916B (1N914) 19201 2N1529-2N1538 17223 
2N917 sec 2N1539-2N1548 (2N1529) 17223 
2N918 3201 2N1564 NR 
A3T918 3203 2N1565 sec 
2N929-2N930 1263 2N1566 sec 
A3T929-A3T930 1269 2N1566A (2N736A) sec 
2N929A-2N930A cso 2N1572 NR 
2N956 (2N696) 1201 2N1573 sec 
1N957-1N961 cso 2N1574 sec 
1 N957 A-1 N961A cso 1N1581-1N1587 cso 
1N9578-1N961B cso 2N1586-2N1594 cso 
2N960-2N962 12105 2N 1595-2N 1599 sec 
2N963 sec 1600 
2N964-2N966 (2N960) 12105 2N1600-2N1604 sec 
2N967 (2N963) sec 2N1605 sec 
2N968-2N975 sec 1N1612-1N1616 cso 
2N985 sec 2N1613 (2N696) 1201 
2N995 sec 2N1671 7109 
2N997 4301 2N1671A 12N1671) 7109 

1000 2N1671B (2N1671) 7109 
2N1021-2N1022 12N456A) 17101 2N1690-2N1691 cso 
2N1021A-2N1022A 12N4568) sec 1N1692-1N1697 cso 
2N1038-2N1041 17201 1700 
2N 1042-2N1045 sec 2N171112N696) 1201 
2N1046 sec 2N1714-2N1721 sec 
2N1047-2N1050 sec 2N1722 16301 
2N1047A-2N1050A\12N 10471 sec 2N1722A sec 
2N10478-2N10508 12N 1047) sec 2N1723 sec 
1N1095-1N1096 cso 2N1724 l2N1722) 16301 

1100 2N 1724A 12N 1722AI sec 
1 N1100-1N1105 cso 2N1725 l2N17231 sec 
1 N1115-1N1120 cso 2N 1729-2N 1732 cso 
Tl 1121-TI 1126 sec 2N 1770-2N 1778 sec 
1N1124A-1N1128A cso 2N1770A-2N1777A sec 
2N1131-2N1132 sec 1800 
Tl1131-Tl1136 sec 2N1808 l2N1605) sec 
2N1141-2N1143 sec 1N1816-1N1836 cso 
2N1141A-2N1143A cso 1N1816A-1N1836A cso 
Tl1141-Tl1146 sec 1N1816C-1N1836C cso 
2N1149-2N1153 sec 1N1816CA-1N1836CA cso 
Tl1151-Tl1156 sec 2N 18428-2N 18508 sec 
2N1154-2N1156 sec 2N 1889-2N 1890 (2N698) sec 
2N1195 cso 2N 1891-2N 1892 cso 

1200 2N1893 (2N69BI sec 
2N1235 cso 1900 
2N1252 sec 2N1907-2N1908 17231 
2N1253 sec 2N1924-2N1926 sec 
2N1260 cso 2N1973-2N1975 12N910) sec 
2N1273-2N1274 sec 2N1993 cso 
2N1276-2N1279 cso 2N1994-2N1996 sec 

1300 2N1997-2N1999 9301 
2N 1302-2N 1309 9205 2000 
2N1319 cso 2N2000-2N2001 9307 

Explanation of Page/Code column: 

Page Number - Page number in this catalog of data sheet for device listed at left. 

SCC -- Data sheet in 1967-68Semiconductors and Components Catalog - Data sheet available on request. 
CSO - Data sheet not presently available; contact Tl sales office. 
NR - Not recommended for new design; data sheet available on request. 
R - Data sheet available on request. 
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DEVICE TYPE PAGE/CODE DEVICE TYPE PAGE/CODE 

2N2060 4401 2N 2861-2N 2862 R 
1N2069-1N2071 sec 2N 2863-2N 2864 sec -1N2069A-1N2071A (1N2069) sec 2N2865 sec 

2100 2N 2883-2N 2884 sec 
2N2102 cso 2N2894 2125 
2N2102A cso A3T2894 2127 
2N2150-2N2151 sec 2900 
2N2160 (2N1671) 7109 2N2902 cso 
2N2173 cso 2N2904,2N2905,2N2906,2N2907 2131 
1N2175 27801 2N2904A-2N2907A sec 
2N2188-2N2191 sec A3T2906-A3T2907 2135 
2N2192-2N2194 1301 A3T2906A-A3T2907A (A3T2906) 2135 
2N2192A-2N2194A (2N2192) 1301 2N 2913-2N2920 4409 

2200 2N2915A, 2N2916A, 2N2919A, 
2N2217-2N2219 1305 2N2920A (2N2913) 4409 
2N2218A-2N2219A sec 2N2944, 2N2945, 2N2946 2139 
2N2220-2N2222 (2N2217) 1305 2N2944A-2N2946A (2N2944) 2139 
A3T2221-A3T2222 1313 1N2970-1N3011 cso 
2N2221A-2N2222A (2N2218A) sec 1N2970A-1N3011A cso 
A3T2221A-A3T2222A 1317 1N2970B-1N30118 cso 
2N2223 ( 2N 2060) 4401 2N2972-2N2977 (2N2913) 4409 
2N2223A (2N2060) 4401 2N2978-2N2979 (2N2913) 4409 
2N2243 (2N2192) 1301 2N2987-2N2994 16401 
2N2243A ( 2N 2192) 1301 2N2996 sec 
2N2270 cso 2N2997 sec 

2300 2N2998 NR 
2N2303 sec 2N2999 NR 
2N2322-2N2326 sec 3000 
2N2368-2N2369 sec 2N3001-2N3004 24401 
2N2369A 1327 2N3005-2N3008 24407 
2N2386 6301 2N3009 NR 
2N 2386A ( 2N 23861 6301 2N3010 sec 
2N2387-2N2388 sec 2N3011 sec 
2N 2389-2N 2390 sec A3T3011 1405 
2N 2393-2N 2394 sec 2N3012 (2N2894) 2125 
2N 2395-2N 2396 sec 2N3013 1409 

2400 2N3014 sec 
2N2410 sec 2N3015 1413 
2N2411-2N2412 sec Tl3027-TI 3028 17301 
2N2413 cso Tl3029-Tl3031 sec 
2N2415-2N2416 sec 2N3033-2N3035 sec 
2N2432 1337 2N3036 sec 
2N2432A (2N2432) 1337 2N3037-2N3038 sec 
2N2453 sec 2N 3039-2 N 3040 sec 
2N2481 sec 2N 3043-2 N 3048 sec 
2N2483-2N2484 1349 2N3049-2N3051 sec 
A3T2484 (A3T9291 1269 2N3052 sec 
2N2497,2N2498,2N2499 6303 2N3053 cso 

2500 1N3064 sec 
2N2500 (2N24971 6303 1N3070 19303 
2N 2537-2N 2540 sec 3100 
2N2552-2N2559(2N1038) 17201 2N3114 sec 
2N2560-2N2567 (2N 1042) sec 2N3117 sec 
2N2586 sec 2N3146-2N3147 sec 

2600 3200 
2N2604-2N2605 2119 2N3244-2N3245 sec 
2N2635 12301 2N3250-2N3251 2209 
2N2639-2N 2641 4405 2N3250A-2N3251A (2N3250) 2209 
2N2642,2N2643,2N2644 2N3252-2N3253 sec 

(2N2639) 4405 2N3267 cso 
2N2653 R 3300 
2N2659-2N2670 sec 2N3303 sec 
2N2692-2N2694 sec 2N3304 sec 
2N2695-2N2696 sec 2N3328 NR 

2800 2N3329, 2N3330, 2N3331, 2N3332 6305 
2N2802-2N2807 sec 2N3333-2N3336 sec 

Explanation of Page/Code columr .. 

Page Number - Page number in this catalog of data sheet for device listed at left. 
SCC - Data sheet in 1967-68 Semiconductors and Components Catalog - data sheet available on request. 
CSO - Data sheet not presently available; contact Tl sales office. 
NR - Not recommended for new design; data sheet available on request. 
R - Data sheet available on request. 
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2N3347-2N3350 4507 2N3993-2N3994 6501 
2N3351-2N3352 (2N3347: 4507 2N3993A·2N3994A 6501 
2N3371 sec 2N3996-2N3999 16601 
2N3375 sec 4000 

3400 2N4000-2N4001 16607 
2N3418-2N3421 16501 1N4001-1N4007 25401 
2N3444 sec 2N4002-2N4003 16613 
2N3449 cso 2N4004-2N4005 sec 
2N3458·2N3460 cso 2N4040-2N4041 cso 
2N3467-2N3468 (2N32441 sec 2N4058-2N4062 2301 
2N3485-2N3486 sec 2N4091-2N4093 (2N3970) sec 
2N3485A-2N3486A (2N34851 sec 1N4099 sec 
2N3494, 2N3495, 2N3496, 2N3497 sec 4100 

3500 1N4100-1N4106 sec 
2N3502-2N3505 sec 2N4104 sec 
1N3506· 1 N3520 cso 2N4138 (2N24321 1337 
2N3551-2N3552 16507 1N4148-1N4149 19401 
2N3553 cso 1N4151-1N4154 19403 
2N3554 sec 4200 
2N3555-2N3558 24417 2N4252-2N4253 1445 
2N3559-2N3562 24425 4300 
2N3570-2N3572 3401 2N4300 16625 
2N3573·2N3575 cso 2N4301 16631 
2N3576 sec 1N4305 19405 

3600 1N4360 cso 
2N3632 sec 1 N4370-1 N4372 23601 
2N3680 4509 1N4370A·1 N4372A ( 1 N4370I 23601 

3700 1N4373 cso 
2N3702-2N3703 2225 1N4378 cso 
2N3704·2N3706 1433 2N4391-2N4393 (2N39701 sec 
2N3707-2N3711 1435 2N4398-2N4399 16645 
2N3712 NR 4400 
2N3713·2N3716 16511 2N4416 6503 
2N3724-2N3725 1437 2N4416A (2N44161 6503 
2N3724A-2N3725A (2N37241 1437 2N4418-2N4419 cso 
2N3733 cso 2N4421 cso 
2N3789-2N3792 16556 2N4422 cso 
2N3798"2N3799 sec 1N4444 (1N43051 19405 

3800 1N4446, 1N4447, 1N4448, 
2N3806-2N3811 sec 1N4449 (1N4148) 19401 
2N3819 6401 1 N4454 ( 1 N4305) 19405 
2N3820 6403 4500 
2N3821-2N3822 6405 1N4531-1N4534 sec 
A3T3821·A3T3823 cso 1N4536 (1N45311 sec 
2N3823 6407 4600 
2N3824 sec 1N4606 sec 
2N3826-2N3827 NR 4700 
2N3828 NR 1N4727 sec 
2N3829 2235 4800 
2N3830-2N3831 sec 2N4854-2N4855 4701 
2N3832 sec 2N4856-2N4857 6511 
2N3833-2N 3835 sec 2N4858-2N4861 (2N4856) 6511 
2N3838 4517 2N4856A-2N4861A(2N3970) sec 
2N3846·2N3847 16579 2N4874, 2N4875, 2N4876 3701 
2N3866 3501 2N4891-2N4894 sec 

3900 4900 
2N3909 6413 2N4901-2N4903 sec 
2N3909A (2N39091 6413 2N4904-2N4906 sec 
2N3936-2N3940 sec 2N4913-2N4915 sec 
2N3962-2N3965 sec 1N4938 cso 
2N3970-2N3972 sec 2N4947-2N4949 (2N3980) 7201 
2N3980 7201 2N4994-2N4995 1503 

Explanation of Page/Code column: 

Page Number - Page number in this catalog of data sheet for device listed at left. 
SCC - Data sheet in 1967·68 Semiconductors and Components Catalog~ data sheet available on request. 
CSO - Data sheet not presently available; contact Tl sales office. 
NR - Not recommended for new design; data sheet available on request. 
A - Data sheet avatlable on request. 
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2N4996·2N4997 1511 
5000 

2N5043·2N5044 14401 
2N5045·2N5047 6601 
2N5058-2N5059 sec 

5200 
2N5245·2N5247 6703 
2N5248 6711 
2N5273-2N5275 sec 

5300 
2N5301·2N5303 16687 
2N5332 sec 
2N5333 16701 
2N5384·2N5385 16707 
2N5386 16711 
2N5387,2N5388,2N5389 16715 
2N5390 sec 
2N5399 sec 

5400 
2N5413-2N5414 sec 
2N5447-2N5448 2305 
2N5449·2N5451 1701 

5500 
2N5543 R 
2N5544 R 
2N5545 sec 
2N5546 sec 
2N5547 sec 
2N5548 sec 
2N5549 sec 

Explanation of Page/Code column: 

Page Number - Page number in this catalog of data sheet for device listed at left. 
SCC - Data sheet in 1967-68 Semiconductors and Components Catalog - data sheet available on request. 
CSO - Data sheet not presently available; contact Tl sales office. 
NR - Not recommended for new design; data sheet available on request. 
R - Data sheet available on request. 
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MILITARY DEVICES AVAILABLE FROM TEXAS INSTRUMENTS 

This table lists available Tl device types manufactured and tested in accordance with appropriate military specification requirements. Note that 
except for items with an asterisk, only the latest specification revision and type number prefix (as of August 1, 1969) are listed. In certain cases however' 
previous prefix types meeting superseded issues of the specifications can be supplied if desired. ' ' 

Copies of the current military specification issues may be ordered from: Commanding Officer, U. S. Naval Publications and Forms Center 5801 Tabor 
Avenue, Philadelphia, Pa., 19120. ' 

JAN 1N251 
JAN 1N457, 1N458, 1N459 
JAN 1N4838 
JAN TX 1 N4838 
JAN 1N4858 
JAN TX 1 N485B 
JAN 1N643 
JAN 1N645, 1N647, 1N649 
JAN TX1N646, TX1N647, TX1N649 
JAN 1N662, 1N663 
JAN 1N746A thru 1N769A 
JAN TX1N746A thru TX1N759A 
JAN 1N914 
JAN TX1N914 
JAN 1N3070 
JAN TX1N3070 
JAN 1N414B 
JAN TX1N4148 
JAN 1N4153 
JAN TX1N4153 
JAN 1N4370A, 1N4371A 
JAN TX1N4370A, TX1N4371A 
JAN 1N4372A 
JAN TX 1 N4372A 
JAN 1N4464 
JAN TX 1 N4454 
JAN 1N4531 
JAN TX1N4631 
JAN 1N4532 
JAN TX1N4532 
JAN 1N4938 
JAN TX1N4938 

DIODES 
MIL-S-19500/lBBA 
MIL-5·19500/1938 w/Amend. 1 
MIL-S-19500/11BC w/Amend.-1 
MIL-S-19500/118C w/Amend.-1 
MIL-S-19500/118C w/Amend.-1 
MIL·S-19500/118C w/Amend.·1 
MI L-S-19500/2568 
MIL·S-19500/240C 
MIL·S-19500/240C 
MI L·S· 19500/2568 
MIL-S-19500/127E 
MIL-S-19500/127E 
MIL-S-19500/116E 
MIL·S·19500/116E 
MIL-S-19500/169E 
MIL-S·19500/169E 
MIL-S·19500/116E 
MIL-S·19500/116E 
MIL·S-19500/3378 
MI L-S-19500/3378 
MIL·S·19500/127E 
MIL-S·19500/127E 
MIL·S-19500/127E 
MIL-S·19500/127E 
MIL·S-19500/144E 
MIL-S-19500/144E 
MIL-S-19500/116E 
MIL-S·19500/116E 
MIL·S-19500/144E 
MIL-S-19500/144E 
MIL-S-19500/169E 
MIL-S-19500/169E 

TRANSISTORS 
JAN 2N117, 2N118, 2N119 
USN 2N332 
JAN 2N333 
USN 2N334 
JAN 2N335. 2N336 
JAN 2N337, 2N338 
JAN2N341 
JAN 2N342, 2N343 
JAN 2N35BA 
JAN 2N388 
JAN 2N389 
JAN 2N404 
JAN 2N404A 
JAN 2N416, 2N417 
JAN 2N424 
JAN 2N427 
JAN 2N428M 
JAN 2N456B, 2N457B, 2N45BB 
JAN 2N489A thru 2N494A 
JAN TX2N489A thru TX2N494A 

.USAF 2N489 thru 2N494 
JAN 2N497, 2N498 
JAN 2N502A, 2N5028 
JAN 2N666, 2N857 
JAN 2N696, 2N697 
JAN 2N702, 2N703 
JAN 2N705 
JAN 2N706 
JAN 2N718A 
JAN TX2N71BA 
JAN 2N720A 
JAN TX2N720A 
JAN 2N744 
JAN 2N759A, 2N760A 
J>'IN 2N910, 2N911, 2N912 
JAtl TX2N910, TX2N911, TX2N912 
JAN 2N916 
JAN 2N918 
JAN TX2N918 
JAN 2N929, 2N930 
JAN TX2N929, TX2N930 
JAN 2N962 
JAN 2N964 
JAN 2N1021A, 2N1022A 

MI L-S-19500/2 B 
•MIL-T-19500/37 A(NAVY) 
MIL-S-19500/37C w/Amend.-1 
•Ml L-T-19500/37A(NAVYI 
MIL-S-19500/37C w/Amend.-1 
MIL·S-19500/690 w/Amend.·1 
MIL ·S-19500/318 
MIL-S·19500/16E 
MIL·S-19500/63C w/Amend.·1 
MI L-S· 19500/65A 
MIL-S-19500/173A 
MIL-S-19500/208 w/Arnend.-1 
MIL-5-19500/208 w/Amend.-1 
MIL-S· 19500/56B(ELI 
MIL·S-19500/173A 
MIL-S·19500/41B(ELI w/Arnend.·1 
MIL-S-19500/44C w/Amend.-2 
MIL-S·19500/217A 
MIL-S-19500/758 w/Amend.-1 
Ml L-S-19500/756 w/Arnend.-1 
•Ml L·T-19500/75(USAF) 
MIL-S-19500/74E w/Amend.-1 
MIL·S·19500/112CIELI 
MIL·S·19500/74E w/Amend.-1 
MIL-S-19500/99E w/Amend.-1 
MIL-S-19500/153B(E LI 
MIL-S-19500/86A w/Amend.-1 
MIL-5·19500/1206 w/Amend.-1 
Ml L·S-19500/181 C w/AmenCl.·2 
Ml L-S·19500/181C w/Arnend.-2 
MI L-S-19500/182C 
MI L-S-19500/182C 
M IL-S-19500/273A(NAVY) 
MIL·S-19500/218A 
M IL·S-19500/274B(E LI 
M IL-S-19500/274BIELI 
MIL·S·19500/271AINAVY) w/Arnend.·2 
MIL-S-19500/301A w/Amend.-1 
M IL·S-19500/301 A w/Arnend.-1 
MIL·S·19500/263B 
MIL-5·19500/2538 
MIL·S·19500/25BA(NAVY) w/Amend.-3 
MIL-S-19600/25BAINAVY) w/Amend.-3 
MIL·S·19500/217A 

JAN 2N1039 
JAN 2N1041 
JAN 2N1042 thru 2N1045 
JAN 2N1046 
JAN 2N1049A, 2N1050A 
JAN 2N1131.2N1132 
JAN 2N1142 
JAN 2N1302 thru 2N1309 
JAN 2N1613 
JAN TX2N1613 
JAN 2N1711 
JAN TX2N1711 
JAN 2N1714 thru 2N1717 
JAN 2N1722 
JAN TX2N1722 
JAN 2N1724 
JAN TX2N 1724 
JAN 2N1890 
JAN TX2N1890 
JAN 2N1893 
JAN TX2N1893 
JAN 2N2060 
JAN TX2N2060 
JAN 2N2218, 2N2218A 
JAN TX2N2218. TX2N2218A 
JAN 2N2219, 2N2219A 
JAN TX2N2219, TX2N2219A 
JAN 2N2221, 2N2221A 
JAN TX2N2221, TX2N2221A 
JAN 2N2222, 2N2222A 
JAN TX2N2222. TX2N2222A 
JAN 2N2369A 
JAN TX2N2369A 
JAN 2N2432, 2N2432A 
JAN TX2N2432, TX2N2432A 
JAN 2N2481 
JAN TX2N2481 
JAN 2N2553 
JAN 2N2555 
JAN 2N2557 
JAN 2N2559 
JAN 2N2642 
JAN TX2N2642 
JAN 2N2904. 2N2904A 
JAN TX2N2904, TX2N2904A 
JAN 2N2905, 2N2905A 
JAN TX2N2905, TX2N2905A 
JAN 2N2906, 2N2906A 
JAN TX2N2906, TX2N2906A 
JAN 2N2907, 2N2907 A 
JAN TX2N2907, TX2N2907A 
JAN 2N2945A, 2N2946A 
JAN TX2N2945A, TX2N2946A 
JAN 2N3013 
JAN 2N3251A 
JAN TX2N3251A 
JAN 2N3253 
JAN 2N3420, 2N3421 
JAN TX2N3420, TX2N3421 
JAN 2N3449 
JAN 2N3467 
JAN 2N3810 
JAN 2N3823 
JAN TX2N3823 
JAN 3N35 
JAN 3N75, 3N76 
JAN TX3N75, TX3N76 
JAN 3N108 

RL20 
RN50C 
RN55 C,0,E,G 
RN60 C,O,E,G 
RN65 C,D,E,F,G 
RN70 C,D,E 
RN55 ... TX C,D,E,G 
RN60 .•. TX C,D,E,G 
RN66 ... TX C,D,E,F,G 
RN70 ... TX C,D,E 

MIL-S-19500/89C w/Amend.-1 
MIL-S-19500/89C w/Amend.-1 
MIL·S-19500/1378 
MIL-5-19500/SB(NAVY) w/Amend,-1 
MIL-S-19500/176A w/Amend.-1 
MIL-S-19500/177C 
MI L-S-19500/87 A 
MI L-S-19500/1268 
MIL-S-19500/181C w/Amend.-2 
MI L-S-19500/181 C w/Amend.-2 
MI L-S-19500/2250 
MIL-S-19500/2250 
MI L-S-19500/263A( EL) w/Amend.-2 
MIL·S-19S00/262F 
MI L·S-19500/262F 
MIL-S-19500/262F 
MIL·S-19500/262F 
MIL-S-19500/2250 
MIL·S-19500/2250 
MIL·S-19500/182C 
MI L-S-19500/182C 
MIL-S-19500/270B(NAVY) w/Amend.-2 
MIL-S-19500/270B(NAVY) w/Amend.-2 
Ml L·S-19500/251E w/Amend.-1 
Ml L-S-19500/251 E w/Amend.-1 
MIL-S-19500/251E w/Amend.-1 
MIL-S-19500/251E w/Amend.-1 
Ml L·S-19500/255E w/Amend.-1 
MIL·S-19500/255E w/Amend.-1 
MIL-S·19500/255E w/Amend.-1 
MIL-S-19500/255E w/Amend.-1 
Ml L·S-19500/3170 
MIL·S-19500/3170 
Ml L-S-19500/313A 
MI L-S· 19500/313A 
MIL·S-19500/2686(NAVY) w/Amend.·1 
MIL·S-19500/2688(NAVY) w/Amend.-1 
MIL-S-19500/89C w/Amend.-1 
MIL-S-19500/89C w/Amend.-1 
MIL·S·19500/89C w/Amend,-1 
MIL·S-19500/89C w/Amend,-1 
MIL-S-19500/316A(USAFI w/Amend.-1 
MIL·S·19500/316A(USAF) w/Amend."1 
MIL·S-19500/2908 w/Amend.-1 
MIL-S-19500/2908 w/Amend.-1 
MIL-S-19500/2908 w/Amend.-1 
MIL-S-19500/2908 w/Amend.-1 
MIL-S-19500/2916 w/Amend.-1 
MIL·S-19500/2918 w/Amend.-1 
MIL-S-19500/2918 w/Amend.-1 
MIL·S-19500/2918 w/Amend.-1 
MIL-S-19500/3821USAF) w/Amend.·1 
MIL-S-19500/382(USAF) w/Arnend.-1 
MIL-S·19500/287{NAVY) w/Amend.-3 
Ml L·S-19500/323A w/Amend.-2 
MIL-S-19500/323A w/Amend.-2 
Ml L-S-19500/347(NAVYI 
MIL-S·19500/393(USAF) w/Arnend.-2 
MIL-S-19500/393(USAF) w/Amend.·2 
Ml L·S·19500/338(USAF) 
MIL ·S-19500/348(NAVY) w/ Amend.-2 
MIL-S-19500/336(NAVY) w/Amend.-2 
MI L-S-19500/375A 
MI L-S-19500/375A 
Ml L-S-19500/800 
MI L-S-19500/390IUSAF I 
Ml L·S· 19500/3901USAFI 
M IL-S-19500/361 INAVY) 

RESISTORS 
MIL-R-22684/28 
MIL·R·10509/8B 
MIL·R·10509/7E 
Ml L·R·10509/1 H 
M1L-R-10509/2F w/Amend,-1 
MIL·R·10509/3F 
Ml L·R-10509/007D(USAF) w/Amend.-1 
Ml L·R· 10509/001 GI USAF) w/Amend.-1 
MIL·R·10609/002DIUSAF) w/Amend.-1 
MIL·R·10509/003EIUSAFI w/Amend.·1 



DESIGN ASSISTANCE DIRECTORY 

TO HELP YOU DESIGN SEMICONDUCTOR CIRCUITS 
... whether you are a beginning student or a systems 
designer, Texas Instruments offers you several kinds of 
literature and services related to our products. This 
directory briefly describes all these resources and their 
respective purposes and tells how to obtain use of them. A 
complete guide is included to one such resource--our 
application reports or notes. 

BASIC PRINCIPLES 

If you want to learn basic principles like how a 
transistor or a television set works, several commercially 
available books by TI engineers are recommended. These 
books are the main tutorial and reference material 
produced by Tl. By contrast, material about the use of 
specific device types and information not generally 
available in textbooks is found in application reports. 

Basic Course in Solid-State Electronics. Here a re 12 
lessons addressed to readers with no previous knowledge of 
semiconductors. Topics include "Introduction to 
Semiconductors," "Preparation of Semiconductors 
Materials," "Basic Transistor Amplifier Circuits," 
"Manufacture and Testing of Transistors," and 
"Introduction to Integrated Circuits." (Prepared by 
engineers of Texas Instruments and published in Machine 
Design magazine from November, 1966, through April, 
1967.) 111 pages. 8 1/2 X 11 inches, paper-bound, Price 
$3.00. Order from MACHINE DESIGN, Reader Service, 
Penton Bldg., Cleveland, Ohio 44113. Also available in 
modified form as a hard-back textbook in the Microlibrary 
Series below. 

Basic Course in Integrated Circuits. This series of 15 
lessons carries the reader beyond the similar Basic Course in 
Solid-State Electronics, taking up topics such as, "Impact 
of Integrated Circuits," "Review of Solid-State 
Technology," "Formation of Integrated Circuits," 
"Characteristics of Digital !Cs," and "IC Applications, 
Present and Future." (Written by Robert G. Hibberd of 
Texas Instruments and published in Machine Design 
magazine from September, 1968, through May, 1969.) 111 
pages. 8 1/2 X II inches, paper-bound. Price $3.00. Order 
from MACHINE DESIGN, Reader Service, Penton Bldg., 
Cleveland, Ohio 44113. 

TI Microlibrary Books. These textbooks range from 

educational material for beginners to definitive reference 
works for engineers. For details, refer to page 1320 of this 
catalog. 

INTRODUCTION TO TI PRODUCTS 

If you want general information about some of our 
products and what they will do for you, the quickest way is 

to ask one of our field sales engineers or authorized 
distributors neat you. {TI addresses and telephone numbers 
ate listed on the back cover here.) Or it may be that one of 
the application reports or catalogs described later in this 
directory will serve your purpose at this point. However, we 
have prepared colorful brochures about some of the most 
useful standard products-most likely they will provide the 
best introduction to these particular lines. They are 
described below. Get them free from Texas Instruments 

MS 308, P.O. Box 5012, Dallas, Texas 

CB-IOI: FET Design Ideas from Texas Instruments. 
This brochure was developed as a "thought-starter" for 
designers employing field-effect transistors in their circuits. 
It lists all the TI FETs and their important parameters and 
shows 18 useful circuits employing some of them. 13 pages. 
May, 1.969. 

~-l!!'l"''CB-102: TTL Integrated Circuits from Texas 
Instruments. All the 54/74 TTL family of !Cs is 
summarized here, including standard, high-speed, and 
low-power versions. Pin break-outs and functional circuit 
diagrams of each device are shown. Also included are 
loading rules for using the three speed/power varieties 
together, descriptions of available packages, an explanation 
of device nomenclature, and some typical applications. 77 
pages. June, 1969. 

SC-l 1I16A: ECL2500 Series Integrated Circuits from 
Texas Instruments. This brochure is an introduction to Tl's 
wide line of ultra-high-speed emitter-coupled-logic !Cs. A 
general description of 29 different devices is provided. 30 
pages. February, 1969. 

SPECIFICATIONS AND TECHNICAL DATA 

You may obtain both custom-made and standard 
products from Texas Instruments. To determine whether 
one of our standard products suits your design 
requirements or to obtain specifications to use in your 
design, you may ask for single data sheets. Or if you want 
to compare many such data sheets or need some technical 
data not included in one of these sheets, ask for one of the 
complete catalog; and data sources described below. They 
are available free from Texas Instruments Incorporated, MS 
308, P.O. Box 5012, Dallas, Texas 75222. 

CC-201: TTL Integrated Circuit Catalog from Texas 
Instruments. Collected here are all the data sheets on 54/74 
TTL from Tl, including standard, high-speed, and 
low-p'ower varieties. Also included are a TTL 
interchangeability guide, rules for loading devices of the 
three speed/power options used together, an index to TTL 
application reports, and an index by series, function, and 
package. Over 400 pages. August, 1969. 
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CC-202: Preferred Semiconductors and Components 
from Texas Instruments. The industry produces more than 
70,000 different types of standard and special discrete 
semiconductors and passive electronic components. But the 
310 Texas Instruments devices included in this catalog will 
meet the vast majority of circuit requirements. Also 
included are cross-references, applications information, 
selection guides, circuit diagrams, etc. Over 600 pages. 
September, 1969. 

CC-203: Texas Instruments Semiconductor 
Packaging. This catalog describes most metal and ceramic 
cases manufactured by Texas Instruments for encapsulation 
of transistors, integrated circuits, LSI, diodes, etc. Not only 
are the familiar packages for standard catalog devices 
included, but also several for custom-made units. In 
addition, an I I-page introduction explains the basic 
considerations of package design and selection and outlines 
Tl's capability for creating special packages for individual 
customer requirements. 67 pages. July, 1969. 

CR-101: Plastic Package Integrated Circuits 
Reliability Summary. Tabulated here are the results of 
environmental and life tests conducted in 1968 by Texas 
Instruments on its dual in-line plastic package. 6 pages. 
June, I 969. 

APPLICATIONS LITERATURE 

The application reports indexed on the next six pages 
can help you in several ways. Some of them serve as a sort 
of user's manual for a product. Others suggest ways 
semiconductor devices can solve your problems. A few of 
them provide educational material on basic principles not 
found in the Microlibrary or basic courses. The subjects are 
centered on applications of products we make. We are 
continually producing new reports and dropping old ones. 
For more details, refer to the appropriate later section here. 

DESIGN CONSULTATION 

Of course, your situation may call for more design 
assistance than you can get from publications like those 
above. In any such case, all the technology and know-how 
of Texas Instruments is at your command. Probably the 
best initial source of design assistance and further 
information is one of our field sales engineers (see list on 
back cover) or authorized distributors. He, perhaps in 
conference with a product marketing engineer in Dallas, can 
recommend how to use standard products or custom-tested 
variations thereof. If you need more detailed circuit design 
assistance using mainly standard products, the field sales 
engineer may refer you to our Applications/Design 
Department (MS 35, P.O. Box 5012, Dallas, Texas 75222, 

telephone 214:238-3319). Finally, if you need a systems 
approach to your circuit design, our Customer Engineering 
Center (CEC) with its computer techniques and familiarity 
with all present and future TI technology is at your disposal 
(further CEC details below). For more information, get the 
folio · g brochure. 

; CB-HlO: Solid-State Solutions from Texas Instruments 
for Industrial and Commercial Applications. Summarized 
here are 20 case histories representative of hundreds in 
which TI helped customers develop new electronic 
solutions to improve their products dramatically. Also 
outlined and depicted are the key steps in Tl's process of 
helping customers from design through prototype 
production of microcircuits and systems. 19 pages. 

'February 1969. Free on request from Texas Instruments 
Incorporated, MS 308, P.O. Box 5012, Dallas, Texas 

' 75222. 

CUSTOM-ENGINEERED MICROCIRCUITS 
AND ASSEMBLIES 

The best solution to your design problem may involve 
microcircuits, assemblies, or devices beyond TI standard 
catalog products. If you and our field sales engineer or 
distributor have definitely selected a particular 
semiconductor technology for the custom engineering 
application at hand (such as MOS or thin-film hybrid 
circuits), perhaps one of the TI product-customer-centers 
(PCCs) is the best source of special designs. But if the best 
technology to be used is not presently clear (especially in 
cases where your project may not go into production for 
several years to come), then our Customer Engineering 
Center is the natural contact point for you and the field 
sales engineer. The CEC foresees improvements in all 
semiconductor technologies and helps plan your design 
program accordingly. The support by the CEC extends to 
complete design and prototype fabrication of integrated 
circuits and assemblies of all kinds. The brochure described 

_,....i.et!l'W suggests some ways the CEC might help you. 
CI-3734: Customer Engineering Center (CEC). This 

brochure tells how the CEC makes all advanced 
technologies of the corporation available for designing the 
optimum microelectronic circuits for customers' systems. 
Described here are the CEC's capabilities for design and 
prototype fabrication of circuits and assemblies using 
monolithic and hybrid !Cs, microwave technology, 
large-scale integration, and computer-aided design. 
Photographs of facilities and typical projects are included. 
71 pages. June, 1969. Available from Texas Instruments 
Incorporated, MS 308, P.O. Box 5012, Dallas, Texas 
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INDEX TO APPLICATIONS LITERATURE 

The application reports and notes described here were 
written and are stocked for the purposes explained above as 
part of Tl's design assistance efforts. Below you will find a 
two-part index or cross-reference to these publication 
numbers followed by short descriptions of each publication 
(arranged in order of identification number). Since 

application publications usually do not contain details of 
product specifications, you may want to order data sheets 
or catalogs also. These book.lets are available free from Tl 
field sales offices and authorized distributors and from 
Texas Instruments Incorporated, MS 308, P.O. Box 5012, 
Dallas, Texas 75222. Please refer to publication numbers as 
well as titles when making requests. 

INDEX BY PRODUCT TYPE 

DIODES 
Design Methods: CA·61 
Light-Emitting: C A-131 
Microwave Mixer: CA-92 
Varactor: SC·8856 

INTEGRATED CIRCUITS 
54/74 TTL; CA-102, CA-108, CA-112, CA-114, 
CA-128, CA-129 
Line Drivers and Receivers: CA-122, CA-130 
Memory Drivers: CA-107, CA-122 
Microwave: CA-64, CA-92 
MOS; CA-114, CA·l27 
Sense Amplifiers: CA-IOI, CA-122 

MICROWAVE PRODUCTS: CA-64, CA-92 

OPTOELECTRONIC DEVICES: CA-131 

SENSISTOR® TEMPERATURE-SENSITIVE 
RESISTORS: CA-125 

SILICON POWER DEVICES 
Thyristors (SCRs and Triacs): CA-66, CA-98, CA-121, 
SC-4494 
Transistors: CA-105, CA-111, CA-116, CA-117, 
CA-118, CA-119, CA-120, CA-123, CA-126, SC-3605 

TRANSISTORS 
General: CA·63, SC-3605 
Germanium Power and Small-Signal: ·cA-8 J, SC-3665 
Microwave: CA-92 
Silicon Power: See Silicon Power Devices 
Silicon Small-Signal: CA-68, CA-83, CA.SS, CA-86, 
CA-88, CA-90, CA-95, CA-96, CA-99, CA-104, 
CA-109, CA-110, CA-113, CA-124, SC-3327, 
SC-9743 

• 
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INDEX BY CIRCUIT TYPE 

AMPLIFIERS 
Audio: CA-96, CA-105, CA-111, CA-116, CA-117 
Power Control: CA-98, CA-119, CA-121 
RF: CA-83, CA-85, CA-95, CA-104, CA-113, 
CA-124, SC-8856, SC-9743 
Sense Amplifiers: CA-101, CA-122 
Servo: CA-118 
Wideband: SC-3327 

COMPUTER INTERFACE CIRCUITS 
General: CA-122 
Line Drivers and Receivers: CA-122, CA-130 
Memory Drivers: CA-107, CA-122 
Sense Amplifiers: CA-101, CA-122 

DIGIT AL CIRCUITS 
Digital-to-Analog Converters: CA-I IO 
Discrete Devices: CA-88, SC-4494 
Integrated Circuits, 54/74 TIL: CA-102, CA-108, 
CA-112, CA-114, CA-128, CA-129 
Integrated Circuits, MOS: CA-114, CA-127 

MICROWAVE CIRCUITS 
General: CA-92 
Integrated Circuits: CA-64 

OSCILLATORS: CA-99 

OPTOELECTRONIC CIRCUITS: CA-131 

POWER CTRCUITS 
Amplifiers (Audio and Servo): CA-105, CA-111, 
CA-116, CA-117, CA-118 
Converters, DC-DC: CA-81, CA-123, CA-126 
Digital: SC-4494 
Inverters: SC-3665 
Motor Control: CA-98, CA-119, CA-121 
Power Control, General: CA-98 
Switching: CA-66, SC-3605 
Voltage Regulation: CA-120 

RADIO-FREQUENCY CIRCUITS: CA-83, CA-85, 
CA-86, CA-95, CA-104, CA-113, CA-124, SC-8856, 
SC-9743 

SWITCHING CIRCUITS: CA-66, CA-109, CA-110, 
SC-3605 

TEMPERATURE-SENSITIVE CIRCUITS: CA-98, 
CA-121,CA-125 

TRANSISTOR CIRCUIT DESIGN: CA-63, CA-90, 
CA-125, SC-3605 
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SUMMARIES OF APPLICATIONS PUBLICATIONS 

CA-61: Diode Recovery Time. Titis note discusses the 
transient response of a general semiconductor diode when 
bias is applied or reversed. Theoretical background and 
means of predicting transients are included. (Formerly 
SC-3780) 6 pages. April, 1963. 

CA-63: Thermal Considerations in Transistor Circuit 
Design. The complete general analysis of thermal stability 
of transistor circuits is a very complicated subject. In this 
report, some simplified practical approaches are presented, 
along with guidance for more complete analysis of any 
specific design. (Formerly SC-2916) 15 pages. December, 
1962. 

CA-64: Microwave Integrated Circuit Techniques. This 
report is a survey of microwave hybrid integrated-circuit 
technology. Application and advantages of integrated 
microwave circuits are discussed. Design and fabrication 
techniques are presented. As examples, Tl circuits are 
described. (Formerly CP-1860) 38 pages. February, 1968. 

CA-66: SCR Switching Methods. Silicon controlled 
rectifiers are PNPN semiconductor triodes that are very 
useful as fast, efficient power switches. This report shows 
how they work and various ways to turn them on and off 
under d-c and l!-C conditions with various types of load. 
(Revised combination of SC-895 and SC-3727) 13 pages. 
July, 1969. 

CA-68: The How and Why of Unijunction Transistors. The 
unique features and characteristics of the UJT are 
described. Topics include general features, equivalent 
circuits, theory of operation, method of construction, and 
circuit stability. This report concludes with a collection of 
practical UJT circuits that illustrates some of the possible 
uses of this device. (Formerly SC-3207) 20 ·pages. 
November, 1962. · 

CA-81: DC-DC Germanium Power Converters. Eight de-de 
converter circuits utilizing medium and high-power 
germanium transistors are described. (Formerly SC-1503) 6 
pages. August, 1961. 

CA-83: VHF Tuned Amplifiers Using 2N3823 FET. 
Common-gate and common-source VHF amplifiers can be 
designed on the basis of the common-source y parameters. 
A discussion is presented of VHF design nomenclature and 
procedure; this is followed by a design example for a 
JOO-MHz common-gate amplifier. Measured performance 
characteristics are given for the 2N3823 field-effect 
transistor in common-gate and common-source 100-MHz 
amplifier stages. (Formerly SC-7937) 11 pages. September, 
1965. 

CA.SS: Small.Signal Performance of a UHF Junction-Gate 
FET. Power gain and stability of the 2N3823 field-effect 
transistor are analyzed for the common-gate and 
common-source configurations. A SQQ.MHz amplifier 
employing this transistor in the common-gate configuration 
is described. Measured performance characteristics are 
compared to predicted values. (Formerly SC-8455) 11 
pages. February, 1966. 

CA-86: UHF Mixer Using 2N3823 FET. The low noise 
figure and square-law characteristics of the 2N3823 
field-effect transistor make this device suitable for use in a 
UHF mixer stage. A design procedure is presented for 
converting a 575-MHz r-f signal to a 45-MHz i·f signal. 
Performance data are given for the 2N3823 device in this 
circuit. (Formerly SC-8456) 11 pages. February, 1966. 

CA-88: The Field-Effect Transistor in a Schmitt Triger 
Circuit. The design analysis of a Schmitt trigger circuit 
using an FET as the input transistor is presented. The high 
input impedance of the FET eliminates loading of the 
driving source. (Formerly SC-9062) 7 pages. August, 1966. 

CA-90: Biasing the Field-Effect Transistor. A graphical 
technique is used to determine the operating point of the 
field-effect transistor for three types of bias: external bias, 
self-bias, and a combination of the two. Circuit gain and 
temperature stability are considered in selecting the bias 
point. (Formerly SC-9073D) 10 pages. August, 1966. 

CA-92: Microwave Technology Seminar, 1967. Four papers 
from this Tl seminar are reprinted here, entitled 
"Low-Noise Microwave Transistor and Schottky Barrier 
Mixer Diodes," "Microwave Integrated Circuits," 
"Microwave Transistor Characterization Including 
$-Parameters," and "Computer-Aided Design of Microwave 
Circuits," (Formerly SC-10147 A, B, C, and D) 60 pages. 
June, 1967. 

CA-95: FM RF Amplifiers and Mixers Usina Jwiction 
FETs. Design considerations for FET RF amplifiers and 
mixers are discussed. Also, a performance comparison of 
FETs and bipolar transistors in an FM tuner is given. 
(Formerly SC-10191) 20 pages. May, 1967. 

CA-96: High-Dissipation NPN/PNP Silect* Transistors. 
Plastic-encapsulated transistors having a solid copper 
collector lead are described. Complementary NPN and PNP 
devices are featured in several 2-watt amplifier designs. 
(Formerly SC-10199) 11 pages. June, 1967. 
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CA-98: Power Control Using Thyriston. The application of 
thyristors in industrial and commercial power control 
systems has grown considerably in the last several years. 
Electrical characteristics of SCRs, Triacs, and Thyristor 
Trigger Devices are discussed and several typical 
applications are presented, including motor speed controls, 
lamp dimmers, and an automatic thermostat. (Formerly 
SC-10325) 13 pages. September, 1967. 

CA-99: Field-Effect Transistor Oscillaton. Several common 
field-effect transistor (FET) oscillator configurations are 
described. Bias design and starting conditions are presented. 
Power output, frequency stability, and efficiency of FET 
oscillators are also discussed. (Formerly SC-10597) 19 
pages. August, 1966. 

CA-101: Operation and Use of Series 7520N Sense 
Amplifiers. SN7520 Series integrated circuits translate 
low-level signals from a coincident-current memory into 
TTL logic levels. This report shows how they work and how 
to use their multiple inputs and outputs to best advantage 
with various memory arrangements. 24 pages. November, 
1967. 

CA-102: TTL Integrated Circuits: Counters and Registers. 
Our MS! (medium-scale integrated) standard 54/74 TTL 
counters and shift registers can be used along with gates and 
flip-flops to build even more complex, specialized 
computation functions. This comprehensive report provides 
functional analyses for the design of complex counters, 
shift registers, and storage registers in this fashion. More 
than 50 examples are shown-such as a seven-bit 
parallel-to-serial converter using two SN7495 packages-and 
many more are suggested. 41 pages. March, 1968. 

CA-104: AGC Characteristics of FET Amplifiers. FETs are 
ideally suited for use in automatic gain-control circuitry of 
a radio-frequency amplifier. This report explains the 
trade-off with reverse and forward AGC using FETs in 
common-source and common-gate configurations. 
Principles and selection of AGC mode are also covered. 7 
pages. September, 1968. 

CA-105: All-Silicon 35-Watt Audio Power Amplifier. The 
economical amplifier described here operates on 55 V and 
drives an 8-12 load. at 35 W (rms) output, frequency 
respon'se is -3 dB at 7.4 Hz and 91 kHz. Total harmonic 
distortion is less than 0.5% from 60 Hz to 17 kHz and less 
than I% from 37 Hz to 54 kHz. Sensitivity at I kHz is less 
than I V for full power output. Low-cost single-diffused 
epitaxial-base plastic power transistors are used. 
Preamplifier and chassis design are not included. 12 pages. 
October, 1968. 

CA-107: SN75324 Monolithic Memory Driver. The 
SN75324 is a monolithic integrated circuit containing four 
fast, high-current switches controlled by seven logic inputs 
that are compatible with 54/74 TTL and other standard 
digital circuitry. It is designed for addressing and driving 
lines in a magnetic memory of an electronic digital 
computer. This report describes the SN75324 and 
illustrates how to apply it. 5 pages. February, 1969. 

CA-108: Noise in 54/74 TTL Systems. Noise is a smaller 
problem with standard 54/74 TTL than with most other 
logic types, but it is still a very important design 
consideration. This report describes various sources of 
extraneous voltages and currents and shows how to deal 
with them. 12 pages. November, 1968. 

CA-109: Switching-Circuit Applications of the 2N4856A 
Series FET. Because the field-effect transistor is capable of 
a high input impedance iit the gate terminal, it is widely 
used as a switching element. This report describes 
operations of the FET as a shunt-type and series-type 
switch. The 2N4856A is used as an example. 7 piiges. 
October, 1968. 

CA-110: A Digital-to-Analog Converter with FET Ladder 
Switch. This report describes a form of digital-to-analog 
converter which has been designed to test analog-to-digital 
converters. It uses a resistance ladder which is switched 
using the TIS73 field-effect transistor. A procedure is given 
so that the converter may be corrected for errors arising out 
of ladder resistance tolerance and device on resistance. 5 
pages. October, 1968. 

CA-Ill. Low-Cost Solid-State Audio Amplifien. This 
report describes two audio power amplifiers. A 15-W (rms) 
complementary-symmetry amplifier operates on 38 V and 
drives an 8-12 load. A 3-W class A circuit uses 12.6-V power 
for operation in an automobile. Complete P.erformance data 
are given. Preamplifier and chassis design are not 
mentioned. Single-diffused epitaxial-base plastic power 
transistors are used. 13 pages. November, 1968. 

CA-112: Logic Design with Series 54/74 Gates. Many 
relatively complex logic operations may be performed with 
simple interconnections of a few 54/74 TTL gates. This 
report suggests with numerous examples how these NANO 
and NOR gates can be used to best advantage in the 
implementation of Boolean logic. 13 pages. October, 1968. 

CA-113: Controlling Cross-Modulation in TV Tuners. The 
cross-modulation or interference between channels in a 
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television tuner may be minimized by the proper choice of 
amplifier transistor. This report presents three different 
circuits and FET devices and compares their 
cross-modulation performance to that of a standard 
vacuum-tube amplifier. An appendix explains the procedure 
and precautions for measuring cross-modulation. 11 pages. 
January, 1969. 

CA-114: MOS Static Shift Registers and TIL/DTL 
Systems. MOS shift registers have some very useful 
advantages; but when used in a more common TTL or DTL 
logic system, some interfacing is necessary. This report 
discusses the power, clocking, and data requirements of 
Texas Instruments MOS static shift registers and tells how 
to use them in 54/74 TTL (and some DTL) systems. Many 
recommended interface circuits are presented and 
discussed. 20 pages. November, 1968. 

CA-116: Low-Cost Plastic Power Output. This report 
provides two examples of the use of Tl single-diffused 
epitaxial-base plastic power transistors in the output stage 
of an audio amplifier. A 5-W design is of 
complementary-symmetry type and drives a 20-ohm load 
using 36-V ·power. A modification of this circuit delivers 
2.5 W into an 8-ohm load using 18-V power. Performance 
of all designs is suitable for intercoms and portable 
phonographs. Complete performance data are included. 7 
pages. November, 1968. 

CA-117: Low-Cost Plastic Power Drivers. This report 
discusses two similar approaches to the use of low-cost 
plastic single-diffused epitaxial-base power transistors as 
drivers in 80-W audio power amplifiers. One arrangement 
has a class A driver stage and would be suitable for a 
public-address system. The other uses class AB drivers to 
obtain high sound quality. 4 pages. November, 1968. 

CA-118: Economical Servo Control Amplifier. The 
amplifier presented here is suitable for control and sensing 
applications such as the rotation of a television antenna. Its 
low cost is due to the use of plastic single-diffused 
epitaxial-base power transistors as output devices. The 
circuit operates on line voltage and puts out up to 10 A at 
10 V. 2 pages. January, 1969. 

CA-119: Economical Reversible D-C Motor Control. An 
economical solid-state circuit is described which regulates a 
single-polarity d-c power source to set the speed and 
direction of a reversible d-c motor regardless of its shaft 
load (within the rating of the motor). Switching and power 
regulation is accomplished with two complementary pairs 
of plastic single-diffused epitaxial-base power transistors: 
TIP33 and TIP34. A typical load is a 24-V d-c motor 
drawing 5 A. 2 pages. January, 1969. 

CA-120: Economical Power Voltage Regulators. Complete 
designs are presented and compared for a series-pass and a 
switching-mode voltage regulator. Both circuits are designed 
to convert· a source a-c voltage to a lower voltage (up to 
40 V) regulated against load fluctuations from 0 to 10 A. In 
such designs, selection of the output transistors is an 
especially crucial problem. The solution presented here is 
TIP34 and TIP3 2 single-diffused epitaxial-base transistors. 5 
pages. February, 1969. 

CA-121. Fan Motor Thermostatic Speed Control. There are 
many applications where it is desirable to vary the speed of 
an a-c motor automatically to maintain a constant 
temperature in some medium. Some examples are 
evaporative air coolers, attic fans, and circulation blowers in 
central air-conditioning units. This report presents a 
solid-state thermostatic control circuit for shaded-pole 
induction and permanent-capacitor a-c motors in 
applications such as these. The circuit includes many 
convenient features for controlling central air-conditioning 
blowers, such as adjustment for heating or cooling 
operation and low-voltage remote control lines. The 
advantage of this circuit is its use of a triac as the power 
control element. 4 pages. February, 1969. 

CA-122: Monolithic Interfacing in Computers. Monolithic 
integrated circuits are reaching further into the area of 
systems interface circuitry in electronic digital 
computers-that is, line drivers and receivers, memory 
drivers, and sense amplifiers. This report is a general survey 
of systems-interface integrated circuits produced by Texas 
Instruments-what they do, how they work, and what sort 
of systems they have been used in to great advantage. 
(Reprinted from paper at EDN Linear IC Seminars, 
February-March, 1969) 10 pages. March, 1969. 

CA-123: Low-Cost 400-Watt Converter. The circuit 
presented here converts direct current from 30 V to 110 V 
by producing 3000-Hz ac, stepping up its voltage with a 
transformer, and rectifying the output. '{he source de is 
switched to ac by two 2N5303 single-diffused epitaxial-base 
metal-can power transistors, which are made to oscillate by 
a saturating transformer. An automatically disconnected 
unijunction oscillator initiates the a-c action. Detailed 
design computations for the two transformers are 
presented. 4 pages. March, 1969. 

CA-124: Selecting FETs for RF Amplifiers. Selecting a FET 
for an RF amplifier designed to be used in such applications 
as TV front ends can be a very tricky job. This report 
discusses the problem and gives practical selection 
procedures. Some considerations mentioned are 
cross-modulation, gain-bandwidth requirements, stability, 
and AGC. (Reprinted from Electronic Design, March 15, 
1969) 7 pages. April, 1969. 
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CA-125: Temperature Compensation with Sensistor® 
Resistors. These devices are silicon thermistors with a very 
consistent positive temperature coefficient of resistance. 
Here, their uses are outlined in temperature compensation 
of transistor circuits and in temperature-controlled circuits. 
Information for designing with these elements is provided. 
23 pages. April, 1969. 

CA-126. Economical High-Voltage Converters. Two 
concepts of single-transformer de-de converters are 
illustrated which use plastic single-diffused epitaxial-base 
power transistors for economy and efficiency. A 
two-transistor design (suitable for a capacitor-discharge 
automobile ignition system) converter 14 V to 300 V, and a 
one-transistor circuit boosts 12 V as high as 3000 V, 
depending on load. 4 pages. May, 1969. 

CA-127: MOS Random-Access 256-Bit Memory. The 
integrated-<:ircuit TMS 7 A 4003 MC is a static, high-speed, 
direct-address MOS RAM. This report describes its internal 
construction and discusses its performance, showing how to 
use it singly or multiply in a 54/74 TTL system. 8 pages. 
May, 1969. 

CA-128. TTL One-Shot: SN7412l. The operation of this 
54/74 TTL monostable multivibrator is briefly described in 
this report, and three applications are shown ---a pulse-delay 
method, a precise clock pulse generator, and a digital 
frequency-to-voltage converter. 4 pages. June, 1969. 

CA-129: TTL Design Cases and Guidelines. Seven standard 
54/74 TTL "design cases" are presented here. each 
consisting· of a problem frequently encountered and its 
solution (reprinted from EDN magazine's "Customer 
Engineering Clinic" of January through April, 1969). Also 
included are rule-of-thumb answers to 21 frequently-asked 
questions regarding practical use of standard 54/74 TTL 
(reprinted from Electronic Products magazine, December 
1968). 12 pages. June, 1969. 

CA-130: Line Drivers and Receivers: SN55107 Series. This 
series of monolithic integrated circuits are designed to 
transmit data in 54/74 TTL systems rapidly over long lines 
subject to noise. Here, the operation and use of the circuits 
are described and many applications are outlined. 33 pages. 
July, 1969. 

CA-131: Efficient High-Power Ga As Emitters. The TIXL 12 
Series of solution-grown gallium arsenide light-emittmg 
diodes are notable for their high efficiency and high 
power-20 mW to 200 mW of near-infrared optical power 

out of a hemispherical package. This report discusses theory 
of operation, package configuration, and performance of 
the series. Typical applications are illustrated. 13 pages. 
July, 1969. 

SC-3327: The 2N997 Darlington Device in A-C Amplifiers. 
Because the 2N997 exhibits high hfe at low current levels, 
this device is well suited to low-noise, high-input-impedance 
applications in a-c amplifiers. A low-noise, 
high-input-impedance a-c amplifier having a bandwidth of 
approximately I 00 kHz is described. 3 pages. January, 
1963. 

SC-3605: Switching Inductive Loads with Transistors. 
Transistors which switch inductive loads may be subjected 
to excessive power dissipation. Several methods to protect 
these transistors are described. Design equations and curves 
are included for a network that maintains both the turn-on 
and turn-off paths of the transistor below the d-c load line. 
5 pages. March, 1963. 

SC-3665: Transistorized Frequency-Stable Power Inverters. 
A frequency-stable power supply is needed for driving 
timers, tape recorders, and other similar equipment whose 
operation is dependent on frequency. A circuit is presented 
that combines power outputs of several hundred watts with 
frequency stabilities better than ± 0.5% for various input 
vol !ages, load conditions, and temperatures. Several specific 
circuits for 60-Hz inverters are given, but the design 
information is applicable for other frequencies. 12 pages. 
March, 1961. 

SC-4494: SCR Ring Counters. Silicon-controlled rectifier 
(SCR) ring counters are useful in low-speed digital 
operations requiring high currents. A detailed description is 
given of two SCR ring counters-one anode-coupled and the 
other cathode-coupled. 8 pages. October, 1963. 

SC-8856: Varactor Diode Tuning for FM Receivers. The 
design considerations for using solid-state diodes to replace 
the bulky mechanical tuning capacitor in an FM receiver are 
discussed. 10 pages. June, 1966. 

SC-9743: Field-Effect Transistors in UHF Tuners. Physical 
operation of the junction field-effect transistor (FET) is 
described. This is followed by a discussion of r-f parameters 
of the 2N3823 FET; stability and power gain are examined 
for this device. A UHF tuner using the 2N3823 as an r-f 
stage i\ described; the frequency range is 470 to 860 MHz. 
8 pages. January, 196 7. 

Ordering InstfUctions for Application Reports on Page 55 



TIS62, TIS63, TIS64 
N-P-N PLANAR SILICON TRANSISTORS 

SILECTt TRANSISTORS 
Electrical Equivalents of Tl407, 11408, and Tl409 

Encapsulated in Plastic for Application in 
AM-FM Receivers and General-Purpose High-Frequency Amplifiers 

TIS62 Features: 

• f , ••• 500 MHz min 

• Low rb 'C ••••• 20 ps max 

• NF ••• 6 dB max at 100 MHz 

Rugged, One-Piece Construction with Standard T0-18 100-mil Pin Circle 

mechanical data 

These transistors ore encapsulated in o plastic compound specifically designed for this purpose, using a 
highly mechanized processt developed by Texas Instruments. The case will withstand soldering tempera­
tures without deformation. These devices exhibit stable characteristics under high-humidity conditions and 
ore capable of meeting MIL-STD-202C method l 06B. The transistors ore insensitive to light. 

2-BASE 

Q_Ol7~g-gg~ DIA 
3 LEADS 

NOTES A_ lead diameter is not conttolled in this area 

8. Leads having mo><imum diometer (0.019\ shall be within 0.007 of their true positions 
measured in the 909in9 plane 0.054 below the seating plane of the device relotive to 
a maximum-diameter package 

C All dimension> ore in inches 

3-COLlECTOR 

absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 

Collector-Base Voltage 30 v 
12 v 
3V 

30 mA 
250mW 

. -65°C to 150°C 
260°c 

Collector-Emitter Voltage (See Note l) 
Emitter-Base Voltage . 
Continuous Collector Current 
Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 2) 
Storage Temperature Range 
lead Temperature Y,, Inch from Case for 10 Seconds . 

NOTES: 1. This value applies when the base-emitter diode is open-circuited. 
2. Derate linearly to 1S0°C free-air temperature al the rote of 2 mW/deg. 

tTradernark of Texas Instruments 
*Patent Pending 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 5012 • DALLAS, TEXAS 752-22 
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TYPES TIS62, TIS63, TIS64 
N-P-N PLANAR SILICON TRANSISTORS 

eledrlcal characteristics at 25°C free-air temperature 

PARAMETER TEST CONDITIONS 
TIS62 

MIN MAX 

!L•1eao Collector-Base Breakdown Voltage le = 100 µ.A, le = 0 30 
!i_aa1eeo Collector-Emitter Breakdown Voltage le=4mA, 1. = 0 12 

!L•IEBO Emitter-Base Breakdown Voltage le = 100 µ.A, le = 0 3 
leao Collector Cutoff Current Ye1 = 10 Y, le= 0 100 
hFe Static Forward Current T ronsfer Ratio Yee= 10 Y, le=4mA 30 

Yee= 10 Y, le=4mA, f=45SkHz 

fhtel 
Small-Signal Common-Emitter Yee - 10 Y, le - 4mA, f - lOMHz Forward Current Transfer Ratio 

Yee= 10 Y, le = 4 mA, f = 100 MHz s 18 

C.b Collector-Bose Copocitonce Ye1 = 10 Y, le= 0, f = 1 MHz, 0.7 1.6 See Note 3 
rb'C. Collector-Bose Time Constant Yeo= 10 Y, le = -4 mA, f = 79.8 MHz 20 

NOTE 3: This psameter Is measured using threa·tenninal measurement techniques with the emitter guarded. 

operating characteristics at 25°.c free-air temperature 

PARAMETER 

NF Spot Noise Figure 

TEST CONDITIONS TYP 

Yee= 10 Y, le= 2 mA, R& = 300 fi, f = 100 MHz 4 

TYPICAL CHARACTERISTICS AT Ta - 25 °C 

STATIC FORWARD CURRENT TRANSFER RATIO 
vs 

COLLECTOR CURRENT 

0 Yee= lOV 
~ 90 

iao1--~1--+-1-+~H+~-+-::.1-""l-i-1~H~r++H 
~ % 
!701---+--+-+-l-+l~ ..... b-'"'-+--+--l-l-+H+l 

i60t--~+--+-t.l"'f'-l~t--~+--t--l-l-+H+l 
J 50 ...J1 
~ v 
~401--~+-+-+-1--Hl++ll--~+-+-+-1-+-l+H 
0 
~ 301--~+-+-+-1--Hl++lt----+--+-+-1-+-l+H 
-~ & 201--~+-+-+-1--Hl++ll--~+--+-+-1-+-l+H 
I 101--~~+-1-+++1++-~-+--1f--+-+-;H-H-1 
~ 

..c 
o.._~..__.__._. .............. ....__.._....._.._......_ ......... 
0.1 0.2 0.4 0.7 1 2 4 7 10 

le - Collector Current - mA 
FIGURE 1 

TIS63 TIS64 
UNI~ MIN MAX MIN MAX 

30 30 y 

12 12 y 

3 3 y 

100 100 nA 
20 20 
27 

dB 
27 
4 18 3 18 

OJ 1.6 0.7 2.2 pf 

26 32 ps 

TIS62 
MAX UNIT 

6 dB 

568 
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TYPES TIS62, TIS63, TIS64 
N-P-N PLANAR SILICON TRANSISTORS 

COMMON-EMITTER EQUIVALENT CIRCUIT USING SHORT-CIRCUIT "y" PARAMETERS 

--lb 

r 
vb• riep 

I e 

Ciep 

__ I, 

Jy._lv'" roep 

Ci 
v,. 

l 
Coep 

el 

lb =jy,.J Vb• +Jy,.JV,. 
I, = jY1.\ Vbe + jYoeJV,. 

IY J= ~I - o = _!__ + jwc,.. JY1.i= ~'b Iv = o 
ie Vbe Vee - r1ep e ce 

I, I l . IYoej= V V = 0 = r- + 1wCoep 
ce be oep 

TYPICAL CHARACTERISTICS AT 455 kHz, TA = 25°C 

"' "" I 
SMALL-SIGNAL COMMON-EMITTER 

FORWARD CURRENT lRANSFER RATIO 

.e 
Ji 50 

VS 

COLLECTOR CURRENT 

.; 
c 
! 40 

Ve•= 10 v 
f = 455 kHz 

i.--
c 
~ 

3 30 

~ 

j 20 

g 
~ 10 

] 0 
0.4 0.7 1 4 7 10 

le - Collector Current - mA 
FIGURE 2 

PARALLEL-EQUIVALENT SMALL-SIGNAL COMMON-EMITTER 
SHORT-CIRCUIT INPUT RESISTANCE 

PARALLEL-EQUIVALENT SMALL-SIGNAL COMMON-EMITTER 
SHORT-CIRCUIT OUTPUT RESISTANCE 

c vs 
-"' COLLECTOR CURRENT 

4 .. 
v VeE= lOV 
c 

-~ 2 .. 
f = 455 kHz 

F'I 
"' i 1 [:::.,,. 
c 

~ 0.7 

0 
.~ 0.4 

:s 

~ 
JS 

::> 

<\!" 

0.1 
0.4 0.7 1 2 4 7 10 

.:..'i le -Collector Current - mA 
FIGURE 3 

Si vs 

I 400~~~C~O~LL=EC~T~O~R~C~U~RR~E~NT,:_....,~ 

g VcE = 10 V 
~ 200 1--l--+N+N~~~-l-f = 455 kHz 

~ ~ 
2- 100 ~:ttil:l==~~±:lffi~ 0 70 ........................ __ .__...._ ... ""_._ ................ 

!i 
g 
·5 

~ 20 l-444~1----1-----1--l-l-l-i.++I 
]! 

] 
I 
J 

10 .................. ..J...LJ.___,,___,__...._L...L..LJ..J..J 
0.4 0.7 1 2 4 7 10 

le - Collector Current - mA 

FIGURE 4 
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TYPES TIS62, TIS63, TIS64 
N-P-N PLANAR SILICON TRANSISTORS 

TYPICAL CHARACTERISTICS AT 10 MH.z, TA = 25°C 

1028 

PARALLEL-EQUIVALENT SMALL-SIGNAL COMMON-EMITTER 
u.. SHORT-CIRCUIT INPUT CAPACITANCE 
Q. vs 
I COLLECTOR-CURRENT 
~ 50'.-~~~-.--"T"""""T'""'"T--ir--..-~ 

~ VcE = 10 V -+-+-+-+--+--+--! 
·u 40 f= 10 MHz 

§. 
u 

1 301--1--+--+-+-+--+--+......,l--+--l 
..5 

~ ~ 1 20l-+--+---+-t-+--b...+"'9F-t----i 
-~ .Y 
.ff" ~ i 101--1-..,.......-".'l-+--+......,l--+-+--+--+-I 
2 j;7 
~ ..... 

OL-...L.......L......L.--1.......J'--J.-...&.......L......L.....J 
0 2 4 6 8 10 

"' -0 

I 
0 

~ 
~ 

40 

c 35 e ..... 
c 30 
~ a 25 

l! 20 

.~ - 15 

le - Collector Current - mA 
FIGURE 5 

SMALL-SIGNAL COMMON-EMITTER 
FORWARD CURRENT TRANSFER RATIO 

vs 
COLLECTOR CURRENT 

VcE= lOV 
f = 10 MHz 

i---

0.7 l 2 4 7 10 
le - Collector Current - mA 

FIGURE 7 

PARALLEL-EQUIVALENT SMALL-SIGNAL COMMON-EMITTER 
SHORT-CIRCUIT INPUT RESISTANCE 

VS 

COLLECTOR CURRENT 
4 

~ 0.2 
2 
~ O.l 

~ 

0.4 0.7 1 

:s; 

VcE = 10 V 
f= lOMHz 

~ 
l'b. 

2 4 7 10 
.t le - Collector Current - mA 

FIGURE 9 

PARALLEL-EQUIVALENT SMALL-SIGNAL COMMON-EMITTER 
u.. SHORT-CIRCUIT OUTPUT CAPACITANCE 
Q. 

I vs 
COLLECTOR CURRENT 

~ 5 
2 
"u 

r VcE= 10 v 
f= lOMHz 

§. 4 
u 
3 
Jl- 3 
0 

i 280 

I 
~ 240 
u 
c 
:!! ·e 
~ 

~ 

200 

160 

c 120 
~ ..... 
l! 

1 
80 

40 

0 

r-l-

2 4 6 8 

le -Collector Current - mA 
FIGURE 6 

-

10 

SMALL-SIGNAL COMMON-EMITTER 
FORWARD TRANSFER ADMITTANCE 

vs 
COLLECTOR CURRENT 

VcE =10 V 
f = 10 MHz 

l v 
v 

_L_ 

L 
H-

0.4 0.7 1 2 4 7 10 
le - Collector Current - mA 

FIGURE 8 

PARALLEL-EQUIVALENT SMALL-SIGNAL COMMON-EMITTER 
SHORT-CIRCUIT OUTPUT RESISTANCE 

~ vs 

I 400 COLLECTOR CURRENT 
~ 

g 

~ 200 
~ 
3 
Jl- 100 

VcE = 10 V 
t"" f = 10 MHz 

~ 
0 .70 

~ 

40 ~~ 
20 

10 
0.4 0.7 1 2 4 7 10 

le - Collector Current - mA 

FIGURE 10 
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TYPES TIS62, TIS63, TIS64 
N-P-N PLANAR SILICON TRANSISTORS 

TYPICAL CHARACTERISTICS AT 100 MHz, TA = 25°C 

PARALLEL-EQUIVALENT SMALL-SIGNAL COMMON-EMITTER 
u. SHORT-CIRCUIT INPUT CAPACITANCE 
c.. 

~ 10 
g 
.'? 
·;; 
0 8 c.. 
0 
u 

~ . 
v 

~ 

0 

COLLECTOR CURRENT 

VcE = 10 v _ 
I= 100 MHz 

J..-1 r-+-

4 8 
le - Collector Current - mA 

FIGURE 11 

10 

PARALLEL-EQUIVALENT SMALL-SIGNAL COMMON-EMITTER 
u. SHORT-CIRCUIT OUTPUT CAPACITANCE 
"-
I 
g 
.'? 
·;; 
0 
"-
0 
u 

YS 

COLLECTOR CURRENT 

VcE = 10 V 
I= 100 MHz-+--t--t-+-+---t--t 

le - Collector Current - mA 
FIGURE 12 

~ SMALL-SIGNAL COMMON-EMITTER 
I FORWARD CURRENT TRANSFER RATIO 

.2 vs 
~ 25 COLLECTOR CURRENT 

.2 
~ 
0 

,;:: 20 
c 
-~ 
5 

u 15 

" j 10 

g 
~ 5 

0 
Ji 0 

Vc,=IOV 
f=IOOMHz 

....-r-

0.4 0.7 l 

H-

4 7 10 
le - Collector Current - mA 

FIGURE 13 

PARALLEL-EQUIVALENT SMALL-SIGNAL COMMON-EMITTER 
SHORT-CIRCUIT INPUT RESISTANCE 

g 
I 

i 
~ 

YS 

COLLECTOR CURRENT 

l----lf---1-++...._--+--+ VcE=lOV 
0.71----<f---I-++...._--+--+ I= 100 MHz 

} 0. 4 ,_...__._._..,.._,___-+--+--i--+-l-+-+-H 

0.7 l 7 10 

J le -Collector Current -mA 

FIGURE 14 

PARALLEL-EQUIVALENT SMALL-SIGNAL COMMON-EMITTER 
SHORT-CIRCUIT OUTPUT RESISTANCE 

g YS 

I lOO COLLECTOR CURRENT 
~ r-rTTT-rr---.---,-~~~-., 

~ 1ot:J~Ei==E3: vCE = 10 v ~ 1- l=lOOMHz 

~ 3 
~ 40t-t---t-t-H-r--~...+,-+-t-1-+H-H 

~ 
0 '1 

20t-t-+++++---+--P~..-l-+--t-H-H 
i l~N 
f l Of::::l=t:ti::j:j::==t::=l::::::l::::j:J">,J~l=l=t:I 
]! 
~ 
~ 

I 
J 

4~--=-~~--~~~~~o---~ 
0.4 0.7 1 7 10 

le - Collector Current - mA 

FIGURE 15 
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TRANSFORMERS 

T1: Radio Industries #18300 (or equivalent) 
T2 : Radio Industries #18301 (or equivalent) 

COILS 

L1: 4 T #1 B bus, J(," ID, %" length, 
Turns Ratio = V2 to 4. 

L2: 4 T #18 bus, J<6' ID, %" length, 
L3: l µH 
L4: 3 T #18 bus, J(," ID, %"length 

TYPICAL FM TUNER WITH IF AMPLIFIER STAGE 

Ce Ri2 

CIRCUIT COMPONENT INFORMATION 

RESISTORS 

R,: 8.2 kn Rw I kn 
Rz: 33 kn R12: 120 n 
R,, l kn R,,, 330 n 
R4: 12 kn R14: 10 kO 
R5: 2.7 kn R15: 3.9 kn 
R.: l kO R,., 1.2 kn 
R1: 330 n R11: 120 n 
R8: 330 0 R18: 330 n 
R9: 15 kO R19: JO kn 
Ria: 2.7 kn R,., 3.9 kn 

All resistors y2 W, ten percent tolerance. 

Output 

R2o 

+ 
12 v 

d, 

TYPICAL PERFORMANCE, TA = 25 °C 

IFAmplifler Input Voltage V2 = 1.5 mV 

Output Voltage V, = 19 mV 

( V 2 R· ) 
Power Goin = 10 log V,~R,~: = 54 dB 

Image Rejection ot 98 MHz = SO dB 

C1: 10 pF 
c,: 30·45 pf 
C3: 3.3 pF 
C4: 0.001 µf 
C5: 10 pf 
c., 30·45 pF 
C,: 0.001 µF 
C,: 3.3 pf 
C,: 240 pf 
c,,, 0.82 pf 
C11 : 0.001 µf 

CAPACITORS 

C12: 3.3 pf 
C13: 30-45 pf 
c,., 10 pf 
C15: 0.001 µf 
C,., 0.01 µF 
C17: 0.01 µf 
C,.: 0.01 µF 
C19: 0.01 µf 
C20: 2.2 pf 
C21 : 0.01 µf 
C22: 0.01 µf 

~ 
~ ... 
J> 
"II 
"II ... 
~ ... 
0 
z 

~ 
J> 

~ ::;! .,, .,, 
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TIS84, TIS108 
N-P-N PLANAR SILICON TRANSISTORS 

SILECTt HIGH-FREQUENCY TRANSISTORS DESIGNED FOR TV TUNER AND IF APPLICATIONS 

Featuring Low,..Feedback Capacitance and Forward ... AGC Characteristics 
• TIS84 for Tuner RF Amplifiers 
• TIS108 for IF Amplifiers (Replaces TIS85) 

Rugged, One-Piece Construction with Standard T0-18 100-mil Pin Circle 
mechanical data 

These transistors are encapsulated in a plastic compound specifically designed for this purpose, using a 
highly mechanized process:!: developed by Texas Instruments. The case will withstand soldering tempera­
tures without deformation. These devices exhibit stable characteristics under high-humidity conditions and 
are capable of meeting MIL-STD-202C method 106B. The transistors are insensitive to light. 

Feedback capacitance is minimized by placing the emitter terminal between the base and collector ter­
minals, thus optimizing compatability with advanced high-frequency design. 

0.017 ~g.::; DIA 

:! LEADS 

NOTES: A. leod dicometer i• nuf wntwlled in this arflD. 
B. leads having maximum diameter (0.019) 5hall be within 0.007 of their !rue positions 

measured in the gaging plane 0.054 below lhe seating plana of th .. d•vi<• .. tative lo 
D maximum-diameler package 

C. All dimensions ore in inchH. 

absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 

Collector-Base Voltage 
Collector-Emitter Voltage (See Note 1) 
Emitter-Base Voltage . 
Continuous Collector Current 
Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 2) 
Storage Temperature Range . 
Lead Temperature ){,_Inch from Case for 10 Seconds . 

electrical characteristics at 25°C free-air temperature (unless otherwise noted) 

TIS84 

40V 
30V 
4V 

50mA 
• 250mW 

-65°C to 150°C 
260°C 

TIS108 
PARAMETER TEST CONDITIONS 

MIN TYP MAX MIN TYP MAX UNIT 

V1BRJCBO Collector-Base Breakdown Vollage le = 10 µA, I• = 0 40 40 v 
Y1BRJCEO Collector-Emitter Breakdown Voltage le = 10 mA, 18 = 0, See Note 3 30 30 v 

lcao Collector Cutoff Current 
Yea= 10 V, 1. = 0 50 50 nA 
Yea= 10 V, 1. = 0, TA= 85°C 5 5 µA 

l•ao Emitter Cutoff Current VEB = 4 V, le= 0 10 10 µA 

hFE 
Static Forward Current 

VCE = 10 V, le= 4mA 30 25 Transfer Ratio 
v .. Base-Emitter Voltage Ve•=lOV, le= 4mA 0.84 0.84 v 

NOTES: 1. This value applies when the base-emitter diode is open-circuited. 

2. Derote linearly to 150°C free-air temperature at the rate of 2 mW/ 0 C. 
3. This parameter must be measured using pulse techniques. tp = 300 µ.s, duty cycle ~ 2%. 

tTrademark of Texas Instruments 
:f:Patented by Texas Instruments and other potents pending. 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 5012 • DALLAS, TEXAS 75222 
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TYPES TIS84, TIS 108 
N-P-N PLANAR SILICON TRANSISTORS 

electrical characteristics at 25°C free-air temperature 

PARAMETER TEST CONDITIONS TIS84 TIS108 UNIT MIN TYP MAX MIN TYP MAX 

!hi.I 
Small-Signal Common-Emiller 

YeE = 10 V, le = 4 mA, f = 100 MHz 3.S 6.5 3.S 6.5 Forward Current Transfer Ralio 

IY1el Small-Signal Common-Emmer YeE = 10 V, le = 4 mA, f = 200 MHz 60 80 
mm ho Forward Transfer Admittance VeE = 10 V, le = 4 mA, f = 45 MHz 80 105 

c/>yte 
Phase Angle of Small-Signol Common- YeE = lOV, le= 4mA, f = 200MHz -S0° -60° -80° 
Emitter Forward Tronsfer Admittance YeE = 10 V, le = 4 mA, I = 45 MHz -10° -18° -2S0 

Cies 
Parallel-Equivalent1Common-Emitter Ye• = 10 V, le = 4 mA, I = 200 MHz 11 

pF Short-Circuit lnpul Capacitancet YeE = 10 V, le = 4 mA, I = 4S MHz 18 

Cres 
Common-Emitler Short-Circuit VeE = 10 V, le = l mA, 

0.32 0.4 0.32 0.4 pF Reverse Tronsler Capacilancet f = 0.1 MHz lo 1 MHz 

c ... Parallel-Equivalent Common-Emitter YeE = 10 V, le = 4 mA, I = 200 MHz 1.1 
pF 

Short-Circuil Output Capacitancet Ye• = l 0 V, le = 4 mA, I = 4S MHz 1.1 

Re(h1 0 ) 
Real Parl of Small-Signal YeE = 10 V, le = 4 mA, f = 200 MHz 2S 60 

n 
Common-Emilter lnpul Impedance VeE = 10 V, le = 4 mA, f = 45 MHz so 80 

Re(y10) 
Real Part of Small-Signal VeE = 10 V, le = 4 mA, f = 200 MHz 14 40 

mmho 
: Common-'Emitter Input Admitlance YeE = 10 V, le = 4 mA, f = 4S MHz 3 6 

Re(y .. ) 
Real Porl of Small-Signal VeE = 10 V, le = 4 mA, f = 200 MHz 0.2 0.5 

mmho 
Common-Emitler Oulput Admillance VeE = 10 V, le = 4 mA, f = 4S MHz o.os 0.2 

t cies' (res' and coes are defined as the imaginary parts of the small-signal, common-emitter, short-circuil admiffances divided by 21'1Tf. 

operating characteristtc:s at 25°C free-air temperature 

PARAMETER TEST CONDITIONS TIS84 TtSIOB 
UNIT MIN TYP MAX MIN TYP MAX 

YeE = 10 V, le= 3 mA, R .. = 50 n, 
2.8 3.3 dB f = 200 MHz 

NF Spot Noise Figure 
VeE = 10 V, le= 3 mA, R .. =son, 
f=45MHz 3 6 dB 

Yee= 12 V, le= 2.5 mA, Yes = 2.1 V, 
R .. ' = 150 n, KL'= l kfl, f = 200 MHz, 12 16 18 dB 

Unneutralized Small- See Figure l 
Gp, Signal Common-Emiller 

Yee= 12V, le= 4.5 mA, v •• = 2.6 v Insertion Power Gain R .. '= SOD fi, KL'= 250 n, f = 45 MHz, 25 30 33 dB 
See Figure l 

Yee= 12V, RG' = 150.0, KL'= l kfi, 
3.7 4.6 v 

Gain-Control AGpe = -30 dB*, I= 200 MHz, See Figure l 
Yaa1Ge) Base-Supply 

Vee= 12V, R .. ' =soon, RL'= 2so n, Voltage 3.5 4.5 v 
AGpo = -30 dB*, f = 4SMHz, See Figure l 

:f:.6.GP• is defined as the change In Gpe from the value at v88 = 2.1 Vat 200 MHz or from the value at V88 = 2.6 Y at 45 MHz. 

TEXAS INSTRUMENTS 869 

1034 INCORPORATED 
POST OFFICE BOX 5012 • DALLAS, TEXAS 75222 
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TYPES TIS84, TIS 108 
N-P-N PLANAR SILICON TRANSISTORS 

FROM 50-0 r.lOOO pf 
SOURCE 

1 kO 

PARAMETER MEASUREMENT INFORMATION 

4-40 pf, 
Arco #403 9100 

+Vee 

COMPONENTS FOR f = 45 MHz 

c,. 36 pf 

COMPONENTS FOR f = 200 MHz 

c,. 18 pf 

C2: 47 pF c,. 270 pf 

Lt: 8 Ti#20 enameled copper wire, 
close-wound on 1A" diameter form 

L2: 10 Tl#20 enameled copper wire, 
clos&-wound on 1A" diameter form 

L,: 2 Tf/120 enameled copper wire, 
lis" pitch, wound on ~" diameter form 

L2: 2 Ti#14 enameled copper wire, 
1.11" pitch, wound on 1'." diameter form 

FIGURE 1 - POWER-GAIN AND GAIN-CONTROL-VOLTAGE TEST CIRCUIT 
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TYPICAL CHARACTERISTICS 

STATIC FORWARD CURRENT TRANSFER RATIO 
vs 

COLLECTOR CURRENT 

T T 
YcE = 10 V 

T,. = 2s•c 
+--I 

I--

~ See Note 3 +--I 

~ 
~ 
~ 
~ 
~ 

1'l 
l'--1 

0 2 4 6 8 10 12 14 16 18 20 
I c - Collector Current - mA 

FIGURE 2 

NOTE 3: This parameter must be measured using pulse techniques. Ip = 300 µs, duty tycle = 10%. 

TEXAS INSTRUMENTS 
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TYPES TIS84, TIS108 
N-P-N PLANAR SILICON TRANSISTORS 

1036 

TYPICAL CHARACTERISTICS 

TIS84 

SMALL-SIGNAL COMMON-EMITIER INPUT .ADMITTANCE 
vs 

TIS84 
SMALL-SIGNAL COMMON-EMITTER 

FORWARD TRANSFER ADMITTANCE 
vs 

COLLECTOR CURRENT COLLECTOR CURRENT 
40 I I 

VcE = lOV YcE = 10 V 

351--f = 200 MHz-t---t---t-----1r-------1----1 J! 9o ~ f = 200 MHz -1---1---1-----11-----11-----1 

~ 
1 60 t--TA = 25•c 

4ol---+--=1===9P==--+....:;;;:-±t--.~+-~t-----1 

20 l---t-----1r-------1r-------1r-Re(yfe ) J:::--... 

~ 0 

] ~:===:1-s;:==:C";j:===:==::==:===:===:==~~ 
I -60 1---t--t----1......,.._--t----t----t--t-T_/.__, 
• lm(yfe ) "'!--- / 
~ -0ol----ll-----l-..::..:;:....:_---1-==i~=t=::::::=--l---I 

-100 ...._-~-~~~~~~-~-~--
2 3 4 5 6 7 8 0 2 34 5 6 78 
le - Collector Current - mA le - Collector Current - mA 

FIGURE 3 

0 ..c 
E 
E 

I 
• u 
!i 
.; 
E 
~ 
'S 

TIS84 

SMALL-SIGNAL COMMON-EMITTER OUTPUT ADMITTANCE 
vs 

1.6 

1.4 

1.2 

1.0 

0.8 

COLLECTOR CURRENT 

YcE = lOV 

1---+--+--+--+--t--f = 200 MHz­

TA = 25•c 

.;- 0.6 v 0 
I 
• 0.4 

.:.. 
0.2 

00 2 34 5 6 7 8 
le - Collector Current - mA 

FIGURE 5 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 5012 • DALLAS, TEXAS 75222 

FIGURE 4 
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TYPES TIS84, TIS 108 
N-P-N PLANAR SILICON TRANSISTORS 

TYPl~AL CHARACTERISTICS 

TIS108 

SMALL-SIGNAL COMMON-EMITTER INPUT ADMIITANCE 
vs 

COLLECTOR CURRENT 

0 .c 

~ 
I 
u 
u c 

" i: 'e 
~ 

-£l 
~ .... 
1! 

! 

150 

125 

100 

75 

50 

25 

0 

-25 

TIS108 

SMALL-SIGNAL COMMON-EMITTER 
FORWARD TRANSFER ADMITTANCE 

vs 
COLLECTOR CURRENT 

I'-,_ 
-so1--~t----i~-t~-t-~-+"""---t::~-t----; 

'1 -75 t----t----r---;----cr----r-lm~ 
o,____.._____.~_,_~__,_~_._~_._~.....___. 

0 2 3 4 5 6 7 8 
le - Collector Current - mA 

FIGURE 6 

-100 0 

TIS108 

2 3 4 5 6 
le - Collector Current - mA 

FIGURE 7 

SMALL-SIGNAL COMMON-EMITTER OUTPUT ADMITTANCE 
VS 

COLLECTOR CURRENT 
0.8 

Vee1 = lOV 

0.7 1--f = 45 MIU: 

0 .c TA = 25°C 
E 0.6 E 

I .. 
0.5 u 

c ,g 
·e 

0.4 
~ 
'S 

lm(y00 ) 

... 
'S 0.3 
0 
I 0.2 . 
~ 

0.1 

L 

KL V1 
i--

0 
0 2 3 4 5 6 7 8 

le - Collector Current - mA 

FIGURE 8 

7 8 
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TYPES TIS84, TIS 108 
N-P-N PLANAR SILICON TRANSISTORS 

1038 

TYPICAL CHARACTERISTICS 

TIS84 

SPOT NOISE FIGURE 
vs 

COLLECTOR CURRENT 
16 

14 

"' .,, 12 
I 
I! 
£> 10 

& 

~ 8 
0 
Q. 

"' 6 

z 4 

2 

1 J 
VeE = 10 V 

1--RG =50 Q 

f = 200 MHz 
I--

TA = 25°C 

-
00 4 

1 
I/ 

t 
lL 

!./ 

6 8 10 12 14 16 
le - Collector Current -mA 

FIGURE 9 

"' .,, 

TIS84 

RELATIVE SMALL-SIGNAL COMMON-EMITTER POWER GAIN 
vs 

GAIN-CONTROL BASE-SUPPLY VOLTAGE 
5 

Vee = 12 v 

o :~·: ;5~n -+--•....i.No----11".-+-+--+---1 

<+ - 5 f = 200 MHz-+--+--+-+-__,._+--+-+---1 
c 

8 -10 TA = 25"C \l 
~ See figure 1 

~ -151---+-+---l--+--1---1--1--+-l---l--~ 
~ \ 
~ -201----t--+---l--+--1---1--1---l-1---l--~ 
I 
I,'. -25 1---+--+--1---l---1---11----l---L----'--' 

~ 
-30 l--+--+---1----+--+--1----+~---_,J..__\ ____ _ 

Min Max 

-35'--+--+---1------'---'--'-----'---Vs~e~{GC;.:::....)~ 
0 2 3 4 5 

Vee{Gel - Gain-Control Base-Supply Voltage - V 

FIGURE 10 

TIS108 

RELATIVE SMALL-SIGNAL COMMON-EMITTER POWER GAIN 
vs 

GAi N-CONTROL BASE-SUPPLY VOLTAGE 

Vee = 12 V 

"' .,, o r-RG' = 500 Q-t---t---;::;;j._,--t---+----1---t----I 

RL' =2500 v~ 
-!+ -5 rf = 45 MHz-ll'IL1'---+---l---t-~--t----1--+---I 

\ 
c 

·;; TA = 2s•c 
Cl -10 
._ t--see Figure 1 
j 

1\ J -25 t----+--+--+---l---+---+-~._..__,__-1---1 

~ <l 

Min Max 
} Vee{GCJ} 

-35 '-----'---'----'----'---'---'-__JL-.:.:.:;::.:.:..-L-__J 
0 3 4 

Vaa(Ge) - Gain-Control Base-Supply Voltage -V 

FIGURE 11 

5 

:f:&Gpe is defined as the change in Gpe from the value at V88 = 2.1 Vat 200 MHz or from the value at V88 = 2.6 Vat 45 MHz. 
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TYPICAL TV VHF TUNER 
~--·,__-_-_- - - -1- - - - - - l -,- - - - r- - - - - - - - - - - - - - - - - - -, 
I Lt±:l_J_ H '.'.: ~~ - - - U.'.'.F ..:~N.'.'.''.:: _ - - -.l~ __ J._: 

~ ,, 

UHF 
INPUT 

VHF I C1 

INPUT I 
I 
I 

1w.v '!I •• 1.11 1 .1 111 1.rr .r;ii 1. L ____ _ 
r, 

+VAGC +12V UHF 

C1: 47 pf 
C2: 47 pf 
C3: 8.2 pf 
c., 18 pf feed-thru 
C,: 30 pf feed·thru 
c., 0.68 pf 
C7: 1000 pf feed-thru 
C8: 1000 pf feed-thru 

RESISTORS (lf2 W, ten percent) 
R1: 1 k!l R1: 10 k!l 
R2: 15 !l R,: 5.6 k!l 
R3: 560 !l R9: 10 k!l 
II.,: 390 !l R, 0: 1 k!l 
R5: 1.2 k!l R11 : 10 k!l 
R6 : 220 !l 

TRANSFORMERS 

CIRCUIT COMPONENT INFORMATION 
CAPACITORS 

C.: 2-8 pf air trimmer 
C10: 39 pf feed-thru 
C11 : 2-8 pf air trimmer 
( 12: 30 pf feed-thru 
C13: 1000 pf feed-thru 
C14: 10 pf feed-thru 
C, 5: 1000 pf feed-thru 
c,., 3.6 pf 

l,: UHF matching coil 
l 2: UHF matching coil 

INDUCTORS 

l 3: as required per channel 
L.: as required per channel 
l5: as required per channel 
L6: as required per channel 

C11: 1000 pf feed-thru 
C18: 5.6 pf 
C19: 0.5-3 pf air trimmer 
C20: 1000 pf feed-thru 
C21 : 5.6 pf 
C22: 2.5 pf feed-thru 
c,,: 1000 pf feed-thru 
c,., 5.6 pf 

l 7: neutralizing coil 
l,: RFC 
l 9: RFC 

T1: balun assembly, including IF traps 
T2: IF oulput transfonner 

FIGURE 12 -TYPICAL TV VHF TUNER 

vee 

TYPICAL TV VHF TUNER PERFORMANCE 

OIANNEL 
POWER NOISE IF IMAGE 

UNIT GAIN FIGURE REJECT REJECT 
2 39 5.5 55 70 dB 
3 38 5.2 55 77 dB 
4 38 5.7 57 82 dB 
5 36 5.5 59 88 dB 
6 38 6.0 63 75 dB 
7 37 5.5 72 68 dB 
8 35 6.1 71 72 dB 
9 36 5.5 72 66 d8 

10 34 5.5 84 78 dB 
11 35 6.2 79 79 dB 
12 35 6.2 76 79 dB 
13 35 6.1 65 70 dB 

~ 
'111 

POWER SUPPLY INFORMATION 

MAXIMUM GAIN MINIMUM GAIN 
~ ... 

Power Supply 12 Val 19.5 mA 12 Vat 34 mA ,.. 
V AG<: Supply 1.8 V at 0.1 mA 8 Vat 2.85 mA '111 

'111 
TYPICAL TUNER AND IF AMPLIFIER (SEE FIG. 13) 

COMBINED PERFORMANCE 

CHANNEL Y;n{r~ (µ,V) 
2 3.5 
3 3.5 

... 
e z 
6 I 

z 
.,, 
I z 

4 3.5 
5 4.5 
6 3.5 
7 11.0 

g .,, 
~ -,. z ,. 

8 10.0 ::a 
9 9.0 

10 13.0 
11 12.0 
12 9.5 

"9 - .... 
~ -< n .,, 
0 '" z "9 

13 11.0 
Frequency Rejection: 

39.75 MHz: down 13.5 dB 
41.25 MHz: down 13.5 dB 

.... ::! = "9 z~ 
41.80 MHz: down 6 dB 
45.75 MHz: down 6 dB 
47.25 MHz: down 46.5 dB 

"9 - .... 
"9 -.... "9 o-
~= 

I 



~ 

=~ 
o~ 
~~ 
~~ --0~ 
-ii:: 
~~ 
~~ 
~~ 
~:::;:; 
~;; 
z~ ,.. .... 
~: 
dc:i = 
~:: 
;!!o 

... '"' _,.. 
="" mm 
=~ m;; 

z 
;g ~ 
g: 
q-< 
~'" o"' 

~~ 
~'"' r"'m 

IF TIS108 Tl5108 t_ TIS87 
INPUT 

D T o, L4 _ . f Jo,. j j_c,. ""0 o"""' 
R7 <II~ ~R10 ~ -r ~ ~ T • .,~ m '·'·"' "''" ~le) L3 C3 ~R1 

11,, 
L1 

R1: 20 fl 
R2: 470 fl 
R,: l k!l 
R., 270 fl 
R,: l k!l 

+VAGC 

RESISTORS (1/i W, TEN PERCENT} 
R,: 680 fl R11 : 4.7 k!l 
R7: l k!l R,,: 510 fl 
R,, 210 n R"' 56 n 
R,: 15 k!l R,., 220 fl 
R10: 20 fl R15: 5.6 k!l 

+12 v 

CIRCUIT COMPONENT INFORMATION 

CAPACITORS 
C1: 8.2 pf 
C,: 10 pf 
C3: 18 pf 
c., 0.002 µf 
C5: 0.002 µF 

INDUCTORS 

C,: 15 pf 
C,: 0.002 µF 
C8: 0.002 µF 
C.,: 0.002 µf 
C,o: 10 pf 

C11 : 0.002 µF 
C12: 0.002 µF 
C13 : 0.002 µF 
c,., 0.002 µf 
C15: 15pf 

L1: self sound, 14 T, #27 enameled, close-wound, 9/32" OD form, Arnold Eng. core type "J" 
L2: adjacent sound, 10 T, #27 enameled, close-wound, 9/32" OD form, Arnold Eng. core type "J" 
L3: series inductor, 6 T, #27 enameled, close-wound, 9/32" OD form, Arnold Eng. core type "J" 
L., filter inductor, 10 fi,H, Delevan RFC 

TRANSFORMERS 
T1: pri.: 6T, sec.: 2 T, #27 enameled, close-wound, bifilar, 9/32" OD form, Arnold Eng. core type "J" 
T2: pri.: BT, sec.: 2 T, #27 enameled, close-wound, bifilar, 9 /32" OD form, Arnold Eng. core type "J" 

R14 

+24 v 

C16: 0.002 µF 
C17: 0.002 µF 
C18: 18pf 
C,,: 10 pf 

T,: pri.: 9T, sec.: 8 T, #25 enameled, close-wound, pri. and sec. spacing: 0.18", 9/32" OD form, Arnold Eng. core type "J" 

DIODE 
D1: 1N60 

POWER SUPPLY INFORMATION 
MAXIMUM GAIN MINIMUM GAIN 

Power Supply 
12 Vat 9 mA 12 Vat 20 mA 
24Vat10 mA 24Vat10 mA 

TYPICAL TV IF AMPLIFIER PERFORMANCE 

Sensitivity: Y10(ifi = l 00 µV for V 0ur1oq = I V 

Frequency Rejection: 

VAGC Supply 4Vat0mA 7.5 V at 0.5 mA 

FIGURE 13 -TYPICAL TV IF AMPLIFIER 

39.75 MHz: down 17 dB 
41.25 MHz: down 20 dB 
45.75 MHz: down 3 dB 
47.25 MHz: down 18 dB 

Z-t 
I -< .,, .,, 
I "' z"' .,, ... --,.. "' zCO ,.. !t'-,., ... 
"' -- "' ---c 8 00 
z ... 

... = -< z ,, 
"' n -"' ~ ... ,. 
0 

1= ~ ,, ,. 
n 
!: 
6 z 

" !: 
~ 



11586, 11587 
N-P-N EPITAXIAL PLANAR SILICON TRANSISTORS 

SILECTt HIGH-FREQUENCY TRANSISTORS DESIGNED FOR TV MIXER AND NON-AGC IF STAGES 
Featuring low Feedback Capacitance and 

Full Characterization to Simplify Circuit Design 
• TIS86 for Mixer 
• TIS87 for Non-AGC IF Amplifier 

Rugged, One-Piece Construction with Standard T0-18 100-mil Pin Circle 

mechanical data 

These transistors are encapsulated in a plastic compound specifically designed for this purpose, using o 
highly mechanized process:!: developed by Texas Instruments. The case will withstand soldering tempera­
tures without deformation. These devices exhibit stable characteristics under high-humidity conditions and 
are capable of meeting MIL-STD-202C method 106B. The transistors are insensitive to light. 

High thermal-conductivity leads allow operation at unusually high dissipation levels. 

Feedback capacitance is minimized by placing the emitter terminal between the base 
minals, thus optimizing compatibility with advanced high-frequency design. 

NOTES: A. Load diameter is not controlled in this area. 
S. leads hciving ma><imum diameler [0.019) •hall be within 0.007 of !hair true P""ilions 

mea•ured in the g<0ging plane 0.054 below the seating plori.i of tl>e device .. rotive to 
a maximum.diameter package. 

C. All dimen1ionsarein inches. 

and collector ter-

• 1IT 
ljii! 
iH 

bsolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 

Collector-Base Voltage . 
Collector-Emitter Voltage (See Note l) . 
Emitter-Base Voltage 
Continuous Collector Current . 
Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 2) • 
Continuous Device Dissipation at (or below) 25°C Lead Temperature (See Note 3) . 
Storage Temperature Range . 
Lead Temperature ){, Inch from Case for l 0 Seconds 

TES: 1. This value applies when the base-emitter diode is open-circuited. 
2. Berate linearly to uo0 c free-air temperalure at the rate of 3.2 mW/ 0 C. 

TIS86 
30V 
30V 
4V 

TIS87 
45 v 
45V 
4V 

.+- 50mA-+ 

. +.-400mW-+ 

.+.-700mW-+ 

. -65°C to 150°C 

.+.- 260°C-+ 

3. Derate linearly to 150°C lead temperature at the rate of 5.6 mW/ 0 C. Lead temperature is measured on the colledor lead 1/16 inch from the case. 

rademark of Tex-as Instruments 

atented by Texas Instruments and other patents pending. 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE SOX 5012 • DALLAS, TEXAS 75222 
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TYPES TIS86, TIS87 
N-P-N EPITAXIAL PLANAR SILICON TRANSISTORS 

electrical characteristics at 25°C free-air temperature (unless otherwise noted) 

TEST CONDITIONS 
TISB6 TISB7 

UNIT PARAMETER MIN TYP MAX MIN TYP MAX 
VIBR)eeo Collector-Base Breakdown Vollage le = 10 µA, I• = 0 '30 45 v 
VIBR)CEO Collector-Emitter Breakdown Voltage le = 10 mA, 18 = 0, See Note 4 30 45 v 
leao Collector Cutoff Current 

Yea= 15 V, 1. = 0 100 100 nA 
Yea - 15 V, 1. - 0, TA - 85°C 10 10 µA 

1 •• 0 Emitter Cutoff Current VEB = 4 v, le= 0 10 10 µA 

h .. 
Static Forwa,rd Current VCE = 10 v. le= 4 mA 40 200 
Transfer Ratio VCE - 12 V, le - 12 mA, See Note 4 30 150 

VIE Base-Emitter Vollage Ve•= 12 V, le= 15 mA, See Note 4 0.87 0.87 v 
VCE~otl Collector-Emitter Soturation Voltage la= 1.5 mA, le = 15 mA 0.5 v 
Jh1el 

Small-Signal Common-Emitter Ve• - 10 V, le = 4 mA, f = 100 MHz 5 
Forward Current Transfer Ratio Ye• - 12 V, le = 12 mA, I = 100 MHz 5 

Jy,.J 
Small-Signal Common-Emitter VCE = 10 v, le= 4mA, I= 45 MHz 90 115 

mm ho Forward Transfer Admittance Ye•= 12 V, le = 12 mA, f = 45 MHz 130 200 
Phase Angle of Small-Signal Ye•= 10 V, le= 4mA, f = 45 MHz -7° -15° -20~ 

c/>yfe Common-Emitter Forward 
Transfer Admittance Ve.=12V, le = 12 mA, f = 45 MHz -18° -25° -35~ 

Ci es 
Parallel-Equivalent Common-Emitter VCE=lOV, le= 4mA, f = 200 MHz 9 

pf Short-Circuit Input Capacitancet Ye•= 12V, le = 12 mA, f = 45 MHz 25 

(res 
Common-Emitter Short-Circuit Ye•= 10 V, le= l mA, 

0.33 0.45 0.33 0.45 pf Reverse Transfer Capacitancet I= 0.1 MHztol MHz 

c .. , Parallel-Equivalent Common-Emitter . Ve•= 10 V, le= 4mA, f = 45 MHz 1.1 
pf Short-Circuit Output Capacitancet Yee = 12 V, le = 12 mA, f = 45 MHz 1.1 

Re(h;0 } 
Real Part of Small-Signal VCE = 10 v. le= 4 mA, f = 200 MHz 32 60 !1 Common-Emitter Input Impedance Yee= 12V, le = 12 mA, I = 45 MHz 55 100 

Re(y;.} Real Part of Small-Signal Ye•= 10 V, le= 4mA, f = 200 MHz 8.5 30 
mm ho Common-Emitter Input Admittance VCE = 12 V, le= 12 mA, f = 45 MHz 5 12 

Re(y .. ) Real Part of Small-Signal Ye• = 10 V, le= 4mA, f = 45 MHz 0.02 0.15 
mm ho Common-Emitter Output Admittance Ve•=l2V, le = 12 mA, f = 45 MHz 0.07 0.2 

NOTE 4: These parameters must be measured using pulse techniques. tp = 300 µs, duty cycle ~ 2%. 

tcies• (res• and (095 are defined as the imaginary parts of the small-signal, common-emitter, short-circuit admittances diyided by 27rf. 

operating characteristics at 25°C free-air temperature 

PARAMETER TEST CONDITIONS 
TISB6 

t---T-Y_P ___ M_A_X~-< UNIT 

NF Spot Noise Figure Vee = 10 V, le = 4 mA, Rs = 50 !1, I = 200 MHz 2.5 5 dB 

1042 TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 5012 • DALLAS, TEXAS 75222 



TYPES TIS86, TIS87 
N-P-N EPITAXIAL PLANAR SILICON TRANSISTORS 

u.. 
Cl. 

... .., 
I 

TYPICAL CHARACTERISTICS 

SMALL-SIGNAL COMMON-EMIITER 
FORWARD CURRENT TRANSFER RATIO 

VI 

2 COLLECTOR CURRENT 
l so r = 45 MHz 

i TA = 25°C -t---t--t---t--t---t--t---1 
I! .... 
-40f----+--+-----+--+-----+--+-----+--+-----+---t 

j 
1! VCE = 12 V 

.~3or--t~.i=-~====iF==~ti-=-::::::::t......_--i~r-11 
- ~ VcE = lOV I ~ 

~ ~ 
]2of---+-+----+--+----+-l----t--+----=t>.....;:;:i 
I 

j 
g 10 

"' v; 
I 

0 

Ji 0 0 4 6 8 10 12 14 16 18 20 
I I c - Collector Current - mA 

7 
FIGURE I 

COMMON-EMITTER SHORT-CIRCUIT 
REVERSE TRANSFER CAPACITANCE 

VI 

COLLECTOR-EMITTER VOLTAGE 

f-----t---+--+-+-t-nlc lmA 

1-----1--t---+-i--t-nf = 0.1 MHz to 1 MHz 

~ 0.71::'-., ... ----i--.---r-..,....,c--i--t TA = 25°C 
g i-.::::....,........_-+--1~-H-+-H-t-------;--i-1 
E _......_ 

l ·~ 
8 0.4 1-----1--t--f......r-+-tt++----t----t--t 

i ~t--
!! .... 

~ "' 0. 2 l-----lr--t--t-+-+-t+++----t----t--1 
I . 
v 

O.llL--~2--'--4~J.....J.~7:-'--~10;;;---2~0;--...._--t.40 

V CE - Collector-Emitter Voltage - V 

FIGURE 2 

TEXAS INSTRUMENTS 
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TYPES TIS86, TIS87 
N-P-N EPITAXIAL PLANAR SILICON TRANSISTORS 

1044 

TYPICAL CHARACTERISTICS 

SMALL-SIGNAL COMMON-EMITTER INPUT ADMITTANCE 
vs 

COLLECTOR CURRENT 

40 VcE = 10 V I 
3S f = 200 MHz-+-+--+-+--+-+--+-cHj_ 

.! T,. =25°C y 
E ao1---+---t-+--+--ir---r--t--rv~+-""t-----i 
I .L'. 
125 Re(ye 

f 201---+-+--+-+--+v---:-Jl'--+-T--+1---i _... 

f 15 f--+-t--t--t;.-L£-t--j;::;-t""-=-j.--r---+"""'r---; 
I ~l 
~IOf---+r--·~::_f:.~..£1~;-t--t--t--T-t--T---i v 

51---1--+--+-+--+--+--+-+--+---1 

0 0 2 4 6 8 10 12 14 16 18 20 
le - Collector Current - mA 

FIGURE 3 

SMALL-SIGNAL COMMON-EMITTER 
FORWARD TRANSFER ADMITTANCE 

VI 

COLLECTOR CURRENT 

~ 100 1/1 -lm(y1e\,.4..,. 

J so LL JdF 
1! 17 y 
j 60 i ~ 
I 40 t-t--t--t--:..lf'"--t--t--r--r---i--r-1 _:. y 
~ 20f---+:r"'-l---l---1f---t---t-+---t-+---1 ...-r 

0 0~_,___4....__6,__~8...._~10-~12-~14-~16-~1a~20 

I c - Collector Curr11nt - mA 

FIGURE 5 

SMALL-SIGNAL COMMON-EMITTER INPUT ADMITTANCE 
VI 

COLLECTOR CURRENT 
16 jV CE - 12 V 

f = 45 MHz 
-+--+-+--+-+--+-+--i 

0 0 2 4 6 8 10 12 14 16 
le -Collector Current -mA 

FIGURE 4 

18 20 

SMALL-SIGNAL COMMON-EMITTER OUTPUT ADMITTANCE 

0.5 VcE= 10V 

VcE= 12 V-

f = 45 MHz 

VI 

COLLECTOR CURRENT 

..8 0.4 
T,. = 25°C E 

I 
:: 0.3 
i 
j 
l 0.2 
"!; 
0 
I 
~ 0.1 

-
lm(y •• ) -::::: b ~ 

_i_ 

~ / 

~ ~/ 
v 

.L. / 

Re(y.;.). I-'/' ~ l_- ,2< 

~-!--== -0 0 2 4 6 8 10 12 14 16 18 20 
I c - Collector Curr11nt - mA 

FIGURE 6 
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"" "' TYPICAL TV VHF TUNER 
- - - - - - - - - - - - - -c- - - - r - - - - - - - - - - - - - - - - - -1 

1 ==i_ --l- --~I~-~~- --U~F.:~N~E~-- __ ;: ______ )_] 

UHF r.i;., ~ l2 
INPUT 

VHF I C1 

INPUT I 
I 
I 

ILV.,J 1!1 •• 1.111 .I 1111.rT.T:=lll. L ____ _ 
r, 

+VAGC '1 +12 V UHF 

C,: 47 pf 
C2: 47 pf 
C,: 8.2 pf 
( 4: 18 pf feed-thru 
C5: 30 pf feed-thru 
c., 0.68 pf 
C,: 1000 pf feed-thru 
C8: 1000 pf feed-thru 

RESISTORS (lh W, ten percent) 
R1: 1 k!l R,: 10 kO 
R,: TS !l R8: 5.6 kO 
R,: 560 !l · R,: 10 k!l 
R.= 390 !1 R, 0: 1 kO 
R,: 1.2 kfi R11 : 10 kfi 
R6: 220 !1 

TRANSFORMERS 

CIRCUIT COMPONENT INFORMATION 
CAPACITORS 

C9: 2-8 pf oir trimmer 
( 10: 39 pf feed-thru 
C11 : 2-8 pf oir trimmer 
C12: 30 pf feed-thru 
C13: 1000 pf feed-thru 
( 1,: 10 pf feed-thru 
C15: IOOO pf feed-thru 
c,., 3.6 pf 

L1: UHF matching coil 
L,: UHF matching coil 

INDUCTORS 

L,: os required per channel 
L,: as required per channel 
L5: as required per channel 
L6: as required per channel 

C17: 1000 pf feed-thru 
C18: 5.6 pf 
C19: 0.5-3 pf air trimmer 
C20: 1000 pf feed-thru 
C21: 5.6 pf 
C22: 2.5 pf feed-thru 
C,,: 1000 pf feed-thru 
c,., 5.6 pf 

L,: neutralizing coil 
L8: RFC 
L9: RFC 

T1: balun assembly, including IF traps 
T" IF output tronsfonner 

FIGURE 12 - TYPICAL TV VHF TUNER 

vee 

TYPICAL TV VHF TUNER PERFORMANCE 

CHANNEL 
POWER NOISE IF IMAGE 

UNIT GAIN FIGURE REJECT REJECT 
2 39 5.5 55 70 dB 
3 38 5.2 SS 77 dB 
4 38 S.7 57 82 dB 
5 36 5.S 59 88 dB 
6 38 6.0 63 75 dB 
7 37 5.5 72 68 dB 
8 35 6.1 71 72 dB 
9 36 5.5 72 66 dB 

10 34 5.5 84 78 dB 
11 35 6.2 79 79 dB 
12 35 6.2 76 79 dB 
13 35 6.1 65 70 dB 

POWER SUPPLY INFORMATION 

MAXIMUM GAIN MINIMUM GAIN 
Power Supply 12 Vat 19.5 mA 12 Vat 34 mA 
VAsc Supply 1.8 Vat 0.1 mA 8 Vat 2.85 mA 

TYPICAL TUNER AND IF AMPLIFIER (SEE FIG. 13) 
COMBINED PfRFORMANCE 

CHANNEL VinfrfJ (µ,V) 
2 3.5 
3 3.5 

~ z '11 I 

~ 
.,, 

I ... z 
J> "' .,, 
'11 -'11 ... ... ,. 
n >< J> -... ,. 
0 -4 3.5 z .,, -5 4.5 

6 3.5 
7 11.0 

~ 
,. 

J> z 
;: ,. 

"' 8 IO.O "' 9 9.0 
10 13.0 
11 12.0 
12 9.S 
13 11.0 

Frequency Rejection: 
39.7S MHz: down 13.5 dB 
41.25 MHz: down 13.5 dB 

-!:& ... 
I"\ -< 0 .,, 
z~ ...... 
~ u; z 00 
~.· $"' 

41.80 MHz: down 6 dB 
45.75 MHz: down 6 dB 
47 .25 MHz: down 46.5 dB 

= ... oE;; 
"' 00 "' ...... . 

I 



~ 

z~ 
ol: 
~~ 

!iGZ .... ~ 
oi: 
-SI: 
;i:m 

~~ 
~~ 
~~ 
~~ 
:z~ 

~~ 
..,.!!! 
0£ 
~ .... 
~d 
-<;o: 
;! ,.. 
mi;; 

il:Q 
~ ... 
~~ .. ~ c:,.. 
!:!'"" ...... 
0 :z 

~~ 
~"" r"m 

Tl5108 _ ~ T3 Dl L4 

.. ~U c1e 

R,: 20 {l 
R2: 470 il 
R,: 1 kil 
R,: 270 .!l 
Rs: 1 kil 

+VAGC - +12 v 

RESISTORS(% W, TEN PERCENT} 
R.: 680 .0 R11 : 4.7 k.O 
R7: 1 kil R12: 510 il 
R1: 270 .0 Ru: 56 il 
R9: 15 kil R14: 220 .0 
R, 0: 20 il R, 5: 5.6 k.O 

CIRCUIT COMPONENT INFORMATION 

CAPACITORS 
c,, 8.2 pf 
C2: 10 pf 
C3: 18 pf 
C.: 0.002 µF 
C5: 0.002 µF 

INDUCTORS 

~15~ 
~~¢ 
~~¢ 
~~¢ 
C~lO~ 

C11 : 0.002 µF 
C12: 0.002 µF 
Cu: 0.002 µF 
C,.: 0.002 ¢ 
C15: IS pf 

L1: sell sound, 14 T, #27 enameled, dose-wound, 9/32" OD fonn, Arnold Eng. core type ''J"' 
L2: adjcn:enl sound, 10 T, #27 enameled, close-wound, 9/32" OD fonn, Arnold Eng. core type "J" 
L,: series inductor, 6 T, #27 enameled, close-wound, 9/32" OD fonn, Arnold Eng. core type "J" 
4: filler inductor, 10 µH, Delevan RFC 

TRANSFORMERS 

T 
~' • 6 • I 

R14 

+24 v 

C,6 : 0.002 µF 
C11: 0.002 µF 
(19: 18 pf 
c .. , 10 pf 

DIODE 
D1: 1N60 

T,: pri.: 6T, sec.: 2 T, #27 enameled, dose-wound, bifilar, 9/32" OD form, Arnold Eng. core type "J" 
T2: pri.: BT, sec.: 2 T, #27 enameled, close-wound, bililar, 9/32" OD fotfu, Arnold Eng. core type "J" 
T3: pri.: 9T, sec.: 8 T, #25 enameled, close-wound, pri. and sec. spacing: 0.18", 9/32" OD form, Arnold Eng. core type "J" 

POWER SUPPLY INFORMATION TYPICAL TV IF AMPLIFIER PERFORMANCE 

Sensitivity: Y 1 ni;~ = 100 µV for Your1oc1 = 1 V 

Frequency Rejection: 

MAXIMUM GAIN 

Power Supply 12Vat9mA 
24 V of 10 rnA 

VA&C Supply 4Vat0mA 

MINIMUM GAIN 
12Vot20mA 
24 V allO mA 

7.5 V al O.S mA 

FIGURE 13 -TYPICAL TV IF AMPLIFIER 

39 .7 5 MHz: down 17 dB 
41.25 MHz: down 20 dB 
45.75 MHz: down 3 dB 
47.25 MHz: down 18 dB 
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TIS97 I TIS98, TIS99 
N-P-N EPITAXIAL PLANAR SILICON TRANSISTORS 

A COMPLETE FAMILY OF LOW-NOISE, LOW- TO MEDIUM-CURRENT SILECTt 
TRANSISTORS FOR USE IN HI-Fl AUDIO AMPLIFIERS AND 

GENERAL PURPOSE LOW-FREQUENCY APPLICATIONS 
• High V CBRJceo ••• 65 V Min (TIS99) 
• Excellent hFE Linearity to 100 mA 

mechanical data 

These transistors are encapsulated in a plastic compound specifically designed for this purpose, using a 
highly mechanized process~: developed by Texas Instruments. The case will withstand soldering tempera­
tures without deformation. These devices exhibit stable characteristics under high-humidity conditions and 
are capable of meeting Mll-STD-202C method l 06B. The transistors are insensitive to light. 

0.015 1-EMITIER 
(NOTE A} 
~ O.o50TP. 

11 OlOOT.P 

~:= .;. ~:~E}E-~--~~_-+--+>·• 
.... 1 I DSOOMIN _J 

*O.OOS 

NOTES: A. l.9ad diometer is not controllacl in this area. 
B. l8GdiJ having maximum diameter (0.019) ~hall be within 0.007 of their true positions 

motasul'ftd in the goging plane 0.054 b.low the seating plane of the device relative to 
a mcufimum·diameter package. • 

C. All dimensions are in inchH. 

2-BASE 

0.017 ~g::: DIA 

3 LEADS 

3 -COLLECTOR 

bsolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 

Collector-Base Voltage 
Collector-Emitter Voltage (See Note l) 

Emitter-Base Voltage . 
Continuous Collector Current 
Continuous Device Dissipation at (or below) 25°C Free-Air Temperature 

(See Note 2) . 
Continuous Device Dissipation at (or below) 25°C lead Temperature 

(See Note 3) . 
Storage Temperature Range . 
lead Temperature ){, Inch from Case for 10 Seconds . 

;: 1. These values apply between 0 and 10 mA collector current when the bose·emllter diode is open-circuited. 

2. Derafe linearly lo 1S0°C free-air temperature at the role of 2.88 mw/ 0 c. 
3. Berate linearly lo 1S0°C lead temperature at the rate of 4 mW/ 0 c. lead temperature Is measured on the 

collector lead 1/16 inch from the case. 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 5012 • DALLAS, TEXAS 75222 

TIS97 TIS98 TIS99 

60V BOV 80V 
40V 60V 65V 
6V 6V 6V 

200mA---+-

. ~ 360 mW__,,,_ 

• +--500 mW---+­
+- -650C to 150°C~ 
...----260°C----'~ 

tTrademark of Texas Instruments 

iPatented by Texas Instruments 
and other patents pending. 
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TYPES 11597, 11598, TIS99 
N-P-N EPITAXIAL PLANAR SILICON TRANSISTORS 

electrical characteristics at 25°C free-air temperature 

PARAMETEll TEST CONDITIONS 
TIS97 TIS98 TIS99 

UNIT 
MIN TYP MAX MIN TYP MAX MIN TYP MAX 

"oo_ao Coll1ttor-Emitter Breakdown Voltage le = 10 mA, 11 = 0, Sea Note 4 40 60 6S y 

YeB = 40 Y, IE = 0 10 10 10 nA 

1eao Collector Cutoff Current Yea = 60 Y, IE = o 10 µA 

Yea = so Y, I• = o 10 10 µA 

l•ao Emitter Cutoff Current YEa - 6 Y, le - o 20 20 20 nA 

Ya; = SY, le= 100 µA 2SO 340 700 

Static Forward Ya;= SY, le= 1 mA 100 200 300 
h,. 

Curnnt Transfer Ratio Ya; = SY, le= 10 mA, See Nole 4 60 125 

Y~_= SY, le= 100 mA, See Note 4 SS 110 300 

Ya= SY, le= 100 µ.A 0.45 D.65 y 

v .. Base-Emitter Voltage Ya= SY, le= 1 mA o.s 0.7 v 
VCE = l Y, le= 10 mA, See Note 4 0.6 0.8 v 
11 = 0.1 mA, le = 10 mA, See Nole 4 1 v 

Va; Collector-Emitter Voltage 
11 = 2 mA, le= 100 mA, See Note 4 2 v 

YeElsatJ Collector-Emitter Saturation Voltage 11 = S mA, .!k_ = 100 mA, See Note 4 O.l O.l v 
VCE = S V, le= 100 µA 115 

hi• 
Small-Signal Cammon-Emitter 

YeE = SY, le= 1 mA I= 1 kHz 6.4 k{) 
Input Impedance 

Ya= SY, le= lOmA o.s 
Ya= SY, le= lOOµA 2SO 440 800 

h1o 
Small-Signal Common-Emitter 

Ya= SY, le= 1 mA I= lkHz 100 240 400 
Forward Current Transfer Ratio 

Ya= SY, le= lOmA 60 130 SOD 

Ya= SY, le= 100 µA 
30x 
lo-4 

h..., 
Small-Signal Common-Emitter 

Ya= l Y, le= 1 mA I= 1 kHz 
1.Sx 

Reverse Voltage Transfer Ratio 10-< 

Ya= SY, le= lOmA 
0.9x 
10-< 

Ya= SY, le= 100 µA 11 

h .. 
Small-Signal Common-Emitter 

YeE = l Y, le= 1 mA I= 1 kHz 6 µ.mho 
Output Admittance 

YCE = SY, le= 10 mA so 
Ya= SY, le= 100 µA 3.8 

'"' 
Small-Signal Common-Emitter 

Ye&= l Y, le= 1 mA I= 1 kHz 30 38 mmho 
forward Transfer Admittance 

YeE =SY, le= 10 mA 160 

l•i.1 
Small-Signal Common-Emitter 

YCE = SY, le= 10 mA, I= 100 MHz 2 Foiward Current Transfer Ratio 2 2 

ccb (qlle~tor-Base Capacitance 
Yee= s Y, 1. = 0, I= 1 MHz, 

1 See Note S 1 4 4 1 4 pf 

C.b Emitter-Base Capacitance 
YEB = O.S Y, le = 0, I= lMffz, 

See Note 5 16 16 16 pf 

operating characteristics at 25°C free-air temperature 

!'ARAMmR T~ST CONDITIONS 
TIS97 

UNIT MAX 

NF Spot Noise Figure 
YeE =SY, le= 30 µ.A, R6 = 10 kO, 

2 di 
I= lkHz, Noise Bandwidth = 100 Hz 

iiF Average Noise Figure 
Ya= S V, le= 100 µA, ~ = 10 k(l, 

3 dB Noise Bandwidth = lS.7 kHz, Seo Note 6 

NOTES: 4. The~e parameters must be measured using pulse techniques. IP = 300 µs, duty cycle S 2°/o. 
5. Cd> and C.b are measured using three-terminal measurement techniques with the third electrode (emitter or collector respectively) guarded. 
6. Average Noise Figure is measured In an amplifier with response dawn 3 dB at 10 Hz and 10 kHz and a high-frequency rolloff of 6 di/octave. 
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TYPES TIS97, TIS98, TIS99 
N-P-N EPITAXIAL PLANAR SILICON TRANSISTORS 

PARAMERR COLOR-CODE INFORMATION 

The TIS99 is furnished in three color-coded hFE brackets, each having a 2-to-1 spread as shown in the table 
below. No hFE bracket distribution is implied by this coding system. 

COLOR CODE 

red 
orange 
yellow 

, hFE BRACKET 
Va. == 5 V, le = 100 mA 

55-110 
90-180 

150-300 

TABLE 1 - TIS99 hFE B1RACKETS 

TYPICAL CHARACTERISTICS 

TIS97 

COMMON-EMITTER COLLECTOR CHARACTERISTICS 
200r-:::-"""-=::o::--r--:r;:::o~-r--.-=...,...--, 

20 _ _,___,~la ~ 100 nA 

la =50nA 11 =O 
0 ~0--'2'--~4,__~6~-8~~10~~12 ...... ~14 ..... ~1-6""""1s--'20 

Vee - Collector-Emitter Voltage -V 

FIGURE 1 

TIS99 

COMMON-EMITTER COLLECTOR CHARACTERISTICS 
2001.--,--..---,--r--,..-r--c;r-i--r---i 

<( 160 
E 
I 14011---+-1++__,,.'1 

1 12011---111~--.-+ 
a 
~ 1001t---f!Jf--J~t~--t--:::j:;::::::f;::::-T---1~1""''9 
l li 80 

~ 60111r-t=t=h:;;t;:::t==t==f=f1 

0.2 o.4 o.6 o.8 1.0 1.2 1.4 1.6 1.8 2.0 
Ve~ - Collector-Emitter Voltage - V 

FIGURE 2 

NOTE 4, Those paramtters must bo measured using pul11 technl•uos. Ip = 300 p.s, duty cycle ~ 2%. 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFP'ICE BOX 5011 • DALLAS, TEXA8 71222 
1.055 
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TYPES TIS97 I TIS98, TIS99 
N-P-N EPITAXIAL PLANAR SILICON TRANSISTORS 

1056 

TYPICAL CHARACTERISTICS 

NORMALIZED STATIC FORWARD CURRENT TRANSFER RATIO 

w 10 
~ 

0 

~ 
-!: 
! 
~ 
v 

l 0.7 

.l! 
~ 0.4 
o; 
~ 

.~ 0.2 

~ 
:£ O. l 

" COLLECTOR CURRENT 

~VCE 5 V :=t-i :TIS97 

1--see Note 4 

~ _i 

'• ,, ~ ,b.a"G 

,.... 

v 

f--
.--: 

0.001 0.01 0.4 O. l 0.4 I 
le -CollectorCurrent-mA 

FIGURE 3 

4 10 

NORMALIZED STATIC FORWARD CURRENT TRANSFER RATIO 

COLLECTOR CURRENT 
10 

t=VcE - 5 V ----i TIS9B 

~See Note 4 

~ 0.7 

~ 
ti 0.4 
o; 

] 0.2 

1-1 

l 0.1 
0.01 

1 "',oO"'C 

!--~ 
" 
" 

.~ooC 

~ 

0.1 0.4 10 
le - Collector Current - mA 

FIGURE 5 

40 100 

NORMALIZED STATIC FORWARD CURRENT TRANSFER RATIO 

0 

~ 
~ 
j 

1 
v 1 o. 

o. 

i 
~ 

_; o. 

1------j 
7f:=:j 

1------j 
4 

2 

1 

7 

4 

i--
2 

1 
] 
z o. 

0.1 

VO 

COLLECTOR CURRENT 

Vcf 5 '~'~ TIS99 

See Note 4f--+-1 

ooc 

~ 15 i,.. "' 

'• 
"'_1i,o""C 

0.4 40 100 
le - Collector Current~ mA 

FIGURE 7 

NOTE 4: These parameters must be measured using pulse techniques. tp 

1.0 

0.9 

> 0.8 

I 
& 0.7 
2 

vi 1.1;~111 
CE 

T..a.. = 25°C 

See Note 4 

BASE-EMITTER VOLT AGE 
VO 

COLLECTOR CURRENT 

Ill[ 
1!9 

!-;::: 

_,J:1 

~ ~ 0.6 

t 
:::: 0.5 

~ ,JIS98 I 

~ p 
rlf91 ! 0.4 

I o.3 

~ 0.2 

0.1 

0 
0.01 0.1 0.4 1 10 40 100 

le - Collector Current -mA 

FIGURE 4 

BASE-EMITTER VOLTAGE 

COLLECTOR CURRENT 
1. 0 

0.9 

> O.B 
I 

r•-rrnn~ ~ 
le __ T~B 

~. ~:~. 4-mBll.~ V1 

f 0.7 
i~ ~ 
,1; ~ 1i:.:sr- ,,-1-1 ~ 0.6 

~ 0.5 ] 

r- -- ' 
!-- ]Tl~°C 

" ~ 
.ll 

0.4 

I 0.3 

-} 0.2 H 

o. 1 

0 
0.01 0.1 0.4 10 40 100 

le - Collector Current - mA 

FIGURE 6 

BASE-EMlTIER VOLTAGE 

.; o. 2 >-+-++tttt1+--+-++++ti lf--t-H-+->-+-+++++H< 

300 µs, duty cycle ~ 23. 

o. 1 t-t-tttttttt---t-tttttlit--t-H-ttttlt-t-tttttttt 

o,~~~~~~~~~~"'"'----'--'-'-L"'" 

o. 01 o. 1 0.4 1 4 10 
le - Collector Current - mA 

FIGURE 8 

40 100 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 5012 • DALLAS, TEXAS 75222 



TYPES TIS97, TIS98, TIS99 
N-P-N EPITAXIAL PLANAR SILICON TRANSISTORS 

> 0.30 

I 
i 0.25 

~ 

·i 0.20 

j 
l 0.15 

i 0.10 

8 
I o.05 

TYPICAL CHARACTERISTICS 

COLLECTOR-EMITTER SATURATION VOLTAGE COLLECTOR-EMITTER SATURATION VOLTAGE 

COLLECTOR CURRENT .. 
COLLECTOR CURRENT 

'j o.ao .-.•. '.TA'=n,00-ri.Tiic F-Tr11$ttrrirni'rr---r, 1-n11CT llTTIT' 111 

J -TA =25•c 11 -"-=so 
~ 0.25 --T.- = -40oc I J j'' " 
l 0. 20 See 'i'!W.t+ LJ 

J f'..._ le V 
~ I f-._ ~=20 LJ 
.:e o. 1s 1--+-PIL.J+++ll-+-+-t++Hfl-V-;)JEN:-++t+IKI 

f M · "" L..}1 .. 
~ o. 10 IMffi:mt=t=tlt:mf11......-:=:::;-Q~;mm1 
8 r-::1 ~·~~r-~~4·mit~;$:J;tt··m1-d~·~·~ I o.051- - le 
j r-=10 

... ~~1,1Jb'!c rr'59a 
-r..._ = 25°C 

--TA = -40°C 

See Note 4 

I 11ffit11 II 
le le 

!-- ~=50 -=20 1, 

~ ~ 
····· .... ... ~ - ~ 

le 
-=10 
la 

! 
::W 

i.01 0.1 0.4 10 
le - Collector Cun-ent - mA 

40 100 
~ lllll O'----'--'--LLl.llli _ _,___,__,~'""--~~~~ 

0. l 0.4 1 4 10 40 100 
le - Collector Current -mA 

FIGURE 9 

NORMALIZED COMMON-EMITTER "h" PARAMETERS 

"' 
100 

~Vee sv 
f I kHz 

~'?·c 
h;, 

I 

1 0.0 
0.01 

h,. 

COLLECTOR CURRENT 

'!§ TIS97 

h.,= 

7 

h~ 

0.1 0.4 
le - Collector CuTrent - mA 

FIGURE 11 

FIGURE 10 

10 

NORMALIZED COMMON-EMITTER "h" PARAMETERS .. NORMALIZED COMMON-EMITIER "h" PARAMETERS 

"' COLLECTOR CURRENT COLLECTOR CURRENT 

Jl)(lm~~ TiS99 Ve, =5 V 

1:40 flkHz j ~h,.rttt+--t-t--rttttT• = zs•c 
1:1:. 10 ~ See Note 7 

t= 
= ~H0 +tt--t---f"~Htt-~-T-rh~,ettt ] ~1==~.h~~~~~~l17~~~1nl j 0.4~ 

] O. l rf--~~"*""iE!~ho.iiik::'.iiiiiiiiiiiii 1 
~ 0.04i:::: 

0.01 L--1...1..LU.UU.-'-'-'-'"'-'"--....L-~W..~~~~ 11 0 • 0b.",-L-.L-,JO.-,J4..LU.JJ,-...L..-'-..'.LWLI.ll.IO:-~L.Lo~~,oo 
0.01 0.1 0.4 4 10 40 100 

le -Collector Current-mA le -Collec:tor Current-mA 

FIGURE 12 FIGURE 13 

NOTES: 4. The5e parameters must he measured using pulse techniques. tp = 300 µs, duty cycle ~ 2%. 
7. These parameters are mtasured with bias voltages applied for less than five seconds ta avoid averheating the tronsistar. 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 5012 • DALLAS, TEXAS 75222 
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TYPES llS97 I llS98, TIS99 
N-P-N EPITAXIAL PLANAR SILICON TRANSISTORS 

1058 

TYPICAL CHARACTERISTICS 

10 

i--.. 

0 

11599 

COLLECTOR-BASE CAPACITANCE 
vs 

COLLECTOR-BASE VOLTAGE 

'1I=oT 

f = 1 MHz 

T,. = 25°C 

~ See Note 5 

" 
~ 
~ 
~ 

l'-l 

+---

+-

o. 1 0.2 0.4 0.7 1 2 4 7 10 20 40 
Vc1 - Collector-Base Voltage -V 

FIGURE 14 

11597 

AVERAGE NOISE FIGURE 
vs 

GENERATOR RESISTANCE 

10 Vee J 5 VT TTTTTTT 
9 

Noise Bandwidth= 15. 7 kHz 

~ a 1-T,. = 25•c ~ 

~ 7 t-See Note 6 lt1 

£6f----+---1--1-+-+++-Hf-----+--+-+--+~rVrr~ 
s ~ 
~ 5 f----+--+--~--++-+H----t---t17-+1-+--Hc+-H 

L~= 10.,A-+-+-H-H+--+F~ = 1 mA-i 
J / 
I 3 ~ le =Jo ~-1-1V_,,,_L_o.._+-1------f--1-!--+-+-+l 

lz 2~i::=sr--~L:"1.~-r=r-t-++++---+--+-+-+t>f'9-11~ 
~~ y 

2 4 7 10 20 40 
RG- Generator Resistance - kQ 

FIGURE 16 

70 100 

TIS97 

EMITIER-BASE CAPACITANCE 
vs 

EMITTER-BASE VOLTAGE 

10~ leT=o' 

9 °" f = 1 MHz -
'a. ~ 
~ 8 ~N See Note 5 5 7 f-----1---1---1--+--l--l-+-4--""~--+--+--l 

16 ~ 
t: ' 
~ 
£ 31----1---+--ll-+--+-++++----+---+--~ 
I 
j 21-----1--+----l--+--l--l-+-+-+---+--+---l 

... .,, 

O'-----'--.L-.--'----'---'-LL.l..L----'--'---' 
0.1 0.2 0.4 0.7 1 

Vee - Emitter-Base Voltage -V 

10 

~ 
9 

T,. = 25°C 

8 

FIGURE 15 

11597 

SPOT NOISE FIGURE 
vs 

FREQUENCY 

4 

I 7 

\ 
I\ 

r\] 
2 

0 
0,01 

le= 1 mA le= 1001-'A 

RG = 2 kQ RG =5 kQ 

r-.. II le= 101-'A 

l RG= lOkQ 

ITTTl 

I\ "-

0.1 10 100 1000 
f - Frequency - kHz 

FIGURE 17 

NOTES: 5. Ccb and C•b are measured using three·terminal measurement tec:hnliiues with the third electrode (emitter or collector respectively) guarded. 
6. Average NolH Figure Is mtasured In an amplilier with rospanH dawn 3 dB at 10 Hz and 10 kHz and a hlgh-frequmy rollolf of 6 dB/odava. 

TEXAS INSTRUMENTS 
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TYPES TIS97, TIS98, TIS99 
N-P-N EPITAXIAL PLANAR SILICON TRANSISTORS 

TYPICAL CHARACTERISTICS 

TIS97 

CONTOURS OF CONSTANT SPOT NOISE FIGURE 
100 
70 

40 

~ 20 
I .. 
u 10 
6 
1;; 7 

~ 4 
a 
2 2 
~ 

(:J 1 

I o.7 
" "' 0.4 

0.2 

~ K 

~ \ 
_'>IS 

o. 1 
0.001 

VcE 5V 
~ 
~ 

f - 1 kHz 

\ I~ 
TA = 2s•c 

~ ~ 
NF 0.5 dB 

""J 
If!: 
[[[_ ~ 

N ~~ = 11 dB 1.1\ 
h"N r-tTI 

NF i..l!B 
D NF :i'dB 

NF - 4 dB 

0.01 0.1 0.4 1 
le - Collector Current - mA 

FIGURE 18 

TIS97 

le - Collector Current - mA 

FIGURE 19 
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TYPES TIS97, TIS98, TIS99 
N-P-N EPITAXIAL PLANAR SILICON TRANSISTORS 

1060 

TUNER 
INPUT 

CRYSTAL 
CARTRIDGE 
INPUT 

MAGNETIC 
CARTRIDGE l<>lf--0"7C~ 
INPUT 

R,: 1 Mil 
R2: 2.7 Mn 
R,: 47 k!l 
R4: 100 k!l 
R,: 150 k!l 
R6: 330 !l 
R,: 15 k!l 
R,: 1.2 Mil 
R9: 75 k!l 

RESISTORS 

Rio: 56 k!l 
R11 : 100 k!l 
R12: 33 k!l 
R13: 270 !l 
R14: 2.2 k!l 
R15: 1 k!l 
R16: 0-100 k!l 
R17: 82 k!l 

All resistors Vi W, ten percent tolerance 

TYPICAL APPLICATION DATA 

CIRCUIT COMPONENT INFORMATION 

CAPACITORS 

R18: 0-1 M!l 
R19: 47 k!l 
R20: 0- 500 k!l 
R21 : 82 k!l 
R22: 470 k!l 
R23 : 56 k!l 
R24: 39 k!l 
R25: 4.7 k!l 

C1: 10 µ.F, 3 V, electrolytic 
C2: 2 µ.F, 50 V, electrolytic 
C3: 50 µ.F, 3 V, electrolytic 
C.: 20 µ.F, 25 V, electrolytic 
C5: 0.0033 µ.F 
C6: 47 pF 
C7: 1200 pF 
C8: 1 µ.F, 50 V, electrolytic 

TYPICAL PERFORMANCE AT RATED OUTPUT 

C. : 50 µ.F, 6 V, electrolytic 
C, 0: 0.003 µF 
C11 : 470 pf 
C12: 0.003 µF 
C13: 5 µF, 6 V, electrolytic 
C, 4: 1 µF, 25 V, electrolytic 
C15: 20 µ.F, 6 V, electrolytic 

V001=1 V, Ri.=22 k!l, f=l kHz (unless otherwise noted), TA=25°C 

Sensitivity: 
Magnetic Cartridge Input 
Crystal Cartridge Input 
Tuner Input 

Total Harmonic Distortion: 
Magnetic Cartridge Input 
Crystal and Tuner Inputs 

Unweighted Noise Below 1 V nns 
With Grounded Input 

Frequency Response: 
Crystal and Tuner Inputs 
20 Hz to 20 kHz 

Overload Capability: 
4 mV Magnetic Cartridge Input 35 to 50 mVt 

220 mV Crystal Cartridge Input 2 to 2.8 Vt 
100 mV Tuner Input 0.9 to 1.3 Vt 

Input Impedance: 
0.06% Magnetic Cartridge Input 47 k!l 
0.14% Crystal Cartridge Input 2.7 M!l 

Tuner Input 1 M!l 

72 dB RIAA Compensation (Magnetic Input Only) 
Within ± 1 dB of Ideal Curve from 
20 Hz to 20 kHz 

±1 dB tValue dependent on volume control setting 

FIGURE 20 - TYPICAL AUDIO PREAMPLIFIER 

TEXAS INSTRUMENTS RESERVES THE RIGHT 10 MAKE CHANGES AT ANY TIME 
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 



TYPES TISlOO, TIS101 
N-P-N EPITAXIAL PLANAR SILICON TRANSISTORS 

mechanical data 

SILECTt HIGH-VOLTAGE TRANSISTORS 
DESIGNED FOR VIDEO OUTPUT STAGES, 

AGC AMPLIFIERS, AND BURST AMPLIFIERS 

• Low Ccb 

• Low V CE(sa11 

• hFE Linearity 

These transistors are encapsulated in a plastic compound specifically designed for this purpose, using a 
highly mechanized process! developed by Texas Instruments. The case will withstand soldering tempera­
tures without deformation. These devices exhibit stable characteristics under high-humidity conditions and 
are capable of meeting MIL-STD-202C method l 06B. The transistors are insensitive to light. 

High-thermal-conductivity leads allow operation at unusually high dissipation levels. 

0.015 I • EMITTER 
(NOTE A) 
~ 0050 TP. 

11 OlOOTP. 2-BASf 

±~~ D:A ±~~-B=E-~---~_-_-+--+, ... 
om I I osooMrN _J 

0.017 ~:= DIA 

3 LEADS 

::!:0.005 

NOTES: A. Lead diameler ;, not controlled in 1hi1 area. 
B. Leads hciving maximum diameter (0.019) shall be within 0.007 af their true positions 

measured in the goging plone 0.054 below 1he Mating plorw of the devic. relative to 
o moximum-diomeler package. 

C. All dimensions ore in inches. 

3-COLLfCTOR 

absolute maximum ratings at 2S°C free-air temperature (unless otherwise noted) 

Collector-Base Voltage . 
Collector-Emitter Voltage (See Note l) 
Emitter-Base Voltage 
Continuous Collector Current . 
Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 2) 
Continuous Device Dissipation at (or below) 25°C Lead Temperature (See Note 3) 

Continuous Device Dissipation at (or below) 25°C Case-and-Lead 
Temperature (See Note 4) 

Storage Temperature Range . 
Lead Temperature ){. Inch from Case for 60 Seconds 

NOTES: 1. These values apply between 0 and 10 mA collector current when the base-emitter diode is open-circuited. 

2. Derale linearly to 1S0°C free-air temperature at the rate of S mW/deg. 

TISlOO 

180V 
180V 

TISlOl 

150V 
150V 

SV 5V 
. +.---100 mA-+ 

+.---625 mW-+ 
+--- 1.25 w -+ 

·+--- 1.6 w-+ 
-65°C to l 50°C 

. +--- 260°C -+ 

3. Derote linearly to 1S0°C lead temperature at the rate of 10 mW/deg. Lead temperature is measured on the collector lead 1/16 Inch from the case. 

4. This rating applies with the entire case (including the leads) maintained at 2s0 c. Derate linearly to 150°C case-and-lead temperature at the rate of 12.8 mW/deg. 

tTrademark of Texas Instruments 
:l:Patented by Texas Instruments and other patents pending. 

TEXAS INSTRUMENTS 
INCORPORATED 

.. O.T OP"P"ICE •ox !1012 • DAL.LA•. T•x•• 71211 
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TYPES TIS100, TIS101 
N-P-N EPITAXIAL PLANAR SILICON TRANSISTORS 

1062 

electrical characteristics at 25°C free-air temperature 

V1BRJeBO 
V1BRJCEO 
lcao 
1.,o 

h,. 

Vce1s•tl 

I hr.I 

Cobo 

c.,. 

C.b 

PARAMETER TEST CONDITIONS 

Collector-Base Breakdown Voltage le = 100 µA, 1. = 0 
Collector-Emitter Breakdown Voltage le= lOmA, la= 0, See Note 5 
Collector Cutoff Current Vea= 75 V, 1. = 0 
Emitter Cutoff Current v •• - 5 v, le - 0 

Static Forward Current Transfer Ratio 
VeE - lOV, le= l mA, 
VeE = 10V, le= 25 mA, See Note 5 

Collector-Emitter Saturation Voltage la= 2.S mA, le= 25 mA, See Note S 

Small-Signal Common-Emitter Ve• - SO V, le - 2.5 mA, f- 20MHz 
Forward Current Transfer Ratio VcE - lSV, le - 25 mA, f-20MHz 
Common-Base Open-Circuit Vea= 20 V, 1. = 0, f=lMHz, 
Output Capacitance See Note 6 

Collector-Base Capacitance 
Yes - 20 V, le - o, f-lMHz, 

See Note 6 

Emitter-Base Capacitance 
VEB - 1 v, le - G, f-lMHz, 

See Note 6 

TYPICAL CHARACTERISTICS 

TIS100 
COMMON-EMITTER COLLECTOR CHARACTERISTICS 

115 

I 

Tl5100 
MIN TYP MAX 
180 
180 

50 
100 

20 40 
30 SS 

0.2 1 
3 4 
4 6 

2.8 

1.7 3 

20 

MIN 
150 
lSO 

20 
30 

3 
4 

TIS101 
TYP MAX 

50 
100 

45 
60 

0.2 1 
4 
6 

2.8 

1.7 3 

20 

T,. = 25°C 

See Note 5 

la= 0 
0 .......... ~..;..~~.i.......a..~.i---~.i-...&--1 

UNIT 

v 
v 

nA 
µA 

v 

pf 

pf 

pf 

0 20 40 60 80 100 120 140 160 180 200 
Vee - Collector-Emitter Voltage -V Vee - Collector-Emitter Voltage - V 

FIGURE 1 FIGURE 2 

NOTES: 5. These parameters must be measured using pulse techniques. tp = 300 µ.s, duly cycle :::; 23. 
6. Cch and Cab measurements employ a three·termlnal capadtanct bridge Incorporating a guard circuit. The third electrode (emllter or collector, respectively) Is con· 

nected to the guard terminal of the bridge. Cobo measurements are madt with th• third terminal floating. 
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TYPES TIS100, TIS101 
N-P-N EPITAXIAL PLANAR SILICON TRANSISTORS 

TYPICAL CHARACTERISTICS 
TISlOO 

STATIC FORWARD CURRENT TRANSFER RATIO 
VI 

COLLECTOR CURRENT 

T,. - 100°c 
0 

! III 

10'--~~J~e~l_J~J.L..LJU..U~-'--'-~L...U.J~--'--'-~ 
0.1 0.2 0.4 0.7 1 4 7 10 20 40 

le - Collector Current - mA 

FIGURE 3 

COLLECTOR-EMITTER SATURATION VOLTAGE 
COMMON-BASE OPEN-CIRCUIT OUTPUT CAPACITANCE 

AND COLLECTOR-BASE CAPACITANCE 
vs 

COLLECTOR CURRENT 
vs 

COLLECTOR-BASE VOLTAGE 

> 0.5 le 
I T;- = 10 

10 If = 0 

! 9 T" = 25•c 

f = 1 MHz 
0 
~ 0.4 ~e Note 5 

8 See Note 6 

·~ 
~ 
] 0.3 

o~~ ...... ~~~~'--~-'-~ ..... ~~'--~-'-~~ 
0 10 20 30 40 

le-Collector Current -mA 

FIGURE 4 

u.. 
Cl. 

7 

6 

o~~~'----'~..__._._._...._..__~_...__ ....... ~.__.__._._._._. 
1 7 10 20 40 

Veg -Collector-Base Voltage - V 

FIGURE 5 

70 100 

NOTES: S. These parameters must be measured using pulse techniques. IP = 300 µs, duty cycle < 2%. 

6. Ccb and Ceb measuremenh employ a three-terminal capacitance bridge incorporating a guard circuit. The third electrode {emitter or collector, respectively} is con­

nected to the guard terminal of the bridge. Cobo measurements are made with the third terminal floating. 
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TYPES TISlOO, TIS101 
N-P-N EPITAXIAL PLANAR SILICON TRANSISTORS 

1064 

TYPICAL APPLICATION DATA 

INPUT 

TIS IOI 
(See Note 7) 

2-V PEAK-TO­
PEAK VIDEO 

SYNC NEGATIVE 
15kQ 

1000 pf 

33Q 

+140 v 

O. l 11F 

270kQ 

BRIGHTNESS 
CONTROL 

C.R. T. 
CATHODE 

TYPICAL PERFORMANCE, f = 1 MHz, TA = 60°C 

Voltage Goin • • . . 60 
Bandwidth . . • . . 3 MHz 
Average Collector Current 8.5 mA 

FIGURE 6 -TYPICAL VIDEO-OUTPUT AMPLIFIER 

NOTE 7: The <ollector lead is attached ta a 0.85-in.2 heat sink. 

THERMAL INFORMATION 

SYMBOL DEFINITION 
SYMBOL DEFINITION VALUE UNIT 

Pr Transistor Power Dissipation w 
lhl Junction·to-Leod Thennol Resistance 100 deg/W 

fh.Hs Lead-to-Heat-Sink Thermal Resistance See deg/W 

9HS·A Heat-Sink-to-Free-Air Thennol Resistance Figure 7 ~ 
TA Free-Air Temperature oc 
T, Junction Temperature <150 oc 

The minimum heat-sink requirement may be calculated 
by the procedures used in the following example: 

OPERATING 
CONDITIONS: TA = 60°C 

T J (transistor design limit) = 150°C 
lc""8.5mA 
VCE=70V 

Solution: Pr"" lex VCE 
Pr"" 8.5 mAx 70V 
Pr""0.6W 

T,-TA 
9l·HS + 9Hs.A = - 9 J·L 

Pr 

9l·HS + 9HS·A = l 50-6Q -100 
0.6 

9l·HS + 9HS·A = 50 deg/W 

Area = 0.85 in.2 (from Figure 7) 

100 

~ 90 
~ 
I eo .. 
§ 70 
t; 

J 60 
0 
E 50 

J! .... 
I 40 

< 
.;, 30 
~ 
+ 20 
~ 

:c 
~ 10 

0 
0 

TYPICAL LEAD-TO-HEAT-SINK-TO-FREE-AIR 
THERMAL RESISTANCE 

See Note 8 

""' 

0.25 

vs 
HEAT-SINK AREA 

l'--l -t--J 

0.50 0.75 1.25 

Heat Sink Area - in2 

FIGURE 7 

1.50 

NOTE 8: The collector lead is soldered to the middle of on edge of a square 
hoal sink mado of 2-aunco coppor bonded lo 1/16-inch·lhick XXXP 
Bakalitat. 

tTrademark of Union Carbide Corporation 

TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
IN ORDER TO IMPROVE DESIGN AND TD SUPPLY THE BEST PRODUCT POSSIBLE. 

SE 



2N1613, 
N-P-N DOUBLE-DIFFUSED PLANAR SILICON TRANSISTORS 

Highly Reliable, Versatile Devices Designed for 
Amplifier, Switching and Oscillator Applications 
from <0.1 ma to >150 ma, de to 30 me 

• High Voltage • low leakage 
• Useful hFE Over Wide Current Rahge 

mechanical data 
Device types 2N717, 2N718, 2N718A, 2N730, 2N731, and 2N956 are in JEDEC T0-18 packages. 
Device types 2N696, 2N697, 2Nl420, 2Nl507, 2N1613, and 2Nl711 are in JEDEC T0-5 packages. 

T0-18 T0-5 

*absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 

2N696 2N717 2N718A 2N697 2N718 
Collector-Base Voltage 60 60 75 
Collector-Emitter Voltage (See Note l} 40 40 50 
Collector-Emitter Voltage (See Nate 2) 32 
Emitter-Bose Voltage 5 s 7 
Collector Current 
Total Device Dissipation at (or below} 0.6 0.4 o.s 

2S°C Free-Air Temperature t tt 
(See Note Indicated in Parentheses)- (3) (SJ (7) 

Total Device Dissipation ot (or below} 2.0 l.S 1.8 
2S°C Case TemperoMe t tt 
(See Note Indicated in Parentheses)- (4) (6) (8) 

Total Device Dissipation at 1.0 0.75 1.0 
100°C Cose Temperature t tt 

Operating Collector Junction Temperature mt mtt 200 
Storage Temperature Range 

NOTES: 1. This value applies when the base-emitter resistance (Ree) is equal to or le~s than 
10 ohms. 

2. This value applies when the base-emitter diode is open-circuited. 
3. Derate linearly to 17S°C free-air temperature at the rate of 4.0 mw/0 C. 
4. Derate linearly to 175°( case temperature at the rate of 13.3 mw/ 0 C. 
5. Derote linearly to 175°( free-air temperature at the rote of 2.67 mw/0 C. 
6. Derote linearly to 175°( case temperature at the rate of 10.0 mw/ 0 C. 
7. Derate linearly to 200°( free-air temperature of the rote of 2.86 mw/0 c. 
8. Derate linearly to 200°( case temperature at the rate of 10.3 mw/0 C. 

9. Derate linearly to 175°( free-air temperature at the rate of 3.33 mw/0 c. 
10. Derate linearly to 200°( free-air temperature at the rate of 4.56 mw/ 0 C. 
11. Derate linearly to 200°( case temperature al the rote of 17.2 mw/ 0 C. 

*Indicates JEDEC registered data. 

2N730 2N956 2N1420 2N1613 2N1711 UNIT 2N731 2N1507 
60 75 60 75 75 v 
40 50 30 50 50 v 

v 
s 7 5 7 7 v 

1.0 1.0 1.0 a 
o.s 0.5 0.6 0.8 0.8 w 
tt t 
(9) (7) (3) (10) (10) 
l.S 1.8 2.0 3.0 3.0 w 
tt t 
(6) (8) (4) (11) (11) 

0.75 1.0 1.0 1.7 1.7 w 
tt t 

mtt 200 l75t 200 200 oc 

-6S°C to 200°c 

tTexas Instruments guarantees ils types 2N696, 
2N697, 2N1420, and 2N1507 to be capable of the 
same dissipation as registered and shown for types 
2N1613 and 2N1711 with appropriate derating 
factors shown in Notes 10 and 11. See deratlng 
curves, page 8. 

ttrexas Instruments guarantees its types 2N717, 
2N718, 2N730, and 2N731 to be capable of the 
same dissipation as registered and shown for types 
2N718A and 2N956 with appropriate derating fac­
tors shown In Notes 7 and 8. See derating curves, 
page 8. 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 5012 • DALLAS, TEXAS 75222 1201 

• 



TYPES 2N696, 2N697, 2N717, 2N718, 2N718A, 2N730, 
2N731, 2N956, 2N1420, 2N1507, 2N1613, 2N1711 
N-P-N DOUBLE-DIFFUSED PLANAR SILICON TRANSISTORS 

*electrical characteristics at 25°C free-air temperature (unless otherwise noted) 

1 T0-18-
2N717 
2N730 

PARAMETER TEST CONDITIONS T0-5- 2N696 2N697 

MIN MAX MIN MAX MIN MAX 

BYeao Collector-Base Breakdown Voltage le = 100 µ.a, le = o 60 60 60 

BY em Collector-Emitter Breakdown Voltage le= 30 ma, 18 = 0, See Note 12 

BYeeR Colledor-Emiller BreokdWNn Voltage le = 100 ma, Rae = 10 fl, See Note 12 40 40 40 

Emitter-Base Breakdown Voltage 
le = 100 µ.a, le = 0 

5 5 BYeao Except 2N717,2N718, le = l ma 5 

Yea= 30 v. 1, = 0 1.0 1.0 1.0 

Yea= 30 v, le= o. TA= 150°( 100 100 100 
leao Collector Cutoff Current 

Yce=60v, le= o 
Vea = 60 v. IE= 0, TA= 150°( 

le ER Collector Cutoff Current Vee= 20" Rae = 100 HJ 

1EBO Emitter Cutoff Current VEB - S v, le - 0 

VcE ::::::: 10 v, le = 10 µ.a 

Vee = 10 v. le = 100 µ.a 

Vee= 10 v. le= 10 ma, See Note 12 

hfe 
Static Forward Current 

Vee = 10" le= 10 ma, 1A = -55°c 
Tran sf er Ratio 

See Note 12 

Vee= 10 v, le= 150 ma, See Note 12 20 60 40 120 20 60 

Vee= 10 v. le = SOO ma, See Note 12 

v,e Base-Emitter Voltage 18 = 15 ma, le :::::::::: 150 mo, See Note 12 1.3 1.3 1.3 

YcEfsatl Collector-Emitter Saturation Voltage 18 = 15 ma, le= lSO mo, See Note 12 1.S 1.S 1.S 

Small-Signal Common-Base Yee= s v, le= 1 mo, f = 1 kc 
hib Input Impedance Vea= 10 v. le= s ma, I= 1 kc 

Small-Signal Common-Bose 
Yee= s v, le= 1 ma, f = 1 kc 

h,b Reverse Voltage Transfer Ratio 
Vea= 10 v, le= S ma, I= 1 kc 

Small-Signal Common-Base Vea = 5 v, le= 1 ma, I= 1 kc 
hob Output Admittance Vea= 10 v, le= S ma, I= l kc 

h,. 
Small-Signal Common-Emitter YcE = S v, le= 1 mo, I= 1 kc 
Forward Current Transfer Ratio Vee= 10 v. le= 5 ma, I= 1 kc 

ih1ol 
Small-Signal Common-Emitter 

YcE = 10 v, le= SO ma, forward Current Transfer Ratio f = 20 me 2.0 2.5 2.D 

cob 
Common-Bose Open-Circuit 

Yee= 10 v, 1, = 0, Output Capacitance f = 1 me 35 35 35 

(ib 
Common-Base Open-Circuit 

VEB = 0.S v, le= o. f = 1 me Input Capacitance 80 

2N718 
2N731 

UNIT 

MIN MAX 

60 y 

y 

40 y 

5 y 

1.D µ.a 

100 µ.a 

µ.a 

µ.a 

µ.o 

µ.a 

40 120 

1.3 v 

1.S v 

ohm 

ohm 

µmho 

µmho 

2.5 

35 pf 

80 pl 

NOTE 12: These parameters must be measured using pulse techniques. PW :::: 300 µ.sec, Duty Cycle :::= 2%. Pulse width must be such that halving or doubling does not cause 
a change greater than the required accuracy of the measurement. 

"'Indicates JEDEC registered data 

1202 
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TYPES 2N696, 2N697, 2N717, 2N718, 2N718A, 2N730, 
2N731, 2N956, 2N1420, 2N1507, 2N1613, 2N1711 

N-P-N DOUBLE-DIFFUSED PLANAR SILICON TRANSISTORS 

*electrical characteristics at 25°C free-air temperature (unless otherwise noted) 

1 T0-18- 2N718A 2N956 

PARAMETER TEST CONDITIONS TO·S- 2N1613 2N1420 2N1507 2N1711 UNIT 

MIN MAX MIN MAX MIN MAX MIN MAX 

BYeao Collodor·laso Breakdown Yolla91 le= 100 µa,IE = o 75 Ml Ml 75 y 

IYeEO Coll1ctor-Emitt1r lr1akdown Ytltage le - 3G ma, •• = o. Ste Noto 12 25 y 

BYen Collector-Emitter Breakdown Yollage le = 100 ma, llE = 10 ·0, Ste Nate 12 so 30 30 50 y 

BY EBO Emillor-laso lroakdown Voltage IE = 100 µa, le = o 1 7 y 

Ye1 - 30 v, IE - 0 1.0 1.0 µa 

Yea= 30 v, IE= 0, TA= uo•c 100 so µ.a 
leao Collector Cutoff Current 

Yea= 60 v, IE= 0 0.010 0.010 µ.a 

Yea= 60 v, IE= 0, TA = uo•c 10 10 µa 

leER Collector Cutoff current YeE - 20 Y, R1E - 100 kO 10 µa 

IEIO Emitter Cutoff Current Yu= 5 v, le= o 0.01 100 0.005 µa 

YeE - 10 Y, le - 10 µa 20 

VeE = 10 v, le= 100 µa 20 35 

Ye•= 10 v, le= 10 ma, Soo Noto 12 35 75 
Static: Forwanl Current 

YeE = 10 Y, le= 10 mo, TA =-55°c. 20 35 hFE Transfer Ratio 
Ste Nolt 12 

YeE = 10 v, le= ISO ma. S11 Note 12 40 120 100 300 100 300 100 300 

Ye•= 10 v, le= 500 ma, Sea Note 12 20 40 

VIE lase-Emitter Voltage 18 - 15 ma, le - 150 ma, S11 Note 12 1.3 1.3 1.3 1.3 • 
YeElutl Collector-Emitter Saturation Voltage la= 15 ma, le= 150 ma, Seo Nole 12 l.S 1.5 1.5 l.S • 

Small-Signal Cornmon-laso Yea - s '· le -1 ma, 1-1 kc 24 34 24 34 ohm 
hib Input Impedance Yea= 10 v, le= 5 ma, I= 1 kc 4 8 4 8 ohm 

I= 1 kc 
3x 5x 

Small-Signal Common-lase 
Yea= 5 v, le= 1 ma, 10 .. 10 .. 

h,b Reverse Voltage Transfer Ratio 3x 5x 
Yea= 10 •• le= 5 ma, I= 1 kc 10·• 10-4 

Small-Signal Cammon-lase Yea= s •· le -1 ma, 1-1 kc o.os o.s 0.05 0.5 µ.mho 
hob Output Admittance Yea - 10 v, le - 5 ma, 1-1 kc 0.1 1.0 0.1 1.0 µ.mho 

Small-Slgnol Common-Emitter Yee= s '· le= 1 ma, 1-1 kc 30 100 so 200 
h1e Forward Current Transfer latio YeE = 10 v, le= 5 ma, I= 1 kc 3S 150 70 300 

lh1el 
Small-Signal Cammon·Emitter 

Yee= 10 '· le= .SO ma, 1=20mc 3.0 2.5 2.S 3.5 
Forward Current Transfer Ratio 

c.b 
Ccimmon-lase Open-Circuit 
Output Capacitance 

Yea= 10 v, le= o, f=lmc 2S 3S 3S 25 pf 

cib 
Common-Ian Open-Circuit 

VEB = O.S v, le= o, l=lmc 80 80 pf Input Capacitance 

Seo operating and IWltchfng charactellstlc1 for. types 2N718A, 2N956, 2N16U, and 2N1711 on page 4. 

NOTE 12, These parameters musl be measured using pulse l1<hniques. PW ::: 300 µsec, Duly Cycle ::: 23. Pulse width must be such tho! halving or doubling dolS not cause 
a thange gnater than the required accuracy of the measurement. 

•lndlcatos JEDEC roglslorod dala 
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TYPES 2N696, 2N697, 2N717, 2N718, 2N718A, 2N730, 
2N731, 2N956, 2N1420, 2N1507, 2N1613, 2N1711 
N-P-N DOUBLE-DIFFUSED PLANAR SILICON TRANSISTORS 

*operating characteristics at 25°C free-air temperature 

t T0-18- 2N956 
PARAMETER TEST CONDITIONS T0-5- 2Nl711 

TYP I MAX 

NF Spot Noise Figure 
Vee - 10 v, le - 300 µa 
Re = 510 n, f = 1 kc 5 l 8 

* switching characteristics ot 25°C fr-air temperoture 

PARAMETER 

tT Total Switching Time 

l T0-18-
TEST CONDITIONS L T<>-s-

Saa Figure 1 

*PARAMETER MEASUREMENT INFORMATION 

INPUT 

0.01 vf 
DISC 

10on 

= 

-50 v +20 v 

4.7 kO 

A 

10on 
1 kO 

1N3064 

::_·:l~v~~--~~~--~~ ~ ~=.1----------r 
(See Notes 13 

103 r---1s rsec--1 and 14) 
I I 

+20 v----l-- I ,--'-- ---------- -
OUTPUT l I 

WAVEFORM 90r I I 
.t I I 

+18 v------=--=-==t-=--·:::. 
I I 
: I 

~ t 011 ~ t0 ff t 1 =t011 +t0 ,, 

2N718A 
2N1613 

TYP I MAX 

6 l 12 

2N718A 
2Nl613 

TYP I MAX 

20 1 30 

FIGURE 1 - SWITCHING TIME MEASUREMENT CIRCUIT FOR 2N718A AND 2N1613 

UNIT 

db 

UNIT 

nm: 

NOTES: 13. The input waveform is supplied by a mercury relay pulse generator with the following characteristiu: •r S. 1 nsec, t1 ::f 1 nsec, PW = 15 nsec. Adiust 11 

Gnd the input pulse amplitude to obtain the spHlfied woltap levels at Point A. 

14. Wanlorms art monitored on a sampling ouilloscope l t, S 0.4 nse<) using a 2000 !l probe. 

*lndicat11 JEDEC registered data {typical data ucludod I 
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TYPES 2N696, 2N697, 2N717, 2N718, 2N718A, 2N730, 
2N731, 2N956, 2N1420, 2N1507, 2N1613, 2N1711 

N-P-N DOUBLE-DIFFUSED PLANAR SILICON TRANSISTORS 
TYPICAL CHARACTERISTICS 

COLLECTOR-EMITTER SATURATION VOLTAGE 

lOF--F 2N696 
I- 2N717 
~ 2N730 

vs 
COLLECTOR CURRENT 

v 
le=201 L~ 

IZ:ZIZ z 

T. =25°C 
1 t---+--+-1-+ttH~--t--r-r See Note a -+++++++! 

>~ o. 01 '---'---'--'-U.J.J.U.-~J....J...Jlll..u.Lll I l.___._l _.__._._. ......... 

> 
I 

COLLECTOR-EMITTER SATURATION VOLTAGE 
vs 

COLLECTOR CURRENT 

1o~r~~~~=~·~~tt!~~~!I!m F 2N697 2N 1420 --+--+_....,>-+++++---+-+-+-++++H 
~ 2N718 2N 1507 --+-T+-t-++ttt--+--t-+++f-ffi 

2N718A 2N 1613 -+-+-+-+-++H+--+--t--t<,....._,...... 
2N731 2N 1711 
2N956 -+-+-+-+-++H+--+--V...,.._17,......,...... 

le=201~/V 

1~s11 

1 10 100 1000 10 100 1000 

> 
I 

t 
~ 
§ 
+: 
l! 
i! 
J! 

~ 

le - Collector Current - mo 

COLLECTOR-EMITTER SATURATION VOLTAGE 
vs 

FREE-AIR TEMPERATURE 

10~~~~~~~~~~;:;6961 I= 2N696 ~ 
t---+1---+---+--+----+----+---+-- 2N717 =1 
1---t-l,=SOma, le=SOOma --t--+-2N730-1 

I I= 11 -15ma, le 150ma 

:5 1-
1 I,= 1 ma, le.: !Oma ~-' 

j 0.1 ~~~~~~~~ I 1= I, - 0. 1 ma, le 1 ma 
d 
I 
~ 1----+--+--+--t----+--+- See Note a ----i 

>vo. 01 .___..__.___..___, _ _.___.__...J..l_...J..j____. 
-75 -50 -25 0 25 50 75 100 125 150 

T.._ - Free-Air Temperature - °C 

> 
I .. r 
~ 
·~ 
l! 
i! a 
"' 
~ 
] 
I 

.2 
" ~ 
d 
I 
~ 

10 

0.1 

le - Collector Current - ma 

COLLECTOR-EMITTER SATURATION VOLTAGE 
vs 

FREE-AIR TEMPERATURE 

2N697 2N 1420 
t----+--+---+--+---+--' 2N718 2N1507 
t----t--+---+--1---+--I 2N718A 2N 1613 
t---- l,=50ma, l,=500ma - 2N731 2N1711 
l--.!~...,;;~,..,,,*'";,,,,,,"""'==::l 2N956 --t---1 

t---+ I,= 5 ma, I,= SO ma 

18 =1ma, le=lOma 

f: I, O. 1 ma, le= 1 ma 

.! l----+--+---+--1---+--+- See Note a ---1 
~ l l o. 01 '---'---'---'---'---'---'---'---'----' 

-75 -so -25 0 25 50 75 100 125 150 
TA - Free-Air Temperature - °C 

NOTE a: These parameters were measured using pulse techniques. PW = 300 µ.sec, Duty Cycle ~ 2 %. 
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TYPES 2N696, 2N697, 2N717, 2N718, 2N718A, 2N730, 
2N731, 2N956, 2N1420, 2N1507, 2N1613, 2N1711 
N-P-N DOUBLE-DIFFUSED PLANAR SILICON TRANSISTORS 

TYPICAL CHARACTERISTICS 

BASE-EMITTER VOLTAGE 
vs 

COLLECTOR CURRENT 

TA::; 25°C, See Note a 

l,81---+---+-+-1-+++++---+-+-jf-H+tt+----t--+--MH-t-ttt 

0.21-----+---+-+-H-t+++---+--+-"H-t+tt+----t---t---t-'H-t-ttt 

o,____..__.__._ .......... ~-~-'-~~~~~~~-
1 10 100 1000 

le - Collector Current - mo 

NORMALIZED COLLECTOR-EMITTER BREAKDOWN VOLTAGE 
vs 

BASE-EMITTER RESISTANCE 

>E 1.4~~~~~~~~.,....,...,.,,,........,r-----.-i-rirm 
m ~=~~ 

le= 100 ma 
& 1. 2 l--if-+-Httttt--HH-H-tttt--+++t-H-Ht---1See Note a 
2 
0 
> 
c: 1. o t-H-Httltt--H""""1;;llil--ttt-Httit-H-ttttltt-tiitlrtttl 
j i'-h 
0 'N 
~ 0.81--f-+-!+H-H+-~~H-H-H+l--+-++H'l<lt-f-+-!+Httt--+-t+tlfttll 

£ ~ 
] 0.6f--H-H+ttlf---HH+l-tttt-++t-tttt1t-H-f!'ti<l:f--H+Hfttll 
I 1'+-1 
.2 
u 

..! o. 4 1--f-+-Httttt-+-jH-H-ttfl--+++t-H-H+-t-t-ttttttt--t-t-tt-tttll 

8 
" .~ o. 2 t--r-+t++t---+-jH+t·tHt---- -H 

1 
0 
z 0'--'-'-......... .l.Ll---'-'LI..LIW"'---'--'-'-~~~~~~~~ 

1 10 100 I k 10 k 100 k 
Ru - Base- Emitter Resistance - 0 

BASE-EMITTER VOLTAGE 
vs 

FREE-AIR TEMPERATURE 

See Note a 

I 1.61----1--+--+---+--+--+----ie--+--1 
~ 

.E 1. 41---=1""'--=='-
;g 

1.2 
!! 
~ 1.0 
~ 

Ji o. 8f---'"'f_;:"'l"_;;;;±-==--=-+--t----i-==='l---l 
I 
>~ o. 6t--l--t-+-;"1"'"....::t-=;-....a"""'-i.=--l 

O'----''---'---'---'---'---'---'--'---' 
-75 -50 -25 0 25 50 75 100 125 150 

TA - Free-Air Temperature - °C 

NORMALIZED STATIC FORWARD CURRENT TRANSFER RATIO 
vs 

COLLECTOR CURRENT 

10 100 1000 
I c - Collector Current - ma 

MOTE a: These parameters were measured using pulse techniques. PW = 300 µ.sec, Duty Cyde ~ 2"%. 
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TYPES 2N696, 2N697, 2N717, 2N718, 2N718A, 2N730, 
2N731, 2N956, 2N1420, 2N1507 I 2N1613, 2N1711 

N-P-N DOUBLE-DIFFUSED PLANAR SILICON TRANSISTORS 
TYPICAL CHARACTERISTICS 

SMALL-SIGNAL COMMON-BASE INPUT IMPEDANCE 
vs 

COLLECTOR CURRENT 

1 1000~~~~~~~~~~~~~~~ 
i 100~~ T = 125°C Ve, =5 v 

f = 1 kc 

T. = 25"C 

_;: o. 1 '---'--'-'-'-'-'-'-'-'---'--'-'-'--'-'-'-'-'---'--'-'-'--'-"-'-'-' 
0.1 10 100 

.2 
~ 7 

J! 
j 6 .. 
2' 
~ 5 

~ 
> 
~ 4 

j 
I 3 
~ 
E 
0 
v 2 
0 
c 

.5!' 
Vl 

..!. 1 

~ 
Vl 

I c - Collector Current - ma 

SMALL-SIGNAL COMMON- BASE 
REVERSE VOLTAGE TRANSFER RATIO 

vs 
COLLECTOR CURRENT 

x10-

v. =5 ~ CB 
f = 1 kc 

T. =1s·c 

T. = 125°C 

~ w 'LVI 

~ 
FS'-55°C 

SMALL-SIGNAL COMMON-BASE OUTPUT ADMITTANCE 
vs 

COLLECTOR CURRENT i 7 .---,..-,11r-r-rTTrn--,..---,.-..-,...,...,.....,..-,..---,~,...,...,.~ 

I Vca=S v 
" 6 t--f_=_l 0k,c -+-t+t-ttt--t---ir-+-t+t-+tt---1----l-+-t+t-+lt 
u 

~ 
~ 5 1---+--t--+--HH-H-t---+--t--+--HH-H-t---+--+-~~ 
~ T. =l2s•1c N 
~ 4 1---+--t--+-t--<H-H-t---+--t--~f-++L'------L--'J_---HHff-Hl 
o T. =-5s0 c,.....v1v 

j IL 
I 3 1---+--i--+-l+++!+---+-+-HH-H-ff----+-~Ltll-+++H 

i VI 
8 2 1---+--t--~H-H-t---+--t--~l+ttt---#-~~>++H 

], ~ 
~ 1 1---+--t--~H-H-t---+--t--~+H.~'-b"-+-~>++H 

] ~~~~~~~~~ffit~~~~]'.j~12~5·~c'.llllJ I o i::::: 
! 0.1 10 100 

-" le - Collector Current - ma 

£ 
I 

.2 
Ji 
~ 2.8 

':;; 

~ 
'E 2.4 
~ a 

1! 2.0 
0 

1 
~ 1.6 
~ 
~ 8 1.2 

~ 
u 0.8 
g 
.5!' 
! 0.4 

~ 
"' 

NORMALIZED SMALL-SIGNAL COMMON-EMITTER 
FORWARD CURRENT TRANSFER RATIO 

vs 
COLLECTOR CURRENT 

Normalized to 1. 0 
at le= 1 ma, T. =25°C 1. i.c:, 

~ I ,'l.<:i 
"\,* ~ 

.L__ Yee= 5·.v 
f = 1 kc 

k'f1 
~ 

~·c i.-i ,,'l JJ,. 

~II ~ 

,...-r •c 
i," -55 
_..+-H 

H-" 

I o 
~ 0.1 10 

.,, 0 
100 .~ 0.1 10 100 

"" le - Collector Current - ma 1 le - Collector Current - ma 
0 z 
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TYPES 2N696, 2N697, 2N717, 2N718, 2N718A, 2N730; 
2N731, 2N956, 2N1420, 2N1507, 2N1613, 2N1711 
N-P-N DOUBLE-DIFFUSED PLANAR SILICON TRANSISTORS 

1208 

TYPICAL CHARACTERISTICS 

CONTOURS OF CONSTANT TRANSITION FREQUENCY, f, 
30 .. -.-.---..--,--..,--,----,---,---,---,---, 

>25 1--f---t+-----<I---+----+--+---+--+---+--+---< 

I 
11, 

T. =25°C 
See Note b 

~20 1-+--fl-----<O---+----+--+---+--+---+--+---< 

~ 

0 '---'-~'----+---'--+---+--+----'--+--~ 

0 5 10 15 20 25 30 35 40 45 50 
le - Collector Current - ma 

70 

60 

50 

'Q. 
40 

~ 
c 
.E 
·u 30 
~ 
u 

20 

10 

0 
0.1 

COMMON- BASE OPEN-CIRCUIT 
INPUT AND OUTPUT CAPACITANCE 

f\ 

vs 
REVERSE BIAS VOLTAGE 

f =I me 
(' T. = 25°C 

@ "" -....,0 
!'I.. 

~ 
~o 
~Oj 

f'1.. 
,...,.... 

10 
Reverse Bias Voltage - v 

..... 

100 

NOTE b: To obtain fp the \h1el response with frequency is extrnpolated at the rote of -6 db per octave from f = 20 me to the frequency at which \h1el = 1. 

THERMAL CHARACTERISTICS 

DISSIPATION DERATING CURVES 
FOR T0-5 TYPES 

4•0 .---.--.---.---,---~---,r--T.-~ 

Tl 2N696 
~ !----+--+--+---+--+-- Tl 2N697 --I 
I Tl 2N1420 
8 Tl 2Nl507 

"-5 3.0--~.----+--+---+--+-- * 2N1613 --I 
·~ * 2Nl711 
i5 

"'l:'"~r " -+----41---+--l 

0 25 50 75 100 125 150 175 200 
Temperature - °C 

*Indicates JEDEC registered data 

DISSIPATION DERATING CURVES 
FOR T0-18 TYPES 

2.0 ----.-~---~---T--.T-~ 
Tl 2N717 

~ --[\_--+--+---+--+-- Tl 2N718 -
I • 2N718A 
c 1.6 ,______.~,,._.._--+---+---+---Tl 2N730 -

• 
._§.!1 ~ Tl 2N731 

1------+--+-~~,.____,,__--+--+-- * 2N956 -

~ "h._'..°,. 
81.2 "-4't 
~ ~ 

~0.8 ~~ 
~ '\ 
] ~-.... P. b... 
~0.4 ~ ·~ 
~ 

~'\.-1 
0 '----'---L--'---+---'--'----'-~---""""' 

0 25 50 75 100 125 150 175 200 
Temperature - °C 

TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 

869 



TYPES 2N929, 2N930 
N-P-N PLANAR SILICON TRANSISTORS 

FOR EXTREMELY LOW-LEVEL, LOW-NOISE, HIGH-GAIN, 
SMALL-SIGNAL AMPLIFIER APPLICATIONS 

• Guaranteed hFE at 10 pa, TA = - 55°( and 25°C 
• Guaranteed Low-Noise Charaderistics al 10 pa 
• Usable al Collector Currents as Low as 1 pa 
• Very High Reliability 
• 2N929 and 2N930 Also Are Available lo MIL-S-19500/253 (Sig C) 

*mechanical data 

J UADS0.019 DIA 

0210 -+-=-=~ : ""' ~Od ,,,.~';':-I~ 1 -1~-- ---- ~ 

0.2300.195 
~·0711 c::t 

J_l_-= -- - =~ 
l- 0.50IJ ... 

All DIJllllENSIONS AIE 
IN INCH'E5 

UNlfSSOTHHWiSE 

THE COLLECTOR IS IN ELECTRICAL 

CONTACT WITH THE CASE 

ALL JEPEC T0-18 DIMENSIONS 

AND NOTES ARE APPLICABLE 

*absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 

Collector-Base Voltage - 45 v 
45 v Collector-Emitter Voltage (See Note l) 

Emitter-Base Voltage 
Collector Current 
Totol Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 2) 
Total Device Dissipation at (or below) 25°C Case Temperature (See Note 3) 
Operating Collector Junction Temperature 
Storage Temperature Range _ 

NOTES: 1. This value applies when the base-emitter dioda is open·drcuiled. 
2. Derate linearly to 175°( free-air temperature al the rate of 2.0 mw/C0 • 

3. Derate linearly to 175°C case temperature at the rate of 4.0 mw/C0 • 

•indicates JEDEC regislertd data 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 5012 • DALLAS, TEXAS 75222 

5 v 
30 ma 

300 mw 
600 mw 

11s•c 
- 65°C to + 200°C 
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TYPES 2N929, 2N930 
N-P-N PLANAR SILICON TRANSISTOR 

*eledrical characteristics at 25"C free-air temperature (unless otherwise noted} 

PARAMETER TEST CONDITIONS 

BYero Collector-Emitter Breakdown Voltage le= 10 ma, 1, = 0, (See Note 4) 

BYeoo Emitter-Base Breakdown Voltage le= 10 na, le= 0 

lclO Collector Cutoff Current Vea= 45 Y, le= 0 

Vee= 45 Y, VIE= 0 
ICEs Collector Cutoff Current (See Note 5) 

Ya= 45 v, VIE= 0, T,. = 110°c 

lceo Collector Culoff Current Yee= 5 v, la= 0 

1.,o Emitter Cutoff Current Yea= 5 v, le= 0 

Yee= 5 Y, le= 10 µa 

Yee= 5 v, le= 10 µa, T,. = -5s0 c 
hFE Static Forward Current Transfer Ratio 

Yee= 5 v, le= 500 µa 

Yee= 5 v, le= 10 ma, (See Note 4) 

VIE Base-Emitter Voltage la= 0.5 ma, le= 10 ma, (See Note 4) 

VcE{satl Collector-Emitter Saluration Voltage la= 0.5 ma, le= 10 ma, (See Note 4) 

h;b 
Small-Signal Common-Base 
Input Impedance Yea= 5 v, le=-1 ma, f=I kc 

h..i. 
Small-Signal Common-Base 

Vea= 5 v, le=-1 ma, f=I kc Reverse Voltage Transfer Ratio 

hob 
Small-Signal Common-Base 
Output Admittance Yea= 5 v, le = - I ma, I = 1 kc 

h,. 
Small-Signal Common-Emitter 
Forward Current Transfer Ratio Yee= 5 v, le= I ma, I= I kc 

lhi.I Small-Signal Common-Emitter 
Forward Current Transfer Ratio Yee= 5 v, le = 500 µ,a, I = 30 me 

c.. Common-Base Open-Circuit 
Output Capacitance Yea= 5 v, le= 0, f =I me 

*operating characteristics at 25°C free-air temperature 

PARAMETER TEST CONDITIONS 

-
Average Noise Figure 

Yee = 5 v, le = 10 µa, R6 = 10 kO 
NF Noise Bandwidth I 0 cps to 15.7 kc 

llOTES: 4. These parameters must bt meCtSured using pulse techniques. PW = 300 µsec, Duty Cycle :5 2%. 
S. fcES may be used in plan of lcao far circuil stabilit' lalculations. 

•Indicates JEDEC re9lst1red data 
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2N929 2N930 
MIN MAX MIN MAX 

45 45 

5 5 

10 10 

10 10 

10 10 

2 2 

10 10 

40 120 100 300 

10 20 

60 150 

350 600 

0.6 1.0 0.6 1.0 

1.0 1.0 

25 32 25 32 

0 6.0x 0 6.0x 
10"" 10·• 

0 1.0 0 1.0 

60 350 150 600 

1.0 1.0 

B 8 

2N929 2N930 
MAX MAX 

4 3 

UNIT 

y 

y 

no 

no 

µ,a 

no 

na 

v 

v 

ohm 

µmho 

pf 

UNIT 

db 
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TYPES 2N929 I 2N930 
N-P-N PLANAR SILICON TRANSISTORS 

TYPICAL CHARACTERISTICS 

1000 

100 

2N929 

SMALL-SIGNAL COMMON-EMITTER FORWARD 
CURRENT TRANSFER RATIO 

vs 
COLLECTOR CURRENT 

Maximum· hie 
~ ~. =5v at T. =25°C 
1--- f =Ike _I II [I 

I •C 
"'~ P': +-" '· ~ 
~k ' -' ~ ~~c v IL'V 

R",,isc~ •C t- • _,,., 

'·" 
~ Minimum .h,e 

at T. = 25°C 

10 
0.01 0.1 1.0 10 

I c - Collector Current - ma 

2N929 2N930 

100 

SMALL-SIGNAL COMMON-BASE INPUT IMPEDANCE 
vs 

EMITTER CURRENT 

Minimum h;b Y1 
10 ..__.___,_-'-'~.w.::a~t~T~=~2=5~'C=-i..i..J.J"-----'---'-'-.LI.Ju..u 
-0.01 -0.1 - 1.0 -10 

le - Emitter Current - ma 

2N930 

SMALL-SIGNAL COMMON-EMITTER FORWARD 
CURRENT TRANSFER RATIO 

vs 
COLLECTOR CURRENT 

10'::---'-.L...L.U.U':"':--'-...J.....1-'-'-'""---'---'-J....U.J..W.-l.-J...J....l.llill 
0.01 0.1 1.0 10 100 

le - Collector Current - ma 

2N929 2N930 
SMALL-SIGNAL COMMON-BASE OUTPUT ADMITTANCE 

vs 
o EMITTER CURRENT 

t '· 0 C:::=l=l=i=i=Em==i==i=E=moc"M;;;;;;;;;;h.:mi J- Maximum hob 
I i-------r----r--;--t-t-t-ttt----+---+-+-+++t+tl 'at r. = 2s0 c 
~ 
0 

~ 
J 

r-vc& =5v 
t- f = 1 kc H-iit--t--t--+-++tt+t---+-+--H-f>f~ 

IE - Emitter Current - ma 
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TYPES 2N929 I 2N930 
N-P-N PLANAR SILICON TRANSISTORS 

TYPICAL CHARACTERISTICS 

.!! Ji 10·• 

SMALL-SIGNAL COMMON-BASE REVERSE 
VOLTAGE TRANSFER RATIO 

vs 
EMITTER CURRENT 

::r II II 
1---_l+--+-+J+:I+H-++----ll--lf-+++i+H Maximum h,. J[ at T, = 25°C 

Vc 1 = Sv 
1-f =lkc 

17 

T,,=\25°C ~ 

1tttr 

-0.1 -1.0 
I, - Emitter Current - ma 

AVERAGE NOISE FIGURE 
vs 

GENERATOR RESISTANCE 

'8 
I 12 t-ir+-+-+++H'++-

~ 
!l 
·;; 
z 
t 
J 
I 

l:z 
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1.0 10 
Ro - Generator Resistance - kn. 

-10 

100 

~ 
~ 
~ 

~ 
!! 30 .... 
~ 20 

" u 
1'! 
a 
! & 10 

£ 7 
:E 
6 5 
E 4 

~ 3 

1 

Ve, 

SMALL-SIGNAL COMMON-EMITTER FORWARD 
CURRENT TRANSFER RATIO 

COLL~CTOR CURRENT 

nmr 
f = 30 me 

T = 25°C 

Jl 
7 "" 10v 

~ """' f' VCE = 5v 

II 
].11.'1 

iJ! "i' 2 
0 
Jl 
I v 

-. 1 
.£ 0.1 

Minimum jh1,j 
at Vee= 5v 

Jl1 .l .l _Li_ I 
1.0 10 
le - Collector Current - ma 

OPTIMUM SPOT NOISE FIGURE AND 
OPTIMUM GENERATOR RESISTANCE 

vs 

FREQUENCY 

f - Frequency - me 

100 
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TYPES 2N929 I 2N930 
N-P-N PLANAR SILICON TRANSISTORS 

TYPICAL CHARACTERISTICS 

2N929 

COMMON-EMITTER COLLECTOR CHARACTERISTICS 

8 

6 

4 

2 

inimum BVceo 

TA= 25°c 

15 30 45 
VcE - Collector-Emitter Voltage - v 

2N929 
STATIC FORWARD CURRENT TRANSFER RATIO 

vs 
COLLECTOR CURRENT 

Vee= Sv 

See Note 6 

75 

10..._ ................... ~ ........ ~~-'--~~~ ....... ~~~ ................. 
0.001 0.01 0.1 1. 0 10 100 

I e - Collector Current - ma 

~ 
I 

8 

2N930 

COMMON-EMITTER COLLECTOR CHARACTERISTICS 

15 30 45 75 
Ve, - Col Jector-Emitter Voltage - v 

2N930 
STATIC FORWARD CURRENT TRANSFER RATIO 

vs 
COLLECTOR CURRENT 

1000 

• !! 
0 
"' 
~ 
c 
0 

,!:: 

c 
~ 
~ 

u 
"E 

0 

~ 
if 
·~ 
& 

1 

~ 
100 

10 
0.001 

llilll • 1 "'·ns·c ~ ~ 
• c ........ 

~ ....... r--i.-t-" i-

~~ •C 
1. "'_illu ~ 

1."' ~5 
5•C 

VCE = 5v 
See Note 6 

1JJJ 

0.01 0.1 1.0 10 100 
le - Collector Current - ma 

NOTE 6: These parameters were measured using pulse tecbniquss. PW= 300 µsec, Duty Cycle :::; 2%. 
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TYPES 2N929, 2N930 
N-P-N PLANAR SILICON TRANSISTORS 

TYPICAL CHARACTERISTICS 

1268 

2N929 

BASE-EMITTER VOLTAGE 
yS 

FREE-AIR TEMPERATURE 
1.2 ..----..--,....--r----,--r-.--.--.--, 

> 
I 
Jo.el-----=!~cf:!!l.....t:::-+--.-L---t--+--+---1 

~ 
~ 

~ 0.6 .s 
j 
I o.4 

.j 
0.2 l---l---r___:.~-~-1---1--+--+--i 

See Note 6 

~7S •50 -2S 0 2S SO 7S 100 12S I SO 

> 
I 

t 
~ 

10 

~ 1.0 
e 
j 
£ 
~ 
~.0.1 
..!! 

8 
I,. 
• 
~ 

0.01 

T. - Free-Air Temperature - °C 

2N929 

COLLECTOR-EMITTER SATURATION VOLTAGE 
vs 

FREE-AIR TEMPERATURE 

~~axlmum VcelMd at 
11 = O.Sma, le= 10 ma 

1 =0.5ma,lc"lOma 
I I 

1 
_I I =l ma~ 

I =0.05""" c 
' la= 10110' lc=lOO I"' 

1, = 1110' le - 10 µa 

See Note 6 

-75 -so -25 0 2S SO 75 100 12S ISO 
T. - Free-Air Temperature - °C 

2N930 

BASE-EMITTER VOLTAGE 
vs 

FREE-AIR TEMPERATURE 

> 
I 
jo.sf--~t--"" .... """"+--+--+--+--+--+---1 

~ 
~ 0.6 

~ 
'1 
.l! 0.4 1----+--+--+--
I 

>= 
0.2 1---1---1---~-~-~-+--+--+---I 

See Note 6 
0 .....__.....__.__.__.__..__...__...__.J.....__J 
-7S -so -2S 0 2S SO 7S 100 12S ISO 

TA - Free-Air Temperature - °C 

2N930 

COLLECTOR-EMITTER SATURATION VOLTAGE 
vs 

FREE-AIR TEMPERATURE 
10 

> 
I 

V Maximum VCElunl at 
11 =0.Sma I =10mo 

I so.sma,1c"10ma 
I - ..... £ 

~ 
~ 0.1 
j 

i.= 0.05 "'°' le= 1 ma 

11 =S11a,lc=lOO;d ~ 
I_ 
.i 

;;; 

I--

11 = O.s.,a, le= 10 "°I 

See Note 6 

0• 0~7S -so -2S 0 2S so 75 100 12S ISO 
T. - Free-Air Temperature - °C 

NOTE 6: These parameters were measured using pulse techniques. PW= 300 µsec, Duty Cycle :S: 2%. 

TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TlllE 
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE IEST PIODUa POSSllLE. 



TYPES A3T929, A3T930, A3T2484 
N-P-N PLANAR SILICON TRANSISTORS 

MINIATURE AUDIO-AMPLIFIER TRANSISTORS FOR MICROELECTRONIC APPLICATIONS 

• For Use in Hybrid Circuits, Micromodules, Thin· and Thick- Film Circuits 
and Other High-Density Packaging 

• For Applications Requiring Transistors Electrically Similar to 
2N929, 2N930, 2N2483, 2N2484, 2N2586, etc. 

mechanical data 

These transistors are encapsulated in a thermosetting plastic compound specifically designed for this 
purpose, using a highly mechanized process developed by Texas Instruments. The case will withstand 
soldering temperatures without deformation. These devices exhibit stable characteristics under high-humidity 
conditions and are insensitive to light. 

0.035 
3 LEADS 
NOTE A 

I 
1~r::: 

c:::::=3-l-EMITTEll 'I 1 
---r'X.\--.=~ 0.075 

INDEX (DEl'IESSION) _j 

L ~-: 6 PLACES, NOTE II :::: 

m ~:~:: ~ 3 lEADS+:.o~ --ij}-- J LEADS O.OCM 

4.,.CQl.llCTOll 

NOTES: A. l1AO OWENSIONS 
NOT CONTltOUID IN .......... 

I. MlASUllD WIBE 
I.DDS EMEIGE 
FIOMCA.SI: 

C. All DIMENSIONS 
Uf. IN INCHES 

tTrodemork of Texas Instruments 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 5012 • DALLAS, TEXAS 75222 

.. 
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TYPES A3T929, A3T930, A3T2484 
N-P-N PLANAR SILICON TRANSISTORS 

absolute maximum ratings at 25°C free-air temperature {unless otherwise noted) 

Collector-Bose Voltoge • 
Collector-Emitter Voltoge (See Note 1). 
Emitter-Base Voltage . 
Continuous Collector Current . 
Continuous Device Dissipation at {or below) 25°C Free-Air Temperature {See Note 2) 
Storage Temperature Range . 
Lead Temperature ){, Inch from Case for 10 Seconds 

electrical characteristics at 25°C free-air temperature (unless otherwise noted) 

PARAMETER TEST CONDITIONS 
A3T929 A3T930 

MIN MAX MIN MAX 

V(BRJeEO 
Collector-Emitter 

le= 10 mA, 18 = 0, See Note 3 45 45 Breakdown Voltage 

V1BRJEBO 
Emitter-Base 

1. = 10 µ,A, le= 0 6 6 Breakdown Voltage 

leoo Collector Cutoff Current 
Yeo= 45 V, IE= 0 10 10 
Yea= 45 V, IE= 0, TA= 85°C 200 200 

leEo Collector Cutoff Curren! YeE = 5 V, le= 0 10 10 
IEBO Emitter Cutoff Current v., ~ 5 v, le= 0 10 10 

YeE = 5 V, le= 1 µ,A 
hFE Slalic Forward Current Ye•= 5 V, lc=lOµ.A 40 120 100 300 Tmnsfer Ratio 

YeE = 5 V, le= 1 mA 80 200 
Ya, Base-Emitter Voltage VeE = 5 V, le= 100 µA 0.5 0.7 0.5 0.7 

YeE(s•ll 
Collector-Emitter 

18 = lOOµA, le= 1 mA 0.35 0.35 Saturation Voltage 

hie 
Small-Signal Common-Emiller 

1.5 11 4 18 Input Impedance YeE = 5 V, 

h,. 
Small-Signal Common-Emiller 

60 350 150 600 Forward Current Transfer Ratio 
Small-Signal Common-Emitter 

le= 1 mA, 

hre Reverse Voltage Tmnsfer Ratio BxlO"' BxlO .. 

hoe 
Small-Signal Common-Emiller f = 1 kHz 

40 60 Output Admitrance 

fh1ef 
Small-Signal Common-Emitter 

Ya= 5 V, le = 500 µA, f = 10 MHz 3 3 Forward Current Transfer Ratio 

c ... Common-Base Open-Circuit 
Yea= 5 V, IE= 0, f = 140 kHz 6 6 Output Capadtance 

C;bo 
Common-Base Open-Circuit 

VEB = 0.5 V, le= 0, f = 140 kHz 6 6 Input Capacitance 

NOTES: 1. These values apply when the base-emitter diode is open-circuited. 
2. Derate linearly to 150°C free-air temperature at the rate of 1.8.0 mW/ 0 c. 
3. This parameter must be measured using pulse techniques. tp = 300 µs, duty cycle ~ 23. 

1270 

A3T929 

A3T930 A3T2484 

45 v 60 v 
45 v 60 v 
6V 6V 

. + 50mA + 

. + 225mW+ 
. -65°C to 150°C 
. + 260°C + 

A3T2484 
UNIT MIN MAX 

60 v 

6 v 
10 nA 

200 nA 
10 nA 
10 nA 

30 
100 500 
250 
0.5 0.7 v 

0.35 v 

4 30 kn 

150 1000 

BxlO .. 

100 µmho 

6 

6 pf 

6 pf 
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TYPES A3T929, A3T930, A3T2484 
N-P-N PLANAR SILICON TRANSISTORS 

operating characteristics at 25°C free-air temperature 

PARAMETER TEST CONDITIONS 
A3T929 A3T930 A3T2484 

TYP MAX TYP MAX TYP MAX 

NF Average Noise Figure 
Ve,= 5 V, le = 10 p.A, II,; = 10 kh, 

1.5 6 I 5 I Noise Bandwidth = 15.7 kHz, See Note 4 

NOTE 4_~ Average Noise Figure is measured in an amplifier with response down 3 d,B al 10 Hz and lO kHz and a high.frequency rolloff of 6 dB/octave. 

A3T2484 

1 
u 

'ii 
<; 
u 

TYPICAL CHARACTERISTICS 

100 

10 

ALL TYPES 

COLLECTOR CUTOFF CURRENT 

FREE-AIR TEMPERATURE 

~· 0 

~ ~Ve8 - 60 v I A3T2484 ON L v) 

I :z z 
&1 

f=ve8 46 v Veo 20v==. 

11--- l..LZ ~ 
Vee 10 v 

] 0. 

d 
I 

3 
0.0 l~ Veo 

0.001 
25 50 

= 5 v 
"---

J_ 
75 100 125 

TA - Free-Air Temperature - "C 

FIGURE 1 

150 

A3T2484 

STATIC FORWARD CURRENT TRANSFER RATIO STATIC FORWARD CURRENT TRANSFER RATIO 

COLLECTOR CURRENT 
1000 

0 700 
Vee 5 V ]:ttttttll--
See Note 3 ~~C ~ & 

i 400 

,g 
i 200 

~ 
u 
1' 100 

l 70 

40 

20 

H 

H 
H 

r----t-1 

t::::1 
H 

10 
0.001 

t -I .-
. Ill 

T _ 75•C. i 
~-~ I 

·~c HtiulJi H 
m: 

H 
.JJ;;'-o'>•C 
•• 

I 

Jill 
0.01 o. l 0.4 l 
I c - Collector Current - mA 

FIGURE 2 

ti 
n 

10 

NOTE 3: These parameters must be measured using pulse techniques. IP = 300 µs, duty cycle ::;; 2%. 

400 

350 

COLLECTOR CURRENT 

T" = 25°C ][I ,]J r-- See Note 3-1 -- Yee: - 10 V 
·~ 

~ nr I 
H I ~ . II! 

~ Ve 

i 1
11 

250 

300 

200 

~ 
150 

100 
0.001 

I 

l 1 1 

0.01 0. l 0.4 l 10 

le - Collector Current - mA 

FIGURE 3 

5 

UNIT 

dB 
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TYPES A3T929, A3T930, A3T2484 
N-P·N PLANAR SILICON TRANSISTORS 

TYPICAL CHARACTERISTICS 

> 

ALL TYPES 
BASE-EMITTER VOLTAGE .. 
FREE-AIR TEMPERATURE 

I.Or-~~~-~-~-~-~-~~ 
VcE = 5 V 

0.91-----i--t--+--+--+--+--+----I 

I 0.8 l---<?"-kc--+---f---+-+-+----1 

f 0. 71---'1""',,....:=....i,--=o>i----+---+--+----I 
~ • 0. 61--l--\-~-d'"'-..d-'"""d---"',,..:..._ 

= ] 0.5 1---;--+----+---~-~-1 ~, 

s o .41-----i---+-+--+--+--"'c 
.:! 

> 
I 

~ 

~ 
2 
~ 

10 

0.4 

0.1 

8 0.04 
I 

l 

ALL TYPES 
COLLECTOR-EMITTER SATURATION VOLTAGE 

FREE-AIR TEMPERATURE 

- -~ o 5 rn/:1-., \c -
\e,"" • 

1 Ai;c=1mA 
\~~ 
1:- 10 .A, le - 100 !!., 

le=_l •A,llc -j°•A I 

O.ll---t---+--+--+--+--+---1------1 

Q,~5--750~--~25-~-~25--5~0--1~5--100~-1~25 
~ 0.01 
> -75 -50 -25 25 50 75 100 125 

TA - Free-Air Temperature - °C 

FIGURE 4 

0 

! 20 

1 18 

.... 16 

1: 14 
~ 
u 12 
1! 

j 10 

o 
6. 
~ 
o 
Ji 

A3T2484 
SMALL-SIGNAL COMMON-EMITTER 

FORWARD CURRENT TRANSFER RATIO 

COLLECTOR CURRENT 

f- 10 MHz ][Il TA = 25°C 

1Llli 
Vc,=IOV 

~ 
~ ~CE= 5 V 

..&-'. 
A' 
~ 

TA - Free-Air Temperature - 0 ( 

FIGURE 5 

~ 0 
~ 0.1 0.2 0.4 0,7 I 4 7 10 

ALL TYPES le -Collector Current -mA 

COMMON-BASE OPEN-CIRCUIT OUTPUT CAPACITANCE FIGURE 6 
AND COLLECTOR-BASE CAPACITANCE 

vs 
COLLECTOR-BASE VOLTAGE 

1, = 0 
l---+-1---+-t-+t-Ht--l-+-+++++f= 140kHz 
~ TA=25°C 
f'l--_,,,r"c-J...f'-.-+-!+!-f.!+--1--+-+-++4+ See Note 5 

o~~~~~~-~~~~~~~~ 

0.1 0.4 4 10 

V ca - Collector-Bose Voltage 40- V 

FIGURE 7 

ALL TYPES 
COMMON-BASE OPEN-CIRCUIT INPUT CAPACITANCE 

AND EMITTER-BASE CAPACITANCE 

0 

vs 
EMITTER-BASE VOLTAGE 

lc=O 
f = 140 kHz 
TA= 25°C 
See Note S 

t-t- ibo 

~ b... 
]'-, ~ 

N 

0.01 0.04 0.1 0.4 4 

VE 8- Emitter-Base Voltage - V 

FIGURE 8 
NOTE 5: Ccb and Ceb measurements employ a three-terminal capacitance bridge incorporaling a guard circuil. The third electrode (emitter or collector, respectively) Is con­

nected to the guard terminal of the bridge. Cobo and Cibo measurements are made with the third electrode floating. 
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TYPES A3T929 I A31930, A3T2484 
N-P-N PLANAR SILICON TRANSISTORS 

TYPICAL CHARACTERISTICS 

A3T2484 

~MALL-SIGNAL COMMON-EMITTER 
INPUT IMPEDANCE 

vs 
COLLECTOR CURRENT 

V CE = 5 Vi-hf++l--t--t-+t+hK-t--t--H-tiitt1 

f = 1 kHz 

0.04 0. 1 0.4 4 10 

VcE 

f 

le - Collector Current - mA 

FIGURE 9 

A3T2484 

SMALL-SIGNAL COMMON-EMITTER 
REVERSE VOLTAGE TRANSFER RATIO 

vs 
COLLECTOR CURRENT 

5V 

1 kHz 

~ 

D 
~ 

~ ~ 

:s... " 
T,. - 125°C 

J__l_l 

~ T,. = 25°C 

T,. - -55°C 

-I -Llitt 
0.04 0. 1 0.4 4 

I c - Collector Current - mA 

FIGURE 11 
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..c 

A3T2484 

SMALL-SIGNAL COMMON-EMITTER 
FORWARD CURRENT TRANSFER RATIO 

vs 
COLLECTOR CURRENT 

20 l---+-+4"1-H+H--+-+-1+-~1-t---+--+-t-r+j-+H 

JOL---J.-..1....LJ....LJ"-LL~-'--'-.L...1..LJ..L.u_~'---''-"-................. 

0.01 

1000 
Vee 

f 
400 

100 

40 

10 T,. 

T,. 
4 

T,. 

.....-

1 
0.01 

0.04 0.1 0.4 4 

le - Collector Current - mA 

FIGURE 10 

A3T2484 

SMALL-SIGNAL COMMON-EMITTER 
OUTPUT ADMITTANCE 

vs 
COLLECTOR CURRENT 

5V 

1 kHz 

2 
[L L'_ 

tj ~ [/ 12s•c 

25°C 

-55°C +-

0.04 0.1 0.4 4 

I c - Collector Current - mA 

FIGURE 12 

10 

10 
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TYPES A3T929, A3T930, A3T2484 
N-P-N PLANAR SILICON TRANSISTORS 

TYPICAL CHARACTERISTICS 

Vee = 5 V 

A3T2484 

AVERAGE NOISE FIGURE 
vs 

GENERATOR RESISTANCE 

18 Noise Bandwidth= 15.7 kHz +++++---+-+-++-......., 

TA= 25•c 
16 

~ SeelJll 
j ;: ,)~)Ittttr-+-i,-tt+tt1t--t-t-t-1Jr1-tt'H1 
a 10 I\ 

~ 8 I\ v 
~ le= 1 mA Y 
j 6 _I'!.. VL_ 
I 4 _lli ~ 

lz I ~ 1bl1;: 1'. I 
:cJrfilrftff~...._,~~1---l"-~~NH-tttt--+-t~-++l>i'AI 

"' -0 

" ~ 
"' <L 
! ·c; 
z 
0 
Jl-

u. z 

20 

18 ~ lil 
16 

14 

~I it' 

~ 
12 

10 

8 

6 

'\ 
N 
~ 

I\ I 

4 

0 

A3T2484 

SPOT NOISE FIGURE 
vs 

FREQUENCY 

le= 1 mA 

~ RG = 1 kQ 

l'l v1--i_:~ 
~ c - OµA 

f\ RG = 5 kQ 

~ 
. I 111111 
lc=lOµA 
RG=lOkQ 

.>k l"Nl 
"'i-- I 

0. 1 0.4 4 10 40 100 0.01 o. 1 0.4 4 10 
RG- Generator Resistance - kO f - Frequency - kHz 

FIGURE 13 FIGURE 14 

NOTE 4, Average Noise Figura is measured io an amplifier with response down 3 dB at 10 Hz and 10 kHz and a high.frequency rolloff of 6 dB/octave. 

THERMAL INFORMATION 

CONTINUOUS DEVICE DISSIPATION 
vs 

FREE-AIR TEMPERATURE 

TA - Free-Air Temperature - °C 

FIGURE l!5 

Vee = 5 v 

TA = 25•c 

40 100 

1274 TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 
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TYPES 2N2192, 2N2192A, 2N2193, 2N2193A, 
2N2194, 2N2194A, 2N2243, 2N2243A 

N-P-N EPITAXIAL PLANAR SILICON TRANSISTORS 

FOR MEDIUM-POWER, HIGH-SPEED SWITCHING 
AND AMPLIFIER APPLICATIONS 

• High Breakdown Voltage Combined with 
Very Low Saturation Voltage 

• hFE - Guaranteed from 100 µ.a to 1 amp 

*mechanical data 

0.100---- I--' ,r- 3 COLLECTOR 

-0.100 _6- ,- 2 BASE 

~-=--zi~~ --+-- ~ o.02t 

! .,_ •• ~ 
0.200 ,·, ~O..:.~ 

o.o:a 

~:= I , -1.5 MIN---l 

j I I 

T -f'·-0= ' ~!70 o.3.35 F"""""== 
0.335 O:iosDIA == 
D!A _i__ =r 
~-1.4~0.009-0.1251 

0.100 MIN~' I 
SASE SEAT..J ! ' •-1 EMITTER 

~ 3 LEADS ~:~:: DIA 
DETAILS OF OUTLINE j 

IN THIS ZONE OPTIONAL 

THE COLLECTOR IS IN ELECTRICAL 
CONTACT WITH THE CASE. 

ALL JEDEC T0-5 DIMENSIONS 
AND NOTES ARE APPLICABLE. 

ALL DIMENSIONS ARE IN INCHES 
UNLESS OTHERWISE SPECIFIED. 

*absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 

2N2~92 2N2193 2N2194 2N2243 
2N2192A 2N2193A 2N2194A 2N2243A 

Collector-Base Voltage 60 80 60 120 

Collector-Emitter Voltage (See Note 1) 40 50 40 80 

Emitter-Base Voltage 5 8 5 7 

Collector Current 1 1 1 1 

Total Device Dissipation at (or below) 
0.8 0.8 0.8 0.8 25°C Free-Air Temperature (See Note 2) 

Total Device Dissipation at (or below) 
2.8 2.8 2.8 2.8 25 °C Case Temperature (See Note 3) 

Total Device Dissipation at 100°( Cose Temperature 1.6 1.6 1.6 1.6 

Operating Collector Junction Temperature Range - 65°C to 200°c 

Storage Temperature Range - 65°C to 200°c 

lead Temperature){, Inch from Case for 10 Seconds 300°( 

NOTES: T. This value applies when the emirter-base diode is open-circuited. 
2. Derale linearly lo 200°C free-air temperature at the rote of 4.6 mw/C0 . 

3. Derate linearly to 200°C case temperature at the rate of 16 mw/C 0 • 

*Indicates JEDEC registered data 

TEXAS INSTRUMENTS 
INCORPORATED 

F'OST OFFICE BOX 5012 • DALLAS, TEXAS 75222 

UNIT 

v 

v 

v 

a 

w 

w 

w 
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TYPES 2N2192, 2N2192A, 2N2193, 2N2193A, 
2N2194, 2N2194A, 2N2243, 2N2243A 
N-P-N EPITAXIAL PLANAR SILICON TRANSISTORS 

*electrical characteristics at 25°C free-air temperature (unless otherwise noted) 

1302 

PARAMETER TEST CONDITIONS 

BYeao Collector-Base Breakdown Voltage le = 100.µ,a,IE = 0 

BYeEO Colleclor-Emitter Breakdown Voltage le = 25 ma, 18 = 0, See Note 4 

BVEBo Emitter-Base Breakdown Voltage IE= 100µ,a, le= 0 

Yea= 30v, 
1--

IE= 0 

Ye8 = 30v, le= 0, TA= 150°C 
lcso Collector Cutoff Current 

Vea=60v, le= 0 

Yea= 60v, le= 0, TA= 15o•c 

YEe = 3 v, le= 0 
1.,o Emitter Cutoff Current 

YEB = 5 v, le= 0 

Yee= lOv, le=lOOµ,a 

YeE = 10 v, le= !Oma 

Ye,= lOv, le=lDma, TA=-ss•c 

hFE Static Forward Current Transfer Ratio Yee= lOv, le = 150 ma, See Note 4 

Yee= lOv, le = 500 ma, See Note 4 

Ye,= lOv, le= la, See Note 4 

YeE = 1 v, le = 150 ma, See Note 4 

Vae Base-Emitter Voltage la= 15 ma, le= 150mo 
... -1 18 = 15mo, 2N2192- 2N2194 

VcE(satJ Colleclor-Emitter Saturation Voltage le= ISO ma I 2N2192A-2N2194A 

[hr.[ 
Small-Signal Common-Emitter 

Ye,=lOv, le= SO ma, f = 20mc Forward Current Transfer Ratio 

Cob 
Common-Bose Open-Circuit 

Yea= 10 Y, IE= 0, f = 1 me Output Capacitance 

*switching characteristics at 25°C free-air temperature 

PARAMETER TEST CONDITIONS 

t, Rise Time 

t, Storage Time See Figure 1 ,, Fall Time 

NOTE 4: These parameters must be measured using pulse techniques. PW = 300 µsec, Duty Cycle '.:5. 2°/.. 

*Indicates JEDEC registered data 

2N2192 2N2193 
2N2192A 2N2193A 

MIN MAX MIN MAX 

60 BO 

40 so 

5 8 

10 

15 

10 

25 

so 
50 

lS IS 

75 30 

35 20 

100 300 40 120 

3S 20 

15 15 

70 30 

1.3 1.3 

0.3S 0.3S 

0.2S 0.2S 

2.5 2.S 

20 20 

2N2192 2N2192A 
2N2193 2N2193A 
2N2194 2N2194A 

MAX 

70 

150 

so 

2N2194 
2N2194A UNIT 
MIN MAX 

60 y 

40 y 

5 v 

10 no 

25 µa 

na 

µa 

so na 

na 

l_S 

20 60 

12 

15 

1.3 y 

0.3S v 

0.2S y 

2.5 

20 pf 

UNIT 

nsec 

nsec 

nsec 
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TYPES 2N2192, 2N2192A, 2N2193, 2N2193A, 
2N2194, 2N2194A, 2N2243, 2N2243A 

N-P-N EPITAXIAL PLANAR SILICON TRANSISTORS 

*electrical characteristics at 25°C free-air temperature (unless otherwise noted) 

2N2243 2N2243A 
PARAMETER TEST CONDITIONS UNIT 

MIN MAX MIN MAX 

BYeao Collector-Bose Breakdown Voltage le = 100 µ,a, 1. = 0 120 120 y 

BYew Collector-Emitter Breakdown Voltage le= 25 ma, 1. = 0, See Note 4 80 80 y 

ev .. o Emitter-Bose Breakdown Voltage 1. = 100 µ,a, le= 0 7 7 y 

Yea= 60v, 1. = 0 10 10 no 
leao Collector Cutoff Current 

Vea= 60 v, 1. = 0, TA= 150°C 15 15 µ,a 

1.80 Emitter Cutoff Current Vea= 5 v, le= 0 50 50 no 

Ve•= 10 v, le= 100 µ,a 15 15 

Yce=lOv, le= lOma 30 30 

Ve•= 10 v, le= lOmo, TA= -55°C 20 20 
hFE Static Forward Current Transfer Ratio r------

Yee= lOv, le = 150 ma, See Note 4 40 120 40 120 

Yee= 10 v, le = 500 ma, See Note 4 15 15 

Ve.= l v, le = 150ma, See Note 4 30 30 

v .. B~se-Emitter Voltage 18 = 15 ma, le= 150ma 1-3 1-3 y 

Yee1 .. 11 Collector-Emitter Saturation Voltage 18 = lSma, le= 150ma 0.35 0.25 y 

Jh,.J Smoll-Signol Common-Emitter 
VeE = lOv, le= 50mo, f = 20 me 2.5 2.5 Forward Current Transfer Ratio 

Cob 
Common-Base Open-Circuit 

Yeo= 10 v, le= 0, f =I me 15 15 pf Output Capacitance 
··----

*switching characteristics at 25°C free-air temperature 

2N2243 

PARAMETER TEST CONDITIONS 
2N2243A 

UNIT 
MAX 

t--
Tb Stored-Charge Time fonstant See Figure 2 2.1 µ,sec 

-·---·-

NOTE 4: These parameters must be measured using pulse techniques. PW = 300 µsec, Duty Cycle _:::: 2'%. 

•Indicates JEDEC registered data 
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TYPES 2N2192, 2N2192A, 2N2193, 2N2193A, 
2N2194, 2N2194A, 2N2243, 2N2243A 
N-P-N EPITAXIAL PLANAR SILICON TRANSISTORS 

PARAMETER MEASUREMENT INFORMATION 

INPUF~-o- v,N 

I 
I 
I 

OUTPUT I I 

""l"'---:---'~ -f-90% 
I I I 
I _., t 1 i.. 

-1 t, !--

See Notes a and b 

VOLTAGE WAVEFORMS 

1 ~f 
INPUT 

CIRCUIT CONDITIONS 

+7.0 v 

330 pf 

1 kfl 5 266G 
DIODE 

-1.0 v 

TEST CIRCUIT 

2N2192, 92A 
2N2193, 93A 
2N2194, 94A 

v'" 7.5 v 15 v 

VBB 7.5 v 15 v 

"'FIGURE 1 - SWITCHING TIMES - tr, tf, ts 

+10v~-
Pulse CD 

0 I 'i Pv!se @ 1 

l 11 I 

] --lf-0.2ms : 
,.___ ___ 8 ms ____ ., 

See Note c 

INPUT PULSES AT POINT A 

OUTPUT 
PULSES 

VOLTAGE WAVEFORMS 

See Note c 

CD A 
500 I 80fl 

----'@'='2--' 750fl 

500 
50fl 

TEST CIRCUIT 

*FIGURE 2 - STORED-CHARGE TIME CONSTANT - Tb 

400 

OUTPUT 

2N2192, 92A 
2N2193, 93A 
2N2194, 94A 

+ 10 v 

2N2243 
2N2243A 

NOTES a. The input waveform in Figure 1 is supplied by a generator with the following [harocteristin: Ir 

PRR :::-: 5 kc 
20 nse<, If _;_ 20 nsec, lout = SO i~, PW = 10 µsec, 

1304 

b. Waveforms in Figure l and Figure 2 are monitored on an oscillom;pe with the following characterisfi(s: Ir:::= 14 nsec, Rin ::-::: 10 M1!, (in -_- 11.S pf. 

c. The relay in Figure 2 is Clare HG 1005 (or equivalent). 

"'Indicates JED::C registered data 

51 

TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY llME 
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 



2N2219, 2N2222 
N-P-N EPITAXIAL PLANAR SILICON TRANSISTORS 

environmental tests 

DESIGNED FOR HIGH-SPEED, MEDIUM-POWER SWITCHING 
AND GENERAL PURPOSE AMPLIFIER APPLICATIONS 

• DC Beta - Guaranteed from 100pa to 500 ma 
• High ft - 250 me min at 20v, 20 ma 

To ensure maximum integrity, stability, and long life, all finished transistors are subjected to sustained 
acceleration at a minimum of 35,000 G and verification of hermetic seal by helium leak testing. 

*mechanical data 

Device types 2N2217, 2N2218, and 2N2219 are in JEDEC T0-5 packages. 
Device types 2N2220, 2N2221, and 2N2222 are in JEDEC T0-18 packages. 

T0-5 

THE COLLECTOR IS IN ELECTRICAL CONTACT WITH THE CASE 

0.034 

0.028 

DIMENSIONS ARE IN INCHES UNLESS OTHERWISE SPECIFIED T0-18 T0-5 T0-18 

*absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 

Collector-Base Voltage 
Collector-Emitter Voltage (See Note 1) 
Emitter-Base Voltage . 
Collector Current . 
Total Device Dissipation at (or below) 25°C Free-Air Temperature (See Notes 2 and 3) 
Total Device Dissipation at (or below) 25°C Case Temperature (See Notes 4 and 5) 

2N2217 2N2220 
2N2218 2N2221 
2N2219 2N2222 

60 v 60 v 
30 v 30 v 

5 v 5 v 

0.8 a 0.8 a 
0.8 w 0.5 w 

3 w 1.8 w 
- 65°C to + 175°C Operating Collector Junction Temperature Range 

Storage Temperature Range - 65°C to + 200°C 

NOTES: 1. This value applies when the bose·emitler diode is open-circuited. 
2. Derafe 2N2217, 2N2218, and 2N2219 linearly to 175°( free-air temperature at the rote of S.33 mw/C 0 . 

3. Derote 2N2220, 2N2221, and 2N2222 linearly to 175°( free-air temperature of the rate of 3.33 mw/C 0 • 

4. Derate 2N2217, 2N2218, and 2N2219 linearly to l7S°C ca'>e temperature at thfo: rate of 20.0 mw/C 0 . 

5. Derate 2N2220, 2N2221, and 2N2222 linearly to 175°( case temperature al the rate of 12.0 mw/C 0 • 

•indicates JEDEC registered data 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 5012 • DALLAS. TEXAS 75222 
1305 
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TYPES 2N2217 I 2N2218, 2N2219 I 2N2220, 2N2221, 2N2222 
N-P-N EPITAXIAL PLANAR SILICON TRANSISTORS 

*electrlcal characteristics at 25°C free-air temperature (unless otherwise noted) 

1 To.s+ 2N2217 2N2218 2N2219 

PARAMETER TEST CONDITIONS L T0.-18 + 2N2220 2N2221 2N2222 
MIN TYP MAX MIN TYP MAX MIN TYP 

BYeso Collec:tor-lose Breokdown Volloge le= 10 µ.a, 1, = 0 60 60 60 

IYeEO Collector-Emitter Breakdown Voltage le= 10 mo, la= o 30 30 30 

av,80 Emitter-Base Breakdown Voltage 1, = 10 µ.a, le= o s s s 

Yea= so v, 1, = 0 JO 10 
lcao Colledor Cutoff Curre"t 

Yea= 50 v, 1, = 0, TA = 1so•c 10 10 

IEIO Emitter Cutoff Current Yu= 3 v, le= o 10 10 

YeE =JO v, le= JOO µ.a 20 3S 

YeE =JO v, le= 1 ma 12 2S so 

hFE Static Forward Current Transfer Ratio 
YcE = 10 v, le= 10 ma 17 35 75 

YeE = 10 v, le = 150 ma, (See Note 6) 20 60 40 120 100 

YeE = 10 v, le = SOD ma, {See Note 6) 20 30 

YeE = 1 v, le = 150 ma, (See Note 6) 10 20 50 

11 =IS ma, le = I SO mo, (See Note 6) 0.9 1.3 0.9 1.3 0.9 
v,, Base-Emitter Voltage 

11 =SO ma, le = 500 mo, (See Note 6) 1.2 J.Z 2.6 J.Z 

11 = 15 ma, le = 150 mo, (See Note 6) 0.2 0.4 0.2 0.4 0.2 
YcElsatl (ol lector-Emitter Saturation Voltage 

18 =SO ma, le = 500 ma, (See Note 6) o.s 0.4 1.6 0.4 

\h,.\ Small-Signal Common-Emitter 
YeE = 20 v, le= 20 ma, I= 100 me 2.5 2.8 2.S 3.0 2.S 3.S Forword Current Transfer Ratio 

Ir Translllon Frequency YeE = 20 Y, le= 20 ma, (See Noto 7) 250 280 250 300 2SO 350 

'•b Common-lase Open-Circuit 
Yea= 10 v, 1, = 0, f=I me 5 8 5 8 s 

Output Capacitance 

c,b Common-Base Open-Circuit 
Yu= 0.5 v, le= o, I= 1 me 23 23 23 

Input Capacitance 

Re(h;J Real Port of Small-Signal 
YcE = 20 v, le= 20 ma, 1=300mc lS 60 JS 60 IS Common-Emitter Input Impedance 

NOTES: 6. These parameters must Ila measured using pulse techniques. PW = 300 µ.sec, Duty Cycle S 23. 

UNIT 
MAX 

y 

y 

y 

10 no 

10 µ.a 

JO •• 

300 

1.3 y 

2.6 v 

0.4 y 

1.6 v 

me 

8 pl 

pl 

60 ohm 

7. To obtain fy. the lh1el response with frequency is extrapolated at the rate of -6db per octave from f = 100 me to the frequency at which lhtel = 1. 

•indl<ales JEDEC rogl1torod data ( tJPl<al data excluded) 
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TYPES 2N2217, 2N2218, 2N2219, 2N2220, 2N2221, 2N2222 
N-P-N EPITAXIAL PLANAR SILICON TRANSISTORS 

switching characteristics at 25°C free-air temperature 

PARAMETER TEST CONDITIONStt 
1T0-5-+ 2N2217 2N2218 2N2219 
rT0-18-+ 2N2220 2N2221 2N2222 

t.., Turn-On Time le= 150 mo, IB11J = 15 mo, 11121 = -15 mo 25 
lo11 Turn-Off Time VeE(ofij = -2.75 v, Re= 40 !l,(See Figure 1) 150 
fy Total Switching Time See Figure 2 9 

tt Voltage and current values shown are nominal; exact values vary slightly with device parameters. 

PARAMETER MEASUREMENT INFORMATION 

INPUT 

TEST CIRCUIT 

JT 1 ________ I _______ +4.75v 

INP~------------- ---- -2.75v 

OUTPUT 

I I 

I : 

I 
I 
I 
I 
I 
I 
I 
I 
I.- loo 
I 

I 
I 

-i 
I 

VOLTAGE WAVEFORMS 

I 
I 
I 
I 
I 
I 

I 
I 
i.-
1 

(See Notes o and b) 

TYPICAL 
25 

175 
9 

OUTPUT 

FIGURE 1 ·SATURATED SWITCHING CIRCUIT FOR TURN-ON AND TURN-OFF TIMES 

NOTES: a. The input waveforms in Figure 1 have the following characteristics: tr ~ 1 nsec, PW ~ 300 nsec. 

b. All waveforms are monitored on on oscilloscope with the following cha1acterisllts: •r '5, ~ nsec, Rin ~ 100 KO, C1n ~ 12 pf. 

25 
200 

9 

UNIT 

nsec 
nsec 
nsec 
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TYPES 2N2217, 2N2218, 2N2219, 2N2220, 2N2221, 2N2222 
N-P-N EPITAXIAL PLANAR SILICON TRANSISTORS 

1308 

PARAMETER MEASUREMENT INFORMATION 

INPUT 

100 .n 

IN3064 

+lv ______ -r---------, 

WAVEFORlv' 
AT POINT A 

-lv -- -

+20v 

0--

I I 14-- 15 nsec--+1 

t I I 
---r-=~t --~1- -f---

OUT PUT 90% I I 
WAVEFORM I I 

I 
I 
I 
I 
I +l8v -

_ _l __ -+--­
-1---

I I 
r loo --l 

I I 
l--•0 .. -1 

FIGURE 2. NON-SATURATED SWITCHING TIME MEASUREMENT CIRCUIT 

+20 v 

40 n 

Kfl 
5w 

OUTPUT 

(See Notes c and d) 

NOTES: c. The input waveform is supplied by a mercury rt-lay pulse generator with the following characteristics: tr _::£ 1 nsec, 11 ::;. 1 nsec, PW = 1S nsec. Adjust RI 
and the input pulse amplitude to obtain the specified voltage levels al Point A. 

d. Waveforms are monit\Jred on a sampling oscilloscope (tr_::::: 0.8 nsec) using a 20000 probe. 

TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
IN ORDER TO IMPl!OVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 



TYPES A3T2221, A3T2222 
N-P-N EPITAXIAL PLANAR SIUCON TRANSISTORS 

MINIATURE TRANSISTORS FOR HIGH-SPEED, MEDIUM-POWER 
SWITCHING AND GENERAL PURPOSE AMPLIFIER APPLICATIONS 

• For Use in Micromodules, Hybrid Circuits, Thin· and Thick-Film 
Circuits, and Other High-De!'lsity Packaging 

• h FE Guaranteed from 100 µA to 500 mA 

• High fr ••• 250 MHz Min at 10 V, 20 mA 

• For Applications Requiring Transistors Electrically Similar to 
2N2221, 2N2222 

mechanical data 

These transistors are encapsulated in a thermosetting plastic compounc! specifically designed for this 
purpose, using a highly mechanized process developed by Texas Instruments. The case will withstand 
soldering temperatures without deformation. These devices exhibit stable characteristics under high-humidity 
conditions and are insensitive to light. 

~I LJ rom. 1 r= 
1' t=31-IEMITTEI I I :ls ..... 

..... .................. -1· 
3 llADS . 0.030 

-· !..-::::·--· ~-+, ..... 
-. NOTI I 

ltl 3 LEADS 00.0019 3 LEADS* + .10 
4-COLLKl'OI 

NOTIS: A. IUD DIM9ISIOHS 

-~ .. ......... 
L MEASUIED wtal ............. 

flOMCASI 

C. All otMEHSH;JNS 

AIE"INCIW 

·absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 

• 

Collector-Base Voltage • • . . • • • 60 V 

Collector-Emitter Voltage (See Note 1): . 30V 

Emitter-Base Voltage . 5 V 

Continuous Collector Current • 500 mA 

Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 2). 225 mW 

Storage Temperature Range . • . . . • • . . -65°C to 150°C 

Lead Temperature){, Inch from Case for 10 Seconds • • • • 260°C 

NOTES: 1. This value applies when the base-emitter diode is open-circuited. 
2. Derate linearly to 150°C free-air temperature at the rate of 1.8 mW/°C. 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 5012 • DALLAS. TEXAS 75222 
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TYPES A3T2221, A3T2222 
N-P-N EPITAXIAL PLANAR SILICON TRANSISTORS 

electrical characteristics at 25°C free-air temperature (unless otherwise noted) 

PARAMETER TEST CONDITIONS 
A3T2221 

MIN TYP MAX 
A3T2222 

UNIT MIN TYP MAX 
!i_"!)_eBO Colledor-Base Breakdown Voltage le= JO µ.A, IE= 0 60 60 v 
!i_"!)_eEO Collector-Emitter Breakdown Voltage le= JOmA, la= 0, See Note 3 30 30 v 
~llt~BO Emitter-Bose Breakdown Voltage IE= JO µ.A, le= 0 s s v 

Collector Cutoff Current 
Yea= 50V, IE= 0 10 10 nA 

leao Vea= SOY, IE= 0, TA= 8S°C 1 1 JJ-! 
IEBo Emitter Cutoff Current VEI = 3 v, le= 0 10 10 nA 

VeE = JOV, le= 100 µ.A 20 35 
VeE = lOV, le= lmA 25 50 

hFE Static Forward Current Transfer Ratio 
VCE = JOV, le= JOmA 

See 
35 75 

VeE = JOV, le= JSOmA 40 J20 JOO 300 
Yee= JOY, le= 500mA 

Note 
20 30 

VCE - JV, le - ISOmA 
3 

20 50 

VIE Bose-Emitter Voltage 
la= IS mA, le= ISOmA See 0.9 1.3 0.9 1.3 y 

la= 50 mA, le= 500mA Note 3 1.2 2.6 1.2 2.6 v 
Vee1satl Collector-Emitter Saturation Voltage 

la= IS mA, le= ISOmA See 0.2 0.4 0.2 0.4 v 
la= 50 mA, le= 500mA Note3 0.4 1.6 0.4 1.6 v 

lhtel 
Small-Signal Common-Emitter 

YeE =JOY, le= 20mA, f =JOO MHz 2.5 3 2.5 3.5 Forward Current Transfer Ratio 
Ir Transition Frequency YeE =JOY, le = 20 mA, See Nate 4 250 300 250 350 Milz 

Cobo 
Common-Base Open-Circuit 

Yea= JOY, IE= 0, f = 1 MHz 4 8 4 8 pf Output Capadtance 

C;bo 
Common-Base Open-Orcuit 

VEB = 0.5 v, le= 0, f = 1 MHz 20 20 pf Input Capacitance 

Re(h;.) 
Real Part of Small-Signal 

VeE = 10 V, le = 20 mA, f = 300 MHz 15 15 .n Common-Emitter Input Impedance 

NOTES. 3. These parameters must be measured using pulse techniquH. Ip = 300 µs, duty c:yde :::; 23. 
4. To obtoin 11, the lh1,I respon11 with frequency Is extrapolated at the rate of -' dB par octave from f = 100 MHz to Iha frequency at which lb1ol = 1. 

., 
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TYPES A3T2221, A3T2222 
N-P-N EPITAXIAL PLANAR SILICON TRANSISTORS 

switching characteristics at 25°C free-air temperature 

PARAMETER TEST CONDITIONS t A3T2221 A3T2222 
TYP 

td Delay Time Yee= 30Y, le= 150 mA, 18111 = 15 mA, 7 
t, Rise Time Yse(ofij = -0.5 Y, See Figure l 16 
t, Storage Time Yee= 30 Y, le= 150 mA, 11111 = 15 mA, 130 
If fall Time 11121 = -15 mA, See Figure 2 20 

tVoltage and current values shown are nominal; exact values vary slightly with transistor parameters. 

PARAMETER MEASUREMENT INFORMATION 

OUTPUT 

TEST CIRCUIT 

+9.9V ----11 
__J LINPUT 

-0.5V I 

~tdl--
1 • 

..... i.-
1 I 

I 
I 
I 
I 
I 

OUTPUT 

VOLTAGE WAVEFORMS 

FIGURE 1 - DELAY AND RISE TIMES 

+30V 
+16.2V---11 

-13.av_J L 
I 
I 
I 
I 

-1 

INPUT 

FIGURE 2 - STORAGE AND FALL TIMES 

a. The input waveforms have the following characteristics: For figure 1, tr::;; 2 ns, IP S 200 ns, duty cycle :S 2%; for figure 2, ff :S S ns, 

Ip= 100 µs, duly cycle ~ 173. 

h. All waveforms are monitored on on oscilloscope with the following characteristics: tr :S S ns, Rin ;;:::. 100 kO, (in ::; 12 pf. 

TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 

TYP 

7 
16 

160 
20 

UNIT 

ns 
ns 
ns 
ns 
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Designing with integrated circuits? 

The choice is 

Series 54/7 4 TTL 
The most complete IC logic family in the 
industry ... and the first choice for new 
designs. Here's why: 
• Over 90 distinct functions to 

select from ... including 35 MSI circuits 
• Three compatible performance ranges 

• Series 54/7 4 standard 
•Series 54H/74H high speed 
• Series 54L/7 4L low power 

• Three package configurations 
• Plastic dual-in-line 
• Ceramic dual-in-line 
• Metal ftatpack 

• Two temperature ranges 
• Series 54 ... -55°C to+ 125°C 
•Series 7 4 ... 0°C to 70°C 



TYPES A3T2221 A, A3T2222A 
N-P-N EPITAXIAL PLANAR SILICON TRANSISTORS 

MINIATURE TRANSISTORS DESIGNED FOR HIGH-SPEED, MEDIUM­
POWER SWITCHING AND GENERAL PURPOSE AMPLIFIER APPLICATIONS 

• For Use in Micromodules, Hybrid Circuits, Thin- and Thick-Film 
Circuits, and Other High-Density Packaging 

• hFE Guaranteed from 100 µA to 500 mA 
• fr at 10 V, 20 mA ••• 250 MHz Min (A3T2221A) 

300 MHz Min (A3T2222A) 
• For Applications Requiring Transistors Electrically Similar to 

2N2221A, 2N2222A 

mechanical data 

These transistors are encapsulated in a thermosetting plastic compound specifically designed for this 
purpose, using a highly mechanized process developed by Texas Instruments. The case will withstand 
soldering temperatures without deformation. These devices exhibit stable characteristics under high-humidity· 
conditions and are insensitive to light. 

·~~-r 
T_~ -t E3- 1-EMITTB 

0.035 INDEX (DEl'llfSSKJN) 

3LEAQS L 
NOTE A .!!!!, 6 PLACff NOTE I ..... ' 

I 
1 r= 

' I -;1, 
~· ·­.... ...... 
NOTEB 

m 3 LEADS O.Ol 9 + if.010 

3 LEADS ~=-+-

4-COUECTOI 

NOTES: A. LEAD DIMENllCINS 

___ .. 
THIS AIEA. 

•• MEASl.mlD -
LUDSEMRGI 
IROMCASI 

C. AU DIMENMON5 
All IN ..CHIS 

absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 

Collector-Base Voltage . . • • • . 

Collector-Emitter Voltage (See Note 1) . 

Emitter-Base Voltage 

Continuous Collector Current . 

Continuous Device Dissipation al (or below) 25°C Free-Air Temperature (See Note 2) . 

Storage Temperature Range • • . • . • • • 

Lead Temperature ){, Inch from Case for 10 Seconds 

NOTES: 1. This value applies belwHn 0 and 500 mA collector cumnt when the base-emitter diode is open-c:lrcuited. 
2. Berate Unearly to 150°C free-air temperature at the rate of 1.8 mW/ °C. 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 5012 • DALLAS. TEXAS 75222 

• 

. 75V 

• 40V 

• 6V 

500mA 

225mW 

• -65°C to 150°C 

.••. 260°C 

m-1. c: < r- ... 
r- "' m ui 

:q~ Z-1 
z ... 
!' ~ 
:;! }> 
in :to 
gi ~ 
o~ 
!!3 ... 
!":to 
Ill 
m 
~ 
m 
:!!:: 
m 
m 
:l:J 

iii .. 
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TYPES A3T2221 A, A3T2222A 
N-P-N EPITAXIAL PLANAR SILICON TRANSISTORS 

electrical characteristics at 25°C free-air temperature (unless otherwise noted) 

PARAMETER TEST CONDITIONS 
A3T2221A A3T2222A 

MIN TYP MAX MIN TYP MAX UNIT 

V1e•1eeo Collector-Bose Breakdown Voltage le = 10 µA, '· = 0 75 75 v 
yl_Bl<l_eeo Collector-Emitter Breakdown Voltage le= lOmA, lo= 0, See Note 3 40 40 v 
VfBR)eoo Emitter-Bose Breakdown Voltage le= 10 µA, le= 0 6 6 v 
I coo Collector Cutoff Current 

Yeo= 60 V, '· = 0 
10 10 nA 

Yeo= 60V, le= 0, TA= a5•c 1 1 µA 
le EV Collector Cutoff Current Yee= 60 V, v .. = -3 v 10 10 nA 
l1ev Bose Cutoff Current Yee= 60 V, v .. = -3 v -20 -20 nA 
JEBO Emitter Cutoff Current v .. = 3 v, le= 0 10 10 nA 

Yee= 10 V, le= 100 µA 20 35 
Vee= 10 V, le= 1 mA 25 50 

Static Forward Current Vee= 10 V, le= 10 mA 35 75 
hFE Transfer Ratio Vee= 10 V, le= 150mA 

See 
40 120 100 300 

Vee= 10 V, le= 500 mA 
Note 

25 40 
Ve•= 1 V, le= 150 mA 

3 
20 50 

v .. Base-Emitter Voltage 
10 = 15mA, le= 150mA See 0.6 0.9 1.2 0.6 0.9 1.2 v 
I,= 50 mA, le= 500 mA Note 3 1.2 2 1.2 2 v 

VeE(sot) Collector-Emitter Saturation Voltage 
le= 15 mA, le= 150 mA See 0.2 0.3 0.2 0.3 v 
I,= SO mA, le= 500 mA Note 3 0.4 l 0.4 1 v 

Small-Signal Forward Current Yee= 10 V, le= 1 mA 25 150 50 300 
h1e Transfer Ratio Yee= 10 V, le= lOmA 35 300 75 375 

Small-Signal Common-Emitter Vee= 10 V, le= l mA 1 3.5 1.5 8 k!l 
hie Input Impedance Vee= 10 V, le=lOmA 0.2 l 0.25 1.25 k!l 

Small-Signal Common-Emitter Yee= 10 V, le= 1 mA I= l kHz 5xlO-< 8xl0 .. 
h,. Reverse Voltage Transfer Ratio Ve,= 10 V, le=lOmA 2.5xlO-< 4xl0 .. 

Small-Signal Common-Emitter Vee= 10 V, le= 1 mA 2 15 3 35 µmho 
h .. Output Admittance Vee= lOV, le= 10 mA 10 100 25 200 µmho 

lh1el 
Small-Signal Common-Emitter 

Vee= lOV, le = 20 mA, f = 100 MHz 2.5 3 3 3.5 Forward Current Transfer Ratio 
Ir Transition Frequency Vee=lOV, le = 20 mA, See Note 4 250 300 300 350 MHz 

Cobo 
Common-Bose Open-Circuit 

Vee= 10 V, 1, = 0, I= 100 kHz 4 8 4 8 pf Output Capacitance 

C,bo 
Common-Bose Open-Circuit v,. = 0.5 v, le= 0, I= 100 kHz 20 25 20 25 pf Input Capacitance 

Re(h,.) 
Real Port of Small-Signal 

Vee= 10 V, le = 20 mA, I = 300 MHz 15 15 n Common-Emitter Input Impedance 
r;c., Collector-Bose Time Constant Ve• - 10 V, le - 20 mA, I - 31.8 MHz 60 150 60 150 ps 

NOTES: 3. These parameters must be measured using pulse techniques. tp = 300 µ,s, duty cycle -=:; 2%. 

4. To obtain fr, the lhtel response is extrapolated at the rate of -6 dB per octave from f = 100 MHz to the freque11cy al which lh18I = L 
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TYPES A3T2221 A, A3T2222A 
N-P-N EPITAXIAL PLANAR SILICON TRANSISTORS 

switching characteristics at 25°C free-air temperature 

PARAMETER TEST CONDITIONSt 
A3T2221A A3T2222A 
TYP MAX 

td Delay lime Yee= 30Y, le= 150mA, 11111=15 mA, 7 10 
t, Rise Time Yll§!>ff) = --0.s Y, See figure 1 16 25 
t, Storage Time Yee= 30V, le= 150mA, 11111 =15mA, 130 225 
ft Fall Time ~ =-15mA, See Figure 2 20 ~~ 

tYoltage and current values shown are nominal; exad values vary slightly with transistor parameters. 

PARAMETER MEASUREMENT INFORMATION 

TEST CIRCUIT 

""-3V 

OUTPUT 

+9.9V=rL--­
INPUT 

-0,5 V I 

--ltd r--
1 

___ ..... _,, t, 

10% 

OUTPUT 

VOLTAGE WAVEFORMS 

FIGURE 1 - DELAY AND RISE TIMES 

+16.2VT1_ 
-13.8 V I 

I 
I 
I 

--tJ1 fs 

TEST CIRCUIT VOLTAGE WAVEFORMS 

FIGURE 2 - STORAGE AND FALL TIMES 

INPUT 

TYP 

7 
16 

160 
20 

NOTES: a. Th• input waveforms have the following characteristics: For flgura 1, •r ~ 2 ns, fp ~ 200 ns, duty cycle ~ 2%; for flgura 2, t1 ~ 5 ns, 

•p ""' 100 p.s, duty cycle ::; 113. 

b. All waveforms art monitored on on orclllo1<op1 with tht follo•lng charactorlsllcs: t, :S 5 ns, R1n ~ 100 kO, c1n ::; 12 pf. 

TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 

MAX 

10 
25 

225 
60 

UNIT 

ns 
ns 
ns 
ns 
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TRANSISTOR CIRCTJIT DESIGN 

Shipping Weight 3-lb 4 oz • $15.00 

FIELD-EFFECT TRANSISTORS • L. ]. SEVIN 

Shipping Weight 1-lb 10-oz • $10.00 

MOSFET IN CIRCTJIT DESIGN • ROBERT H. CRAWFORD 

Shipping Weight 1-lb 10-oz • $10.00 

CIRCTJIT DESIGN FOR AUDIO, AM/FM AND TV 

Shipping Weight 2-lb 8-oz • $14.50 

SILICON SEMICONDUCTOR TECHNOLOGY • 
W.R. RUNYAN 

Shipping Weight 2-lb 9-oz • $16.50 

DESIGN AND APPLICATION OF TRANSISTOR 
SWITCHING QRCUITS • LOUIS DELHOM 

Shipping Weight 2-lb • $14.50 

SOLID. STATE COMMUNICATIONS 

Shipping Weight 2-lb 9-oz • $12.50 

SOLID STATE ELECTRONICS • ROBERT G. HIBBERD 

Shipping Weight 1-lb 12-oz • $8.95 



TYPE 2N2369A 
N-P-N EPITAXIAL PLANAR SILICON TRANSISTOR 

DESIGNED FOR VERY-HIGH-SPEED SWITCHING APPLICATIONS 

* mechonical dato 

THE COLLECTOI IS IN ELECTllU.l 
CONTACT WITH THE CASE. 

All JEDEC T0-18 DIMENSIONS 
AND NOTES ARE APPLICULE. 

•obsalute moximum ratings at 25°C free-air temperature (unless otherwise nated) 
Collector-Base Voltage . 
Collector-Emitter Voltage (See Note 1) 
Collector-Emitter Voltage (See Note 2) 
Emitter-Bose Voltage 
Continuous Collector Current 
Peak Collector Current ISee Note 3\ 
Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 4) 
Continuous Device Dissipation at (or below) 25°C Case Temperature (See Note 5) 
Continuous Device Dissipation at 100°C Case Temperature 
Operating Collector Junction Temperature 
Storage Temperature Range . 
lead Temperature \{, Inch from Case for 60 Seconds • 

*electrical charocteristics at 25°C free-air temperature (unless otherwise noted) 
PARAMETER TEST CONDITIONS MIN 

YtBRICBO Collector-Bose Breakdown Voltage le - lOµo, le-0 40 
Y fBRlceo Collector-Emitter Breakdown Yolloge le= lOmo, 11= 0, See Nole 6 IS 

YtBRJCES Collector-Emitter Breakdown Voltage le= lOµo, v .. = 0 40 

YtBRIEBO Emitter-Base Breakdown Voltage le= lOµo, le= 0 4.S 

leao Collector Cutoff Current Yea= 20v, le= 0, TA= 1so•c 

Ices Collector Culoff Curl1!nt Yee= 20v, v,. = 0 

40 y 
40 y 

15 y 

4.5 y 

200ma 
. 500ma 

0.36w 
1.2 w 

0.6Bw 
200°c 

-65°C to 200°c 
3oo•c 

MAX UNIT 

• 
• 
• 
• 

30 µa 
0.4 µ.o 

1, Bose Current Yee= 20 v, v .. = 0 -0.4 µ.o 
Yee - 0.35 Y, le - 10 mo, See Nole 6 40 
Yee= 1 v, le= 10ma, SeeNole6 120 

h,. Stalic forward Current Yee - 0.4 v, le - 30ma, See Note 6 30 
Transfer Rolio Yee- 1 v, le - l 00 mo, See Nole 6 20 

Yee= 0.35 v, le - 10 mo, TA= -ss•c, 20 
See Nole 6 

11-lmo, le - 10ma 0.7 0.85 y 

la=3ma, le= 30mo 1.15 • v,. Base-Emitter Voltage 11-lOma, le - 100 mo 1.6 • 
la=lrilo, le - 10mo, TA= 12s•c 0.59 • 
11=1mo, le= 10ma, TA= -55°C 1.02 • 
11 = lmo, le= 10mo, 0.2 • 

Yce1ut1 Collector-Emitter l,=3mo, le= 30ma, 0.25 y 

Soturalian Yolloge I,= 10mo, le= 100 ma, 0.5 • 
11 = lma, le= 10mo, TA= 12s•c 0.3 • 

jh,.I Small-Signal Common·Emiller 
Ye,= 10., le= 20ma, f = 100Mc 5 forward Current T ronsfer Rolio 

c ... Common-Base Open-Circuit 
Ye1 = Sv, le=O, f = 140kc 4 pf Output Copodtonce 

NOTES: 1. fhis walue applies when the hose-emitter diode is sh11rl·circuited. -4. Oerate linearly lo 200°C free-air temperature al the rate of 7.06 mw/C0 . 

2. This value applies between 10 µa and 10 mo collectDf currenl when the base-emiller 5. Derole linearly le 200°( case temperature al the rote of 6.85 mw/C 0 . 

diodeisopen·ciJCuited. 

3. This value applies for PW :::::;; 10 µse<. 

*Indicate,; JEDEC registered data 

6. These parameltR must be measured using pulie l1ehniques. PW = 300 µsec,, 
Duty Cyde $ 2'%. 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 5012 • DALL.AS, TEXAS 75222 
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TYPE 2N2369A 
N-P·N EPITAXIAL PLANAR SILICON TRANSISTOR 
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•switching characteristics at 25 °C free-air temperature 

PARAMETER TEST CONDITIONSt MAX UNIT 

1 .. Turn-On Time le= 10ma, 111 11=3 ma, •11•1 = -1.S ma, 12 ftll( 

foff Turn-Off Time Y111af~ = -J.S Y, Rt.= 750 !l, See Figure 1 18 nse< 

'· Storage Time le= 111 11=10ma, 111,1 = -10 ma, See Figure 7 13 met 

fVoll1ge and cunenr voluH 1hown ire nominal; uo<I voluH varf slightly with lransistor po1omeren. 

*PARAMETER MEASUREMENT INFORMATION 

2200 0.1 .. r 

+15v~--
INPUT 

0 -----10% 

--T---\ OUTPUT 

; ~ 
'--ton ------1 

TURN-ON 

0 ----, .. 
;,- - - - - I0%1NPUT 

-15v-----I'-·----
! r-=10% 

! V88 = -3 v for 10 ,, +12 v for to11. 

___J_/ I OUTPUT 

l.-to11-1 

TEST Cl RCUIT 

TURN-OFF 

VOLTAGE WAVEFORMS 

FIGURE 1-TURN-ON AND TURN-OFF TIMES 

8900 0.1 .. f 
OUTPUT 

= 

TEST CIRCUIT 

FIGURE 2- STORAGE TIME 

-IO~=i_ INPUT 

+60v----11 -- JO% 
POINT "A" 

-4v----y ; r-- OUTPUT 

----!----/- 90% 

l-1,--: 

VOLTAGE WAVEFORMS 

NOTES: a. The input waveforms are supplied by a pulse generator with the following characteristics: Zout = 50 0, •r ::::; 1 nsec, PW> 300 nsec, Duly Cyde ::; 29/.. 

D. Output waveforms are monitored on an oscilloscope with the following characteristics: •r ~ 1 nsec, Zin = 50 D. 

•Indicates JEDEC registered data 

TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
IN ORDER TO IMPROVE DESIGN AND TO SUPPl Y THE BEST PRODUCT POSSIBLE. 



TYPES 2N2432, 2N2432A, 2N4138 
N-P-N EPITAXIAL PLANAR SILICON TRANSISTORS 

FOR LOW-LEVEL, HIGH-SPEED CHOPPER APPLICATIONS IN INVERTED CONNECTION 

• Low Offset Voltage .•• 0.4 mV Max (2N2432A) 
• Low Im ••• 2 nA Max 
• High Rated V 1co for Inverted Connection 

ALSO USEFUL FOR LOW-LEVEL AMPLIFIER APPLICATIONS 
• hFE ••• 30 Min at 10 /LA 

*mechanical data 

THE COLLECTOR IS IN ELECTRICAL CONTACT WITH THE CASE 

2N2432 AND 2N2432A 

All JEDEC T0-18 DIMENSIONS 
AND NOTES ARE APPLICABLE. 

i--0.100 

2N4138 

All JEDEC T0-46 DIMENSIONS 
AND NOTES ARE APPLICABLE. 

ALL DIMENSIONS ARE IN INCHES UNLESS OTHERWISE SPECIFIED 

tn guaranteed minimum. The JEDEC registered minimum lead diameter for the T0-46 is 0.012. 

~ 
IH 

*absolute maximum ratings at 2S°C free-air temperature (unless otherwise noted) 

Collector-Base Voltage 
Collector-Emitter Voltage (See Note l) 
Emitter-Collector Voltage (See Note 2) 
Emitter-Base Voltage 

2N2432 2N2432A 
2N4138 

30V 45V 
30V 45V 
15 v 18 v 
15 v 18 v 

Continuous Collector Current . +--- 100 mA ~ 
Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 3) +---300 mW-+ 
Continuous Device Dissipation at (or below) 25°C Case Temperature (See Note 4) +---600 mW-+ 
Storage Temperature Range . . -65°( to 200°C 
lead Temperature ){, Inch from Case for l 0 Seconds . . +--- 300°C ---+-

NOTES: 1. This value applies between 0 and 10 mA collector current when the emitter-base diode is open-circuited. 

2. This value opplies between 0 and 100 µ.A emitter current when the collector-base diode is open-circuited. 

3. Derate linearly to 175°C free-air temperature at !he rate of 2 mW/deg. 

4. Derale linearly to 175°( case temperature at the rare of 4 mW/deg. 

*Indicates JEDEC registered data. 

TEXAS INSTRUMENTS 
l~CORPORATED 

POST OFFICE BOX 5012 • DALLAS. TEXAS 75222 
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TYPES 2N2432, 2N2432A, 2N4138 
N-P-N EPITAXIAL PLANAR SILICON TRANSISTORS 
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*electrical characteristics at 25°C free-air temperature (unless otherwise noted) 

2N2432 2N2432A 
PARAMETER TEST CONDITIONS 2N4138 UNIT 

MIN MAX MIN MAX 

Y1e•1eeo Collector-Base Breakdown Voltage le - 100 µ,A,le - 0 30 45 v 
Y1e•1eeo Collector-Emitter Breakdown Voltage le - JO mA, le - 0, See Nole 5 30 45 v 
V1BR1eeo Emitter-Collector Breakdown Vollage le - 100 µ,A, le - 0 JS 18 v 

Vee - 25 V, le~ 0 10 nA 
lcao Collector Cutoff Curren! 

Yea= 40 Y, le= 0 JO nA 
Vee = 25 V, Vee= 0 10 nA 
Vee = 25 V, Y,. = 0, TA = J25°C 250 nA 

Ices Collector Cutoff Current VcE = 40 V, Yee= 0 10 nA 
Ve•= 40 Y, Vee = 0, TA = 125•c 250 nA 

IEBO Emitter Culoll Curren! Yee= 15 Y, le= 0 2 2 nA 

lees Emitter Cutoff Current 
Yee - J5 Y, Yee - 0 2 2 ~ 

TA = J25°C VEc = 15 Y, Yac = 0, 200 200 nA 

hFE Static Forward Curren! Transfer Ratio 
Yee= 5 V, le=lOµ,A 30 30 
Ve•= 5 V, le= 1 mA 50 50 

hFE{inv) 
Slotic Forward Current Transfer Ralio 

V•c = 5 V, le= 0.2 mA 2 3 (Inverted Connection) 

YeE(sotl Collector-Emitter Saturation Volloge le = 0.5 mA, le = 10 mA 0.15 0.15 v 
Veqof•I Offset Volloge (lnverled Connection) 

le = 200 µ,A, le = 0, See Figure 1 0.5 0.4 mV 
le= J mA, le= 0, See Figure J 1 0.7 mV 

fee( on) 
Small-Signal Emitler-Colleclor le - 1 mA, '· - 0, I. - JOO µ,A, 

20 15 0 On-State Resistance f = 1 kHz, See Figure 2 

lh1.I Small-Signal Common-Emitler 
Vee= S V, le= 1 mA, f=20MHz 1 1 Forward Current Transfer Rolio 

Cobo 
Common-Bose Open-Circuit 

Vee= 0, '· = 0, I= 140 kHz 12 12 pf Output Capacitance 

c •• Collector-Base Capacitance 
Vee - 0, '· - 0, f = J MHz, 

12 12 pf 
See Note 6 

cibo 
Common-Base Open-Circuit 

Yea= 0, le= 0, f = 140 kHz 12 12 pf Input Capacitance 

c •• Emitter-Bose Capacitance 
Yea= 0, le= 0, I= 1 MHz, 

12 J2 pf See Note 6 

NOTES: S. This parameter must be measured using pulse techniques. tp = 300 µs, duty cycle ~ 2%. 

6. Ccb and Ceb are measured using three-terminal measurement techniques with the third electrode (emiller or collector respectively) guarded. 

PARAMETER MEASUREMENT INFORMATION 

See 
Note 

See 
Note 

I, = 100 µA 

f = 1 kHz 

FIGURE l 

MEASUREMENT CIRCUIT FOR OFFSET VOLTAGE 

FIGURE 2 

MEASUREMENT CIRCUIT FOR EMITIER­
COLLECTOR ON-STATE RESISTANCE 

NOTE (I: The voltmeter must have high enough impedance that halving the value of the voltmeter impedance does not change the measured value. 

*Indicates JEDEC registered data. 

Vee 
rec(on) -T 
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TYPES 2N2432, 2N2432A, 2N4138 
N-P-N EPITAXIAL PLANAR SILICON TRANSISTORS 

TYPICAL CHARACTERISTICS 

2N2432, 2N413B 

EMITTER-COLLECTOR VOLTAGE vs BASE CURRENT 

0.2 0.4 0.7 l 

16 - Base Current - mA 

FIGURE 3 

4 

2N2432A 

EMITTER-COLLECTOR VOLTAGE vs BASE CURRENT 

lg - Bose Current-mA 

FIGURE 4 
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TYPES 2N2432, 2N2432A, 2N4138 
N-P-N EPITAXIAL PLANAR SILICON TRANSISTORS 

1340 

TYPICAL CHARACTERISTICS 

5 

2N2432, 2N4138 

EMITTER-COLLECTOR OFFSET VOLTAGE 
vs 

BASE CURRENT 

r > 
E 

I 
I--- le= o 

f 4 

~ 
• ::: 3 
0 

0 

I--- TA=-ss•c 

Jlil ~ 
-1 _l 

T = 125°C 
A J..:::: v 

v 
l.il.4 

~ 
y ~ 

TA= 25•c 

1 
0 •. 1 0.2 0.4 0.7 l 4 7 10 

100 

I 8 - Bose Current - mA 

FIGURE 5 

2N2432A 

COLLECTOR-EMITTER CUTOFF CURRENT 
vs 

FREE-AIR TEMPERATURE 

<( Vee 0 Vee -40V~ 
-f'-...,. c 

c 

~ 
u 
::: 

0 
"'; 
u 

~ 
] 

I 

~ 
..! 
0 
u 
I 
~ 
~ 

_y 

10 
·' ..::J..ce Jov~V 

Vee 

Vee 20V 

J'::::, .L. ~It:: 
lOV.L.:P9'.~ 

0.1 

~CE 5V 
7 L 

:rs; ~ 2 ;:L t2L 

0.01 

~ 7 

2 v 

0.00125 50 75 100 125 150 

TA - Free-Air Temperature - °C 
FIGURE 7 

<( 
c 

..,, 
~ 
~ 

u 
::: 
~ 
u 
2 
u 

..! 
0 
'1 
~ ·e 
UJ 

"' ~ 

> 
E 

2N2432A 

EMITTER-COLLECTOR OFFSET VOLTAGE 

BASE CURRENT 

I le= 0 
!' 4 l-----t--+-+-+-H-t-t+--11---t--t-l++Hi 

g 

~ 3 0 t----t----t-t-+++ttt--t--+--+-++++~ 

£ 
..! v 
o 2 ~--t--+-t-+-++++i TA= 125°C ,Iii 

~ ~ 
] ~~ 
I TA= -55°c-H-HHit----:~~-++t+t-H 

~ J.l l A u 
-;:' T 25°C 
O~~~~~~~~~i~A~i_i~__._.~ 

100 

10 

0.1 

0.01 

0.1 0.2 0.4 0.7 l 4 7 10 

Vee 

1 a - Base Current - mA 

FIGURE 6 

2N2432, 2N2432A, 2N4138 

EMITTER-COLLECTOR CUTOFF CURRENT 
vs 

FREE-AIR TEMPERATURE 

0 

Vee 15 V 
...::, A 

Vee 10 v 
.L,. 

Vee= 5 V .i ~ .L 

2 '.:'L 
L~ 

z r:r-IZ 

v 2 

f2'.: 

0.001 25 
50 75 100 125 150 

TA - Free-Air Temperature - °C 

FIGURE 8 

11 
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TYPES 2N2432, 2N2432A, 2N4138 
N-P-N EPITAXIAL PLANAR SILICON TRANSISTORS 

TYPICAL CHARACTERISTICS 

10 

2N2432, 2N2432A, 2N4138 
STATIC FORWARD CURRENT TRANSFER RATIO 

vs 
COLLECTOR CURRENT 

0.001 0.01 0.1 10 

5 

le - Collector Current - mA 
FIGURE 9 

2N2432, 2N4138 
STATIC FORWARD CURRENT TRANSFER RATIO 

(INVERTED CONNECTION) 

~1=1s1J 

VI 

EMITTER CURRENT 

Jl 
T 1

- 11-z5•c1 ,.,-
;:,., 

TA- 7s•c 
~ l!!"T = 2s•c 

~ e: ~ AJ-1...1..1. 

i.-1" 
T,., -55°C 

~ 

i--

0 
0.01 0.04 0.1 0.4 

IE - Emitter Current - mA 

FIGURE 11 

4 

100 

10 

1000 

.~ 700 

J 
.! 400 

~ ,_ 
c 200 

i 
u 
11 100 

0 

1 70 
u 

1 40 

0 

2N2432, 2N2432A, 2N4138 
STATIC FORWARD CURRENT TRANSFER RATIO 

vs 
COLLECTOR CURRENT 

I= l: TA= 25°C 
9lE 
HI: 1--I- See Note 5 

~~J Illillt VcE =JO V 

.r1· ; 1-.:r 1v r'\ I\ CElill 
~ 

VcE "0.5V 

LlliJl 
Wlll .l 
1 '~~~=~.2V 

0.01 0.04 0.1 0.4 4 10 40 100 

le - Collector Current - mA 

FIGURE 10 

2N2432A 
STATIC FORWARD CURRENT TRANSFER RATIO 

(INVERTED CONNECTION) 

•• 
EMITTER CURRENT 

10 .--..--.--1 ....... .,..,,..-~,....,. ....... mr--.----r-i ....... TTTI 

9 t---1t-7~1+t+Ht--+-+-+-++l+i+-+-+-+++H+t 
VEc = 5 V 

8 t---+-+-++-~lt----+-++++++---1-+-+il+++fl 

o._ ...... _._.w...L.L.IJ"----L....L...1...1..L.L.L~__.__.....wL..LL~ 
0.01 0.04 0.1 0.4 4 10 

le - Emitter Current - mA 

FIGURE 12 

NOTE S: This parameter musl be measured using pulse techniques. tp = 300 µs, duty cycle ~ 23. 
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TYPES 2N2432, 2N2432A, 2N4138 
N-P-N EPITAXIAL PLANAR SILICON TRANSISTORS 
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TYPICAL CHARACTERISTICS 

0.9 

> 0.8 
I 

2N2432, 2N2432A, 2N4138 

BASE-EMITTER VOLTAGE 
vs 

COLLECTOR CURRENT 

~ 
T,. = -ss•c Iii _i ~ 

r.:'' 
j 0.7 T~I! 2s•J 

:;% ~ 
IJ1U--_:~ ~~ v p 

~ ~ 
~ 
"ii 
w 

I • J 
I .. 

-:: 

0.6 _..,, - Ti=Jt>. ~ v 
o.s 

f-1 H jA"1 J.Ujj,,-
0.4 i.-: H JlliI 125°C 

0.3 

0.2 

0.1 

0 
0.1 

[IJ!I 
••••· YcE = 1 V 

-Yee =SY 

--i llilfW. 
0.4 4 10 

le -Collector Current -mA 

FIGURE 13 

40 

. 

2N2432A 

COLLECTOR-EMITTER SATURATION VOLT AGE 

> 
I 0.7 • 
1 
~ 0.4 
c 
0 

"' ~ 
0.2 ~ 

"' 
~ 0.1 
l 
L 0.07 
£ 
~ J 0.04 

I 
10.02 .. 

-:$' 

I== 
1---
1---

~r .. 

0.01 
0.1 

le 

vs 
COLLECTOR CURRENT 

iB.= 10 

l"l 

~ k:: 
125°C 

T,. - 75°C ~1'2 
~ 

T,.'-- -ss•c 
T,. = 2s•c 

0.4 4 10 
le - Collector Current - mA 

FIGURE 15 

40 

100 

100 

2N2432, 2N2432A, 2N4138 

BASE-COLLECTOR VOLTAGE 

EMITTER CURRENT 

o.91---+--+-1-H-ttJJ"--.:.a..,...t-t-ttHtt-:::*"'T+tt1IHI 

I o. s i---+-+1-1::1::Uo111--"'f=:f-l-++Htt--1:-:~q.;<Ffil . 
; 0.7 
0 
> 0. 6 b~ils:ti+.:M~!E=J-=t:!-:l-11ffFl-:::~t++++Hl 
2 
u 0.5 ..!! 

0 
u 0.4 I 
~ 

.!! 0.3 
I 
);l o. 2 Yee = l V ------· 

> Yee=S v--
0.1 Yee= 10 v---

IE - Emitter Current - mA 

FIGURE 14 

2N2432A 
COLLECTOR-EMITTER SATURATION VOLTAGE 

V$ 

COLLECTOR CURRE!'IT 
> I I== i~ 

0.7 t-- e 20 i I== 1. ttt----11---+-+++++ll---+-+-1-H++H 

~ 0.4 

8 
~ 
" 0.2 
l T,. = 125°C 

0.4 1 4 10 40 100 
le - Collector Current - mA 

FIGURE 16 
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TYPES 2N2432, 2N2432A, 2N4138 
N-P-N EPITAXIAL PLANAR SILICON TRANSISTORS 

TYPICAL CHARACTERISTICS 

2N2432, 2N4138 2N2432A 

SMALL-SIGNAL EMITTER-COLLECTOR ON-STATE RESISTANCE SMALL-SIGNAL EMITTER-COLLECTOR ON-STATE RESISTANCE 
vs 

BASE CURRENT c 
I 1000 
• u 

! 400 . 
"" 

~IE 0 

~le c 100 pA 

1--r l kHz . 
l 100 I 

~ 
c 

0 
2 -40 u 

......: 
~ 

..! 

~ 
i 

10 ::: 
] 
I 4 

~ 
~l'l ~A=25'C 

T 12s0 c 

TA -55°C 

< 
j 

1 
0.1 0.2 0.4 0.7 l 2 7 10 

~ 7 
~ . 6 

r-.. ~ 
u 
c 
-~ 
&. 5 
a 
u 
!I 4 

~ . 
::: 
] 

,, 
u 

0 
0.1 

l9-8c$e Current - mA 

FIGURE 17 

2N2432, 2N2432A, 2N4138 

EMITTER-BASE CAPACITANCE 

EMITTER-BASE VOLTAGE 

le= o 

I= 1 MHz 

TA= 25°C 

~ 
See Note 6 

l" 
~ 

)'-. 

0.4 4 10 
Vn - Emitter-Base Voltage - V 

FIGURE 19 
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40 

1 
0.1 0.2 
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6 

"" ho 

0 
0.1 

0.4 0.7 1 2 4 7 10 
18 - Base Current - mA 

FIGURE 18 

2N2432, 2N2432A, 2N4138 

COLLECTOR-BASE CAPACITANCE 
vs 

COLLECTOR-BASE VOLTAGE 

1, = 0 

I= 1 MHz 

TA= 25•c 

See Note 6 

~ 
............ 
~ ,. 

~ 

0.4 4 10 

V c 8 - Col I ector-Bcse Vol toge -V 

FIGURE 20 

40 

NOTE 6: (cb and (eb are measured using three-terminal measurement techniques with the third electrode {emitter or collector respectively) guarded. 

TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 

1343 

II 



1344 

FET 
design ideas ~.-( 

from Texas Instruments 

FET Design Ideas is a must for every circuit design engineer's reference file. It contains: 
20 circuit diagrams covering a wide range of applications. How to bias field-effect transis­
tors. Applications literature available. And short-form data on all of Tl's standard FETs. 

To get your copy, write direct to Texas Instruments Incorporated, PO Box 5012, MS308, 
Dallas, Texas 75222. 

TEXAS INSTRUMENTS 
INCORPORATED 



TYPES 2N2483, 2N2484 
N-P-N PLANAR SILICON TRANSISTORS 

*mechanical data 

3 LEADS g:~:: DIA ! 

~-~~L 
·. ___ CT, _._ .. C' / 

O~JO 61~'>-- = 
o:109 o-:178 = 
OLIA 01:__ ~ 

------- ~o.soo i 
MIN -j 

FOR LOW-LEVEL, LOW-NOISE, 
HIGH-GAIN, AMPLIFIER APPLICATIONS 

• Guaranteed Low-Noise Characteristics 
at 100 Hz, 1 kHz, and 10 kHz 

• High V !BRJcEo ••• 60 V Min 
• D-C Beta Guaranteed at le = 1 11-A (2N2484) 

All DIMENSIONS ARE 
MAXIMUM IN INCHES 

UNLESS OTHERWISE 

"- g~~ SPECIFIEO 

0.046 

""' 

THE COLLECTOR IS IN ELECTRICAL 
CONTACT WITH THE CASE. 

ALL JEDEC T0-18 DIMENSIDNS 
AND NOTES ARE APPLICABLE. 

*absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 

Collector-Bose Voltage 

Collector-Emitter Voltage (See Note 1) 

Emitter-Bose Voltage 

Continuous Collector Current 

Continuouj Device Dissipation ot (or below) 25°C Free-Air Temperature (See Note 2) 

Continuous Device Dissipation at (or below) 25°C Case Temperature (See Note 3) 

Continuous Device Dissipation at 100°C Case Temperature 

Storage Temperature Range . 

Lead Temperature ){, Inch from Case for l 0 Seconds 

NOTES: 1. This value applies when the base-emitter diode is open-circuited. 
2. Derote linearly to 200°( free-air temperature at the rate of 2.06 mW/deg. 
3. Derate linearly to 200°( case temperature at the rate of 6.85 mW/deg. 

•indicates JEOEC registered data 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 5012 • DALLAS, TEXAS 75222 

w 
11 1 
i.il 

60V 

60V 

6V 

50mA 

0.36W 

l.2W 

0.68W 

-65°C to 200°c 

300°C 
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TYPES 2N2483, 2N2484 
N-P-N PLANAR SILICON TRANSISTORS 

*electrical characteristics at 25°C free-air temperature (unless otherwise noted) 

PARAMETER TEST CONDITIONS 
2N2483 

MIN MAX 
2N2484 

MIN MAX 
UNIT 

Collector-Base 
v(BR}eBO Breakdown Voltage le = 10 µ,A, le= 0 60 60 v 

Collector-Emitter 
V1,.1eeo Breakdown Voltage le= 10 mA, '· = 0, See Note 4 60 60 v 

Emitter-Base 
Y1,.1eao Breakdown Voltage le = 10 µ,A, le= 0 6 6 v 

Vea= 45 V, le= 0 10 10 nA 
bo Collector Cutoff Current 

Yeo= 45 Y, le - 0, TA - 150°C 10 10 µ,A 

IEBO Emitter Cutoff Current Vea - 5 V, le - 0 10 10 nA 
Yee= 5 V, le = l µ,A 30 
Yee= 5 V, le = 10 µ,A 40 120 100 500 
Yee= 5 Y, le= 10 µ,A, TA = -55°C 10 20 

hFE 
Static Forward Current Yee - 5 V, le - 100 µ,A 75 175 
Transfer Ratio Yee= 5 V, le = 500-µ,A 100 200 

Yee= 5 V, le= l mA 175 250 
Yee= 5 V, le= 10 mA, See Note 4 500 BOO 

VBE Base-Emitter Voltage Yee= 5 Y, le = 100 µ,A o.s 0.7 0.5 0.7 v 

Yee1sotJ 
Collector-Emitter 

18 = 100µ,A, le= l mA 0.35 0.35 v Saturation Voltage 

hie 
Small-Signal Common-Emitter 

1.5 13 3.5 24 kfl Input Impedance 

h1e 
Small-Signal Common-Emitter Yee= 5 V, 

80 450 150 900 Forward Current Transfer Ratio 

h,. 
Small-Signal Common-Emitter le= l mA, 

8xl0-4 8xl0-4 
Reverse Voltage Transfer Ratio 
Small-Signal Common-Emitter f = l kHz 

30 40 µ,mho h .. Output Admittance 

[h1e[ 
Small-Signal Common-Emitter Yee= 5 Y, le = 50 µ,A, f = 5 MHz 2.4 3 
Forward Current Transfer Ratio Yee - 5 V, le - 500 µ,A, f - 30 MHz 2 2 

C.bo 
Common-Base Open-Circuit 

Yea= 5 V, le= 0, f = 140 kHz 6 6 pF Output Copocitance I 

Ciba 
Common-Bose Open-Circuit 

Yea= 0.5 Y, le= 0, f = 140 kHz 6 6 pF I Input Capacitance 

*operating characteristics at 25°C free-air temperature 

TEST CONDITIONS 
2N2483 2N2484 

UNIT PARAMETER 
MAX MAX 

Ni' Average Noise Figure 
Yee= 5 Y, le= 10 µ,A, RG = 10 kfl, 

4 3 dB Noise Bandwidth = 15.7 kHz, See Note 5 
Yee= 5 V, le = 10 µ,A, Rs = 10 kfl, 

15 10 dB f = 100 Hz, Noise Bandwidth = 20 Hz 

NF Spot Noise Figure 
Yee= 5 V, le = 10 µ,A, RG = 10 kfl, 

4 3 dB f = l kHz, Noise Bandwidth = 200 Hz 
Yee= 5 V, le = 10 µ,A, RG = 10 kfl, 

3 2 dB f=lOkHz, Noise Bandwidth = 2 kHz 

NOTES: 4. These parameters must be measured using pulse techniques. IP = 300 µ.s, duty cycle ~ 13. 
5. Average Noise Figure is measured in an amplifier with response down 3 dB at 10 Hz and 10 kHz and a high-frequency rolloff at 6 dB/octave. 

*Indicates JED EC registered data 
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TYPES 2N2483, 2N2484 
N-P-N PLANAR SILICON TRANSISTORS 

TYPICAL CHARACTERISTICS 

2N2483 2N2484 
COLLECTOR CUTOFF CURRENT 

FREE-AIR TEMPERATURE 

0.001~--~--~-~~-~--~ 
25 50 75 100 125 

TA - Free-Air Temperature - °C 
FIGURE 1 

150 

2N2484 

2N2484 
STATIC FORWARD CURRENT TRANSFER RATIO 

COLLECTOR CURRENT 
1000 

i 700 

~ 400 

~ 

Vee 5 V ::± HI 
See Note,~ - TA"" \25°C 

F 

I-

200 

~ 
u 

100 1 70 

40 
b--

20 

10 
0.001 

!LI' 

r-~ 
= 2s•C 

1,~·c 
+- llltilli v 

~,,.c 
"\• I 

0.01 o. l 0.4 l 

le - Collector Current - mA 
FIGURE! 2 

10 

STATIC FORWARD CURRENT TRANSFER RATIO 

0 

~ 

2N2483, 2N2484 
BASE-EMITTER VOLTAGE .. 
FREE-AIR TEMPERATURE 

l.Or-V~c'•r=-..,..5'v--,---.-.---,---,---

t 0.7j-~t...._~~"<i:::-''"'"I--=::--+--+ 
~ 
~ l 0.5 f---1--+-+-----f--i."---

.; 0.2f--1--+--+--+--+--+--+­

o. l f---l--+-

T"' - Free-Air Temperature - °C 

FIGURE 4 

COLLECTOR CURRENT 

I c - Collector Current - mA 
FIGURE 3 

> 
I 

2N2483, 2N2484 
COLLECTOR-EMITTER SATURATION VOLTAGE 

FREE-AIR TEMPERATURE 

TA - Free-Air Temperature - °C 
FIGURE 5 
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TYPES 2N2483, 2N2484 
N-P-N PLANAR SILICON TRANSISTORS 

TYPICAL CHARACTERISTICS 
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2N2484 

SMALL-SIGNAL COMMON-EMITTER 
INPUT IMPEDANCE 

vs 
COLLECTOR CURRENT 

l--~"....+--1-+"l.U~--f--j-+++t+H- --- ---+-1-+++++l 

lOO ;iiii,...i'l'iiii}S;:ii~~~iiiii~---~-~-~iii 
40 ~ 

10 

4 

0.4 

l----t-t-+-F"kl++t--+-""!.-++'N-f ++---1---!--+-H-+I+ 

r" b ~~ 1, 

V CE = 5 V H-~e----J.--J.--+44+1+1---4--+-l-l-4~ 

f ~ l kHz 
O. l 

0.01 0.04 0. I 0.4 4 10 

10-1 

4x10-2 

10-2 

4x10-J 

l0-3 

4xl0-4 

Vee 

le - Collector Current - mA 

FIGURE 6 

2N2484 

SMALL-SIGNAL COMMON-EMITIER 
REVERSE VOLTAGE TRANSFER RATIO 

vs 
COLLECTOR CURRENT 

5V 

f l kHz 

r--..... 

1"" 
,...; 

~ ~ 

""' 
TA 

""" 
l2s•c 

JLTI 
10-4 '!"- TA = 2s•c 

4xl0-S 

l0-5 

0.01 0.04 o. l 0.4 

le - Collector Current - mA 

FIGURE 8 

TA -55°C 

]] 
4 10 

_g 
E 
01. 

. 
0 

..c 

2N2484 

SMALL-SIGNAL COMMON-EMITTER 
FORWARD CURRENT TRANSFER RATIO 

vs 
COLLECTOR CURRENT 

201---t-t-l-l-+f+H---+--+-+.+t++tl----lf.-l-l-+.1-l-4l 

10 L......--L--L-'--LLlllL---'---'-LLLl.J..LL.....J.....J-L.1...LIL.llJ 
0.01 0.04 0. I 0.4 

le - Collector Current - mA 

FIGURE 7 

4 

2N2484 
SMALL-SIGNAL COMMON-EMITTER 

OUTPUT ADMITTANCE 
vs 

COLLECTOR CURRENT lOOO Vee 5 V 

f I kHz 

10 

lOOmmnmmmm 
401---+--H-l-+~~-l-+-+-.+-l-l-l-l+-~~/~~~~_JtU~ 

AA~ 

0.04 o. l 0.4 

I c - Collector Current - mA 

FIGURE 9 

4 10 
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TYPES 2N2483, 2N2484 
N-P-N PLANAR SILICON TRANSISTORS 

TYPICAL CHARACTERISTICS 

2N2484 

SMALL-SIGNAL COMMON-EMITTER 
FORWARD CURRENT TRANSFER RATIO 

COLLECTOR CURRENT 

.. 
v 
c 
.2 
·;:; 
8. 
l3 

2N2483, 2N2484 

COMMON-BASE OPEN-CIRCUIT OUTPUT CAPACITANCE 
AND COLLECTOR-BASE CAPACITANCE 

VS 

COLLECTOR-BASE VOLT AGE 

IE= 0 

l I- f = 140 k Hz++++f+--+--+-+-}++-+-1-1----1---l--I 
TA = 25°C 
See Note 6 

6 ~-r---r--r-++++++---f-+-1-+++H+---+-l-l 

0 ~-~-~~~~~~-~-~..._ ......................... 
0. 1 0.2 0.4 0.7 1 4 

le - Collector Current - mA 

FIGURE 10 

7 10 

2N2483, 2N2484 

Vee - Collector-Base Voltage - V 

FIGURE II 

COMMON-BASE OPEN-CIRCUIT INPUT CAPACITANCE 
AND EMITTER-BASE CAPACITANCE 

vs 
EMITTER-BASE VOLTAGE 

8 le= 0 

f = 140 kHz 
l TA = 25°C H-l-++H---f-+--11-+++H+--+--f'-l 

6 

... 
"- 5 
I .. 
g 4 
.2 .L 
u 

0 
0.01 

ii 
0.04 0.1 0.4 

VEB - Emitter-Base Voltage - V 

FIGURE 12 

4 

NOTE 6: (cb and Ceb ore measured using three-terminal measurement techniques with the third electrode (emitter or collector respeclively) guarded. Cobo and Cibo Ctl1 maasvrtd 

with the third terminal floating. 
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TYPES 2N2483, 2N2484 
N-P-N PLANAR SILICON TRANSISTORS 

1354 
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TYPICAL CHARACTERISTICS 

2N2484 
AVERAGE NOISE FIGURE 

GENERATOR RESISTANCE 

18 Noise Bondwidth = 15.7 kHz 

T, = 25'C 

::~lc:=1 :1~0:-~:1:::~:~::N::::::1 ~:~:~:G:i 
o. 1 0.4 4 10 40 

RG - Generator Resistance - kQ 

FIGURE 13 

JOO 

~ 

z 

0.01 

2N2484 
SPOT NOISE FIGURE 

FREQUENCY 

0. 1 0.4 4 10 
f - Frequency - kHz 

FIGURE 14 

NOTE 5: Average Noise figure is measured in an amplifier with response down 3 dB at 10 Hz and lO kHz and a high-frequency rolloff al 6 dB/octave. 

THERMAL INFORMATION 

40 100 

CONTINUOUS DEVICE DISSIPATION CONTINUOUS DEVICE DISSIPATION 

400 

350 

.~ l 300 

0 
m 250 
u 

·;; 
m 

0 200 
~ g 
c 
"i 150 
0 

v 

~ 100 
-~ 

~ 50 

I 
~ 0 

vs 
FREE-AIR TEMPERATURE 

1-----i 

"\ .. 

~ 
r~ 

··-

C5J 
~ 

C5J 
~ 

0 ~ ~ ~ 100 I~ 1~ 1~ WO 

TA - Free-Air T emperoture - °C 

FIGURE 15 

3 
I 
c 
.2 
c 
.9-

0 
m 
u 
-~ 
0 

~ 
0 
~ 

~ 
0 v 
~ 
.~ 
x 
~ 
I 

d: 

1.6 

1.4 

I. 2 

I. 0 

0.8 

0.6 

0.4 

0. 2 

0 
0 

vs 
CASE TEMPERATURE 

N 

25 50 75 100 125 150 175 200 

Tc - Case Temperature - °C 

FIGURE 16 
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TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
IN OROER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 



A3T3011 
N-P-N EPITAXIAL PLANAR SILICON TRANSISTOR 

MINIATURE LOGIC SWITCH 

• For Use in Micromodules, Hybrid Circuits, Thin- and Thick-Film 
Circuits, and Other High-Density Packaging 

• Recommended for Complementary Use with A3T2894 and Other 
Applications Requiring Transistors Electrically Similar to 2N3011 

mechanical data 

This transistor is encapsulated in a thermosetting plastic compound specifically designed for this purpose, 
using a highly mechanized process developed by Texas Instruments. The case will withstand soldering 
temperatures without deformation. This device exhibits stable characteristics under high-humidity conditions 
and is insensitive to light. 

I 
1~c;:::: 

~1-EMITTER 'I ~::: 

L ~::.l( (OEl't!ESSION) l~30 
O.OlS 6 l'lACES. NOTE B O.OIS +' J_LE_A_DS 3 LEADS.Q,_~+!~o,s 

0.019 0.00<+ 
o:oiO 

0.035 
3 LEADS 
NOTE A _.._._J 

4-COLLECTOll. 

NOTES: A. 1LU1 OWEHSIOf\IS 
NOT CONTl!OUKI IN 
TMIS AREA. 

8. MEASURED WHUE 
LEADS EMEIGr: 
FIOMCASE 

C. ALL DIMENSfONS 

absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 

Collector-Base Voltage . 

Collector-Emitter Voltage (See Note l) . 

Collector-Emitter Voltage (See Note 2) . 

Emitter-Base Voltage 

Continuous Collector Current 

Peak Collector Current (See Note 3) 

Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 4). 

Storage Temperature Range . 

Lead Temperature Y,, Inch from Case for 10 Seconds 

NOTES: 1. This value applies when the base-emitter diode is short-circuited. 

2. This value applies between 0 and 10 mA collector current when the base-emitter diode is open-circuited. 

3. This value applies for tp ::;; 10 µs. 

4. Derate linearly to 1S0°C free-air temperature at the rate of 1.8 mW/ 0 c. 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 5012 • DALLAS. TEXAS 75222 

30V 

30V 

12 v 
5V 

200mA 

500mA 

225mW 

-65°C ta 150°C 

260°C 

> c: 
Q 
c: 
~ 

: .. 
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TYPE A3T3011 
N-P·N EPITAXIAL PLANAR SILICON TRANSISTOR 

electrical characteristics at 25°C free-air temperature (unless otherwise noted) 

~--

PARAMETER TEST CONDITIONS MIN MAX UNIT 

V1 .. 1ceo Collector-Base Breakdown Voltage le= 10 µA, 1, = 0 30 v 
Vf8R)CEO Collector-Emitter Breakdown Voltage lc=lOmA, le= 0, See Note S 12 v 
V1~CES Collector-Emitter Breakdown Voltage le= lOµA, Vee= 0 30 v 
Vf8R)EeO Emitter-Bose Breakdown Voltage I,= 100 µA, le= 0 5 v 
Ices Collector Cutoff Current 

Ve,= 20 V, Yee= 0 0.4 p.A 
Yee= 20 V, Vee = 0, TA= 85°C 10 µA --

le Bose Current Ve,= 20V, Vee= 0 --0.4 p.A 
Vee= 0.35 V, lc=lDmA See 30 120 

hFe 
Static Forward Current Vee= 0.4 V, le= 30mA Note 25 
Transfer Ratio 

Vee= l V, le= 100 mA s 12 
f--· 

le= l mA, le= lOmA See 0.72 0.87 v 
Vee Bose-Emitter Voltage le= 3 mA, le= 30 mA Note l.15 v 

le= lOmA, le= lOOmA 5 1.6 v 
le= l mA, lc=lOmA 0.2 v 
le= 3 mA, le= 30 mA See 0.25 v 

Vc•f••+I 
Collector-Emitter le= lOmA, le= 100 mA Note 0.5 v 
Saturation Voltage 

le= l mA, le= lOmA, 5 
TA= 85°( 0.3 v 

lh,.I Small-Signal Common-Emitter 
Yee= 10 V, le= 20mA, f = lOOMHz 4 Forward Current Transfer Ratio 

Cobo 
Common-Bose Open-Circuit 

Vee= 5 V, 1, = 0, f = l MHz 4 pf Output Copocitonce 

NOTE S: These parameters must be measured using pulse techniques. tp = 300 µs, duty cycle :S 2o/0 • 

switching characteristics at 25°C free-air temperature 

PARAMETER TEST CONDITIONSt MAX UNIT 

Ion Turn-on Time 
le= 30 mA, le{lJ = 3 mA, Veefoff) = 0, 

15 RL = 62 n, See Figure 1 ns 

foff Turn-off Time 
le= 30 mA, le111 = 3 mA, le121 = -3.5 mA, 

20 RL = 62 n. See Figure l ns J 
t, Storage Time le= 18p1=10 mA, le121 = -10 mA, See Figure 2 14 ns 

tYoltage and current values shown are nominal; exact values vary slightly with transistor parameters. 
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TYPE A3T3011 
N-P-N EPITAXIAL PLANAR SILICON TRANSISTOR 

PARAMETER MEASUREMENT INFORMATION 

0. 1 ~F 

INPUT!! 

1 JOOQ 

TEST CIRCUIT 

+2 v 
V98 ~ 0 V99 ~ +7 V 

+7V--, ,-- OV 

0 ~ INPUT ~ -13V 

I I+ to"~ 
-llf Ion !"""" I 

I I 
-:)LOUTPU~ 

(See Notes a ond b) 

VOLTAGE WAVEFORMS 

FIGURE I - TURN-ON AND TURN-OFF TIMES 

890 Q 

2300 F 

+ 

10 ~F 

~ 

TEST CIRCUIT 

0.1 ~F 
OUTPUT 

1 kQ 

lOV 

FIGURE 2 - STORAGE TIME 

-10~=1_ 

(See Notes a and c) 
VOLTAGE WAVEFORMS 

INPUT 

POINT "A" 

OUTPUT 

NOTES: a. The input waveforms for each circuit are supplied by a generator with the following chorocreristics: Zoot = 50 0, tr ~ 1 ns, tp ~ 300 ns, d1,1ty cycle ~ 2%. 

b. Waveforms of figure 1 are monitored on an oscilloscope with the following i:haracteristlcs: •r :::;; 1 ns, Rin ~ 100 kO, Cin :$ 10 pf. 

c. Output waveform of figure 2 is monitored on on oscilloscope with the following characteristics: tr ~ 1 ns, Zin = SO 0. 

TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSllLE. 
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The Choice is TTL. 
Frotn TI ... the leader in TTL. 

83 MSI and SSI functions ... plus 
40% tnore this year. 

3 cotnpatible speeds for 
optitnUtD designs. 

Why so many choices from TI TTL? 
To allow you to build your system 
to your specifications, not your 
supplier's. 

You can get the best combination 
of compatible speeds to do the job 
- and the widest choice of func­
tions within these speeds. 

Use Series 54H/74H circuits in 
speed-critical sections of your sys-

terns. You get the benefits of the 
highest speed available in satu­
rated logic. 

In most systems areas, Standard 
Series 54/74 circuits offer the best 
speed/power ratio. And the com­
plexity of MSI circuits provides 
substantial system cost and size 
reductions. 

Then, where power dissipation is 
more critical than speed, use Series 
54L/74L. It is twice as fast as other 
low-power circuits, and power con­
sumption is only 1 mw per gate. 

Low-power circuits greatly sim­
plify power dissipation problems, 
and reliability problems associated 
with heat. In addition, they often 
help lower system cost by reducing 
cost of power supplies and cooling 
systems. 

By using TI Series 54/74 TTL 
you can design by ~ 
choice-a choice of 3 
compatible speeds and 
83 TTL functions. 

TEXAS INSTRUMENTS 
INCORPORATED 
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2N3013 
N-P·N EPITAXIAL PLANAR SILICON TRANSISTOR 

DESIGNED FOR VERY-HIGH-SPEED, HIGH-CURRENT SWITCHING APPLICATIONS 
*mechanical data 

0.150 
['ffi 

3 lEADS 0.019 DIA 
0.016 

THE COLLECTOR IS IN ELECTRICAL 
CONTACT WITH THE CASE. 

ALL JEDEC TO-S2 DIMENSIONS 
AND NOTES ARE APPLICABLE. 

*absol.ute maximum rotings at 25°C free-air temperature {unless otherwise noted) 

Collector-Base Voltage . 
Collector-Emitter Voltage (See Note l) . 
Collector-Emitter Voltage (See Note 2) . 

rn 
"IT] 
Iii 

40v 
40v 
15v 

Emitter-Base Voltage 
Collector Current, Continuous . 
Collector Current, Peak (See Note 3) 
Total Device Dissipation at (or below) 25°C free-Air Temperature (See Note 4) • 
Total Device Dissipation at (or below) 25°C Case Temperature (See Note 5) . 
Tatal Device Dissipation at 100°C Case Temperature 
Operating Collector Junction Temperature • 
Storage Temperature Range . 

Sv 
200ma 
500ma 
0.36w 

1.2w 
0.68w 
200°c 

-65°C to +200°C 

*electrical characteristics at 25°C free-air temperature (unless otherwise noted) 
,---------P-ARAM-ET_E_R------~------TE_S_T_C_O_N_D_IT-IO_N_S ____ -r_M_IN--M-AX--,-U-N-IT--, 

BYeao Collector-Bose Breakdown Voltage le~ 100 /La.I;-;; 0 40 Y 
,_.BY_e_e_o_C_o_lle-c-to-r--E-m-itt_e_r -B·r-ea_k_d_ow_n_Vo-lt-a-ge---+--le_=_l_O_m_a, I, = 0, See Note 6 15 Y 

,__BY_e_es __ Co_lle_ct_o_r-_Em_i_ll_er_B_r_ea_k_do_w_n_V_o_lt_ag~e-+ le = 100 µa~E_ = O________ _ 40 ~ 
f-BY_e_ao __ E_m_it_te_r-_Bo_s_e_B_re_a_kd_o_w_n_V_o_lto~g~e--+--_l,e_= ___ l_O~Oc,cµ __ a_, ""'le = 0 __ ____ __ ------t-_! __ ~ _v _ 

Yee= 20v, Yae = 0 0.3 µa 
Ices Collector Cutoff Current ~2oV.-v~ ;,, 0; --y-.;._-;;--125oc 40 µa 

t-i;--· Bose Current -------+--Yce--=-·2oV:-vae = 0 -0.3 µa 
r--=---------- ------------+-Y_ce_=_0-.4-v-.-l-e-=-30ma, See Noti6 30 120 

1-~ = 0.5 v,- le= 1iiiim0,SeeNote 6 25 
i-...-.;-E = 1 ¥: - -1~;,,-3001n1i, -seeNoll-6 15 

1-v~-;-~0~4 v, le = 30 ma, r .. = -55°C, See Note 6 12 

Static Forward Current 
hFE T ronsfer Ratio 

11 = 3 ma, .le= 30 ma, sl!e Note 6 0._7_5 __ 0_.9_5_+-_v _ ___, 
Base-Emitter Voltage rr.- = JO ma, 1~-;;-lOOmo:-see Note 6 1.20 Yae 

1-:-------
1--------_______ --j __!_~ = 3!ma, le = 300 ma, See Note 6 1.70 

~·-= 3_"!'1• __ 1e = 30_ma, See Note 6 0.18 

Yee( .. tl Collector-Emitter 
Saturation Voltage 

f------ ----- ----- ·-------
lh1el Small-Signal Common-Emitter 

t--- Forward Current Transfer Ratio 
C Common-Base Open-Circuit 

ob Output Capacitance f-tb-- -Common-Base Open-cii~---
1 nput Capacitance 

t-'•- = _10 m~_l~__:=__!~O ma, See Note 6 0.28 
f--!, = 30 ma, le = 300 ma. See Note 6 0.50 
~-=-~~_le =_3l1_111~_! .. .=__!25°C,_See Note 6 0.25 

Yee= 10v, le= 30ma, f = 100Mc 3.5 

Yea= 5 v, f = 140kc 5.0 

VEB = 0.5 v, le = 0, f = 140kc 8.0 

NOTES: 1. This value applies when the base-emitter diode is short-circuited. 4. Derate linearly to 200°( free-air temperature at the rate of 2.06 mw/(0 • 

2. This value applies between 10.µa and 10 ma collector current 

when the base-emitter diode h open-circuited. 

3. This value applies for PW :5 10 µsec. 

"'Indicates JEDEC registered data. 

5. Derate linearly to 200°C case temperature at the rate of 6.85 mwlc0 • 

6. These parameters must be measured using pulse techniques. PW = 300 µ.sec, 
Duty Cycle :::; 23. 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 5012 • DALLAS, TEXAS 75222 
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y 

y 

v 
y 

y 

pf 

pf 
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TYPE 2N3013 
N-P-N EPITAXIAL PLANAR SILICON TRANSISTOR 

1410 

*switching characteristics at 25°C free-air temperature 

PARAMETER TEST CONDITIONSt MAX UNIT 

I.., Turn-on Time le= 300ma, la111 = 30 ma, la121 = -35 ma 15 nsec 
fotf Turn-off Time Yaeloffl = -5 V, Rt = 50 .!l, See Figure 1 25 nsec 

'· Storage Time le = la111 = -IBt21 = 10 ma, See Figure 2 18 nsec 

tvoltage and current values shown are nominal; uact values vary slightly with transistor parameters. 

*PARAMETER MEASUREMENT INFORMATION 

-5 v +15 v +llv-~ 
INPUT 

Ov . 

I I 
I 14- t"" -.j 

0.1 ~f 

INPUTT 

1750 
-..f 100 14" I 

~: h 
900!o x.____/ OUTPUT 

TEST CIRCUIT 

TEST CIRCUIT 

(See Notes a and b) 

VOLTAGE WAVEFORMS 

FIGURE 1 -TURN-ON AND TURN-OFF TIMES 

OUTPUT 
INPUT 

+6v-,-- 10% • 

o=--=--=..-Jt__ POINT "A" 
-4 v---~-. I 

~ / OUTPUT 

----+--.:f- 90% 

-+I t, ;.... 

(See Notes a and c) 

VOLTAGE WAVEFORMS 

FIGURE 2 - STORAGE TIMES 

NOTES: a. The input waveforms aie supplied by a pulse generator with the following characteristics: lout == 50 H, tr ::=;- 1 nsec, 11 $ 1 nsec, 
PW 2::: 300 nsec, Duty Cycle ::; 2%. 

b. Waveforms of figure 1 are monitored on an oscilloscope with the following characterisl ics: Ir ::;: 1 nsec, Rin 2: JOO kH. 

c. Output waveform of figure 2 is monitored on an osdlloscape with the following characteristics: tr ::5 l nsec, Zin = 501!. 

•indicates JEDEC registered data. 

TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 



TYPE 2N3015 
N-P-N EPITAXIAL PLANAR SILICON TRANSISTOR 

DESIGNED FOR HIGH-SPEED, HIGH-CURRENT SWITCHING APPLICATIONS 

*111Hhanlcal clata 

~ I I lSMINI 
• J, • .-r==-1t= ~~ -
·.~!' ~.:•1•UF == T 

_i__ 0125 f 0200 
0.100 MIN ~ 0.009 3 LEADS 2 BASE 

DETAILS Of OUTLINE IN 0.019 DIA 
THIS ZONE OPTIONAL SEATING 0.016 

PLANE 

I EMITTER 

l COLLECTOR THE COLLECTOR IS IN ELECTRICAL 
CONTACT WITH THE CASE • 

ALL JEDEC TO·S DIMENSIONS 
ANO NOTES ARE APPLICABLE. 

ALL DIMENSIONS ARE 
IN INCHES 

UNLESS OTHHWISE 
SPECIF1ED 

*absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 

Collector-Bose Voltage • • 

Collector-Emitter Voltage (See Note 1). 

Emitter-Base Voltage 

Toto! Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 2) 

Total Device Dissipation at (or below) 25°C Case Temperature (See Note 3) 

Operating Collector Junction Temperature • 

60v 

30v 

• Sv 

O.Sw 

3.0w 

200°c 

Storage Temperature Range • • • • • .-65°C to +200°C 

*electrlcal charactarl1tlc1 at 25°C free-air temperature (unleH otherwise noted) 

PARAMETER TEST CONDITIONS 
-

IVelO Collector-Base Breakdown Voltage le= 100 µ.a, 11-0 
IYeEO Collector-Emitter Breakdown Voltage le= 30ma, 1,-0, 
IY110 Emitter-lose Breakdown Voltage 11 = 100 p.a, le-0 
le1S Collector Cutoff Current Ve1 = 30v, v.=o 
lelO Collldor Cutoff Current Ve1=3Dv, 11= o. 
11 Base Current Ve&= 20v, v.-o 

hFI Static Forword Current Transfer Ratio Ve1 = 10 v, le= 150ma, 
Ve1 = 0.7v, le= 300ma, 

v. Base-Emitter Voltage I,= 15ma, le= 150ma, 
11 = 50ma, le= 500ma, 

Ve11 .. •1 Colledor·Emitter Saturation Voltage 11 =15ma, le= ISO ma, 
1, =soma, le= 500ma, t--· Small-Signal Common-Emitter 

lh1ol Forward Current Transfer Ratio Ve1 = lOv, le= 50ma, 

c.. Common-Base Open-Orwit 
Ye1 = lOv, 11= o. Output Capadtano 

NOTES: 1. This YGIUI applies b1tw1en 1 ma and 30 ma collar.tor r.urr1nt when the bas1-tmitter diode is open~circulted. 

2. 811111 llntarlr ta 2oo•c fr11-alr temperature at the rate of 4.6 mw/c•. 

3. D111t1 linearly to 2oo•c cast ltmptralure at lhl ralt of 17.2 mwlc•. 

4. Thtst poramtltn must bt m1a1u11d using pulst tt1hniqu11. PW = 300 µm, Duly Cycle S 2%. 

"lndllllfl llDlC rtlllttrtd doll. 

s.e Note 4 

TA= 12s•c 

S.. Note 4 
S.. Note 4 
S.. Note 4 
S.. Note 4 
S.. Note 4 
S.. Note 4 

f = lOOMc 

f = 140kc 

TEXAS INSTRUMENTS 
INCOJIPORATED 

POIT OP,ICE SOX lli012 t DAL.LAS. TEXAS 711222 

MIN MAX UNIT 
60 v 
30 v 
s v 

0.2 p.a 
200 µ.a 
-0.2 p.a 

30 120 
10 

1.2 ' 1.6 ' 0.4 ' 1.0 ' 
2.5 

8.0 pf 
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TYPE 2N3015 
N-P-N EPITAXIAL PLANAR SILICON TRANSISTOR 

*switching characteristics at 25°C free-air temperature 

PARAMETER TEST CONDITIONSt MAX UNIT 

le= 300ma, ls111 = 30 ma, VBElofO = 0, RL = 80 n. See Figure I 40 nsec 
Ion Turn-on Time le= 500ma, ls1q = 50 ma, Vee101n = 0, Rt = 48 0, See Figure I 40 nsec 

le= 300ma, ls111 = 30 ma, ls121 = -35 ma, RL = 80 n, See Figure 2 60 nsec 
foff Turn-off Time 

le= 500 ma, ls111 = 50 ma, IB!2I = -55 ma, RL - 48 il, See Figure 2 60 nsec 

1'Voltage and current values shown ore nominal; exa<I values vory slightly with transistor parameters. 

*PARAMETER MEASUREMENT INFORMATION 

+25 v 

INPUT 

50 Q 

0.05 ~f 

INPUT~ 

150Q 

TEST CIRCUIT 

Vss 

TEST CIRCUIT 

+25 v 

300 ma 80 Q +7 v 

500 me 48 Q + 11 v 

CIRCUIT CONDITIONS 

FIGURE 1 -TURN-ON TIMES 

OUTPUT 

Nominal le v •• 

300 me 80 Q + 10 v 

500mo 48 Q +16 v 

CIRCUIT CONDITIONS 

FIGURE 2 - TURN-OFF TIMES 

-13 v 

-21 v 

I 
I 

-+I Ion J+" 
I 

~UT 

VOLTAGE WAVEFORMS 

VOLTAGE WAVEFORMS 

NOTES: a. The input waveforms are supplied by a pulse generotor with the following characteristics: Zout == 50 Q, tr :::; 2 nsec, PW = 200 nsec. 

b. Waveforms are monitored on an oscilloscope with the following characteristics: tr :=::; 1 nsec, Rin ;;:.:::: 100 kO. 

•1ndic:ates JEDEC registered data. 

1414 mAS INSTRUMENTS RESERVES !HE RIGHT TO MAKE CHANGES AT ANY TIME 
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE em PRODUCT POlllBLE. 



2N3704, 2N3705, 2N3706 
N-P-N EPITAXIAL PLANAR SILICON TRANSISTORS 

SILECTt TRANSISTORS 

Encapsulated in Plastic for Such Applications as 
Medium-Power Amplifiers, Class B Audio Outputs, and Hi-Fi Drivers 

• For Complementary Use with 2N3702 and 2N3703 

mechanical data 

These transistors are encapsulated in a plastic compound specifically designed for this purpose, using a 
highly mechanized process:j: developed by Texas Instruments. The case will withstand soldering tempera­
tures without deformation. These devices exhibit stable characteristics under high-humidity conditions and 
are capable of meeting MIL-STD-202C method l 068. The transistors are insensitive to light. 

*ALL JEDEC T0-92 DIMENSIONS AND NOTES ARE APPLICABLE 

ALL DIMENSIONS IN INCHES 

f---:;:::: 1 r 0 050 (NOTE A) 

~g¥ iS : 
~2o'g:'o+.- 0.500 MIN --I 

-0.030 

NOTE A: Lead diameter is not untrolled in this area. 

*absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 

Collector-Base Voltage 

Collector-Emitter Voltage (See Note l) . 

Emitter-Base Voltage 

Continuous Collector Current . 

2N3704 
2N3705 

50V 

30V 

5V 

2N3706 

40V 

20V 

5V 

Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 2) 

Continuous Device Dissipation at (or below) 25°C Lead Temperature (See Note 3) . 

Storage Temperature Range . 

-<-800mA-+ 

+-360mW-+ 

+-500mW-+ 
-65°C to 150°C 

Lead Temperature J(, Inch from Case for l 0 Seconds . 

NOTES: 1. These values apply when the base·emitler diode is open-circuited. 

2. Derale linearly to 1S0°C free-air temperature al the rate of 2.88 mW/ 0 c. 
3. Berate linearly to 1S0°C lead temperature al the rate of 4 mW/ 0 c. Lead temperature is measured on the 

collector lead 1/16 inch from the case. 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 5012 • DALLAS, TEXAS 75222 

~260°C--+ 

tTrademark of Texas Instruments 

:l:Patented by Texas Instruments 

and other pafents pending. 

•Indicates JEDEC registered data 
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TYPES 2N3704, 2N3705, 2N3706 
N-P-N EPITAXIAL PLANAR SILICON TRANSISTORS 

1434 

*electrical characteristics at 25°C free-air temperature 

PARAMETER TEST CONDITIONS 2N3704 2N3705 2N3706 
MIN MAX MIN MAX MIN MAX 

V1••1eeo Collector-Base Breakdown Voltage le= lOOµA,I, = 0 50 50 40 
V1••1e•o Collector-Emitter Breakdown Voltage le= lOmA, la= 0, See Note 4 30 30 20 
V1a•[EBO Emitter-Base Breakdown Voltage I,= 100µ,A,le = 0 5 5 5 
leao Collector Cutoff Current Vea= 20 V, 1, = 0 100 100 100 
1,.o Emitter Cutoff Current V,. = 3 V, le= 0 100 100 100 
hFE Static Forward Current Transfer Ratio Ve, = 2 V, le= 50 mA, See Note 4 100 300 50 150 30 600 
v., Base-Emitter Voltage Ve, = 2 V, le = 100 mA, See Note 4 0.5 1 0.5 1 0.5 1 
YcE{sat) Collector-Emitter Saturation Voltage 18 = 5 mA, le = 100 mA, See Note 4 0.6 0.8 1 

Ir Transition Frequency Ve, = 2 V, le = 50 mA, See Note 5 100 00 100 

Cobo 
Common-Base Open-Circuit Vea= lOV, 1, = 0, f = 1 MHz 12 12 12 Output Capacitance 

NOTES: 4. These parameten must he measured using pulse techniques. Ip = 300 µs, duty cycle _:::; 2%. 

5. To obtain fr, the lhtel response with frequency is extrapolated at the rate of -& dB per octave from f = 20 MHz to the frequency at which lh18[ = 1. 

•Indicates JEDEC registered data 

TYPICAL CHARACTERISTICS 

2N3705 

STATIC FORWARD CURRENT TRANSFER RATIO 

~ 1000 
COLLECTOR CURRENT 

VCE 2V H 
TA 25°C 
See Note 4 

. 
0 I 

:; 100 

0 • £ 
u 

0 

1-1 

v 
10 
0.01 

1 

Ii ! 
+···' '· 

! I !I 
!' I 

17 
' 

I 
0. l 10 100 

le - Col lee tor Current - mA 

I 

1000 

UNIT 

v 
v 
v 

nA 
nA 

v 
v 

MHz 

pf 

BASE-EMITTER VOLT AGE COLLECTOR-EMITTER SATURATION VOLT A Go 

COLLECTOR CURRENT 
2.0 

> 
I 1.6 

le 
~= 10 

'· T. 0 25°C . 
"' See Note 4 
0 

0 
> 1 .2 . 
•• "I 0.8 

v 
~ 

o8 1--

0.4 
-J 

0.1 10 100 
le - Collector Current - mA 

1000 

> 
I COLLECTOR CURRENT 

~ 0.1 

] 
0 
u 

le 

I B 
I 0 

TA= 25°C 

See Note 4 

I 0.01 
0.1 -

r--

Vi 
L 

IZ 

10 100 
le -Collector Current - mA 

1000 

TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 



TYPES 2N3707, 2N3708, 2N3709, 2N3710, 2N3711 
N-P-N PLANAR SILICON TRANSISTORS 

SILECTt TRANSISTORS 

• ENCAPSULATED IN PLASTIC 
• INSENSITIVE TO LIGHT 

• HIGHLY MOISTURE RESISTANT 

For Low-Level, Low-Noise Applications 2N3707 (Formerly 11415) 
2N3708 (Formerly Tl416) ) 
2N3709 l 
2N3710 (Formerly 11417) ( 
2N3711 (Formerly 11418) ) 

For General- Purpose, Low-Level, High-Gain Applications 

mechanical data 

These transistors are encapsulated in a plastic compound specifically designed for this purpose, using a 
highly mechanized process:!: developed by Texas Instruments. The case will withstand soldering tempera­
tures without deformation. These devices exhibit stable characteristics under high-humidity conditians and 
are capable of meeting MIL-STD-202C method 1068. The transistors are insensitive lo light. 

•All JEDEC T0-92 DIMENSIONS AND NOTES ARE APPLICABLE 

All DIMENSIONS IN INCHES . -~- 1r OOSO NOTE A 

+~'i~. ,r,;:-FJ -: 
002S MIN~ ; 

L __ 1=:l~,'~,...(....._ 0500 MIN _j 
0030 

NOTE A: Lead diameter is not controlled in this area. 

*absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 

I 
Iii 

Collector-Base Voltage . 30 v 

Collector-Emitter Voltage (See Note 1) . 30 v 

Emitter-Base Voltage 6 v 

Collector Current 30 ma 

Cantinuous Device Dissipation al (or below) 25°C Free-Air Temperature (See Note 2) 360 mw 

Storage Temperature Range . -65°C to 150°C 

Lead Temperature J{, Inch from Case for 10 Seconds 260°C 

NOTES: 1. This value applies when the base-emitter diode is open-circuited. 

2. Derate linearly lo 150°( free-air temperature at the rate of 2.88 mw/C0 • 

"'lndic:alH JEDEC registered data (typical data excluded). 

trrodamark of Texas Instruments Incorporated 
:f:Patent Pending 

TEXAS INSTRUMENTS 
INCORPORATED 

F>OST OFFICE BOX 5012 • OALLAS, TEXAS 75222 
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TYPES 2N3707, 2N3708, 2N3709, 2N3710, 2N3711 
N-P-N PLANAR SILICON TRANSISTORS 

*electrical characteristics at 25°C free-air temperature 

2N3707 2N3708 2N3709 2N3710 2N3711 
PARAMETER TEST CONDITIONS MIN MAX MIN MAX MIN MAX MIN MAJ( ~N MAX 

V Collector-Emitter 
l••1ceo Breakdown Voltage le= J mo, 1,= o 30 30 30 30 30 

lcao 
Collector Cutoff Yea= 20 v, 1. = 0 JOO JOO JOO JOO JOO 
Current 

leao 
Emitter Cutoff Yea= 6 v, le= 0 JOO JOO JOO JOO JOO 
Current 
Stotic Forward Current Yee= S v, le= JOOµ.o JOO 400 

hFE Transfer Ratio Yc•=5·v, le= 1 mo 45 660 45 165 90 330 180 660 

v .. Bose-Emitter Voltage Ve•= 5 v, le -1 mo 0.5 1 0.5 1 0.5 1 0.5 1 0.5 1 

Ycei•••I 
Collector-Emitter 18 = 0.5 mo, le= 10 mo 1 1 1 1 1 
Saturation Voltage 

Smoll-Signol !Ve•= 5 v, le - 100 µ.o, 100 550 
Common-Emitter f =Ike 

h1. Forward Current Ve•= 5 v, le= 1 mo, 
Transfer Rotio f =Ike 45 800 45 250 90 450 180 800 

*operating characteristics at 25°C free-air temperature 

PARAMETER TEST CONDITIONS 2N3707 UNIT 
TYP MAX 

Ve•= 5v, le= JOO µ.o, 

NF Average Noise Figure 
Rs= 5k!l, 

1.9 5 db Noise Bandwidth = 15.7 kc, 
See Note 3 

NOTE 3: Average Noise figure is measured in an amplifier with low-frequency response down 3 db at 10 cps. 

•Indicates JEDEC registered data (typical data excluded). 

PARAMETER DISTRIBUTION INFORMATION 

The 2N3708 is furnished in seven color-coded hFE brackets, each having less than 2-to-J spread. 
In lots of 1000 (or more) pieces they ore shipped in the percentages shown be low. 

hFE BRACKET 

COLOR CODE Yee = 5 v, le = I ma CONTENT 

brown 45-85 0-5% 
red 65-110 5-15% 
orange 90-165 25-35% 
yellow 135-220 15-25% 
green 180-330 15-25% 
blue 270-440 0-10% 
violet 360-660 0-5% 

Table I - 2N3708 hFE DISTRIBUTION 

UNIT 

y 

no 

no 

y 

y 

J436 
TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 
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2N3725, 

N-P-N EPITAXIAL PLANAR SILICON TRANSISTORS 

FAST, HIGH-VOLTAGE, HIGH-CURRENT CORE DRIVERS 

• hFE Guaranteed from 10 mA to 1.5 A 
• Made with TRI-REL t Redundant Stabilization (Field-Relief Electrode:!:, 

Special Oxide Passivation, Annular Guard Ring§) 
• Guaranteed Switching Times at One Ampere (2N3724A, 2N3725A) 

*mechanical data 

3 COLLECTOR THE COLLECTOR IS IN ELECTRICAL 
CONTACT WITH THE CASE 

'absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 

2N3724 2N3724A 2N3725 2N3725A 
Collector-Base Voltage so 
Collector-Emifler Voltage (See Note 1) 30 
Emifler-Base Voltage 6 
Continuous Collector Current o.s 1.2 
Peak Collector Current (See Note 2) 1.7S 
Continuous Device Dissipation ot (or below) 25°C 

0.8 1 Free-Air Temperature (See Note 3) 
Continuous Device Dissipation of (or below) 25 •c 

3.5 5 Case Temperature (See Nole 4) 
Storage Temperature Range -65 lo 200 
Lead Temperature J{, Inch from Case for 60 Seconds 300 

NOTES: 1. These values apply between 0.01 mA and 500 mA collector currenr when the base-emitler diode is open-circuited. 

2. This value applies for square-wave pulses. tp = 300 µs, duty cycle ~ 2%. 

3. For the 2N3724 and 2N3725 derote linearly to 200°C free-air temperature at the rate of 4.6 mW/deg. 
For the 2N3724A and 2N3725A derote linearly to 200°C free-air temperature al the rote of 5.71 mW/deg. 

4. For the 2N3724 and 2N3725 derate linearly to 200°C case temperature at the rate of 20 mW/deg. 
For the 2N3724A and 2N3725A derate linearly to 200°C case temperature at the rate of 28.6 mW/deg. 

tTrademark of Texas: Instruments 

tPatent pending 

§Patented by Texas Instruments 

*Indicates JEDEC registered data 

o.s 

0.8 

3.5 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 5012 • DALLAS, TEXAS 75222 

80 
so 
6 

1.2 
1.7S 

1 

5 

-6S lo 200 
300 

UNIT 
y 
y 
y 

A 
A 

w 

w 
oc 
•c 
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TYPES 2N3724, 2N3724A, 2N3725, 2N3725A 
N-P-N EPITAXIAL PLANAR SILICON TRANSISTORS 

*electrical characteristics at 25°C free-air temperature (unless otherwise noted) 

PARAMETER TEST CONDITIONS 

V1BRJeBO 
Collector-Base 
Breakdown Voltage le= 10 µA, le= 0 

v(BR}eeo 
Collector-Emitter 

le=lOmA, 1, = 0, See Note 5 Breakdown Voltage 

V11•1ees 
Colleclor-Emiller 

le= 10 µA, Vae = 0 Breakdown Voltage 

V(BR)eBO 
Emitter-Bose 
Breakdown Voltage le = 10 µA, le= 0 

Yes= 40 V, le= 0 
Yee - 40 V, le - 0, TA - l00°C 

lcso Colleclor Cutoff Current Yes= 60 V, le= 0 
Yes= 60 V, le= 0, TA ~ 100°( 

Collector Cutoff Current 
Yee= 50 V, Vee= 0 

Ices Yee= 80 V, Yee= 0 

1, Base Current 
Yee= 50 V, Yee= 0 
Yee= 80 V, Vae = 0 
Yee= 1 Y, le=lOmA 
Yee= 1 V, le= lOOmA 
Yee= 1 Y, le= 100 mA, 

TA = -55°C 

Static Forward Current 
Yee= 1 V, le= 300 mA See 

hFE Transfer Ratio Yee= l V, le= 500mA Note 
Yee= l V, le= 500 mA, 5 

TA = -55°C 
Vee= 2 V, le= 800 mA 
Yee = 5 Y, le= l A 
Yee = 5 V, le = 1.5 A 
le= l mA, le= 10 mA 
le= 10 mA, le= 100 mA 

See 
Base-Emiller Voltage 

I = 30 mA, le= 300 mA 
Nole Yae = 50 mA, le= 500 mA 

= 80 mA, le= 800 mA 
5 

= 100 mA, le = l A 
= 1 mA, le= 10 mA 
= lOmA, le= 100 mA 

See· 
= 30 mA, le= 300 mA 

YcE{satl 
Colleclor-Emitter 

=SO mA, le= SOD mA 
Nole 

Saturation Voltage s 
,=80mA, le= 800 mA 

18 = 100 mA, le= 1 A 

lhr.\ Small-Signal Common-Emitter 
Yee= 10 Y, le = 50 mA, I = 100 MHz Forward Current Transfer Ratio 

Cobo 
Common-Base Open-Circuit 

Yes= 10 V, le= 0, f = 1 MHz Output Capacitance 

(ibo 
Common-Base Open-Circuit 

Yee= 0.5 V, le= 0, f = l MHz Input Capacitance 

NOTE 5: These parameters must be measured using pulse techniques. tp = 300 µs, duty cycle ::::;; 1°/o. 

*Indicates JEDEC registered data 

1438 

2N3724 2N3724A 2N3725 
MIN MAX MIN MAX MINM~ 

50 50 80 

30 30 so 

50 50 80 

6 6 6 

1.7 0.5 
120 50 

1.7 
120 

10 10 
10 

-10 -10 
-10 

30 30 30 
60 150 60 150 60 150 

30 30 30 

40 40 40 
35 35 35 

20 20 20 

25 30 20 
30 30 25 

25 
0.76 0.76 0.76 
0.86 0.86 0.86 

1.1 1.1 1.1 
0.9 1.2 0.9 1.2 0.9 1.2 

1.5 1.3 1.5 
1.7 0.9 1.4 1.7 

0.25 0.25 0.25 
0.2 0.2 0.26 

0.32 0.32 0.4 
0.42 0.42 0.52 

--
0.6S 0.6S 0.8 

-·· 
0.7S 0.75 0.95 

3 3 3 

12 12 10 

55 55 SS 

2N3725A UNI MIN MAX 

80 v 

50 v 

80 v 

6 v 
µA 
µA 

0.5 µA 
50 µA 

µA 
10 µA 

µA 
-10 µA 

30 
60 150 

30 

40 
35 

20 

25 
25 
20 

0.76 . v 
0.86 v 

1.1 v 
0.9 1.2 v 

1.3 v 
0.9 1.4 v 

0.25 v 
0.26 v 
0.4 v 

O.S2 v 
0.8 v 
0.9 v 

3 

10 pf 

55 pf 
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TYPES 2N3724, 2N3724A, 2N3725, 2N3725A 
N-P-N EPITAXIAL PLANAR SILICON TRANSISTORS 

*switching characteristics at 25°C free-air temperature 

2N3724 2N3724A 2N3725 2N3725A 
PARAMETER TEST CONDITIONSt 

MAX MAX MAX MAX 

Id Deloy Time le = 500 mA, 10 10 10 10 
f---=-------·--

ls111 = 50 mA, V BE{offl = -3.8 V, 30 30 30 30 I, Rise Time 

Ion Turn-On Time R, = 58 fl, See Figure 1 35 35 35 35 
I, Storage Time le= 500 mA, 50 50 50 50 
1, Fall Time 18111 = 50 mA, ls121 = -50 mA, 25 25 30 30 
foff Turn-Off Time R, = 58 fl, See Figure 1 60 60 60 60 

t--=· --
le= 1 A, 

Ion Turn-On Time ls111 = 100 mA, VBEloffl = -2 V, 30 30 
R, = 30 !1, See Figure 2 

-~----- -!---- ------- -··------··-

le= 1 A, 
foff Turn-Off Time 1,111 = 100 mA, ls121 = -100 mA, 50 so 

R, = 3011, See Figure 3 

tVoltoge and current values shown are nominal; exact values vary slightly with transistor parameters. 

INPUT 

*PAR.AMETER MEASUREMENT INFORMATION 

-3.8 v 

1 kQ 

1 µF 

TEST Cl RCUIT 

+30 v 

1 µF 

{--o OUTPUT 

+9.7V 1---i INP 

_J. LUT 
0 ,._ton+! 1.-lolf --1 

I 1 I 
-!Id :- I -t t, : 

--it, I- i--
1 
I 

VOLTAGE WAVEFORMS 

FIGURE l - 500-mA SWITCHING TIMES 

UNIT 

ns 
ns 
ns 
ns 
ns 
ns 

ns 

ns 

NOTES: a. The input waveforms are supplied by a generator with the following characteristics: lout = 50 0, tr ~ 1 ns, t1 ::;; 1 ns, tp :=::::: I µs, duty cycle ::_;; 2%. 

b. The outpul waveforms ore monitored on on oscilloscope with the following characteristics: tr ~ 1 ns, R.in ~ 100 kO, (in s;; 7 pf. 

*Indicates JEDEC registered data 
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TYPES 2N3724, 2N3724A, 2N3725, 2N3725A 
N-P-N EPITAXIAL PLANAR SILICON TRANSISTORS 

PARAMETER MEASUREMENT INFORMATION 
+30 v 

+10.9 v 

=r-=1_ 
-2 v 

1440 

INPUT 

TEST CIRCUIT 

I 

I 
-+f Ion ,+--

OUTPUT 

VOLTAGE WAVEFORMS 

FIGURE 2 - 1-AMPERE TURN-ON TIME (2N3724A AND 2N3725A) 

+30 v 
+11.4V 

30 Cl 
-8.6 v 

INPUT 

OUTPUT 

TEST CIRCUIT VOLTAGE WAVEFORMS 

FIGURE 3 -1-AMPERE TURN-OFF TIME (2N3724A AND 2N3725A) 

NOTES: o. The input waveforms have the following charoclerislics: 

For measuring !urn-on time: Ir 5. 2 ns, IP - 200 ns, duty cycle ~ 2%. 

For meornring furn-off time: If :S- 3 ns, Ip --- 200 ns to 10 /LS, duty cycle --= 2%. 

to11~ 

I 
I 

b. The output waveforms are monitored on on oscilloscope wilh the following charocteriHics: tr < l ns, Rin ~ 100 H~. (in ::; 7 pf. 

•Indicates JEDEC registered data 

c 
ru 

~ 

u 

"' ~ 
u 

~ 
0 
u 

0 

ti 

TYPICAL CHARACTERISTICS 

100 

10 

0.1 

0.01 
25 

COLLECTOR CUTOFF CURRENT 
vs 

FREE-A IR TEMPERATURE 

IE =O 

50 75 100 125 
TA - Free-Air Temperature - 0 ( 

FIGURE 4 

150 

66 
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TYPES 2N3724, 2N3724A, 2N3725, 2N3725A 
N-P-N EPITAXIAL PLANAR SILICON TRANSISTORS 

TYPICAL CHARACTERISTICS 
2N3724A 

STA TIC FORWARD CURRENT TRANSFER RA TIO 

100 

90 

80 

70 

60 

50 

40 

30 

20 

10 

0 

vs 
COLLECTOR CURRENT 

TA=25°C V1 
See Note 5 H . WL 

I ~ 
i 

~ VCE -5V t'\ 
V' VCE = 2V 

l 

l 

VCE =IV 
I 

i 

' 
10 100 1000 

le - Collector Current - rrA 

FIGURE 5 

2N3724A 

I 

I 

I 

10 000 

STATIC FORWARD CURRENT TRANSFER RATIO 

le - Collector Current - mA 
FIGURE 7 
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TYPES 2N3724, 2N3724A, 2N3725, 2N3725A 
N-P-N EPITAXIAL PLANAR SILICON TRANSISTORS 
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TYPICAL CHARACTERISTICS 

BASE-EMITTER VOLTAGE 
vs 

COLLECTOR CURRENT 
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FIGURE 11 
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TYPES 2N3724, 2N3724A, 2N3725, 2N3725A 
N-P-N EPITAXIAL PLANAR SILICON TRANSISTORS 

TYPICAL CHARACTERISTICS • 

2N3724A 2N3724A 
2N3725A 2N3725A 

CONTOURS OF CONSTANT CONTOURS OF CONSTANT 
DELAY TIME, td RISE TIME, t, 

Vee =30 v Measured in the 
---f---+---+- circuit of figure 1 
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t = d 
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FIGURE 16 
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FIGURE 18 
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TYPES 2N3724, 2N3724A, 2N3725, 2N3725A 
N-P-N EPITAXIAL PLANAR SILICON TRANSISTORS 

TYPICAL CHARACTERISTICS 
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THERMAL INFORMATION 
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TYPES 2N4252 
N-P-N EPITAXIAL PLANAR SILICON TRANSISTORS 

*mechanical data 

4 lEADS ~:~~=DIA 
0210 I I 

orn~-;;;=0-- I 

.. ---c:+-"CF~ ) ' ' ~ 02300.19S 
o.209oTii = 

DIA D:A. ~ 

~------ 1-0.soo I 
MIN-j 

HIGH-FREQUENCY TRANSISTORS FOR 
TUNER AND IF-AMPLIFIER STAGES 

IN FM AND AM/FM 
STEREO-MULTIPLEX RECEIVERS 

All DIMENSIONS AllE 
IN INCHES 

UNLESS OTHERWISE 
SPEClflEO 

THE ACTIVE ELEMENTS ARE 

ELECTRICALLY INSULATED FROM 

THE CASE 

All JEDEC T0-72t DIMENSIONS 

AND NOTES ARE APPLICABLE 

tT0-72 outline is same as T0-18 outline with the addition of a fourth lead. 

*absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 

Collector-Base Voltage 
Collector-Emitter Voltage (See Note 1) 
Emitter-Base Voltage . 
Continuous Collector Current . 
Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 2) 
Storage T emperoture Range . 
Lead Temperature ){, Inch from Case for 10 Seconds • 

*electrical characteristics at 25°C free-air temperature (unless otherwise noted) 

30V 
18V 
4V 

50mA 
200mW 

-65°C to 200°c 
300°c 

PARAMETER TEST CONDITIONS 
2N4252 2N4253 

UNIT 
MIN TYP MAX MIN TYP MAX 

V1BR1eao Collector-Bose Breakdown Voltage le = 10 µ,A, I• = 0 30 30 v 
Yia•iern Collector-Emitter Breakdown Voltage le= 2mA, la= 0, See Note 3 18 18 v 
V1a•1•ao Emitter-Bose Breakdown Voltage l,=10µ,A, le=O 4 4 v 

leao Collector Cutoff Current 
Yea= 15V, 1, = 0 50 50 nA 
Vea= 15 V, 1, = 0, TA= 85°C 5 5 µ,A 

hFE Static Forward Current Transfer Ratio Ve,= 10 V, le= 2 mA 50 30 150 

!h1e! 
Small-Signal Common-Emitter 

Ve,= 10 V, le= 2 mA, f = 100 MHz 6 14 6 14 Forward Current Transfer Ratio 

!Y1e! 
Small-Signal Common-Emitter 

Ve,= 10 V, le= 2mA, f = 10 MHz 70 mm ho Forward Transfer Admittance 

c.b Collector-Bose Capacitance Vea - 10 V, 1, - 0, f = l MHz, 0.1 0.45 0.1 0.45 pf See Note 4 

roep Parallel-Equivalent Common-Emitter 
Ve,= 10 V, le= 2mA, f = 10 MHz 50 k!l Short-Circuit Output Resistance 

rb'C. Collector-Bose Time Constant Vea - 10 V, I, - -2 mA, f - 79.8 MHz 8 12 8 12 ps 

NOTES: 1. This value applies when base-emitter diode is open-circuited. *Indicates JEDEC registered data (typical data excluded). 
2. Derate lineorly to 17S°C free·air temperature at the rate of 1.33 mW/deg. 

3. These parameters must be measured using pulse techniques. tp = 300 µs, duty cycle ~ 23. 
4. Collector-Base Capacitance is measured using three-terminal measurement techniques with the case and emitter guarded. 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 5012 • DALLAS, TEXAS 75222 
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TYPES 2N4252 AND 2N4253 
N-P-N EPITAXIAL PLANAR SILICON TRANSISTORS 

operating characteristics at 25°C free-air temperature 

PARAMETER 

NF Spot Noise Figure 

TEST CONDITIONS 

Yee= 1ov;-ic ,;-fmA-;-RG= !Oo~O,l;,100-"MHZ-

TYPICAL CHARACTERISTICS 

2N4253 
STATIC FORWARD CURRENT TRANSFER RATIO 

vs 
COLLECTOR CURRENT 

UNIT 

dB 
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> 
I 
j 
;g 
~ 

" ] 

j 
I 

> 

1 
0.01 0.04 0.1 0.4 

le-Collector Current -mA 

0.8 

0.6 

0.4 

0.2 

2N4252, 2N4253 

BASE-EMITTER VOLTAGE 

FREE-AIR TEMPERATURE 

VcE 0 10 V 

f-~~.d-_;::~...!:--+-+--jf- See Note 3 

0-75 -50 -25 25 50 75 100 125 150 175 

TA - Free-Air Temperature - °C 

FIGURE 2 

FIGURE 1 
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~ 0.1 

0.01 
25 

NOTE 3: These parameters must be measured using pulse techniques. tp = 300 µs, duty cycle ~ 2%. 
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COLLECTOR CUTOFF CURRENT 
vs 

FREE-AIR TEMPERATURE 
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TYPES 2N4252 AND 2N4253 
N-P-N EPITAXIAL PLANAR SILICON TRANSISTORS 

TYPICAL CHARACTERISTICS AT TA= 25°C 

2N4253 

SMALL-SIGNAL COMMON-EMITTER 
FORWARD CURRENT TRANSFER RATIO 

vs 
FREQUENCY 

Vee = ;'~"v 
le = 2 mA 

N 
N 

~ 
~ 

u.. 
c. 

" u 

2N4252, 2N4253 

COLLECTOR-BASE CAPACITANCE 
vs 

COLLECTOR-BASE VOLTAGE 

le= 0 
f = 1 MHz 

See Note 4 

2 ·g 
g. 0.6 l-------+----+--1r-----+-+-+--+--+-I 

u 

~ 
0. 4 r---= ..... _;::+l--.j---1t-.----t-+--t--+-t--+-i 

0.2>--------+-----+-__,f---+-+--+--+--+-< 
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f - Frequency - MHz 

"' ,, 

6 

I 4 . 
g, 
u: 

FIGURE 4 

Yee=lOV 

le = 2 mA 

2N4252 

SPOT NOISE FIGURE 

FREQUENCY 

Vc 8 - Collector-Base Voltage - V 

FIGURE 5 

}} 

0 ~·--~~~~~~~--~--+-~~-+-~~-~~~~-+--+-~~~ 
1 4 10 40 100 400 1000 

f - Frequency - MHz 

FIGURE 6 

NOTE 4: (olleclor-Bo\e Capacitance is measured using three-terminal mearnrement techniques with the case and emitter guarded. 
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TYPES 2N4252 AND 2N4253 
N-P-N EPITAXIAL PLANAR SILICON TRANSISTORS 

1448 

TYPICAL CHARACTERISTICS AT 455 kHz, TA= 25°C 

"' ..., 
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~ 
"' 

c: 

2N4253 

SMALL-SIGNAL COMMON-EMITTER 
FORWARD CURRENT TRANSFER RATIO 

Yee: 10 Y 
f; 455 kHz 

vs 
COLLECTOR CURRENT 
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le - Collector Current - mA 

FIGURE 7 

2N4253 

PARALLEL-EQUIVALENT SMALL-SIGNAL COMMON-EMITTER 
SHORT-CIRCUIT INPUT RESISTANCE 

vs 
COLLECTOR CURRENT 
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FIGURE 9 
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vs 
COLLECTOR CURRENT 
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2N4253 
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vs 
COLLECTOR CURRENT 
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TYPES 2N4252 AND 2N4253 
N-P-N EPITAXIAL PLANAR SILICON TRANSISTORS 

TYPICAL CHARACTERISTICS AT 10 MHz, TA= 25°C 

2N4253 2N4253 
SMALL-SIGNAL COMMON-EMITTER 
FORWARD CURRENT TRANSFER RATIO ~ .,, 

COLLECTOR CURRENT I 

I- VeE = I 0 V --+--'---+--+--+--+-H 
f = 10 MHz 

40.-----,-

30i--

20f-----l------t---f---t--t--+-t-ti 

101---------t--t---+---t---t-+-t--H 

le- Collector Current - mA 
FIGURE II 

2N4253 

7 10 

2N4253 

. 
-" 

SMALL-SIGNAL COMMON-EMITTER 
FORWARD TRANSFER ADMITTANCE 

COLLECTOR CURRENT i 250 
E Vee = 10 v 
I f = 10 MHz 

~ 200 L 
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./< 
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0 

le - Collector Current - mA 
FIGURE 13 
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SMALL-SIGNAL COMMON-EMITTER 
FORWARD CURRENT TRANSFER RATIO 

COLLECTOR-EMITTER VOLTAGE 

le = 2 mA 

f = 10 MHz 
40 ~ 

30 t'.:::: 
~-

20 l---t--+-+---+--+---11-----t--+---1--1 

10 t-----t----jt----+---+-J---+---f--t---r---i 

6 10 

Vee - Collector-Emitter Voltage - V 
FIGURE 12 

2N4253 
PARALLEL-EQUIVALENT SMALL-SIGNAL COMMON-EMITTER 

SHORT-CIRCUIT INPUT RESISTANCE 
PARALLEL-EQUIVALENT SMALL-SIGNAL COMMON-EMITTER 

SHORT-CIRCUIT OUTPUT RESISTANCE 
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FIGURE 14 
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COLLECTOR CURRENT 
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FIGURE 15 
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TYPES 2N4252 AND 2N4253 
N-P-N EPITAXIAL PLANAR SILICON TRANSISTORS 

TYPICAL CHARACTERISTICS AT 100 MHz, TA = 25°C 
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2N4252 
SMALL-SIGNAL COMMON-EMITTER 

FORWARD CURRENT TRANSFER RATIO 
vs 

COLLECTOR CURRENT 

f- VcE = 10 v 

f-
f = 100 MHz 

i---
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le - Collector Current - mA 

FIGURE 16 
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SHORT-CIRCUIT INPUT RESISTANCE 
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FIGURE 18 
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FIGURE 17 

2N4252 
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PARALLEL-EQUIVALENT SMALL-SIGNAL COMMON-EMITTER 
SHORT-CIRCUIT OUTPUT RESISTANCE 
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FIGURE 19 
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COMMON-EMITTER EQUIVALENT CIRCUIT USING SHORT-CIRCUIT "y" PARAMETERS 
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'" Oil 

270 Q 

I 

LI 

v,n I 300 Q 

TRANSFORMER 

T,: TRW #21160-Rl (or equivalent) 

COILS 

L1: 4T #18 bus, I//' ID, lf2" length, 
Turns Ratio 2.7: l 

L2: 4T #18 bus, I//' ID, 1/z" length, 
Turns Ratio 2.7: l 

L,: l µ,H 

4: 3T #18 bus,;{/' ID,%" length 

TYPICAL FM TUNER 

T r--- I 

~Wv--~3 I____,.___ ~-- -1 

l ~1 5 I 13 I OUTPUT TO 
L - t I y 900- Q LOAD 

' ---;;;-, _Jm 

R14 TYPICAL TUNER PERFORMANCE AT 10 = 98 MHz 

L4 

R, 

-;!;' c,6 

CIRCUIT COMPONENT INFORMATION 

RESISTORS 

R1: l k!1 R,: 330 !1 
R,: 4.7 k!1 R9: 10 k!1 
R3: l k!l R10: 2.7 k!1 
R.: 9.1 k!1 R11 : 820 !1 
R5: 2.7 k!l R12 : 470 !1 
R,: 1 kn R,,: 9.1 kn 
R7: 330 !l R14: 330 !1 

All resistors 1/z W, ten percent tolerance 

Power Gain (neglecting 12-dB loss of T1 secondary} 30 dB 

6-dB Bandwidth 475 kHz 

Typical Performance at 10 = 98 MHz ( ± 22.5 kHz deviation} 
measured with IF amplifier shown on lhe next page 

Image Rejedion (119.4 MHz) 
10 + 1/z IF Rejection (103.35 MHz} 
3-dB Limiling Level 

Sensitivity for 30-dB S ; N 

Overo II 6-dB Bandwidth 

CAPACITORS 

C,: 10 pf c,., 1.2 pf 
C,: t C11 : 0.001 µ,F 
C3: 3.3 pf C12: 6.8 pf 
(4: 0.001 µJ C,,: 4.7 pf 
C,: 10 pf c,,: t 
C,: t (15: 10 pf 
C7: 0.001 µ,F (16: 0.001 µJ 
C,: 12 pf C11: 0.01 µ,F 
C9: 240 pf Dura Mica C18: 0.01 µ,F 

t C2, C,, C14: TRW #V0693, 
Model 57-3A, or equivalent 

56 dB 
71 dB 

13-µ,V input 

3.5 µ,V 

270 kHz 
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TYPICAL AM/FM IF AMPLIFIER 

,, •, 

,,:'~l I I ll c,. 

c, ., 
•, 

AGC 

AM INPUT o---+1--t--:A:- •,. 

wef='TJ I::, I 1lh 

TRANSFORMERS 
T,: Output Transformer of FM Tuner 
T2: TRW #21161-Rl (or equivalent) 
T3: TRW #21162-Rl (or equivalent) 
T4: TRW #20061-Rl (or equivalent) 
T5: TRW #21205-Rl (or equivalent) 
T.: TRW #21204-Rl (or equivalent) 
T 7: TRW #18304-Rl (or equivalent) 

DIODES 

OUTPUT 
c,, .,. c,, 

CIRCUIT COMPONENT INFORMATION 

RESISTORS 
R,: 10 k.O R14: 68 .0 C,: 0.02 µ,F 
R,: 33 k.O R15: 7.5 k.0 C,: 0.01 11-F 
R,: lkn Rib: 330 .0 C,: 0.01 µ,F 
R.: 220 n R11: 2.7 kO (4: 0.001 µ,F 
R,: 330 .n R18: 8.2 k!l C,: 0.05 µ,F 
R.: 1kn R": 330 .0 c.: 0.001 µJ 
R,: 220 n R20: 200 kO C,: 0.05 µ,F 
R,: lkO R21 : 330 0 Ca: 330 pf 
R9: 470 0 R22 : 33 kO C,: 330 pF 

TYPICAL FM PERFORMANCE 

Data Taken with input on base of transistor Q1 

IF frequency = 10.7 MHz 
1. Overall 6-dB Bandwidth (measured on base 

of Q,) 300 kHz 
2. Average Power Gain per Stage 26 dB 
3. FM 3-dB Limiting Level 180 µ,V input 
4. AM Rejection at 3-dB Limiting Level > 30 dB 
5. Maximum Audio Recovery (Full Limiting) 

± 22.5 kHz Deviation 175mV 
± 75 kHz Deviation 570mV 

6. Peak-to-Peak Separation of Ratio Detectur 700 kHz 

TYPICAL AM PERFORMANCE 

Data taken using Measurements Corporation signal genera· 
tor model 65-B with a 0.05 µ,F capacitor and an 82 k.0 
resistor in series with generator output. 
IF frequency = 455 kHz 
1. Overall 6-dB Bandwidth 10.6 kHz 
2. Overall 20-dB Bandwidth 18.6 kHz 
3. Maximum Audio Output (30% Modulation) 350mV 
4. AM Sensitivity at Pin 3 of T5 for 20 mV Output 

(30% Modulation) 0.3mV 
5. AGC figure·of-Merit 42 dB 

CAPACITORS 

C13: 0.05 µ,F 
C14: 0.05 µ,F 
( 15: 0.05 µ,F 
Clb: 0.0015 µ,F 
C17: 0.05 µ,F 
C18: 0.05 µ,F 
C19: 0.05 µ,F 
C20: 5 µ,F, 10 V, electrolytic 
C21 : 6.8 pF 

D,: 1N4531 
D2: 1N295 

Rio: 1.5 k!l 
R11 : 1 kO 

R23: 4.7 kO ( 10: 2 µ,F, 10 V, electrolytic C22: 5 µ,F, 10 V, electrolytic 
R24: 82 k!l C11 : 330 pF C23 : 0.05 µ,F 

R12: 8.2 kO R25: 27 kil C12: 0.01 µ,F c,., 5 µ,F, 15 V, electrolytic, 
R13: 8.2 kO R,.: 3.3 kO Polarity determined 

All resistors llz W, ten percent tolerance by following stage 
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2N4994, 2N4995 
N-P-N PLANAR SILICON TRANSISTORS 

mechanical data 

HIGH-FREQUENCY SILECTt TRANSISTORS 
For Applications as 

• AM-FM IF Amplifiers 
• AM RF Amplifiers and Oscillators 
• FM Oscillators and Mixers 
• Rugged, One-Piece Construction with 

Standard T0-18 100-mil Pin Circle 

These transistors are encapsulated in a plastic compound specifically designed for this purpose, using a 
highly mechanized process:j: developed by Texas Instruments. The case will withstand soldering tempera­
tures without deformation. These devices exhibit stable characteristics under high-humidity conditions and 
are capable of meeting MIL-STD-202C method 106B. The transistors are insensitive to light. 

*CASE OUTLINE 
0015 

2-BASE 

0.017 ~g:: DIA 

3 LEADS . 

J-COLlECTOR 

NOTES: A. Lead dtometer is not controlled in this oreo 

B Leads having maximum diameter {Q.019' shall be within 0.007 of their true positions 
meosured in the goging plane 0.054 below the seot1n9 plone of the device relative fa 
a mo,.imum-d1ameter pockoge 

C All dimensions cire tn inches. 

r ' 

' 
' 

" 

*absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 

Collector-Base Voltage . 60V 
45V 
4V 

30mA 

Collector-Emitter Voltage (See Note l) 
Emitter-Base Voltage . 
Continuous Collector Current . 
Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 2) 
Storage Temperature Range 
Lead Temperature ){, Inch from Case for 10 Seconds . 

NOTES: 1. This value applies when the base-emitter diode is open-circuited. 

2. Derate linearly to 150°( free-air temperature al the rate of 2.88mW/ 0 C. 

tTrademark of Texas lnsfruments 

:j:Patented by Texas Instruments and other patents pending. 

""Indicates JEDEC registered data (typical data excluded) 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 5012 • DALLAS. TEXAS 75222 

360mW 
-65°C to iso•c 

. 260°c 

1503 
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TYPES 2N4994, 2N4995 
N-P-N PLANAR SILICON TRANSISTORS 

*electrical characteristics at 25°C free-air temperoture (unless otherwise noted) 

PARAMETER TEST CONDITIONS 2N4994 2N4995 
UNI~ MIN TYP MAX MIN TYP MAX 

~BRJ_CBO Collector-Base Breakdown Voltage le = 100 µ,A, le = 0 60 60 v 
VllRJCEO Collector-Emitter Breakdown Voltage le= lOmA, 1. = 0, See Note 3 45 4S v 
VIBRJeBO Emitter-Base Breakdown Voltage le = 100 µ.A, le = 0 4 4 v 

lcso Collector Cutoff Current 
Vea= 30 V, le= 0 100 100 nA 
Vea= 30 V, le= 0, TA= 8S°C s s µ,A 

hFe 
Static Forward Current Vee= 10 V, le=lOmA, See Note 3 40 160 100 400 Transfer Ratio 

h1e 
Small-Signal Common-Emitter Vee=lOV, le=lOmA, I =45SkHz 42 4S dB Forward Current Transfer Ratio 

lh1.I 
Small-Signal Cornman-Emitter Vee= 10 V, le= lOmA, l=lOOMHz 2 3 8 2 3 8 Forward Current Tronsfer Ratio 

c_ Common-Base Open-Circuit Vea= 10 V, le= 0, l=l MHz 2.5 3.5 2.S 3.5 pf Output Capacitano 
rb'Ce Collector-Base Time Conslant Vee= 10 V, le= -10mA,1=79.8 MHz 45 100 4S 100 ps 

NOTE 3: These paramefen must be measured using pulse techniques. IP = 300 µ.s, duty cycle S:. 2%. 

operating characteristics at 25°C free-air temperature 

PARAMETER TEST CONDITIONS TYP UNIT 
.__M_A_G __ M_ax_im_u_m_Av_a_ila_b_le_G_a_in ___ ___L_Vee = 10 V, le= 10 mA, I= 10.7 MH1, See Note'4 34 dB 

NOTE 4: Maximum Available Gain, MAG, at frequency f in the higher frequency portion of the spectrum, is calculated from the formula MAG ::=::::::: 4 a 0 fT X 104 --T- f2rb'Cc 

where f and f1 are in megahertz, rb'Cc is in picoseconds, and a:0 is the low-frequency alpha, which for most practical design can be taken as unity. To obtain fy, 

the ]htel response with frequency is extrapolated at lhe rate of -6 di/octave from f = 100 MHz to the frequency at which lhtel = 1. 

1504 

THERMAL CHARACTERISTICS 

DISSIPATION DERATING CURVE 

1---1 

ii 
-~ 
0 200 

J 
~ 
~ 
E 

j 
I 

100 

0 
0 

*Indicates JEDEC registered data (typical data excluded) 

C\. 
~ 
~ 

~ 
~ 
" ~ ~ 

25 50 75 100 125 150 

TA - Free-Air Temperature - °C 

TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
IN ORDER TO IMPROVE DESIGN AND TO SUPPlY THE BEST PRODUCT POSSIBLE. 

86 



2N4996, 2N4997 
N-P-N EPITAXIAL PLANAR SILICON TRANSISTORS 

SILECTt HIGH-FREQUENCY TRANSISTORS 
FOR TUNER AND IF-AMPLIFIER STAGES 

IN FM AND AM/FM STEREO-MULTIPLEX RECEIVERS 

• Rugged, One-Piece Construction with Standard T0-18 100-mil Pin-Circle 

mechanical data 

These transistors are encapsulated in a plastic compound specifically designed for this purpose, using a 
highly mechanized processf developed by Texas Instruments. The case will withstand soldering tempera­
tures without deformation. These devices exhibit stable characteristics under high-humidity conditions and 
are capable of meeting MIL-STD-202C method 106B. The transistors are insensitive to light. 

NO!ES: A. Lead diameter is not controlled in this area. 

2-BASE 

0.017 ~~·:~ DIA. 

3 LEADS 

3- COLLECTOR 

8. Leads having maximum diameter {0.019) shgJI be within 0.007 of their true positions 
measured in the gaging plone 0.054 below the seating plane of the device relative to 
a moximum-digmeter package. 

C. All dimensions ore in inches. 

*absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 

Collector-Base Voltage 
Collector-Emitter Voltage (See Note 1) 
Emitter-Base Voltage . 
Continuous Collector Current . 
Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 2) . 
Storage Temperature Range . 
Lead Temperature J{, Inch from Case for 10 Seconds . 

NOTES: 1. This value applies when the base-emitter diode is open-circuited. 

2. Oerate linearly to 150°C frel!-air temperature at the rate of 2 mW/ 0 L 

*Indicates JEDEC registered data 

tTrademark of Texas Instruments 

:f:Patented by Te:xas Instruments and other patents pending. 

TEXAS INSTRUMENTS 
INCORPORATED 

~OST OF~ICE 80)( 5012 • DALLAS, Tl!XAI 75222 

I u . 

30V 
18V 
4V 

50mA 
250mW 

-65°C to 150°C 
260°C 

1511 



TYPES 2N4996,2N4997 
N-P-N EPITAXIAL PLANAR SILICON TRANSISTORS 

*electrical characteristics at 25°C free-air temperature (unless otherwise noted) 

2N4996 2N4997 
PARAMETER TEST CONDITIONS 

MIN TYP MAX MIN TYP MAX 
UNIT 

v(BR)eeo Collector-Base Breakdown Voltage le = 10 µA, 1. = 0 30 30 v 
v(BR)eEO Collector-Emiller Breakdown Voltage le= 2 mA, la= 0, See Note 3 18 18 v 

t--V1801, 80 Emiller-Base Breakdown Vollage IE= 10 µA, le= 0 4 4 y 

lceo Collector Cutoff Current 
Yee= lS V, 1, = 0 100 100 nA 

~· 
Yea= 15 V, I,= 0, TA= 85°C 10 10 µA 

Static Forward Current Transfer Ratio YeE = 10 Y, le= 2mA so 30 150 i-"'-· Small-Signal Common-Emiller 
lh1.I Forward Current Transfer Ratio Ye•= 10 V, le= 2mA, I= 100 MHz 6 14 6 14 

IY1el 
Small-Signal Common-Emiller 

YeE = 10 V, le= 2 mA, f = 10 MHz 70 mm ho Forward Transfer Admittance 

Ccb Collector-Base Capacilance Yea= 10 V, 1. = 0, f=lMHz, 
0.1 0.65 0.1 0.65 pf See Nole 4 

r~P 
Porallel-Equivolent Common-Emitter 

Yee= 10 Y, le= 2mA, I= 10 MHz so k!l Short-Grcuit Output Resistance 
rb 'C0 Collector-Base Time Constant Yea= 10 V, le = -2 mA, f = 79.8 MHz 14 20 14 20 ps 

operating characteristics at 25°C free-air temperature 

1512 

PARAMETER 

NF Spot Noise Figure 

*Indicates JEDEC regi~tered data {typical data excluded) 

TEST CONDITIONS 

VeE = 10 Y, le = 2 mA, RG = 100 !l, f = 100 MHz 

TYPICAL CHARACTERISTICS 
2N4997 

STATIC FORWARD CURRENT TRANSFER RATIO 

COLLECTOR CURRENT 

+---'2::.:N.::..4:.:99.::..6::__~ UNIT 
TYP 
2.S dB 

~~ 4 t--------jf---+-f-f-+-H-++----+--+---+--+-+-1--+-H----+--f--+-+-1-++++-----l---+--+-+--+-+++l 

1 ~----''---'----'---'-'--'-'....U..----'---'----'--'-..L....l-'-LL----'--~'--.l-.i.....J.....L. ......... J....-----'---'--'--'---'--'-1..J..1 
0.01 0.04 0.1 0.4 10 40 100 

I c - Collector Current ~ mA 

FIGURE 1 

NOTES: 3. This parameter must be measured using pulse techniques. Ip = 300 µ,s, duty cycle ~ 23. 
4. Collector-Bose Capacitance is measured using three-terminal measurement techniques with the emitter guarded. 
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TYPES 2N4996, 2N4997 
N-P-N EPITAXIAL PLANAR SILICON TRANSISTORS 

TYPICAL CHARACTERISTICS AT TA = 25°C 

> 

2N4996. 2N4997 

BASE-EMITTER VOLTAGE 

FREE-AIR TEMPERATURE 

~ 0 . 8 t--f"...r-""'i~t,..:+---1t....q:::-t-+--1 
~ 
~ 0. 6 1-+--+-l-t-..P,"'""'--ill"-i?"""'l----l 

~ 
~ 0.4 . 
Ji 
I 0.2 

TA - Free-Air Temperature - °C 
FIGURE 2 

2N4997 

SMALL-SIGNAL COMMON-EMITTER 
FORWARD CURRENT TRANSFER RATIO 

VS 

FREQUENCY 
50 

Vee = 10 V 

le = 2 mA l! "' 
~ '7 40 
0 

LL .2 

g ~ 30 

q~ = c l ~ 20 

I~ 
J! ~ 10 

.£._U 

0 
0.01 

N 

~ 

0.1 10 100 
f - Frequency - MHz 

FIGURE 4 

6 

1000 

Ve• = 10 v 
"' -0 5 . 
~4 . 
·~ 3 
z 
J2 

le = 2 mA 

I--

4 

~ 1000 

c 100 
~ 

u 
t::: 10 
~ 
u 
2 
u 

..!! 
0 
u 0.1 
I 

2N4996, 2N4997 

COLLECTOR CUTOFF CURRENT 
vs 

FREE-AIR TEMPERATURE 

VeB 15V 

le 0 

::2'I 

~ 

L 

0 
_y 0.01 

25 50 75 100 125 150 

2N4996 

SPOT NOISE FIGURE 

FREQUENCY 

RG = 50 Q 

RG = 100 Q 

10 40 100 
f - Frequency - MHz 

FIGURE 6 

"-a. 

g 
0.8 E ·u 

TA - Free-Air Temperature - °C 

FIGURE 3 

2N4996, 2N4997 
COLLECTOR-BASE CAPACITANCE 

COLLECTOR-BASE VOLTAGE 

le = o 

f = 1 MHz 

See Note 4 
0 a. 
0 

0.6 u r---....... 

~ 
~ 0.4 
..!! 

J 0.2 
I 

"' u o 
l 

N 
i-t-1 

2 4 7 10 
Yes - Collector-Base Voltage - V 

FIGURE 5 

IJL 

VI 
}/ 

v 

400 1000 

NOTES: 3. The~e parameters must be measured using pulse techniques. IP = 300 µs, duty cycle ~ 2%. 

4. Collector-Base Capa(ifon(e is measured u5ing three-terminal measurement techniques with the case and emitter guarded. 
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TYPES 2N4996,2N4997 
N-P-N EPITAXIAL PLANAR SILICON TRANSISTORS 

1514 

TYPICAL CHARACTERISTICS AT 455 kHz:, TA = 25°C 
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2N4997 

SMALL-SIGNAL COMMON-EMITTER 
FORWARD CURRENT TRANSFER RATIO 

Vee= 10 v 
f = 455 kHz 

vs 
COLLECTOR CURRENT 

2 4 

le - Collector Current - mA 

FIGURE 7 

2N4997 

7 10 

PARALLEL-EQUIVALENT SMALL-SIGNAL COMMON-EMITTER 
SHORT-CIRCUIT INPUT RESISTANCE 

a .... Vee = 10 v 
f = 455 kHz 

vs 
COLLECTOR CURRENT 

2 """" 

~ 
l~~mm .!: 
c ~7 ~ 
~ 1------l---+--+-+"~r-.k:-+--f-+~ 

·5 -,,,..._ 
Jr 0.4 1------1---+--+-+--l--+-I-~ 

I 

:! 
-;; 
l; 
~ 0.2 1------+---+--+-+--+--+--+-+-1 

0.1 .__ ___ __. __ __,_ _ __,__..___.__,__._......_. 

2 4 

le - Collector Current - mA 

FIGURE 9 
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2N4997 

SMALL-SIGNAL COMMON-EMITTER 
FORWARD TRANSFER ADMITTANCE 

vs 
COLLECTOR CURRENT 

I -'· v Vee= 10 V L t- f = 455 kHz 

.i. , 
0 

lL 
~ 

~ 
lL 

lZ 
lL 

L ,., 

2 4 6 

le - Collector Current - mA 

FIGURE 8 

2N4997 

10 

PARALLEL- EQUIVALENT SMALL-SIGNAL COMMON-EMITTER 
SHORT-CIRCUIT OUTPUT RESISTANCE 

400 
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u 200 c 
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100 Q. 
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40 ~ 

:!! 
0 a 20 ~ 

t 
~ 

10 

VS 

COLLECTOR CURRENT 

Vee= IOV 
f = 455 kHz 
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le - Collector Current - mA 

FIGURE 10 
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TYPES 2N4996,2N4997 
N-P-N EPITAXIAL PLANAR SILICON TRANSISTORS 

TYPICAL CHARACTERISTICS AT 10 MHz, TA =25°C 

2N4997 
SMALL-SIGNAL COMMON-EMITTER 
FORWARD CURRENT TRANSFER RATIO 

COLLECTOR CURRENT 

·'· t- Vee = 10 V 

I = 10 MHz 

i---

10 

le- Collector Current - mA 
FIGURE 11 
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2N4997 
SMALL-SIGNAL COMMON-EMITTER 
FORWARD TRANSFER ADMITTANCE 

COLLECTOR CURRENT 

... -,, 
I 
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~ 

u 
1! 
~ 
~ 
0 

f 
0 
~ 

Vef = lOV ~ 
17' f = 10 MHz 
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10 

le - Collector Current - mA 
2N4997 FIGURE 13 
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2N4997 
SMALL-SIGNAL COMMON-EMITTER 
FORWARD CURRENT TRANSFER RATIO 

v• 
COLLECTOR-EMITTER VOLTAGE 

I- le = 2 mA 

f = 10 MHz 

v k::: 

0 4 6 8 

VcE - Collector-Emitter Voltage .:_ V 
FIGURE 12 

2N4997 

10 

PARALLEL-EQUIVALENT SMALL-SIGNAL COMMON-EMITTER 
SHORT-CIRCUIT INPUT RESISTANCE 

PARALLEL-EQUIVALENT SMALL-SIGNAL COMMON-EMITTER 
SHORT-CIRCUIT OUTPUT RESISTANCE 

a 
-" 

1i 
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le - Collector C1ment - mA 
FIGURE 14 
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vs 
COLLECTOR CURRENT 
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Vee = 10 v 
f = 10 MHz 
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le - Collector Current - mA 
FIGURE 15 
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TYPES 2N4996, 2N4997 
N-P-N EPITAXIAL PLANAR SILICON TRANSISTORS 

1516 

TYPICAL CHARACTERISTICS AT 100 MHz, TA =25°C 
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2N4996 

SMALL-SIGNAL COMMON-EMITTER 
FORWARD CURRENT TRANSFER RATIO 

COLLECTOR CURRENT 

I- VcE = JO v 

t-
f = 100 MHz 

b:::::::::::: 
"' 10 f 

0 
l 

le - Collector Current - mA 

FIGURE 16 

2N4996 

JO 

PARALLEL-EQUIVALENT SMALL-SIGNAL COMMON-EMITTER 
SHORT-CIRCUIT INPUT RESISTANCE 

C: COLLECTOR CURRENT 

~ 400 ~ Ve•= 1ov' 

~ f----"-.,......._--l---l-+ f '°' 100 MHz 

~ 200 r----'r~~....,_-t--+-t--t--+-+-1 
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~ I~ 
g ~ 
~ 100 r-----+---+-t--+-t--t--t--N 

:! 70 r-----+---+-t--+-t--t--+-+-t 

t 40 ~----+----+--~~~--+-~ 
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le - Collector Current - mA 

FIGURE 18 
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2N4996 

SMALL-SIGNAL COMMON-EMITTER FORWARD 
TRANSFER ADMITTANCE 
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le - Collector Current - mA 

FIGURE 17 

2N4996 

JO 

PARALLEL-EQUIVALENT SMALL-SIGNAL COMMON-EMITTER 
SHORT-CIRCUIT OUTPUT RESISTANCE 
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FIGURE 19 

JO 

COMMON-EMITTER EQUIVALENT CIRCUIT USING SHORT-CIRCUIT "y" PARAMETERS 
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L, 

270 Q 

v,n 1300 f2 

"' BOONTON 2D2H 

+ -l 12V 

Rs 

JRANSFORMER 

T1: TRW #21157-Rl (or equivalent) 

COILS 

L1: 4T #18 b~s, '//'ID, 'h" length, 
Turns Ratio 2.7: 1 

L2: 4T #18 bus, V/' ID, 'Ii" length, 
Turns Ratio 2.7: I 

L3: I µ,H 

L.= 3T #18 bus,'<.'' ID, %" length 

I ..,, 
...... 

TYPICAL FM TUNER 

L, 

R7 

';J; c,. 

T, 
1-------

31 ~ l nratl 
I s 

OUTPUT TO 

~ l J 900- Q LOAD 

--t- _J 
117 1 

R,. 
TYPICAL TUNER PERFORMANCE AT 10 = 98 MHz 

Power Gain (neglecting 16-dB loss of T, secondary) 25 dB 

6-dB Bandwidth 425 kHz 

Typical Performance at 10 = 98 MHz (±22.5 kHz deviation) 
measured with IF amplifier shown on the next page 

Image Rejection (119.4 MHz) 
10 + 112 IF Rejection (103.35 MHz) 
3-dB Limiting Level 

Sensitivity for 30-dB S ~ N 

Overall 6-dB Bandwidth 

S6 dB 
71 dB 

4 3-µ,V input 

3.5 µ,V 

260 kHz 

CIRCUIT COMPONENT INFORMATION 

RESISTORS CAPACITORS 

R1: 1 kil Ra: 330 il C,: 10 pf C,o: 1.2 pf 
R,: 4.7 kil R,: 10 kil C,: .l. C11 : 0.001 µ,F ' R3: 1 kil R10: 2.7 kil C3: 3.3 pf c,,, 6.8 pf 

R,: 9.1 kil R11 : 820 fl C,: 0.001 µ,F (13: 4.7 pf 
R5: 2.7 kil R12: 470 fl C5: 10 pf c,., t 
R6: 1 kn Rn: 7.1 kn '•' t C1s: 10 pf 

R,: 330 fl R,,: 330 fl C,: 0.001 µ,F c,., 0.001 µ,F 

All resistors 117 W, ten percent tolemnce 
C,: 12 pf C17: 0.01 µ,F 
( 9: 240 pf Dura Mica C": 0.01 µ,F 

t C,, C,, C,,: TRW #V0693, 
Model 57-3A, or equivalent 
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TYPICAL AM/FM IF AMPLIFIER 

r, r, 

... 
8'l: [J I 'i' ! I lh 

TRANSFORMERS 
T,: Output Transformer of FM Tuner 
T2: TRW #21158-Rl (or equivalent) 
T1: TRW #21159-Rl (or equivalent) 
T4: TRW #20061-Rl (or equivalent) 
Ts: TRW #21205-Rl (or equivalent) 
T.: TRW #21204-Rl (or equivalent) 
T7: TRW #18304-Rl (or equivalent) 

DIODES 

c. 

R,: 
R,: 
R,: 
R.: 
R,: 
R.: 
R,: 
Ra: 
R,: 

OUTPUT 
c,, ... c,, 

CIRCUIT COMPONENT INFORMATION 

RESISTORS 
10 kfi R14: 68 fi C,: 0.02 µF 
33 kfi R15: 7.5 kfi C,: 0.01 µ.F 
1 kfi R,.: 330 .fi C,: 0.01 µ.F 
220 n R17: 2.7 kfi 

(4: 0.001 µF 
330 n R18: 8.2 kfi C,: 0.05 µ.F 
1 kfi R19: 330 n c., 0.001 µ.F 
220 n R20: 200 kfi C,: 0.05 µ.F 
lk!l R21 : 330 !l C,: 330 pf 
470 .n R12: 33 kfi C,: 330 pf 

TYPICAL FM PERFORMANCE 

Data taken with input on base of transistor Q, 
IF frequency = 10.7 MHz 
1. Overall 6-dB Bandwidth (measured on base 

of Q,) 300 kHz 
2. Average Power Gain per Stage 23 dB 
3. FM 3-dB Limiting Level 350 µV input 
4. AM Rejection at 3-dB Limiting Level > 30 dB 
5. Maximum Audio Recovery (Full Limiting) 

± 22.5 kHz Deviation 175mV 
± 75 kHz Deviation 570mV 

6. Peak-to-Peak Separation of Ratio Detector 700 kHz 

TYPICAL AM PERFORMANCE 

Data taken using Measurements Corporation signal genera· 
tor model 65-B with a 0.05-µF capacitor and on 82·kfi 
resistor in series with generator output. 
IF frequency = 455 kHz 
1. Overall 6-dB Bandwidth 10.6 kHz 
2. Overall 20-dB Bandwidth 18.6 kHz 
3. Maximum Audio Output (30% Modulation) 350 mV 
4. AM Sensitivity at Pin 3 of T5 for 20-mV Output 

(30% Modulation) 0.3mV 
5. AGC Figure-of-Merit 42 dB 

CAPACITORS 

C13: 0.05 µF 
C14: 0.05 µ.F 
C,.: 0.05 µF 
c,., 0.0015 µ.F 
C17: 0.05 µF 
C18: 0.05 µF 
C,.: 0.05 µ.F 
( 20: S µ.F, 10 V, electrolytic 
C21 : 6.8 pf 

01: l N453·1 
02: 1N295 

R, 0: l.S kfi 
R11 : l k!l 

R23 : 4.7 k!l C, 0: 2 µ.F, 10 V, electrolytic ( 12: 5 µF, 10 V, electrolytic 
R24: 82 kfi C11 : 330 pf C21: 0.05 µF R12: 8.2 kfi R25: 27 kfi C12: 0.01 µF c,., S µ.F, 15 V, eleclrolytic, R,,: 8.2 kfi R,., 3.3 k.fi Polarity detennined 

All resistors V2 W, ten percent tolerance by following stage 
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TYPES 2N5449, 2N5450, 2N5451 
N-P-N EPITAXIAL PLANAR SILICON TRANSISTORS 

SILECTt TRANSISTORS 

Encapsulated in Plastic for Such Applications as 
Medium-Power Amplifiers, Class B Audio Outputs, and Hi-Fi Drivers 

mechanical data 

• Electrically Equivalent to 2N3704, 2N3705, and 2N3706 
• For Complementary Use with 2N5447 and 2N5448 
• Rugged, One-Piece Construction Features Standard 

100-mil T0-18 Pin Circle 

These transistors are encapsulated in a plastic compound specifically designed for this purpose, using a 
highly mechanized process~~ developed by Texas Instruments. The case will withstand soldering tempera­
tures without deformation. These devices exhibit stable characteristics under high-humidity conditions and 
are capable of meeting Mll-STD-202C method 106B. The transistors are insensitive to light. 

*CASE OUTLINE 

:YA '"'i-1' ' eM\" 
0200 OlM 

SASE , -r~~ll ~·-
±0005 OIA °"'0010 - - I -!- -

l_ -~ __j r-r " ,, 0017+g·gi~DIA 
I 0 160 "'' J LEADS OlB~--J-- --+-- 0500MIN :;:,QQOS-P '~ 

:t:O.OOS \_LEAD TEMPtRATURE MEASUREM!NT POINT 11/16' FROM CASE J- COlll:(TOll 

A. Leod doomcter" not co~t,olled in !hi• ere<> 
B leod• hov1ng mox1mum diameter ;(J_Ql9: •hall be w1th1n 0007 of th""""" pos.t,on• 

rneornred ;n rhe 9"9'"9 pl<>ne0.054 below the •eotong plane cl the device relol<Ve to 
" m<,.imum·d1ometer poc~oge 

C. All d;men.ion• ore in 1mhe• 

*absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 

Collector-Base Voltage 

Collector-Emitter Voltage (See Note 1) . 

Emitter-Base Voltage 

2N5449 
2N545D 

50V 

30V 

5V 

2N5451 

40V 

20V 

5V 

Continuous Collector Current . +--800 mA-+ 

Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 2) +-360 mW-+ 

Continuous Device Dissipation at (or belaw) 25°C Lead Temperature (See Note 3) . +-500 mW-+ 

Storage Temperature Range . -65°C to 150°C 

lead Temperature Y,, Inch from Case for 10 Seconds . +--260°C-+ 

NOTES: 1. These values apply when the ba'ie-emitter diode is open-circuited. 

2. Derate linearly to 1S0°C free·oir temperature at the role of 2.88 mW/deg. 

3. Derate linearly to 1S0°C lead temperature at !he rate of 4 mW/deg, Lead temperature is measured on the 

collector lead 1/16 inch from the case. 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFF'ICE BOX 5012 • OALLAS. TEXAS 75222 

tTrademark of Texas Instruments 

:J;Patent pending 

*Indicates JEDEC registered datu 
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TYPES 2N5449 I 2N5450, 2N5451 
N-P-N EPITAXIAL PLANAR SILICON TRANSISTORS 

*electrical characteristics at 25°C free-air temperature 

PARAMETER TEST CONDITIONS 
2N5449 2N5450 2N5451 

MIN 
Y1,.1eao Collector-Bose Breakdown Voltage le= lOOµA,le = 0 50 
Y1BR1ern Collector-Emitter Breakdown Voltage le= lOmA, I,= 0, See Note 4 30 
V1,.1eao Emitter-Bose Breakdown Voltage le= lOOµA,le = 0 s 
leao Colledor Cutoff Current Vea= 20 V, 1. = 0 
leso Emitter Cutoff Current Yea= 3 V, le= 0 
h,e Static forward Current Transfer Ratio Yee= 2 V, le = SO mA, See Note 4 100 
Yee Bose-Emitter Voltage Yee= 2 V, le = 100 mA,See Note 4 
Yee1•••1 Collector-Emitter Saturation Voltoge Is= 5 mA, le = 100 mA, See Note 4 

lh1el Small-Signal Common-Emitter Yee= 2 V, le= 50mA, 
Forward Current T ronsfer Ratio 1=20MHz 

C.b Collector-Bose Capacitance Yes= 10 V, le =O, 
I= 1 MHz, See Note S 

NOTES: 4. These parameters must be measured using pulse le<hniques. Ip = 300 µs, duty cycle ::;: 2%. 
5. Ccb is measured using three-terminal measurement techniques with the emitter guarded. 

0.5 

5 

TYPICAL CHARACTERISTICS 

2N5450 
STATIC FORWARD CURRENT TRANSFER RATIO 

.g 1000 
Jl 

c . 
u 100 

~ • .£ 
u 

~ 

COLLECTOR CURRENT 

Vee 2V 
TA 25•c 
See Note 4 

)-

f 

[;21 

v 
j 10 

0.01 0.1 10 100 1000" 
le - Collector Current - mA 

MAX MIN MAX MIN MAX 
50 40 
30 20 
5 s 

100 100 100 
100 100 100 
300 so 150 30 600 

l 0.5 1 0.5 1 
0.6 0.8 1 

5 5 

12 12 12 

•Indicates JEDEC registered data 

UNIT 

v 
v 
v 

nA 
nA 

v 
v 

pf 

BASE-EMITTER VOLTAGE COLLECTOR-EMITTER SATURATION VOLTAGE .. 
COLLECTOR CURRENT 

2.0 

> 
I 1.6 

le re= 10 

TA = 25°C . 
"' See Note 4 
2 

~ 1.2 

~ 
] 

0.8 
~ 

j 
I 0.4 
.J 

H 
I 

! 
0.1 10 100 

le ~~ Col lcctor Current - mA 

1702 

1000 

> 
I COLLECTOR CURRENT . 
E' 
~ 
c 

-~ 

j 
~ 0.1 .,, 
'\' 

j 
0 
u 

I 0.01 

le 
- 10 

1, 

TA= 25°C 

See Note 4 z 

iZ'. 

]. 0.1 10 100 
le - Collector Current - mA ::9 

1000 

TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE REST PRODUCT POSSIBLE. 

6 



CAIS834 

TYPES 2N5449, 2N5450, 2N5451 
N-P-N EPITAXIAL PLANAR SILICON TRANSISTORS 

TYPICAL APPLICATION DATA 

SILICON 15-WATT QUASI-COMPLEMENTARY POWER AMPLIFIER 

200 
kll 

100 pf 

100µF, 
3V 

27 ll 

240 ll 

2N5447 

2N3055 

750 pF 1.5 kll 

10 k[2 

TYPICAL PERFORMANCE SPECIFICATIONS 

Continuous Output Power 

Power Bandwidth @ 7 .5 W 

Frequency Response± 0.5 dB 

Total Harmonic Distortion@ 7.5 W 

Intermodulation Distortion@ 7.5 W 

Sensitivity @ 15 W 

Input Impedance 

Hum and Noise: "'C" Weighting 

Input Shorted 

Input Open 

Damping Factor 

,15W@0.15%THO 

20 Hz - 20 kHz 

10 Hz -50 kHz 

. 0.06% 

. 0,15% 

850mV 

. 1 Mn 

.-95 dB 

. -85 dB 

48 

750 µF. 
sov 

8 ll 

1702A 
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TI 
Microlibrary Books 
for Creative 
Circuit Designers 

l/J 

Terms: F.O.B. destination, bulk rate. 
Other than bulk rate, 
indicate method of shipment, 
add shipping charges. 

Outside U.S.: Indicate method of shipment, 
add shipping charges. 

Send check or money order 
(no purchase orders) to: 

Texas Instruments 

Marketing and Information Services 

P.O. Box 5012, M.S. 308 

Dallas, Texas 75222 

17028 

TRANSISTOR CIRCUIT DESIGN 

Shipping Weight 3-lb 4 oz • $15.00 

FIELD-EFFECT TRANSISTORS • L. J. SEVIN 

Shipping Weight 1-lb 10-oz • $10.00 

MOSFET IN CIRCUIT DESIGN • ROBERT H. CRAWFORD 

Shipping Weight 1-lb 10-oz • $10.00 

CIRCUIT DESIGN FOR AUDIO, AM/FM AND TV 

Shipping Weight 2-lb 8-oz • $14.50 

SILICON SEMICONDUCTOR TECHNOLOGY • 
W.R. RUNYAN 

Shipping Weight 2-lb 9-oz • $16.50 

DESIGN AND APPLICATION OF TRANSISTOR 
SWITCHING CIRCUITS • LOUIS DELHOM 

Shipping Weight 2-lb • $14.50 

SOLID STATE COMMUNICATIONS 

Shipping Weight 2-lb 9-oz • $12.50 

SOLID STATE ELECTRONICS • ROBERT G. HIBBERD 

Shipping Weight 1-lb 12-oz • $8.95 



TYPES 11537 AND 11538 
P-N-P EPITAXIAL PLANAR SILICON TRANSISTORS 

SILECTt TRANSISTORS 
RECOMMENDED AS DESIGN REPLACEMENTS FOR GERMANIUM 

DRIFT TRANSISTORS IN: 

• AM Automobile Radio RF and IF Converter Applications 

• Portable AM Radios 

mechanical data 

These transistors are encapsulated in a plastic compound specifically designed for this purpose, using a 
highly mechanized process* developed by Texas Instruments. The case will withstand soldering tempera­
tures without deformation. These devices exhibit stable characteristics under high-humidity conditions and 
are capable of meeting MIL-STD-202C method l 06B. The transistors are insensitive la light. 

ALL JEDEC T0·92 DIMENSIONS AND NOTES ARE APPLICABLE 

ALL DIMENSIONS IN JNCHES ,_- 1r 0050(NOTE A) 

T ---.-- 0.100~~:~~ 

+~~~ o~a~~j~~~~~~~ -0025 L______; 
_l______:'._ ~ I 0.200 I 

~+0.010+-- 0.500 MIN 
-0.030 

NOTE A; Lead diameter is not controlfed in this oreo. 

~ . 

I l •I 
'i! 

absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 

Collector-Base Voltage 

Collector-Emitter Voltage (See Note l) 

Emitter-Base Voltage 

Continuous Collector Current 

TIS37 TIS38 

-35 v -35V 

-32 v -32V 

-6V -4V 

.+--50mA~ 

Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 2). .+-360 mW+ 

Storage Temperature Range . 

Lead Temperature Y,, Inch from Case for 10 Seconds . 

NOTES: l. This value applies when the base-emitter diode is open-circuited. 

2. Derate linearly to 1S0°C free-air temperature at the rate of 2.88 mW/deg. 

tTrademark of Texas Instruments 

:j:Patent Pending 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 5012 • DALLAS, TE)(AS 75222 

-65°C to 150°C 

~260°C-+ 

2001 
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TYPES TIS37 AND TIS38 
P-N-P EPITAXIAL PLANAR SILICON TRANSISTORS 

2002 

electrical characteristics at 25°C free-air temperature 

PARAMETER TEST CONDITIONS 
TIS37 TIS38 

MIN TYP MAX MIN TYP MAX UNIT 

V1••1e10 Collector-Bose Breakdown Voltage le = -100 µ,A, le = 0 -35 -35 v 
Y1s•1e•o Colleclor-Emitter Breakdown Voltage le= -1 mA, 1, = 0, See Note 3 -32 -32 v 
V1••1eao Emitter-Bose Breakdown Voltage le = -100 µ,A, le = 0 --' -4 v 
lcao Colleclor Cutoff Current Yea= -10 V, 1, = 0 -100 -100 nA 

hFE 
Static Forward Current 

Ye,= -9 V, le= -1 mA 45 25 T ronsfer Ratio 

!h,.J 
Small-Signal Common-Emitter Ye,= -9 V, le = -1 mA, f = 455 kHz 35 45 30 40 dB 
Forward Current Transfer Ratio Ye,= -9 V, le = -1 mA, I = 10 MHz 18 30 14 26 dB 

!Y1.J 
Smull-Signal Common-Emitter 

Ve,= -9 V, le = -1 mA, I ~ 455 kHz 32 35 32 35 mm ho Forward Transfer Admittance 
fy Transition Frequency Yee= -9V, le = -1 mA, See Note 4 80 320 so 200 MHz 

C,b Colleclor-Bose Capacitance 
Yes~ -9 V, I,= 0, f = l MHz, 

0.5 1.1 l.7 0.5 1.1 1.7 pf See Note 5 
rb' C. Collector-Bose Time Constant Yes= -9 V, I,= 1 mA, f = 79.8 MHz 30 70 30 70 ps 

operating characteristics at 25°C free-air temperature 

TIS37 
PARAMETER TEST CONDITIONS 

TYP UNIT 

NF 
Yee = -9 V, le = -1 mA, RG = 75 11, f = l MHz 2.5 dB 

Spot Noise Figure 
Yee = -9 V, le = -1 mA, R6 = 1 k!l, I = 1 MHz l dB 

TYPICAL CHARACTERISTICS AT TA 25°C 

TIS37 TIS37 

STATIC FORWARD CURRENT TRANSFER RATIO STATIC FORWARD CURRENT TRANSFER RATIO 

COLLECTOR CURRENT 
120 

.'2 

~ 100 

~ 
§ 

..= 
c 
~ 
5 

u 
;: 
a 
~ 

cl' 
v 

~ 

80 

60 
P"" TT 

VcE = -1.5 V 
40 

20 t--~-+~+--+-+-jH-+t-1--~-+~+--+--+-+-+++I 

0-0.1 -0.2 -0.4 --0.7 -1 -2 
le - Collector Current - mA 

FIGURE I 

-4 -7 -10 

120 

.~ 

Ji 100 

~ 
! 80 
c 
v 

0 

'.;; 60 
(j 
~ 

J 
u 40 

& 
20 

NOTES: 3. This parameter must be measured using pulse techniques. tp = 300 µs, duty cycle ~ 23. 

COLLECTOR-EMITTER VOLTAGE 

le= -4 mA 

i-
le -I mA-1 

:::: .-
i--- le - -0.5 mA 

-2 -4 -6 -8 
VcE -Collector - Emitter Voltage - V 

FIGURE 2 

-I 0 

4. To obtain fr, the lhfel response with frequency is extrapolated at the rate of -6 dB per octave from f = 10 MHz to the frequency at which ]hfe[ = 1. 

5. Ccb is measured using three-terminal measurement techniques with the emitter guarded. 
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TYPES TIS37 AND TIS38 
P-N-P EPITAXIAL PLANAR SILICON TRANSISTORS 

TYPICAL CHARACTERISTICS AT TA - 25°C 

TIS37 

SMALL-SIGNAL COMMON-EMITTER 
FORWARD CURRENT TRANSFER RATIO 

COLLECTOR CLJRRFNT 
~ 

: 50 V~E ~ ~9~ l 
~ f = 455 kHz i 40f--tl--l--tl-i-!-'"::±±:±::;::;;;;;;;;;o~r-~t--r-t---t-t-t-H 

.:: 

0 101--+-+-t-+-+-+---+--+---+---+-+-+-+-+-I 
Ji 

9 

ID 
u 
c 

i: 
] 
0 

k 
c 
ID 

0 
> 
0 

Jr 
' 
ID 

a 
~ 

le - Collector Current - mA 

FIGURE 3 

TIS38 
PARALLEL-EQUIVALENT SMALL-SIGNAL COMMON-EM ITT ER 

SHORT-CIRCUIT INPUT RESISTANCE 

0.7 

COLLECTOR CURRENT 

1--+-t--t-+-t-+----+--+---Vce = -9 V H 
>---+--->-+-+-t-+----+--+---f = 455 kHz H 

0· -:o.-A ....... ~-""'o .""7~-_.,1 ____ -+--~--"_4-"-'-_-'-'-'--'_ 1 o 

le - Collector Current - mA 

FIGURE 5 

200 

l 
~ 
I 160 

ID 
u 

TIS37 TIS38 

SMALL-SIGNAL COMMON-EMITTER 
FORWARD TRANSFER ADMITTANCE 

COLLECTOR CURRENT 

1 1 
1--!--Vee = -9 V 

f = 455 kHz 

/ c 

.; 
E 120 v 

t7"' ~ 
ID / 
c 

~ 80 -g 
~ 

.2 
40 

' 

L/i 
/ 
v 

/ 
17 

,,,-1 
'1 

0 
0 -1 -2 -3 -4 -5 

le - Collector Current - mA 

FIGURE 4 

TIS38 

PARALLEL-EOUIVALENT SMALL-SIGNAL COMMON-EMITTER 
SHORT-CIRCUIT OUTPUT RESISTANCE 

COLLECTOR CURRENT 

c: ! 700 1--+-+--<--+-+-+----+---+VcE = -9 V 1--H 
ID f = 455 kHz f-H 
c 

-~ £ 400 

0 

2- 1'. 
~200 I~ 
Jr 
' 
; ~ 
ID 100 1---1-+-l-+-++----+--_,,._,__,_.__,__,__,_l-I 

] 70 f---t-+-f--+-+-+---~,----4-"""'~r-;::__,._>--I-+--!--~ 
~ 

0 

40 '---'-"--'---'--'-J.----'--....L___J_L_JLJ.....LLI 
-0.4 -0.7 -1 -2 -4 -7 -10 

le - Collector Current - mA 

FIGURE 6 
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TYPES TIS37 AND TIS38 
P-N-P EPITAXIAL PLANAR SILICON TRANSISTORS 

2004 

TYPICAL CHARACTERISTICS AT TA 25°C 

w 
v 

TIS37 TIS38 

COLLECTOR-BASE CAPACITANCE 

COLLECTOR-BASE VOLT AGE 

I I_ 0 I I 
1------+---+---t---t- E - H 

f = 1 MHz 

1.61-----............. ~-+t--...,---+---t--+see Note 5 t-

·~ -...N._ 
~ 1. 2 f---- --+---+--+,.....-=-...._~-HH--i 

u ~ 
w 
0 
"i' 
~ 0.8 

0 
u 

~ 0. 4 1-----+---+---+--t--+--t--t--t-i 
uu 

0 -~l--~J_-~-2-~1-~-_~4-~~~-7~~-10 
Vc 0 - Collector-Base Voltage - V 

FIGURE 7 

TIS37 
NOISE FIGURE 

COLLECTOR CURRENT 

\ ~,=-~V 
1--1.~~---+---+---+---+----+V-:= 1 MHz -

0 -1 -2 -3 -4 

le - Collector Current - mA 

FIGURE 9 
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c 
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u 

50 
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~ 30 
;.:: 
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..'!! 
0 
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10 
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~ 

TIS37 TIS38 

COLLECTOR-BASE TIME CONSTANT 

EMITTER CURRENT 

VCB = -9 V 

f=79.8MHz 

~ 
N 

-+-

4 6 
IE - Emitter Current-·- mA 

FIGURE 8 

TIS37 

NOISE FIGURE 

GENERATOR RESISTANCE 

-+---

8 

v 1=~~1 
CE 

10 

2. 5 le = -1 mA -Hrl+t--+-+--+-H+H+---+-+
1
-1+-/1-H+H 

f = 1 MHz I/ 
£g I 

0. 5 1---t-t-+-t-H+H---+--+-+++++++--+--+-+-+-+++H 

0 
0 .01 0. 04 0 . I 0 . 2 0. 4 7 10 

RG -" Generntor Resistance - kQ 

FIGURE 10 

NOTE 5: Ccb is measured using three-terminal measurement techniques with emitter guarded. 

TEXAS INSIRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 
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AM CONVERTER WITH TWO-STAGE IF AMPLIFIER 

.. 
c, 

I ~ I _,__, --1 +-~---/ I I ~ -.. J ~ / I '-.. I +9VO '-,J ' ' "•• I l "11 I I t 0 AM nu OUT 

CAl6858 

TYPICAL PERFORMANCE CHARACTERISTICS 

(Output Terminated with 5 kn} 

Sensitivity for 10 dB (S+Nl/N . . • 

Audio Output at 10 dB (S+Nl/N level 

Sensitivity for 20 dB (S+Nl/N . • . 

Audio Output at 20 dB (S+N)/N level 

RF Overload for 30% Modulation 

Modulation Overload at 80% Modulation 

-10 kHz Adjacent Channel Rejection 

+10 kHz Adjacent Channel Rejection 

AGC Figure of Merit 

Image Rejection at 600 kHz 

6-dB Bandwidth at 600 kHz 

. 851N/m 

.• 1.0mV 

• 250 µv/m 

•. 6.0mV 

170mV/m 

100 mV/m 

14.0 dB 

16.0 dB 

. 41 dB 

. 43dB 

7.2 kHz 

+ 
Rg !c" re· 

CIRCUIT COMPONENT INFORMATION 

CAPACITORS 
C1: TRW #V0916 (Type 42-2a) or equivalent 

C2: 0.05 µF 

C3: 0.01 µF 

C4: 0.05µF 

Cs: 0.05µF 

C6: 0.05µF 

C7: 0.05µF 

C8 : 5 µF, 12 V electrolytic 

C9: 0.1 µF 

TRANSFORMERS 

Antenna: TRW #19029 or equivalent 

Oscillator: TRW #18908-R 1 or equivalent 

T 1: TRW #21484 or equivalent 

T 2: TRW #21485 or equivalent 

T 3: TRW #21486 or equivalent 

RESISTORS 

R1: JJkn 

R2: 4.7 kn 

R3: 2.7 kn 

R4: 220 n 

R5:680n 

R6: 1.2 kn 

R1: 18 kn 

R8 : 680 n 

R9: 68 kn 

R 10: 6.8kn 

R11: 1.5 kn 

I 

""' ~ 
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Series 54/7 4 TTL 
The most complete IC logic family in the 
industry ... and the first choice for new 
designs. Here's why: 
• Over 90 distinct functions to 

select from ... including 35 MSI circuits 
• Three compatible performance ranges 

• Series 54/7 4 standard 
• Series 54H/7 4H high speed 
•Series 54L/74L low power 

• Three package configurations 
• Plastic dual-in-line 
• Ceramic dual-in-line 
• Metal ftatpack 

• Two temperature ranges 
• Series 54 ... -55°to+125°C 
• Series 7 4 ... 0° to 70°C 

20048 



2N260S 
P-N-P EPITAXIAL PLANAR SILICON TRANSISTORS 

FOR EXTREMELY lOW-lEVEl, LOW-NOISE, HIGH-GAIN, SMALL-SIGNAL AMPLIFIER APPLICATIONS 

• Recommended for Complementary 
Use With Tl 2N929, 2N930, 

• Guaranteed hFE at lOµa, TA= -SS°C and 25°C 
• Guaranteed Low-Noise Characteristics 

and 2N2586 N·P-N Transistors • Usable at Collector Currents as Low as 1 µa 
*mechanical data 

3 LEADS O.Ol9' DIA 
0.012 I 

'"'t' ! ' ..... -=-=---~~~. r = 0.230 0.19S 

o~ 07}! = 

.L_J ~~t- I_ 0.5001 
0.06S . r- 1~~ 

m 

THE COLLECTOR IS IN ELECTRICAL 
CONTACT WITH THE CASE. 

All JEDEC T0-46 DIMENSIONS 
AND NOTES ARE APPLICABLE. 

"absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 

Collector-Base Voltage 60v 
45 v Collector-Emitter Voltage (See Note 1) 

Emitter-Base Voltage . 
Collector Current . 
Total Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 2) 
Storage Temperature Range 

6v 
30 ma 

400 mw 
. - 65°C to + 200°c 

*electrical characteristics at 25°C free-air temperature (unless otherwise noted) 

1-----'2=-'N..::2::.:6::.:0:...4=---+----=2:.:.N.:..:2cc6.=0-=5--1 UN IT 
MIN MAX 
- 60 v 

- 45 v 

-6 v 
1---==-~~~~~~~~~..:....~-+-'-~~~~~~~~~~~~~~+-~~~--~--1--

- l O na 

-10 no 

-10 µ.a 

20 

lSO 

600 

2S 35 ohm 

10 x 
10·• 

1.0 µmho 

lSO 600 

1.0 

6 pf 

200 ohm 

NOTES: J. This value applies between 0 and 10 ma colleclor current when the base-emitter diode is open-circuited. 
2. Derate linearly to 200°C free-air temperature of the rote of 2.28 mw/C0 • 

3. This parameter mu~t be measured using pulse techniques. PW = 300 µsec, Duty Cycle ~ 23. 

•Jndicoles JEDEC registered data. 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 5012 • DALLAS, TEXAS 75222 
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TYPES 2N2604, 2N2605 
P-N-P EPITAXIAL PLANAR SILICON TRANSISTORS 

2120 

*operating characteristics at 25°C free-air temperature 
··-----,- ,--

PARAMETER TEST CONDITIONS 
2N2604 2N2605 

UN 
MAX MAX 

NF Average Noise Figure Ve, = -5 v, le - -10 µ.a, RG = 10 kn 4.0 3.0 
Noise Bandwidth = 15.7 kc , (See Note 4) 

NOTE 4. Average Noise Figure is measured in an amplifier with low-frequency-response down 3 db al 10 cps. 

PARAMETER MEASUREMENT INFORMATION 

A PROCEDURE FOR MEASURING AVERAGE NOISE FIGURE OF 2N2604 AND 2N2605 

1. Connect audio oscillator to true RMS vacuum-tube voltmeter and adjust Vs for 0.81 mv. 

2. Connect equipment as shown in block diagram, Figure l. 

3. Adjust d-c biases. 

4. Adjust potentiometer for full scale deflection (10 db) on the voltmeter using the highest suitable range. 
The output is monitored on the oscilloscope to insure that clipping does not occur and that there is no 
extraneous pickup (e.g. 60 cps). 

5. Remove VS· 

6. For a noiseless transistor the output would drop 20 db when the signal is removed from the input. 
Anything less than a 20 db drop is the noise figure of the transistor (e.g. - for a 17 db drop, 
NF= 3 db). 

~ r-----i 

TEST AMPLIFIER TRUE RMS 

d 

AUDIO f-- AMP. 
05C. (See 

~ (See 1---i EMITTER 1-- POTENTIO- ~ VTVM 1-----i SCOPE 

...._____. 

AUDIO 
OSC. 

Note o) FOLLOWER METER 
F;g. 2) (Zin -=- IOMO) 

FIGURE 1 - BLOCK DIAGRAM 

Note o: The amplifier hos the following specifications: Av, 100 maximum; Frequency Response, 
down 3 db at 10 cps and 10 kc with a high-frequency roll-off of 6 db/octave; Equivalent 
Input Noise, 1.5 µv RMS maximum for lO kc bandwidth and 4 µv RMS maximum for 100 kc 
bandwidth between 10 cps and l me; Zjnr 8 MQ in parallel with 30 pf; Zaut• 600 CJ in 
series with 8 tJf. 

r----10----t~ OUTPUT 

100 kQ
2 ~f f 
J-i 

FIGURE 2 - TEST AMPLIFIER 

*Indicates JEDEC registered data. 

TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
IN ORDER TO IMPROVE DESIGN AND TO SUPPlY THE BEST PRODUCT POSSIBLE. 



TYPES 2N2894, 2N3012 
P-N-P EPITAXIAL PLANAR SILICON TRANSISTORS 

DESIGNED FOR HIGH-SPEED SWITCHING APPLICATIONS 
• Guaranteed V cE(sat> - 0.5 v Max at 100 ma 
• High f, - 400 Mc Min 
• Recommended for Complementary Use With 2N2368 and 2N3011 

*mechanical data 

l U:ADS :::::DIA- THE COLLECTOR IS IN ELECTRICAL 

CONTACT WITH THE CASE. 

ALL JEDEC T0-18 DIMENSIONS AND 

NOTES ARE APPLICABL.E. 

*absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 

Collector-Base Voltage . 
Collector-Emitter Voltage (See Note 1) . 
Emitter-Base Voltage • 

1 
-12 y 
-12v 
-4v 

-200ma Collector Current . . . . . . . . . • . . 
Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 2) • 
Continuous Device Dissipation at (or below) 25°C Case Temperature (See Note 3) . 

0.36w 
1.2w 

200°c 
. -65°C to +200°C 

. 300°C 

Operating Collector Junction Temperature . 
Storage Temperature Range • 
Lead Temperature )1, Inch from Case For 60 Seconds 

*electrical characteristics at 25°C free-air temperature (unless otherwise noted) 

PARAMETER TEST CONDITIONS 

BVcao Collector-Base Breakdown Voltage lc=-10 µ.a, le=O 

BYceo Collector-Emitter Breakdown Voltage lc=-10ma, la=O, See Note 4 

BYces Colledor-Emltter Breakdown Voltage lc=-10µ.a, VaE=O 

BVeao Emitter-Base Breakdown Voltage l•=-100 µ.a, lc=O 

lceo Collector Cutoff Current Yca=-6v, le=O, TA= 12s•c 

Yce=-6v, Yee=O 
1ces Collector Cutoff Current 

YcE=-6¥, TA=as•c Vae=O, 

le Base Current Yee=-&., Yae=O 

Yce=-0.3 v, lc=-10 ma, See Note 4 

YcE=-0.Sv, lc=-30 ma, See Note 4 

hFE Static Forward Current Transfer Ratio Yce=-lv, lc=-100 ma, See Note 4 

Yce=-0.S v, lc=-30 ma, 
TA=-ss•c, See Note 4 

11--1 ma, lc=-10ma, See Note 4 

la=_,, ma, lc=_,,o ma, See Note 4 

Yce1sat1 Collector-Emitter Saturation Voltage la--10 ma, lc=-100 ma. See Nate 4 

la=_,, ma, lc=-30 ma, 
TA=as•c, See Note 4 

18=-1 ma, lc=-10 ma, See Note 4 

Yee Base-Emitter Voltage 11--3 ma, lc=-30 ma, See Note 4 

11=-10 ma, lc=-100 ma, See Nole 4 

NOTES: 1. This value applies between 10 µ.a and 10 ma collector current when the base-emitter diode is open-circuited. 
2. Derate linearly to 200°( free-air temperature at the rate of 2.06 mw/C0 • 

3. Berate linearly to 200°C case temperature at the rite of 6.85 mw/C0 • 

4. This parameter must be measured using pulse tachniques. PW=300 µsec, Duty Cyde=1%. 
•indicates JEDEC registered data. 

TEXAS INSTRUMENTS 
INCORPORATED 

FSOST OFFICE BOX 5012 • DALLAS, TEXAS 75222 

2N2894 
MIN MAX 
-12 

-12 

-12 

-4 

-10 

-BO 

80 

30 

40 150 

2S 

17 

-0.15 

-0.20 

-0.SO 

-0.78 -0.98 

-a.BS -1.2 

-1.7 

2N3012 
UNIT 

MIN MAX 
-12 y 

-12 y 

-12 y 

-4 y 

µ.a 

-80 na 

-s µ.a 

30 •• 
25 

30 120 

2G 

-0.15 y 

-0.20 • 
-0.50 y 

-0.40 • 
-0.18 -0.98 y 

-o.as -1.2 y 

-1.7 y 

~i 5 ... -.. Zz 
zN 
i:>i 
Cl> 
i: i 

~i ... 
> c 
0 c 

= i 
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TYPES 2N2894, 2N3012 
P-N-P EPITAXIAL PLANAR SILICON TRANSISTORS 

2126 

*electrical characteristics at 25°C free-air temperature 

PARAMETER TEST CONDITIONS 
2N2894 2N3012 

UNIT 
MIN MAX MIN MAX 

[h,.[ 
Small-Signal Common-Emitter 

YcE=-lOv, lc=-30 ma, f=lOOMc 4 4 Forward Current Tran sf er Ratio 

Cobo 
Common-Base Open-Circuit 

Yca=-5 '· le=O, 1=14Dkc 6 6 pf 
Output Capacitance 

Ciba 
Common-Base Open-Circuit 

YEa=~.lv, lc=O, 1=14Dkc 6 6 pf 
Input Capacitance 

*switching characteristics at 25°C free-air temperature 
--

2N2894 
---··-,--. --

2N3012 UNIT PARAMETER TEST CONDITIONSt 
MAX MAX 

•.., Tum-On Time 
lc=-30 ma, 11( 11 =-1.lmo, Yaeloffl==3v, 

60 60 nsec R1 = 62 0, See figure l 

•o11 Tum-Off Time 
lc=-30 ma, lB!ll =-1.l ma, 11121 = 1.l mo, 

90 75 nsec 
RL == 62 0, See Figura 1 

tvaltaga and current values shown are nominal; exact values vary slightly wilh transistor parameters. 

*PARAMETER MEASUREMENT INFORMATION 

v&a -2 v 

ton VBB = +3v 

fotr v •• =-4v 
100 .n. Ol 6vy-INPUT 

-7v-- 0 
I I 

0.1 ~f 
I 1 I 

-Jton I- -I 
I 

tQff ~ 
I 

I I '"·~r 2 k.O. 

100.n _r OUTPUT~! 
10%'\k._ 

"::" 

TEST CIRCUIT 
(See Notes a and b ) 

VOLTAGE WAVEFORMS 

FIGURE 1 - TURN-ON AND TURN-OFF TIMES 

NOTES: a. The input waveforms are supplied by a generator wilh the following characleristics: lout== SO 0, tr ::; l nsec, PW > 200 nsec. 

b. Waveforms are monitored an an oscilloscope with the following characteristics: tr ~ 1 nsec, Rin ~ 100 kO. 

*Indicates JEDEC registered data. 

TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
IN ORDER JO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 



A3T2894 
P-N-P EPITAXIAL PLANAR SILICON TRANSISTOR 

MINIATURE TRANSISTOR FOR HIGH-SPEED SWITCHING APPLICATIONS 

• For Use in Hybrid Circuits, Micromodules, Thin- and Thick- Film 
Circuits, and Other High-Density Packaging 

• Guaranteed V cEfsat) ••• 0.5 V Max at 100 mA 
• High fr ... 400 MHz Min at S V, 30 mA 
• Recommended for Complementary Use with A3T3011 and Other 

Applications Requiring Transistors Electrically Similar to 2N2894 

mechanical data 

This transistor is encapsulated in a thermosetting plastic compound specifically designed for this purpose, 
using a highly mechanized process developed by Texas Instruments. The case will withstand soldering 
temperatures without deformation. This device exhibits stable characteristics under high-humidity conditions 
and is insensitive to light. 

m 3 LEADS~ --+ 0.010 
4-COLLECTOR 

NOTES: A. LEAD DIMENSIONS 
NOT CONTROUED IN 
THIS AREA. 

B. MEASURED WHERE 
LEADS EMERGE 
FROM CASE 

C. ALL DIMENSIONS 
ARE IN INCHES • 

1bsolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 

Collector-Base Voltage . -12V 

Collector-Emitter Voltage (See Note l) 
Emitter-Bose Voltage 
Continuous Collector Current . 
Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 2) 
Storage Temperature Range . 
Lead Temperature Y,, Inch from Case for l 0 Seconds . 

OTES: 1. This value applies between 0 and 10 mA collector current when the base-emitter diode is open-circuited. 

2. Derate linearly to 150°( free-air temperature at the role of 1.8 mw/ 0 c. 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 5012 • DALLAS, TEXAS 75222 

-12V 
-4V 

-200 rnA 
225mW 

. -65°C to 150°C 
. . 260°C 

"' "' .. 
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TYPE A3T2894 
P-N-P EPITAXIAL PLANAR SILICON TRANSISTOR 

electrical characteristics at 25°C free-air temperature (unless otherwise noted) 

PARAMETER TEST CONDITIONS MIN MAX UNIT 
V(Blt)CeO Collector-Base Breakdown Voltage le= -10 µ.A, le= 0 -12 v 
V1•ICEO Collector-Emitter Breakdown Voltage le= -10 mA, le= 0, See Note 3 -12 v 
V{BR)CES Collector-Emitter Breakdown Voltage le= -10 µ.A, Vee= 0 -12 v 
V1BR1eeo Emitter-Base Breakdown Voltage le = -100 µ.A, le= 0 -4 v 
lceo Collector Cutoff Current Yee= -6 V, le= 0, TA= 8s 0 c -2 µ.A 
Ices Collector Cutoff Current Yee= -6V, v .. = 0 -80 nA 
le Base Current Yee= -6V, v .. = 0 80 nA .. 

Yee= --0.3 V, le= -lOmA See 30 

h"' Static Forward Current Transfer Ratio Vee= -0.5 V, le= -30mA Note 30 150 
Vee= -1 V, le= -lOOmA 3 25 

=-lmA, le= -10 mA See -0.78 --0.98 v 
v .. Bose-Emitter Voltage = -3mA, le= -30mA Nate --0.85 -1.2 v 

= -lOmA, le= -lOOmA 3 -1.7 v 
=-lmA, le= -10 mA See --0.15 v 

Yee1 .. t1 Collector-Emitter Saturation Voltage = -3mA, · le= -30mA Note --0.2 v 
= -10 mA, le= -lOOmA 3 --0.S v 

lh1el 
Small-Signal Commorr-Emitter 

CE= -5 V, le= -30mA, f = lOOMHz 4 Forward Current Transfer Ratio 

Cobo 
Common-Base Open-Circuit Yee= -5V, le= 0, f=lMHz 6 pf Output Capocitonce 

cibo 
Common-Base Open-Circuit Yee= --0.5 V, le= 0, f = 1 MHz 6 pf Input Capacitance 

NOTE 3: These parameten must be measured using pulse techniques. IP = 300 µs, duty cyde ~ 2%. 

switching characteristics at 25°C free-air temperature 

PARAMETER TEST CONDITIONSt MAX UNIT 

Ion Turn-On Time le= -30 mA, 11111 = -1.S mA, Vae1o1ij = 3 V, 60 ns RL = 62!1, See Figure 1 

foff Turn-Off Time le= -30mA, IBf'I = -1.S mA, IBf•I = 1.5 mA, 90 ns RL = 62fi, See Figure l 

tVoltage and current values shown are nominal; exact values vary slightly with transistor parameters. 

869 
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TYPE A3T2894 
P-N-P EPITAXIAL PLANAR SILICON TRANSISTOR 

PARAMETER MEASUREMENT INFORMATION 

ton y88 =+3V 

I off V88 = -4 V 

0. 1 ~F 

INPUTL 

11000 

-2 v 

100 Q 

OUTPUT 

2 kQ 

TEST CIRCUIT 

Ol +6Vr-INPUT 

-7V-- 0 
I I 
I I I 

-I Ion I- -I 
I 

loff I--
I 

I I 

_r OUTPUT~ 
10% 

VOLTAGE WAVEFORMS 

FIGURE l - TURN-ON AND TURN-OFF TIMES 

NOTES: a. The input waveforms are supplied by a generator with the following characteristics: Z00t = 50 fl, tr S 1 ns, IP ~ 200 ns. 

b. Waveforms are monitored on an oscilloscope with the following characteristics: tr S 1 ns, Rin ~ 100 kO, (in ~ 10 pf. 

:;:: 300 
E 
I 

THERMAL INFORMATION 

DISSIPATION DERATING CURVE 

g 2501-----+---+---+----+--+----I 

i 
"ii -r..... 
02001-----+~--'"---+---+----+--+----I 

j 'l 
~1501-----+--~~-~-+--+----1----I 
-~ ~ 
~1001----+--+---~l----"lrl---+----I 
~ 1'. 
l 501----+---_,_ __ ,___-+-~---...... ---1 

~ ~ 
00~--~25,..--~50,,..---~7~5-___,1~0~0--1~2~5-~150 

TA - Free-Air Temperature - °C 

TEXAS INSTRUMENTS RESERVES THE RIGHT 10 MAKE CHANGES AT ANY TIME 
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 

FIGURE 2 
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The Choice is TTL. 
Frotn TI ... the leader in TTL. 

83 MSI and SSI functions ... plus 
40% tnore this year. 

3 coinpatible speeds for 
optitnlllll designs. 

Why so many choices from TI TTL? 
To allow you to build your system 
to your specifications, not your 
supplier's. 

You can get the best combination 
of compatible speeds to do the job 
-and the widest choice of func­
tions within these speeds. 

Use Series 54H/74H circuits in 
speed-critical sections of your sys-

terns. You get the benefits of the 
highest speed available in satu­
rated logic. 

In most systems areas, Standard 
Series 54/74 circuits offer the best 
speed/power ratio. And the com­
plexity of MSI circuits provides 
substantial system cost and size 
reductions. 

Then, where power dissipation is 
more critical than speed, use Series 
54L/74L. It is twice as fast as other 
low-power circuits, and power con­
sumption is only 1 mw per gate. 

Low-power circuits greatly sim­
plify power dissipation problems, 
and reliability problems associated 
with heat. In addition, they often 
help lower system cost by reducing 
cost of power supplies and cooling 
systems. 

By using TI Series 54/7 4 TTL 
you can design by ~ 
choice - a choice of 3 
compatible speeds and 
83 TTL functions. 

TEXAS INSTRUMENTS 
INCORPORATED 
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TYPES 2N2905, 2N2906, 2N2907 
P-N-P EPITAXIAL PLANAR SILICON TRANSISTORS 

DESIGNED FOR HIGH-SPEED, MEDIUM-POWER SWITCHING 
AND GENERAL PURPOSE AMPLIFIER APPLICATIONS 

• High Breakdown Voltage Combined With Very-Low Saturation Voltage 
• DC Beta - Guaranteed ·From 100 µa to 500 ma 

*mechanical data 
Device types 2N2904 and 2N2905 are in JEDEC T0-5 packages. 
Device types 2N2906 and 2N2907 are in JEDEC T0-18 packages. 

THE COLLECTOR IS IN ELECTRICAL CONTACT WITH THE CASE 

0.034 
Ci.OiB 

T0-5 DIMENSIONS ARE IN INCHES UNLESS OTHERWISE SPECIFIED T0-18 TO-S T0-18 

*absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 2N2904 2N2906 
2N2905 2N2907 

Collector-Base Voltage . -60 v -60 v 
Collector-Emitter Voltage (See Note 1) . 

Emitter-Bose Voltage 
Collector Current . 

-40v 
-5v 

-0.6a 
Toto! Device Dissipation at (or below) 25°C Free-Air Temperature (See Notes 2 and 3) 
Total Device Dissipation at (or below) 25°C Case Temperature (See Notes 4 and 5). 

0.6w 
3w 

Storage Temperature Range -65°C to 

*electrical characteristics at 25°C free-air temperature (unless otherwise noted) 

PARAMETER TEST CONDITIONS 

BVceo Collector-Bose Breokdown Voltage le= -10,...0, IE= 0 
BVcEo Collector-Emitter Breakdown Voltage le= -lOmo, 1. = 0, See Note 6 

BVEBO Emitter-Bose Breakdown Voltage IE= -10,...a, le= 0 
i Yes= -SOv, IE= 0 

l lcso 
Collector Cutoff Current 

_L Vee = -SO V, IE= 0, r,, = iso•c 
leEX Collector Cutoff Current ~-E =-30V, VBE = o.s v 

1, Bose Current VeE = -30 v, VeE = 0.S V 
VeE = -10 v, le= -100 ,,.a 
VeE = -10v, le= -1 mo 

hFE Static Forward Current Transfer Ratio VeE = -10v, le= -10mo 
VeE = -lOv, le= -ISO ma, See Note 6 
VeE = -lOv, le= -SOOmo, See Note 6 
18 = -lSmo, le - -HO mo, See Note 6 

VBE Bose-Emitter Voltage 
18 =-SO mo, le= -SOOmo, See Note 6 

See Note 6 18 = -1Smo, le= -lSOmo, 
Ve•1 .. 11 Collector-Emitter Saturation Voltage 

1, =-Somo, le= -500ma, See Note 6 
NOTES: 1. This value applies between 0 and 100 ma collector current when the base-emitter diode is open-circuited. 

2. Derate 2N2904 and 2N2905 linearly to 200°( free-air teniperature af the rate of 3.43 mw/C0 • 

3. Berate 2N2906 and 2N2907 linearly to 200°( free-air temperature at the rate of 2.28 mw/C0 • 

4. Derate 2N2904 and 2N290S linearly to 200°( case temperature at the rate of 17.3 mw/C0 • 

5. Berate 2N2906 and 2N2907 linearly to 200°C case temperature at the rate of 10.3 mw/C0 . 

6. These parameters must be measured using pulse techniques. PW :::; 300 µsec, Duty Cycle ::::; 2%. 
*Indicates JEDEC registered data. 

2N2904 
2N2906 

MIN MAX 

-60 
-40 
-S 

-20 
-20 
-SO 

so 
20 
25 
3S 

-·--
40 120 
20 

-1.3 
-2.6 
-0.4 
-1.6 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 5012 • DALLAS, TEXAS 75222 

2N2905 
2N2907 

MIN MAX 

-60 
-40 
-S 

.::20 
-20 
-50 

50 
35 
so 
75 

100 300 
30 

-1.3 
-2.6 
-0.4 
-1.6 

-40v 
-5v 

-0.6a 
0.4w 
1.8w 

+200°c 

UNIT 

v 
v 
v 
no 
,,.a 
no 
no 

v 
v 
v 
v 
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TYPES 2N2904, 2N2905, 2N2906, 2N2907 
P-N-P EPITAXIAL PLANAR SILICON TRANSISTORS 

*electrical characteristics at 25"C free-air temperature 

PARAMETER TEST CONDITIONS 

c,b Common-Base Open Circuit 
Vea= -10 v, 1, = 0, f = lOOkc 

-
__ O_utiut eaiacitance 

c,b Common-Base Open Circuit v .. = -2 v, le= 0, f = 100 kc Input Capacitance 

I jh,.I Small-Signal Common-Emitter 
Ve,= -20 v, le= -50ma, f = lOOMc Forward Current Transfer Ratio 

*switching characteristics at 25°C free-air temperature 

PARAMETER TEST CONDITIONSt 
t, Deloy Time 

le= -150 mo, 10111 = -15 mo, VBEloffl = 0, 
t, Rise Time R, = 200 fl, See Figure l 
loo Turn-On Time 
t, Storage Time 

le= -150 mo, 10111 = -13 mo, ia121 = 17 ma, 
I t, Foll Time R, = 37 fl, See Figure 2 
I 

foff Turn-Off Time I 

tvolfoge and current Values shown ore nominal; exact values vary slightly with transistor parameters. 

ALL 
MIN MAX 

8.0 

30 

2.0 

MAX 
10 
40 
45 
80 

r----30-
100 i 

*PARAMETER MEASUREMENT INFORMATION 

-30 v 

O~- INPUT 
-16v __ L__ 

I 
OUTPUT 

l k .n. 
INPUT 

-.ltd !-" 
., t, I+ 

I I 

UNIT 

pf 

pf 

UNIT 
nsec 
rsec 
nsec 
nsec 

----1 
nsec 
nsec 

50 .n. ~ OUTPUT 

-= -= 
TEST CIRCUIT 

FIGURE l 

+ 15 v -6v 

OUTPUT 

INPUT 

1N916 

TEST CIRCUIT 

FIGURE 2 

(See Notes a and b) 
VOLTAGE WAVEFORMS 

_[ O INPUT 

-- -30v 
I 

14" " -i .i,, I. 
I I 

~: (")11TDUT 

10%~ 
(See Notes a and b) 

VOLTAGE WAVEFORMS 

NOTES: a. The input waveforms are supplied by a generator with the following characteristics: lout = SO Q, Ir S 2 nsec, tf::::; 2 nm, PW = 200 nsec, PRR =--= 150 pps. 
b. Waveforms ore monitored on on os<illoscope with the following choracferistics: tr :=::; 5 nsec, Rin = 10 Mn. 

*lndi<otes JEOEC registered data. 
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TYPES A3T2906, A3T2906A, A3T2907, A3T2907 A 
P-N-P EPITAXIAL PLANAR SILICON TRANSISTORS 

MINIATURE TRANSISTORS FOR HIGH-SPEED, MEDIUM-POWER 
SWITCHING AND GENERAL PURPOSE AMPLIFIER APPLICATIONS 

• For Use in Micromodules, Hybrid Circuits, Thin- and Thick-Film 
Circuits, and Other High-Density Packaging 

• High Breakdown Voltage Combined with Very Low Saturation Voltage 
• hn Guaranteed from 100 µA to 500 mA 
• For Applications Requiring Transistors Electrically Similar to 

2N2906, 2N2906A, 2N2907, and 2N2907A 

mechanical data 

These transistors are encapsulated in a thermosetting plastic compound specifically designed for this 
purpose, using a highly mechanized process developed by Texas Instruments. The case will withstand 
soldering temperatures without deformation. These devices exhibit stable characteristics under high-humidity 
conditions and are insensitive to light. 

0.035 
3 LEADS 
NOTE A 

t=:3-1-EM1m1 1 I ~ ...,, 

I 
1~r::: 

INDEX {DEH:E55fONJ __! 

l 0.045 0.030 
0.03S 6 J>LACES,NOTE I 0.015 

--ill-' 3 LEADS 0.004,+~D: 
3 LEADS .Q:lli._ 0.004 

0.010 
4 - COLLECTOI 

NOTES= A. LEAD DIMENSIONS 
NOT CONTIOUED IN 
THIS A1tA. 

I, MEASUllD WMEU ..... _ .. 
FlCM CAii 

C. All Dfl!MNSIONS 
AIE IN INCHES • 

absolute· maximum ratings at 25°C free-air temperature (unless otherwise noted) 

A3T2906 
A3T2907 

A3T2906A 
A3T2907A 

Collector-Base Voltage . . . . . • -60 V -60V 

Collector-Emitter Voltage (See Note 1) • 

Emitter-Base Voltage 

Continuous Collector Current . • . . 

Continuous Device Dissipation at (or below) 25°C Free-Air 
Temperature (See Note 2) . • . . . . . 

Storage Temperature Range . . . . • • • • 

Lead Temperature )1, Inch from Case for 10 Seconds 

NOTES: 1. These values apply between 0 and 100 mA collector current when the base-emitter diode is open-circuited. 
2. Derate llnearly to 150°C free-air temperature al the rate of 1.8 mW/ 0 c. 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 5012 • DALLAS, TEXAS 75222 

-40V -60V 

-SV -SV 

• ~ -500 mA --+ 

.~ 225mW--+ 
-65°C to 150°C 

.~ 260°C --+ 
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TYPES A3T2906, A3T2906A, A3T2907, A3T2907A 
P-N-P EPITAXIAL PLANAR SILICON TRANSISTORS 

eledrical characteristics at 25°C free-air temperature (unless otherwise noted) 

PARAMETER TEST CONDITIONS 
2N2906 2N2906A 2N2907 

MIN MAX MIN MAX MIN MAX 

V1BR1ceo 
Collector-Base 

le= -10 µ.A, Breakdown Voltage 1, = 0 -60 -60 -60 

VIBR)eEo 
Collector-Emitter le - -JOmA, la - 0, 

--40 -60 --40 Breakdown Voltage See Note 3 

VIBR)Eeo 
Emitter-Base 

J, = -10 µ.A, le= 0 -5 -5 -5 Breakdown Voltage 
Yee - -SO V, 1, - 0 -20 -10 -20 

lceo Collector Cutoff Current Yee= -50 V, 1, = 0, 
-2 -1 -2 TA= 85°C 

fcEV Collector Cutoff Current Ve,= -30 V, v., = 0.5 v -50 -50 -50 
llEv Base Current Ve,= -30 V, v., = 0.5 v 50 50 50 

Ve,= -10 V, le= -100 µ.A 20 40 35 
Ve,= -10 V, le= -1 mA 25 40 50 

Static Forward Current 
Ye,= -10 V, le= -lOmA 35 40 75 

hFE Transfer Ratio Ye,= -10 V, le= -150mA, 
40 J20 40 120 100 300 i See Note 3 

Ve,= -JOY, le= -SOOmA, 
20 40 30 See Note 3 

18 = -15 mA, le= -lSOmA, 
-1.3 -1.3 -1.3 See Note 3 v., Base-Emitter Voltage 

le= -50 mA, le= -SOOmA, 
See Note 3 -2.6 -2.6 -2.6 

le= -15 mA, le= -150 mA, 
-0.4 -0.4 -0.4 

Collector-Emitter See Note 3 
Yc•c••+J Saturation Voltage le= -50 mA, le= -SOOmA, 

See Note 3 -1.6 -1.6 -1.6 

Cobo 
Common-Base Open-Circuit Yee= -JO V, 1, = 0, 

12 12 12 Output Capacitance f = l MHz 

C;bo 
Common-Base Open-Circuit V,e = -2 v, le= 0, 

30 30 30 Input Capacitance f = l MHz 

ih,,I Small-Signal Common-Emitter Ve,= -lOV, le= -20mA, 
2 2 2 Forward Current Transfer Ratio f=lOOMHz 

NOTE 3: These parameters must be measured using pulse techniques. tp ::;; 300 µs, duty cycle ~ 2"'/o. 

2136 

2N2907A 
MIN MAX UNIT 

-60 v 

-60 v 

-5 v 
-10 nA 

-1 µ.A 

-50 nA 
50 nA 

75 
100 
100 

JOO 300 

so 

-1.3 v 

-2.6 v 

-0.4 v 

-1.6 y 

J2 pf 

30 pf 

2 
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TYPES A3T2906, A3T2906A, A3T2907, A3T2907 A 
P-N-P EPITAXIAL PLANAR SILICON TRANSISTORS 

switching characteristics at 25°C free-air temperature 

PARAMETER TEST CONDITIONSt MAX UNIT 

Id Deloy Time 
le= -150mA, le{lJ = -15 mA, Yse(ofij = 0, 

10 ns 
I, Rise Time 

RL = 200 !l, See Figure I 
40 ns 

I.., Turn-On Time 45 ns 
I, Storage Time 

le= -150mA, IB(iJ = -13 mA, le121 = 17 mA, 
85 ns 

11 Fall Time 
Re= 37 !l, See Figure 2 

35 ns 
lo11 Turn-Off Time 110 ns 

tVoltage and currant values shown are nominal; exact values vary slightly with transistor parameters. 

PARAMETER MEASUREMENT INFORMATION 

-30V 

OUTPUT 

INPUT 

"::" "::" 

TEST CIRCUIT 

+15V -6 v 

OUTPUT 

INPUT 

1N916 

"::" ':' ':' 

TEST CIRCUIT 

FIGURE I 

FIGURE 2 

ovl_ INPUT 

-16V -- 1 

-eoltd 19' 
-it, i.-

1 I 

~ OUTPUT 

(See Notes a and b) 
VOLTAGE WAVEFORMS 

I ov INPUT 

_J __ -30V 

I 
~ t, --i 

.I ,, i. 

~! nr~oUT 
10%~ 

(See Notes a and b) 
VOLTAGE WAVEFORMS 

NOTES: a. The Input waveforms are supplied by a generator with the following characteristics: lout = SO 0, tr ::; 2 ns, ff ::; 2 ns, Ip = 200 ns, PRR = 150 pps. 

b. Waveforms ore monitored on an oscilloscope with the following characteristics: •r ::=;; S ns, Rin = 10 MO, Cin ::; 12 pf. 

TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
JN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 

• 
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Designing with integrated circuits? 

The Trend is TTL. 
TI is the leader in TTL. 

In breadth of line. In technology. 
In production capacity. 

In availability. 
Look first to TI. 

In addition to 83 different circuits, 
three speed ranges, and a broad 
selection of MSI circuits, Series 
54/74 TTL from TI is offered in 
three package types. 

Tl's plastic dual-in-line pack­
ages are low in cost, yet rugged. 
And they are backed by millions 
of hours of reliability data. Series 
54 plastic performance over the 
full temperature range (-55°C to 
+ 125°C) is proven by customer 
usage in temperature critical 
systems. 

Ceramic dual-in-line packages 
from TI provide all the benefits of 

hermetic packages in a design 
suited to automatic insertion and 
soldering. Ceramic packages are 
ideal for severe environments 
where applications require vali­
dation of hermeticity. 

Tl's flatpacks - best for space­
critical applications- are backed 
by ten years service in all types of 
military, space, and commercial 
systems. 

When you design with Series 
54/74, you have a lot in your favor. 
A broad range of MSI circuits ... 
three compatible speeds ... three 
package types. Also, good availa-

bility, and second-sources for most 
circuits. 

The widest choice. The dominant 
trend. Series 54/74 TTL from Texas 
Instruments. 

New TIL design aid 

A new 80-page color brochure 
gives valuable data-including de­
sign information-on all TI series 
54/74 IC's. It's yours for the asking. 
Write Texas Instruments ~ 
Incorporated, P.O. Box 
5012, MS 308, Dallas, 
Texas 75222. 

TEXAS INSTRUMENTS 
INCORPORATED 
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TYPES 2N2944, 2N2945, 2N2946, 2N2944A, 2N2945A1 2N2946A 
P-N-P EPITAXIAL-BASE PLANAR SILICON TRANSISTORS 

FOR LOW-LEVEL, HIGH-SPEED CHOPPER APPLICATIONS IN INVERTED CONNECTION 

• Low Guaranteed Offset Voltage 

• High Emitter-Base Breakdown Voltage 

• Greatly Improved h FE(invl ... 50 Min at 18 = 200 µ,A (2N2944A) 

• Extremely Low r •«o•> ••• 4 n Max (2N2944A) 

• Recommended For Complementary Use with 2N2432A 

*mechanical data 

I ~~M"-~ 
~0.195 
0.209 0.178 c:::i 

DIA DIA I .J__ ~ 
~--~o.o=a~s -14 1--o.soo I 

0.065 -/ MIN -j 
1.500 
TYP 

THE COLLECTOR JS JN ELECTRICAL 
CONTACT WITH THE CASE. 

All JEDEC T0-46 DIMENSIONS 
ANO NOTES ARE APPLICABLE. 

ALL DIMENSIONS ARE 
IN INCHES 

UNLESS OTHERWISE 
SPECIFIED 

tTJ guaranteed minimum. The JEDEC registered minimum lead diameter for the T0-46 is 0.012. 

*absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 

Collector-Base Voltage, Vee . •. 
Emitter-Collector Voltage, Veco (See Note 1) 
Emitter-Base Voltage, V" . 
Continuous Collector Current . 

2N2944 
2N2944A 

-15 v 
-10 v 
-15 v 

-+---

-+---

2N2945 
2N2945A 

-25 v 
-20 v 
-25 v 

-100 mA 

0.4 w 

2N2946 
2N2946A 

-40V 
-35 v 
-40V 

----+-

----+-
Continuous Device Dissipation at (or below) 25°C 

Free-Air Temperature (See Note 2) • 

Storage Temperature Range . +--65°C to 20P°C-+ 
Lead Temperature){, Inch from Case for 10 Seconds -+--- 240°c ----+-

NOTES: 1. This value applies when the collector-base diode is open-circuited. 

2. Berate linearly to 200°( free-air temperature at the fate of 2.3 mW/deg. 

*Indicates JEDEC registered data 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 5012 • CALLAS, TEXAS 75222 
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TYPES 2N2944 THRU 2N2946, 2N2944A THRU 2N2946A 
P-N-P EPITAXIAL-BASE PLANAR SILICON TRANSISTORS 

2140 

electrical characteristics at 25°C free-air temperature (unless otherwise noted) 

l'AltAMETIR CONDITIONS 
2N2944 2N294S 2N2946 

TEST MIN MAX MIN MAX MIN MAX UNIT 

1cao Collector Cutoff Current 
Y-c1 = lated Yc1, 1. = 0 -0.1• -0.2• -e.s• nA 

Yea = Rated Yea• 1. = 0, TA= 100°c -10 -20 -25 nA 

1eao 
VEB - R11t1d V'EI, le - o -0.1* -0.2' -e.s• nA 

Emitter Cutoff Curreftt 
Y El = ltated Y EB• le= o, TA= 100°C -10 -ll -!8 nA 

h,. St11ic Forward Current Transfer Ratio VCE - -0.5 V, le - -1 mA so• ~· 31* 

hFE(inv) 
Static Ferwarcf Current Transfer Ratio 

VEe = -0.S V, (lnnrted Cennection) 
11 = -200 µA ' 4 3 

11 = -200 µA, 1, = 0 J s .. -u -0.l -0.1 mY 

YEC(ofs) Emltter-Cellector Offset Yeltage la= -I mA, 1. = 0 i Figure -0.6• -1• -zo mY 

11 = -2 mA, 1. = 0 I -1 -1.6 -2.S mY 

Small-Signal Emitler-Collector 11 =-I mA, 1, = o. I,= 100 µA, 
20• 3S' 4S' (J 1ecfonl On-State Resistance I= 1 kHz. See Figure 2 

lh,,I 
Small-Signal Common-Emiller 

YeE = _, Y, le = -1 mA, f = 1 Mffz JO* 5• 3' Forward Current Transfer Ratio 

Cobo 
Cemmon-lue Open-Circuit 

Yea=-' Y, 1. = o. I = 500 kHz 10• 10• 10' pf Output CcipRCitonce 

cibo 
Comm&11-l1se Open-Circuit 

v .. = -6 Y, le= o. I= 500 kHz ,. ,. ,. pf Input Capacit1nce 

electrical characteristics at 25°C free-air temperature (unless otherwise noted) 

leao 

1.,0 

hFE 

hFE{invJ 

YEC(ofs) 

'ec{on} 

ih,,I 

Cobo 

Cibo 

2N2944A 2N2945A 2N2946A 
UNIT PARAMETER TEST CONDITIONS MIN MAX MIN MAX MIN MAX 

Yea - Rated Veit le - o -0.1• -0.ZO -0.5• nA 
Collector Cutoff Current 

'tea - Rated Yci· 1, - 0, TA - 100°c -10• -20• -25• nA 

YEI - Rated YEI, le - o -(IJ• -t.2• -e.s• nA 
Emitter Cutoff Current 

VEB - ltcrted Ye1• le - o, T,. - 100°c -10• -n• -20• nA 

Static Forward Current Transfer Ratio YcE - -0.5 V, le - -1 mA 100• 70' so• 
Static forwanl Current Transfer Ratia 

YEC = -0.S V, 18 = -200 µA so• 30* 28' (Inverted Cennection) 

18 = -200 µA, '• = 0 j See -G.3* --o.s• ~-·· mV 

Emitter-Collect.r Offset Voltote 18 = -1 mA, IE= 0 Figure -0.6• -1' -2• mY 

18 = -2 mA, 1, = 0 l 1 -1• -1.6* -2.S* mY 

Small-Signal Emitter-Collector 18 = -1 mA, 1, = 0, I•= 100 µA, 
4• ,. .. (J 

On-Slate Resistance I= 1 kHz, See figure 2 

Small-Signal Common-Emitter 
----1 

Forward Current Tr1nsfer Ratio YeE = -6 V, le = -1 mA, f = 1 MHz IS' 10' s• 

Common-lase Open-Circuit Yea=-' v, IE= 0, 
10• 10• 16' pf Output Capacitance f = 0.1 MHz to 1 MHz 

Common-Base Open-Circuit v., = -6 v. le= o, ,. ,. 6' pf Input Copacilance f = 0.1 MHzfel MHz 

PARAMETER MEASUREMENT INFORMATION 

+ 

FIGURE 1 

See 
Note 

MEASUREMENT CIRCUIT FOR OFFSET VOLTAGE 

+ 

See 
Note 

a 

le= 100 ~A 

f = 1 kHz 

Yeo 
rec(on) = -,.-

FIGURE 2 

MEASUllEMENT CIRCUIT FOR EMITTER. 
COLLECTOR ON-STATE RESISTANCE 

NOTE a: The voltmeter must have high enough impedance that halving the vo!ue of the voltmeter impedance does not change the measured value. 

*Indicates JEDEC registered dato 
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TYPES 2N2944 THRU 2N2946, 2N2944A THRU 2N2946A 
P-N·P EPITAXIAL-BASE PLANAR SILICON TRANSISTORS 

TYPICAL CHARACTERISTICS 

> 
~ 15 

t 10 

~ 
£ 
u 

..!! 0 

~ 
~ -5 

2N2944A 

EMITTER-COLLECTOR VOLTAGE 
vs 

BASE CURRENT 

] -10 f---+----±.o"'F'-~H-l'k-""'-f>-

Jl -15 

-25 ~-~~~~~~-~~~~~~ 
-0. l 

2N2945A 

EMITTER-COLLECTOR VOLTAGE 
vs 

BASE CURRENT 

-0.4 -0.7 -1 -2 

18 - Base Current - mA 

FIGURE 3 

25 

20 

> 15 
E 
I 

10 u 

1 
~ 5 

£ 0 u 
..!! 
0 -5 u 
i.. 
~ -10 
] 
I -15 
u 

>!"' -20 

-4 -7 -10 

2N2946A 

EMITTER-COLLECTOR VOLTAGE 
vs 

BASE CURRENT 

-0. l -0.2 -0.4 -0.7 -1 -2 -4 -7 -10 -0.2 -0.4 -0.7 -1 -2 -4 -7 -10 

18 - Base Current - mA la - Base Current - mA 

FIGURE 4 FIGURE 5 
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TYPES 2N2944 THRU 2N2946, 2N2944A THRU 2N2946A 
P-N-P EPITAXIAL-BASE PLANAR SILICON TRANSISTORS 
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-5 

-5 
> 

TYPICAL CHARACTERISTICS 

2N2944, 2N2944A 

EMITTER-COLLECTOR OFFSET VOLT AGE 
vs 

BASE CURRENT 

TTI 
t--- IE = 0 

E 
I 
G 

! 
~ 
-;; 
.%! 

-4 

a -3 
.E 
u 

..!! 

J 
l -2 
~ 
] 
I 
• -1 
1 
~ I-TA 

0 
-0.01 

~ 

IL 
-55°C 

TA = 25°C ~ -125•c -:ill: 1 illill 
-0.1 -0.4 -1 

le - Base Current - mA 
FIGURE 6 

-4 -10 

2N2945, 2N2945A 

EMITTER-COLLECTOR OFFSET VOLT AGE 

2N2946, 2N2946A 

EMITTER-COLLECTOR OFFSET VOLTAGE 
vs vs 

BASE CURRENT BASE CURRENT 

I 11 
-5 

> 
E 

I 
1-- IE = 0 

> 
E 
I 

r- ~ IJ 11 
T_:rJ11W f -4 

~ 
-;; 

5 -3 

2 
u 

..!! 

;§ -2 
I 

i 
:: 
] 
I -1 

~ 
u 

-> 
0 
-0.01 

TA= 12s 0 c 

~ 
~ 
fl 

TA = 2s 0 c 

~ !II 

d 
~ VTA = -ss•c 

-0.1 -0.4 -1 

I B - Base Currerit - mA 

FIGURE 7 

I 
-4 -10 

f -4 

~ 
-;; 

5 -3 

-1 TA = -55°C 

- ...LI_ I 
_[ 

0 
-0.01 

J_ l 

~ 
JM 
~ 

A ~ 
vl~~ 

-0.1 -0.4 -1 

18 - Base Current - mA 

FIGURE 8 

Jl 
-4 -10 
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TYPES 2N2944 THRU 2N2946, 2N2944A THRU 2N2946A 
P-N-P EPITAXIAL-BASE PLANAR SILICON TRANSISTORS 

TYPICAL CHARACTERISTICS 

2N2946, 2N2946A 
COLLECTOR CUTOFF CURRENT 

vs 
FREE-AIR TEMPERATURE 

-10~~~~ ~o 
-4 t----+----+---Vce - -40 V L2.L 

/l/L 4: 
c 

" 
-1 

~ 
t: 

" -0.4 u 
:::: 
2 
" -0.1 u 

~ 
-0.04 ] 

I 

j -0.01 

-0.004 

2N2946, 2N2946A 

EMITTER CUTOFF CURRENT 
vs 

FREE-AIR TEMPERATURE 

-0.001 -0.001 
25 

1000 

50 75 100 125 

TA - Free-Air Temperature - °C 

FIGURE 9 

2N2944A 

STATIC FORWARD CURRENT TRANSFER RATIO 
vs 

COLLECTOR CURRENT 

150 

700 ~ Vee -5 v -+-+-+-t+tt-tt---+-+--H>+++++--+-+-+->++++< 

.Q := See Note 3 

~ 400 

w 
~ 

..c 

lt11ltmt::tl~lml;;,_T~A~=:.125°C t--+-+-++1+1-H 

20 

10 

-0.01 -0.1 -0.4 -1 -4 -10 -40 -100 

le - Collector Current - mA 

FIGURE II 

0 

i 
"' 
J! 
~ 
~ 
I-

" ~ 
u 
1! 

0 

~ 
..e 
u 

& 

..c 

1000 

700 

400 

200 

100 

70 

40 

20 

10 

25 50 75 100 125 

TA - Free-Air Temperature - °C 

FIGURE 10 

2N2944A 

STATIC FORWARD CURRENT TRANSFER RATIO 
vs 

COLLECTOR CURRENT 

t--
~TA= 25°C 

1-- See Note 3 
t--

Vee= -10 V 
I IIU 

Vee=-5V 

~ 
Vee -0.5 v :"'l 

Vee =-1 V 

150 

-0.01 -0.1 -0.4 -1 -4 -10 -40 -100 

le - Collector Current - mA 

FIGURE 12 

NOTE 3: These parameters must be measured using pulse techniques. tp = 300 µs, duty c:yde ~ 2%. 
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TYPES 2N2944 THRU 2N2946, 2N2944A THRU 2N2946A 
P-N-P EPITAXIAL-BASE PLANAR SILICON TRANSISTORS 

100 

~ 90 

"" 
w 80 
c 
0 .:: 70 
c 

~ 60 
u 
-e 50 0 
~ 

.f 40 
u 

& 30 

I 20 

_c 10 

0 

TYPICAL CHARACTERISTICS 

2N2944A 

STATIC FORWARD CURRENT TRANSFER RATIO 
(INVERTED CONNECTION) 

vs 
EMITTER CURRENT 

T JI ill[ r- VEc = --0.5 v 
See Note 3 TA = 125°C 

...-!-

kl H ~ 
l71 

!-" T = 75°~ 
1-1 j...-1 A- rn~ ~ ~ ~/I1i~ 

L vl'1 vf1 ~~ y 
1--TA = -s5°2'N 

H 
N 

k::: 

-0 .01 --0.1 -0.4 -1 -4 -10 -40 -100 

2N2945A 

STATIC FORWARD CURRENT TRANSFER RATIO 
(INVERTED CONNECTION) 

EMITTER CURRENT 

IE - Emitter Current - mA 

FIGURE 13 

100 

~ 90 

.2 80 
j 
:ii 70 

J 60 
-u 

~ 50 
~ 
u 40 

i 
30 

~ 20 
1E 

_c 10 

i-

2N2946A 

STATIC FORWARD CURRENT TRANSFER RATIO 
(INVERTED CONNECTION) 

EMITTER CURRENT 

J,J~ ~~~v 
See Note 3 

I 

TA = 125°C 

I tr ~ TA = 25°C lL'. 
TA - 75°C .f" k" Vi ~ 

~ )...? ~ I 

~ t:: f-1-"' T = -55°C~ iiww. J 
!--+" 

o~~~~~~~~~~~~~~ 1illill 
-0.01 -0.1 -0.4 -1 -4 -10 -40 -100 

IE - Emitter Current - mA 

FIGURE 14 

-0.01 --0.1 --0.4 -1 -4 -10 -40 -100 

IE - Emitter Current - mA 

FIGURE 15 

NOTE 3: These parameters must be measured using pulse techniques. f P = 300 µs, duty cycle :::;; 2%. 
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TYPES 2N2944 THRU 2N2946, 2N2944A THRU 2N2946A 
P-N-P EPITAXIAl-BASE PLANAR SILICON TRANSISTORS 

TYPICAL CHARACTERISTICS 

ALL TYPES 

BASE-EMITTER VOLTAGE 
vs 

COLLECTOR CURRENT 

-0 . l t--+-++++-H-tt--+-++t-ttffi-t-t-+++tttt---+-+-+-++tttt 

0 '--"'--'--'-'-"LI..U.-..-'---'--'--'~-~~~~~~ 

-0.01 -0. l -0.4 -l -4 -10 -40 -100 

-0.20 

-0.18 

-0.16 

-0.14 

-0.12 

-0. JO 

-0.08 

-0.06 

-0.04 

le - Collector Current - mA 

FIGURE 16 

2N2944A 

COLLECTOR-EMITTER SATURATION VOLTAGE 

\c' 111,lill 
r-1;= 10 ITT 

t-- See Note 3 

vs 
COLLECTOR CURRENT 

TA = 125°C 

IIIIIII M 
TA 1 l 1 ~1'lc ~w 

1,§ 

> -0.20 

I . -0.18 

1 
.g. -0.16 
c 
0 

-0.14 -~ 

~ -0.12 

~ -0.10 

~ 
2 -0.08 
u 

..!! 
0 -0.06 
v 
I 

-0.04 

ALL TYPES 

BASE-COLLECTOR VOLTAGE 

EMITTER CURRENT 

-0.1 -0.4 -1 -4 -10 

IE - Emitter Current - mA 

FIGURE 17 

-40 -100 

2N2944A 

COLLECTOR-EMITTER SATURATION VOLTAGE 
vs 

COLLECTOR CURRENT 

r-l~,~~'ll 
1s II 

1-- See Note 3 

1=125~ 

TA w:C w 
~ -0.02 

~ 
b-1 ~ 

~ 
-0.02 >5 

~ ~ ~ = -5~~~1 
-;}' 

0 
-0.01 

T = -55°C till _LJ__wj 

-0.1 -0.4 -1 -4 -10 -40 -100 

le - Collector Current - mA 

FIGURE 18 

0 
-0 .01 

NOTE 3; These parameters must be measured using pulse techniques. tp ~ 300 ms, duty cycle ~ 2%. 

llil 
-0.l -0.4 -1 -4 -10 -40 -JOO 

le - Collector Current -mA 
FIGURE 19 
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TYPES 2N2944 THRU 2N2946, 2N2944A THRU 2N2946A 
P-N-P EPITAXIAL-BASE PLANAR SILICON TRANSISTORS 
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TYPICAL CHARACTERISTICS 

2N2944A 

SMALL-SIGNAL EMITTER-COLLECTOR ON-STATE RESISTANCE 

1000 
c: 
I 
1l 400 

~ 
~ 
-5 100 

'1 
0 40 

.e 
u 

.!! 
0 

Y. 10 

~ 
] 4 

~ 
u -· 

vs 
BASE CURRENT 

FIE 0 
I-
~ 1. 100 ~A 

rf = l kHz 

_i+ .. ~ :5~~~ 
~ :x 

T,. 2s•c 
~" ' ~ 

N~ h.. 

~T,. - 125°C :!!Iii :::'!i 

ti. 

-0.01 -0.04 -0. l -0.4 -1 

ALL TYPES 

18 - Base Current- mA 

FIGURE 20 

-4 -1 

ALL TYPES 

COMMON-BASE OPEN-CIRCUIT INPUT CAPACITANCE COMMON-BASE OPEN-CIRCUIT OUTPUT CAPACITANCE 
vs 

EMITTER-BASE VOLTAGE 

' le= o 
1-f = 1 MHz 

T,. = 2s•c 

t--!'-
1',.._ 

I"-h.. 
t). 

i'-. 

vs 

"­
<>. 

COLLECTOR-BASE VOLTAGE 
16 ..---..-1-..-1r~r~1~1~--r--r~~~~-.-..,........, 

1l IE = 0 

.~ 14 1-- f = 1 MHz 

o T,. = 25°C 
J' 12 r---ir-r-t--H--tt1-r---ii--r-t--r-t'Tt1-r---ii--t-1 

~ 4 
c g 
5 2 

u 
I 

u -0.1 -0.4 -1 -4 -10 -40 J 0 
-0. l -0.4 -1 -4 -10 -40 

VEa - Emitter-Base Voltage - V 
FIGURE 21 

Vc 8 - Collector-Base Voltage - V 
FIGURE 22 

TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CllANGES AT ANY TIME 
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 



TYPES 2N3250, 2N3250A, 2N3251, 2N3251A 
P-N-P EPITAXIAL PLANAR SILICON TRANSISTORS 

DESIGNED FOR LOW-POWER SATURATED-SWITCHING AND AMPLIFIER APPLICATIONS 
• Low-Level hFE: 80 Min at lOOµA (2N3251 and 2N3251A) 
• Made with TRI-REL t Redundant Stabilization (Field-Relief Electrode*, 

Special Oxide Passivation, Annular Guard Ring§) 
*mechanical data 

0.210 
0.170 

0.100 

AU DIMENSIONS ARf 
IN INCHES 

UNLESS OTHERWISE 

THE COLLECTOR IS IN ELECTRICAL 

CONTACT WITH THE CASE. 

ALL JEDEC T0-18 DIMENSIONS AND 

NOTES ARE APPLICABLE. ' Ill 
*absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 

Collector-Base Voltage . 
Collector-Emitter Voltage (See Note 1) . 
Emitter-Base Voltage 
Continuous Collector Current . 
Continuous Device Dissipation ot (or below) 25°C Free-Air Temperature (See Note 2) 
Continuous Device Dissipation at (or below) 25°C Case Temperature (See Note 3) . 
Storage Temperature Ronge . 
Lead Temperature ){, Inch from Case for 60 Seconds 

*electrical characteristics at 25°C free-air temperature 

2N3250 2N3250A 
2N3251 2N3251A 

-50 v --60 v 
-40 v --60 v 
-5V -5V 

+--200 mA--+ 
+- 0.36W--+ 
+- 1.2W--+ 

-65°C to 200°C 
+- 300°C --+ 

PARAMETER TEST CONDITIONS 2N3250 2N3250A 2N3251 2N3251A 
UNIT MIN MAX MIN MAX MIN MAX MIN MAX 

V1BRJeBO Collector-Base Breakdown Voltage le= -lOµA, IE= 0 -SO -60 -SO -60 v 
VIBRJeEO Collector-Emitter Breakdown Voltage le = -10 mA, la = 0, See Note 4 -40 -60 -40 -60 v 
VIBR)Eao Emitter-Base Breakdown Voltage le - -10 µA, le - 0 -S -5 -5 -5 v 
leev Collector Cutoff Current VeE - -40 V, VBE - 3 V -20 -20 -20 -20 nA 
laev Base Cutoff Current Vee= -40 V, VBE = 3 v 50 50 50 so nA 

Vee= -1 V, le= ---0.1 mA 40 40 80 80 
Vee= -1 V, le= -1 mA See 4S 4S 90 \10 

h.e Static Forward Current Transfer Ratio 
VeE = -1 V, le= -lOmA 

Note 
50 150 50 150 100 300 100 300 4 

Vee= -1 V, le= -50 mA 15 15 30 30 

Vae Base-Emitter Voltage 
la= -1 mA, le= -10 mA ---0.6 ---0_9 ---0.6 ---0.9 ---0.6 ---0.9 -0.6 ---0.9 v 
la= -5 mA, le= -50 mA See -1.2 -1.2 -1.2 
la - -1 mA, le - -10 mA 

Note 
---0.2S ---0.2S ---0_2s 

Vee1u11 Collector-Emitter Saturation Voltage 4 
le= -5 mA, le= -50 mA ---0.S ---0.5 ---0.5 

h;. 
Small-Signal Common-Emitter 

1 6 1 6 2 12 2 Input Impedance 
Small-Signal Common-Emitter 

Vee= -10 V, 
50 200 hte 50 200 100 400 100 

Forward Current Transfer Ratio le= -1 mA, 
Small-Signal Common-Emitter !Ox 

h .. Reverse Voltage Transfer Ratio f = 1 kHz J0-4 

hoe 
Small-Signal Common-Emitter 4 40 Output Admittance 

NOTES: 1. These values apply between 0 and 200 mA collector current when the base-emitter diode is open-circuited. 
2. Derate linearly to 200°c free-air temperature at the rate of 2.06 mW/deg. 
3. Derat1 linearly to 200°C case temperature at the rate of 6.9 mW/deg. 

4. These parameters must be measured using pulse techniques. IP = 300 µs, duty cycle S 23. 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 5012 • DALLAS, TEXAS 75222 

10x 20x 
J0-4 J0-4 

4 40 10 60 10 

t Trademark of Texas lnst'ruments 

:I: Patent Pending 
§Patented by Texas Instruments 

*Indicates JEDEC registered data 

-1.2 v 
---0.25 v 
---0.5 v 

12 k!l 

400 

20x 
J0-4 

60 µmho 

2209 
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TYPES 2N3250, 2N3250A, 2N3251, 2N3251A 
P-N-P EPITAXIAL PLANAR SILICON TRANSISTORS 

*electrical characteristics at 25°C free-air temperature (continued) 

PARAMETER TEST CONDITIONS 

Jh,.J Small-Signal Common-Emitter Yee= -20 Y, le = -10 mA, f = 100 MHz Forward Current Transfer Ratio 
fr Transition Frequency Yee= -20 Y, le = -10 mA, See Note 5 

Cobo 
Common-Base Open-Circuit 

Yea = - 10 V, le = 0, I= 100 kHz Output Capacitance 

C;bo· 
Common-Bose Open-Circuit 

Yea= -1 V, le= 0, I= 100 kHz Input Copocitance 
r.'C. Collector-Base Time Constant Yee= -20 V, le = -10 mA, f = 31.8 MHz 

2N3250 2N3251 
2N3250A 2N3251A UNIT 

MIN MAX MIN MAX 

2.5 3 

250 300 MHz 

6 6 pf 

8 8 pf 

250 250 ps 
NOTE S: Te obtain fy, the lhtel response with frtquency j5 extrapolated at the rite ef -6 dB per odove from f = 100 MHz to the frequency ot which lhte! = 1. 

*operating characteristics at 2s•c free-air temperature 
2N3250 2N3251 

PARAMETER TEST CONDITIONS 2N3250A 2N3251A UNIT 
MAX MAX 

NF Spot Noise Figure Vee=-5 V, le=-100 µ.A, RG = l k!l, I = 100 Hz 6 6 dB 

•switching characteristics at 25°C free-air temperature 
2N3250 2N3251 

PARAMETER TEST CONDITIONSt 2N3250A 2N3251A UNIT 
MAX MAX 

td Delay Time le - -10 mA, 11111 - -1 mA, YIE(o1~ - 0.5 V, 35 35 ns 
t, Rise Time R, = 275 n, See Figure l 35 35 ns 
t, Storage Time le = -10 mA, 11(1) = -1 mA, IB(2J = l mA, 175 200 ns ,, Fall Time Re = 275 0, See Figure 2 50 50 ns 

tVoltoge and current values shown are nominal; exact values vary slightly with transistor parameters. Nominal base current for delay and rise times is calculated using the 
minimum value of VBE. Nominal base currents for storage and fall times are calculated using the maximum value af YaE· 

*PARAMETER MEASUREMENT INFORMATION 

' I 
OUTPUT 

•O.SV~s 300ns 
t,<lns 

-10.6v-- 1 

~td !.­
......J •, >+ 

INPUT 

I 
I 
I 

=~= C,<4pf 
I 
I 

~ 
_y~, 

TEST CIRCUIT 

' ' ' I 
I 

VOLTAGE WAVEFORMS 

FIGURE I-DELAY AND RISE TIMES 

OUTPUT 

4 10-SOO e• F.;",~·;:V 
~~~~-I0.9V 

""1 " !""" 
--!•+I-

INPUT 

:~: C1 <4pF 
I 
I 

~ 

I I 

_/~OUTPUT 
10% 

TEST CIRCUIT VOLTAGE WAVEFORMS 

FIGURE 2 - STORAGE AND FALL TIMES 

NOTES: a. The input waveforms ore supplied by a generater with the fellowing characteristics: lout = 50 0, duty cyde = 2%. 
b. Waveforms are monitored on an oscilloscope with the following characteristics: tr ::;; 1 ns, Rin .~ 100 kO. 

•Indicates JEDEC registered data 

TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
IN ORDER TO IMPROVE DESIGN ANO TO SUPPLY THE BEST PRODUCT POSSIBLE. 



2N3702, 2N3703 
P-N-P EPITAXIAL PLANAR SILICON TRANSISTORS 

mechanical data 

SILECTt TRANSISTORS 

Encapsulated in Plastic for Such Applications as 
Medium-Power Amplifiers, Class B Audio Outputs, and Hi-Fi Drivers 

For Complementary Use with 2N3704 thru 2N3706 

These transistors are encapsulated in a plastic compound specifically designed for this purpose, using a 
highly mechanized process:j: developed by Texas Instruments. The case will withstand soldering tempera· 
lures without deformation. These devices exhibit stable characteristics under high-humidity conditions and 
are capable of meeting Mll-STD-202C method 1068. The transistors are insensitive to light. 

*ALL JEDEC T0-92 DIMENSIONS AND NOTES ARE APPLICABLE 

NOTE A: Lead diameter is not controlled in this area. 

*absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 

2N3702 2N3703 

-SOv Collector-Base Voltage . 

Collector-Emitter Voltage (See Note 1) . 

Emitter-Base Voltage 

Collector Current . 

-40v 

-25v -30v 

-Sv -Sv 

·-+--200 ma-+ 

Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 2)-+- 360 mw-+ 

Continuous Device Dissipation at (or below) 25°C lead Temperature (See Note 3) . .+- 500 mw --+-
Storage Temperature Range . 

lead Temperature){. Inch from Case for 10 Seconds 

NOTES: 1. This value applies when the base-emitter diode is open-circuited. 
2. Derote linearly to 1S0°C free-air temperotore al the rate of 2.88 mw/ 0 C. 

. -65°C to 1so0 c 
·-+- 260°C -----+-

3. Derate linearly to 150°( lead temperature at the rate of 4 mw/ 0 C. lead temperature is measured on the colledor lead 1/16 inch from the case. 

*Indicates JEDEC registered data 

tTrademark of Texas Instruments 
:f:Patented by Texas Instruments and other patents pending. 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 5012 • DALLAS. TEXAS 75222 
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TYPES 2N3702, 2N3703 
P-N-P EPITAXIAL PLANAR SILICON TRANSISTORS 

*electrical characteristics at 25°C free-air temperature 

PARAMETER TEST CONDITIONS 
f--c-_2_N3702 2N3703 

MIN MAX MIN MAX 

V1 .. 1eao Collector-Base Breakdown Voltage le = -100 µ.o, le= 0 -40 -50 

V1 .. 1eeo Collector-Emitter Breakdown Voltage le= -10 ma, la= 0, See Note 4 -2S -30 

V1 .. 1eeo Emitter-Bose Breakdown Voltage le= -100 µa, le= 0 -S -S 

lcao Collector Cutoff Current Yea= -20 v, le= 0 -100 -100 

IEBO Emitter Cutoff Current Yee= -3 v, le= 0 -100 -100 

h,e Static Forward Current Transfer Ratio Yee= -S v, le= -SO ma, See Note 4 60 300 30 ISO 

Vae Base-Emiller Voltage Yee= -S v, le= -SO ma, See Note 4 -0.6 -1 -0.6 -1 

Yee1sotJ Collector-Emitter Saturation Voltage 18 = -S ma, le= -soma, See Note 4 -0.2S -0.2S 

fr Transition Frequency Yee= -5 v, le= -SO ma, See Not~ 5 100 100 

Cobo 
Common-Bose Open-Circuit 

Yea= -10v, le= 0, f = 1 Mc 12 12 Output Capacitance 

NOTES: 4. These parameters must be measured using pulse techniques. PW = 300 µ.sec, Duty Cycle 5_ 2%. 
5. To obt~in fy, the \htel response with frequency is extrapolated al the rote of -6 db per a<tove from f = 20 Mc to the frequency ot which !ht.I = 1. 

400 

.§ 

l aoo 
a . 
u 
·~ 
0 200 s 
0 , 
.: 
8 
<,) 

§ 100 
E 

~ 
I 0 

-

THERMAL INFORMATION 

FREE-AIR TEMPERATURE 
DISSIPATION DERATING CURVE 

~ 

~ 
l!i... 

-~ 
~ 
~ 

~ 

~ 600 

I 
.~ 500 

i ·a 
0 400 
~ 
-~ 
0 300 
!; 
g 
.: 
~ 200 

§ 
E l 100 

I 0 

LEAD TEMPERATURE 
DISSIPATION DERATING CURVE 

~ rs 
[S 
~ 
~ 

UNIT 

v 

v 

v 

no 

no 

v 

v 

Mc 

pf 

... .. 0 25 50 75 100 125 150 0 25 50 75 100 125 150 
TA. -Free-Air Temperature - °C TL - Lead Temperature - °C 

FIGURE 1 FIGURE 2 

*lndicGtes JEDEC registered data 
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TYPE 2N3829 
P-N-P EPITAXIAL PLANAR SILICON TRANSISTOR 

DESIGNED FOR HIGH-SPEED SWITCHING APPLICATIONS 
• Recommended for Complementary Use With 2N3014 
• High fr: 350 Mc min at 10 v, 30 ma 

*mechanical data • Low Guaranteed VcE(sat): 0.18 v at 30 ma 

All DIMENSIONS A~E 
IN INCHES UNLESS 
OTHER.WISE SPECIFIED 

THE COLLECTOR IS IN ELECTRICAL 

CONTACT WJIH THE CASE. 

ALL JEDEC T0-52 DIMENSIONS 
ANO NOTES ARE APPLICABLE. 

*absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 
Collector-Bose Voltage . 
Collector-Emitter Voltage (See Note 1) 
Collector-Emitter Voltage (See Note 2) 
Emitter-Bose Voltage 
Continuous Collector Current . 
Peak Collector Current (See Note 3) . 
Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 4) . 
Continuous Device Dissipation at (or below) 25°C Cose Temperature (See Note 5) . 

n -'lT-

-35v 
-35v 
-20v 
. -5v 

-200 ma 
-500 mo 

Storage Temperature Range . -65°C to 

. 360mw 
1.2 w 

+200°C 
. 300°C Lead Temperature Y,, Inch from Cose for 10 Seconds. 

*electrical characteristics at 25°C free-air temperature (unless otherwise noted) 

PARAMETER 

'!i_Sfil_eeo Collector-Base Breakdown Voltage 
'!'i_a..l_eEO Collector-Emitler Breakdown Voltage 
~l\l_eES Collector-Emitter Breakdown Volt11_9_e 
V1••IEBO Emitter-Base Breakdown Voltage 

leES Collector Cutoff Current 

1, Base Curren! 

Static Forward Current Transfer Ratio 

V BE Bose-Emitter Voltage 

Vc.1,.,1 Colleclor-Emitter Saturation Volloge 

TEST CONDITIONS MIN MAX UNIT 

le= -100 p.a, IE= 0 ------t--_-3-5----+--v--1 

-10 ma, 18 __ ., 0, See Nole 6 - 20 v 
le - -100_1"0, Vee - 0 - 35 v 
IE - -JOOµa,le~O -5 v 
VeE = -20v, Vee= 0 - 0.3 µa 

Ve• = -20 v, Vee = 0, 
Ve• = -20 v, Vee = 0 

TA= 125~i____,-_. ___ -__ 4_0__,~µ_a .... 
0.3 

Ve•= --0.4 v, le = -10 mo 25 

VeE = - 0.4 v, le = -30 mo See t---30 __ 12_~--+-----i 
Ve• = -1 v, le= -100 mo Note 25 
Ve•= -0.4 v, le = -30 mo, 6 12 
TA= - 55°C 

-------1-~~~~~--+~---~--<f----f 

18 =c -1 ma, le= -10 mo See - 0.75 -0.85 

~:'."~.111_11._ le = -30 mo Note 
18 = -10 mo, le= -100 ma 6 
18 = -lmo, le= -10ma 

~- -3 mo, le= -30 mo 
18 ~ -lOmo, le= -lOOmo 
18 = -3 mo, le = - 30 mo, 
TA= 125°C 

See 
Note 
6 

- 0.75 - 0.95 
- l.20 

- 0.18 
-0.18 
-0.35 
-0.25 

v 

v 
v 
v 

v 

NOTES: 1. This value applies when the ba~e·emitt1n diode is ~hort-drcuited. 
2. This value applies between O and 10 ma collector current when the ba~e-emitter diode h open-circuited. 
3. This value applies for PW =:; 10 µsec, Duty Cycle S,; 40°/.,. 
4. Derate linearly to 175°( free-alr lempernlure at the rate of 2.4 mw/C 0 • 

5. Oerole linearly to 175°( <ase temperature ot the rate of 8 mw/C 0 . 

6. These parameters must be measured using pulse techniques. PW:::-.::: 300 µsec, Duty Cyde .:S: 2%. 
'Indicates JEDEC registered data. 

TEXAS INSTRUMENTS 
INCORPORATED 

!"OST OFFICE BOX 5012 • DALLAS, TEXAS 75222 
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TYPE 2N3829 
P-N-P EPITAXIAL PLANAR SILICON TRANSISTOR 

*electrical characteristics at 25°C free-air temperature {unless otherwise noted) 

PARAMETER 

Small-Signal Common-Emitter 
Forward Current Transfer Ratio 

Common-Base Open-Circuit 
,__c_.b_• ___ O_u_t_p"!_(~pocitonce ·---­

Common-Base Open-Circuit 

l 
1 

Ve,= -10 v, 

Vea - -5 v, 

v,. = 

TEST CONDITIONS 
. ·----r----

MIN 

le "' -30 ma, f 100 Mc 3j 

1, '-' 0, I '" 140 kc 

MAX UNIT 

6 pf 

pf Input Copncitonce I -0.5 v, le = ;---~= 1~0~ ___ I __ 10_ 
~ 

*operating chqracteristics at 25°C free-air temperature 
.-----

PARAMETER I TEST CONDITION St MIN MAX UNIT 

Id Delay Time le= -30 ma, ls1q '~ -3 mo, VBE(off) = 0, 10 nsec 
Rise Time 

·~··· ---- ·-

RL - 94 !1, 
1---

I, See Figure 1 15 nsec 
I-

Storage Time le= -30 ma, la1q = -l,111 = -3 ma, 50 I, nsec 

Foll Time 
··--------j 

R, '" 94!1, See Fiqure 1 15 ~- nsec 
·------- - ----·-·---·-------------------t------

Vern\NLJ:j: Collector-Emitter Nonlotching Voltage 
fqon) = -200 mo, ls1001 = -20 ma, 

-20 
le(off) = 0, See Figure 2 v 

tVollage and current values shown are nominal; exact values vary \lightly with transistor parameters. 

:j:This characteristic h !he highest value of collector supply vottoge which may be safety used with a resistive-load switching circuit in which the collector current approache~ 

-200 ma. 

*PARAMETER MEASUREMENT INFORMATION 

For td and tr V88 = 0 

For t~ and tf V BB= -7. 25 v 

INPUT~ 

1100 (J 

v,. 
100 (J 

TEST CIRCUIT 

INPUT WAVEFORM 

(See Note c) 

-3 v 

94 (J 

FIGURE I 

-20 v 

(See Notes a and b) 

VOLTAGE WAVEFORMS 

Monitor to ensure 

that VcE ~ Vee 
after pulse is 

completed 

CT (See Note d) 

FIGURE 2 -COLLECTOR-EMITTER NONLATCHING VOLTAGE TEST CIRCUIT 

NOTES: a. The input waveforms in Figure l are ~upplied by a pulse generator with the following charaderistics: lout= SOD, Ir ~ 1 nm, PW 2_ 300 nsec, 
Duty Cycle :S 2"/o. 

b. Waveforms af Figure 1 ore monitored on an oscilloscope wil!l the following characterisfics: fr ~ l nsec, Rin 2_ 100 H2, ( 1n ~ S pf. 

c. The input waveform in Figure 2 has the following charocteristics PW=~ 10 /tse<, Duty Cycle ::; 2'% 
d. Total collector shunt capacitance Cr ~ lS pf. 

"'Indicates JEOEC registered data. 

TEXAS INSTRUMEIHS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
IN ORDER TO IMPROVE DESIGN ANO TO SUPPLY THE BEST PRODUCT POSSIBLE. 



2N4058, 2N4059, 2N4060, 2N4061, 2N4062 
P-N-P EPITAXIAL PLANAR SILICON TRANSISTORS 

SILECTt TRANSISTORS 
• ENCAPSULATED IN PLASTIC 

• INSENSITIVE TO LIGHT 
• HIGHLY MOISTURE RESISTANT 

Recommended For Complementary Use With 2N3707 thru 2N371 l 

2N4058 For Low-Level, Low-Noise Applications 
2N4059 { 

~=:~:~ ( For General-Purpose, Low-Level, High-Gain Applications 

2N4062 ) 

mechanical data 

These transistors are encapsulated in a plastic compound specifically designed for this purpose, using a 
highly mechanized process:j: developed by Texas Instruments. The case will withstand soldering tempera­
tures without deformation. These devices exhibit stable characteristics under high-humidity conditions and 
are capable of meeting MIL-STD-202C method 1068. The transistors are insensitive to light. 

*ALL JEDEC T0-92 DIMENSIONS AND NOTES ARE APPLICABLE 

All DIMENSIONS IN INCHES 

~-a1r 0050 (NOTE A) 

0200 
0~f~~j~~~~~~~ +ooos MIN : 

- 0*25 j__ ' 

~~o~g?o-i-- 0.500 MIN __j 
-0.030 

• 
NOTE A: Lead diameter is not controlled in this area. 

*absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 

Collector-Base Voltage -30V 
Collector-Emitter Voltage (See Note l) 

Emitter-Base Voltage . 

Continuous Collector Current 

Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 2) 

Storage Temperature Range 

Lead Temperature ),{, Inch from Case for l 0 Seconds 

NOTES: l. This value applies when the base-emittN diode h open-circuited. 

2. Cerate linearly to 150°( free-air temperature at the rote of 2.88 r:iW/ 0 c. 
*Indicates JEDEC registered data (typical data excluded). 

tTrademark of Texas Instruments 

:j:Patented by Texas Instruments and other patents pending. 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 5012 • DALLAS, TEXAS 75222 
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TYPES 2N4058 THRU 2N4062 
P-N-P EPITAXIAL PLANAR SILICON TRANSISTORS 

. 2302 

*electrical characteristics at 25°C free-air temperature 

PARAMETER TEST CONDITIONS 2N4058 2N4059 2N4060 
MIN MAX MIN MAX MIN MAX 

V1••JeEO 
Collector-Emitter 

le= -1 mA, 1, = 0 -30 -30 -30 Breakdown Volloge 

leeo 
Collector Cutoff 

Yes= -20 V, 1, = 0 -100 -100 Current 

'••o 
Emitter Cutoff v .. =-6V, le= 0 -100 -100 Curren! 
Static Forward Curren! Yee =-5 Y, le= - lOOµA, 100 400 

h,. T ronsfe r Ratio Ve,= -5 V, le= -1 mA 45 660 45 
v,. Base-Emitter Voltage Ve,= - 5 V, le=-lmA -0.5 -1 -0.5 -1 -0.5 

Ve,1 .. +1 
Collector-Emitter 

1, = -0.5mA, le=-lOmA -0.7 -0.7 Saturation Voltage 
Small-Signal Ye,= -5 V, le= -100 µA, 

100 550 Common-Emitter f= 1 kHz h,. Forward Current Ye• =-5V, le= -1 mA, 
T ronsfer Ratio f= 1 kHz 45 800 45 

*operating characteristics at 25°C free-air temperature 

PARAMETER TEST CONDITIONS 
2N4058 

UNIT TYP MAX 
Ve,= -5 Y, le= -100 µA, 

-
Average Noise Figure Rs = 5 k!1, 

1.7 5 dB NF Noise Bandwidth = 15.7 kHz, 
See Nole 3 

NOTE 3: Average Noise Figure is measured in an amplifier with low-frequency response down 3 dB at 10 Hz. 

*Indicates JEDEC registered data (typical data excluded). 

THERMAL INFORMATION 

DISSIPATION DERATING CURVE 
~ 400...---....--,----.----r---.----. 

I 
6 ~ 
i ~ ·= 300 t---+--------+----t---t 

i ~ 
0 2001---+--+----t~--+----t---t 

s ~ g 
c 

~ ~ 
§ 100 '\.I 
E ~ 

j " I 
0 .'---~--:',...--~-.-.L--'--~-""' 

d: 0 25 50 75 100 125 150 
TA - Free-Air Temperature - °C 

FIGURE 1 

-100 

-100 

165 
-1 

-0.7 

250 

2N4061 2N4062 UNIT MIN MAX MIN MAX 

-30 -30 v 

-100 -100 nA 

-100 -100 nA 

90 330 180 660 
-0.5 -1 -0.5 -1 y 

-0.7 -0.7 v 

90 450 180 800 

I 

TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
IN ORDER TO IMPROVE OESIGN AND TO SUPPLY THE em PRODUCT POSSIBLE. 



TYPES 2N5447, 2N5448 
P-N-P EPITAXIAL PLANAR SILICON TRANSISTORS 

SILECTt TRANSISTORS 

Encapsulated in Plastic for Such Applications as 
Medium-Power Amplifiers, Class B Audio Outputs, and· Hi-Fi Drivers 

• Electrically Equivalent to 2N3702 and 2N3703 
• For Complementary Use with 2N5449, 2N5450, and 2N5451 

mechanical data 

• Rugged, One-Piece Construction Features Standard 
100-mil T0-18 Pin Circle 

These transistors are encapsulated in a plastic compound specifically designed for this purpose, using a 
highly mechanized process:j: developed by Texas Instruments. The case will withstand soldering tempera· 
tures without deformation. These devices exhibit stable characteristics under high-humidity conditions and 
are capable of meeting MIL-STD-202C method 106B. The transistors are insensitive to light. 

*CASE OUTLINE 
I -EMITTER 

2-BASE 

ci.Ol1~g:: DIA 

3 lEADS 

A. Lead diomeler is not ~onlroll•d in tlli• area. 
B. hcid1 havj,ng ma.im"m diameter (0.019) 5halt b• within 0.007 of their lru• po•ition• 

..,..,,.,,.d in the g<1gin9 plon1 0.054 It.low the MO!ing plGne of th device ,.Ioli,.. lo 
o mo•imum-diameler pockoge 

C. All dimen•i1;1n• ore in incM1. 

*absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 
2N5447 2N5448 

-50V Collector-Base Voltage . 
Collector-Emitter Voltage (See Note 1) . 
Emitter-Base Voltage 
Continuous Collector Current . 
Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 2) • 
Continuous Device Dissipation at (or below) 25°C Lead Temperature (See Nate 3) . 
Storage Temperature Range . 
Lead Temperature ){, Inch from Case for l 0 Seconds 

NOTES: 1. These values apply when the base-emitter diode is open-circuited, 

2. Derale linearly to 150°C free-air temperature ol the rate of 2.88 mW/deg. 

-40V 
-25V -30V 
-sv -5V 

+--200mA-+ 
+-360mW-+ 
+-500mW-+ 
-65°C ta l 50°C 
+- 260°C-+ 

3. Derate linearly to 150°C lead temperature at the rate of 4 mW/deg. Lead temperature is measured on the collector lead 1/16 inch from the case. 

*Indicates JEDEC registered data 
tTrademark of Texas Instruments 

iPatent pending 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 5012 • DALLAS, TEXAS 75222 
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TYPES 2N5447, 2N5448 
P-N-P EPITAXIAL PLANAR SILICON TRANSISTORS 

2306 

*electrical characteristics at 25°C free-air temperature 

PARAMETER TEST CONDITIONS l---=~t<oj~4~7 2N5448 
MIN MAX MIN MAX 

VIBRICBO Collector-Base Breakdown Voltage le = -100 JLA, IE= 0 -40 -50 

VIBRleEO Collector-Emitter Breakdown Voltage le= -lOmA, 18 = 0, See Note 4 -25 -30 

V1BRIEBO Emitter-Base Breokdown Voltage 1. = -100 JLA, le= 0 -5 -5 

lcso Collector Cutoff Current Yea= -20V, IE= 0 -100 -100 

IEBO Emitter Cutoff Current VEs = -3V, le= 0 -100 -100 
.. 

h,. Static Forward Current Transfer Ratio VeE = -5V, le= -50mA, See Note 4 60 300 30 150 

v .. Bose-Emitter Voltage VeE = -5 V, le= -50mA, See Note4 -0.6 -1 -0.6 -1 

YcE(satl Collector-Emitter Saturation Voltage la= -5 mA, le= -50mA, See Note 4 -0.25 -0.25 

lhrel Small-Signal Common-Emitter 
YeE = -5 V, 

Forward Current Transfer Ratio 
le = -50 mA, f = 20 MHz 5 5 

C.b Collector-Base Capacitance 
Yes= -10 V, IE= 0, 

NOTES: 4. These parameters must be measured using pulse techniques. t p = 300 µs, duty cycle ~ .ZO/o. 
5. (cb is measured using three-terminal me~suremenl techniques with the emitter guarded. 

*Indicates JEDEC registered data 

f=lMHz, 
12 See Note S 

THERMAL INFORMATION 

3: 400 
E 

I 
5 
i ·= 300 
0 
• u 

! 
~ 200 
; 

-~ 
8 
u 
~ 100 
E 

FREE-AIR TEMPERATURE 
DISSIPATION DERATING CURVE 

I~ 
~ 
~ 
~ 
~ 
~ 

{ 600 

I 
-~ 500 

l 
::; 

0 400 .. 
u 

·;;: .. 
Cl 300 
:; 
g 

.5 

~ 
E 
:> 
E 

200 

LEAD TEMPERATURE 
DISSIPATION DERATING CURVE 

~ 
~ 
~ 

12 

UNIT 

v 
v 
v 
nA 

nA 

v 
v 

pf 

~ 

~ i 
I 0 

i 
I 

~ rs: 100 

0 
0 25 50 75 100 125 150 

T.., - Free-Air Temperature - °C 

FIGURE 1 

0 25 50 75 100 125 150 
Tl - Lead Temperature - °C 

FIGURE 2 

TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 
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+ 
2k!1 100µF. 

50V 

TYPES 2N5447, 2N5448 
P-N-P EPITAXIAL PLANAR SlllCON TRANSISTORS 

TYPICAL APPLICATION DATA 

SILICON 15-WATT QUASI-COMPLEMENTARY POWER AMPLIFIER 

4.7k!1 

1.5k!1 

2k!1 

15µF, 
35V 

1 M!1 470!1 18k!1 

6.2k!1 

5µF. 
50V 

200 
k!1 

100pF 

100µF, + 
JV 

27!1 

240!1 

10k!1 

750 pF 1.5 k!1 

+ 
750µF. 
sov 

8 !1 

Bo-~~~~~~~~~t-~~~~~~~~~~~-'IN<r~~~~~~~~~~~~~~~~ 

CAl88S4 

TYPICAL PERFORMANCE SPECIFICATIONS 

Continuous Output Power 

Power Bandwidth@ 7.5 W 

frequency Response ± 0.5 dB 

Total Harmonic Distortion@ 7.5 W 

Intermodulation Distortion@ 7.5 W 

Sensitivity @ 15 W 

Input Impedance 

Hum and Noise: ucu Weighting 

Input Shorted 

Input Open 

Damping Factor 

.15W@0.15%THD 

20 Hz - 20kHz 

10 Hz - 50 kHz 

• 0.06% 

• 0.15% 

850mV 

• 1 Mn 

.-95 dB 

.-85dB 

•• 48 
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TYPE 2N918 
N-P-N EPITAXIAL PLANAR SILICON TRANSISTOR 

*mechanical data 

DESIGNED FOR USE IN VHF AND UHF AMPLIFIER AND 
OSCILLATOR APPLICATIONS TO THE KILOMEGACYCLE REGION 

• Low Noise Figure - 3 db typ at 60 me 
• High Neutralized Power Gain -18 db typ at 200 me 
• High Oscillator Power Output - 50 mw typ at 500 me 
• low Collector-Base Time Constant - 8 psec typ 

TKE ACTIVE ELEMENTS ARE 

ELECTRICALLY INSULATED FROM 

TKE CASE 

All JEDEC T0-72t DIMENSIONS 

AND NOTES ARE APPLICABLE 1 
'tT0-72 outline is same as 10-18 outline with the addition of a fourth lead. 

*absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 

Collector-Base Voltage • 
Collector-Emitter Voltage (See Note l) . 
Emitter-Base Voltage 
Collector Current • • • . • 
Total Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 2) 
Total Device Dissipation at (or below) 25°C Case Temperature (See Note 3) . 
Operating Collector Junction Temperature • 
Storage Temperature Range . 

*electrical characteristics at 25°C free-air temperature (unless otherwise noted) 

PARAMETER TEST CONDITIONSt 
BYcao Colledor-Bose Breakdown Voltage le= Jµa, le= 0 
BYceo Colledor-Emitter Breakdown Voltage le= 3ma, 1, = 0 
BYeao Emitter-Base Breakdown Voltage le = 10 µa, le = 0 

leao Collector Cutoff Current 
Yea = IS v, le = 0 
Yea= 15 v, 1. = 0, TA= 1S0°C 

hFE Static Forward Current T ronsfer Ratio Yee= h, le= 3ma 
Yae Base-Emitter Voltage la= l ma, le= !Omo 
Yee1 .. •1 Collector-.Emitter Saturation Voltage la= l ma, le= lOmo 
lhr.I Small-Signal Common-Emitter Yee= lOv, le= 4 mo, f = 100 me Forward Current Transfer Ratio 
Cct. Common-Base Open-CiKuit Yea= IOv, IE= 0, f = 140 kc 

Output Capacitance Yea= 0, le= 0, f = 140kc 
C;• Common-Bose Open-Circuit Yea = O.S v, le = 0, f = 140 kc Input Capacitance 
r.'Cc Colledor-Base Time Constant Yea = JO v, IE = -4 ma, f = 79.8 me 

NOTES: 1. This value applies when the base-emitter diode is open-tircuiled. 

2. Derate linearly lo 200°C free-air temperature at the role of 1.14 mw/C 0 • 

3. Dtrate lineorly to 200°C case temperature at the rate of 1.71 mw/c0 • 

tThe fourth I.ad (case) is floating far all measurements except 
Power Gain. For this parameter the fourth lead is grounded. 

•Jndicales JEDEC reglslored dala (typical dala excluded). 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 5012 • DALLAS, TEXAS 75222 

MIN 
30 
15 
3 

20 

6.0 

. ... 
-65°C to 

TYP MAX 

10 
l 

1.0 
0.4 

9.0 

1.7 
3.0 

2.0 

8 

30 v 
15 v 
3v 

50ma 
. 200mw 
• 300mw 
. 200°c 
+ 200°c 

UNIT 
y 

y 

y 

no 
µa 

y 

y 

pf 
pf 

pf 

psec 
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3202 

TYPE 2N918 
N-P-N EPITAXIAL PLANAR SILICON TRANSISTOR 

*operating characteristics at 25°C free-air temperature 

PARAMETER TEST CONDITIONSt MIN TYP MAX°UNIT 

NF Spot Noise Figure Ve,=6v, le = 1 ma, RG = 400 n 
3 6 db 

I= 60mc 

GP• Neutralized Small-Signal Common- Ve8 = 12 v, le = 6 ma, f = 200 me 1 s 18 db Emitter Insertion Power Goin (See Figure 1) 
I--· p 0 Oscillator Power Output Vee= lSv, le= Brno, f = SOOmc 30 so mw 

T/ Collector Efficiency (See Figure 2) 25% 42% 
tThe fourth leod (case) is floating for all measurements except 

Power Gain. For this parameter the fourth lead is grounded. 

FROM 50 Q 

SOURCE 

PARAMETER MEASUREMENT INFORMATION 

*CIRCUIT SCHEMATIC 

C2 

cf-! 
TO 50 Q 

DETECTOR 

NEUTRALIZATION ADJUSTMENT PROCEDURE 

After tvning amplifier as for normal gain measurement, reverse 

input ond output connections and tune l2 for minimum indication 

on detector. Thi$ sequence is repeated until optimum settings ore 

obtained for all variables. 

* CIRCUIT COMPONENT INFORMATION 

Cl, J - 12 pf C6, 0.05 µf 

C2 ond C7' 1000 pf 

CJ, 1.5 - 7.5 pf 

C4 and C5, 0.01 µf 

Rl' 100 ll 
R2, 1 kl! 

u, JV, T #16 AWG, K6' ID, J'.i'6' length 
Turns Ratio ~ 2 to 1 

L2, 0.4 - 0.65µh, Miller #4J03 (or equivalent). 
LJ, 8 T #16 AWG, Va" ID, l's" length, 

Turns Ratio ~ 8 to 1 

L4, 200 me RFC 

FIGURE 1 - NEUTRALIZED 200 me INSERTION POWER GAIN 

CIRCUIT SCHEMATIC 

L4 C2 

OUTPUT 

= 

CIRCUIT COMPONENT INFORMATION 

Cl and CJ, 1000 pf 
c2, so pf 

c4, 75 pf 

RJ, 2.2 kll 
Ll, L3, and L4: 0.2 µh, Ohmite Z460 (or equivalent). 

L2, 2 T #16 AWG, 'Ya" OD, 1\4" length 
Double Stub Tuner consists of the following 

plumbing (or equivalent): 

2 GR Type 874 TEE 

1 GR Typo 874-D20 Adjustable Stub 

1 GR Type 874-LA Adjustable line 

1 GR Type 874-WNJ Short-Circuit 
Termination 

*FIGURE 2 - 500 me OSCILLATOR POWER OUTPUT 

*Indicates JEDEC registered data (typical data excluded). 

TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
IN ORDER TD IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 



TYPE A3T918 
N-P-N EPITAXIAL PLANAR SILICON TRANSISTOR 

MINIATURE TRANSISTOR FOR MICROELECTRONIC APPLICATIONS 

FOR USE IN VHF AND UHF AMPLIFIERS AND OSCILLATORS 

• For Use in Micromodules, Hybrid Circuits, Thin· and Thick-Film 
Circuits, and Other High-Density Packaging 

• Low Noise Figure ••• 3 dB Typ at 60 MHz 
• High Neutralized Power Gain ••• 18 dB Typ at 200 MHz 
• High Oscillator Power Output ••• 50 mW Typ at 500 MHz 
• Low Collector-Base Time Constant ••• 8 ps Typ 
• For Applications Requiring Transistors Electrically Similar to 2N918 

mechanical data 

This transistor is encapsulated in a thermosetting plastic compound specifically designed for this purpose, 
using a highly mechanized process developed by Texas Instruments. The case will withstand soldering 
temperatures without deformation. This device exhibits stable characteristics under high-humidity conditions 
and is insensitive to light. 

0.035 ...... 
"°''. 

I 
1~r= 

--t"""t\--J==Jt:=3-l-EMITTEI 'I -;;].. 
0.075 

INDEX (DEPIE5510N) _..! 

l 0.045 0.030 
o:ii35 6 Pl.ACES, NOTE a o:oi5 -+' 3 LEADS 0.00. +:.a--:~ 

3 LEADS 0.019 0.004 
0.010 

4-COl.LKTOR 

N01lS: A. l£\D DIMB\ISKJNS 
NOT CONTIOUID IN 
MIAllEA. 

L MEASUltlDWHEll 
lEADS fMBGE 
ROM CA.SI 

C. ALL DIMENSIONS 
All JN INCHES 

absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 

Collector-Base Voltage . . . . . . 
Collector-Emitter Voltage (See Note 1) . 
Emitter-Base Voltage . • . . . . 
Continuous Collector Current . . . . 
Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 2). 
Storage Temperature Range . . • . • . . . 
Lead Temperature){, Inch from Case for 10 Seconds • • . . . • • . • . • 

NOTES: 1. This value applies when the base-emitter diode is open-circuited. 

2. Derate linearly to 150°C free-air temperature at the rate of 1.8 mW/0 c. 

.: .... 

• 30V 
. 15V 
. 3V 
50mA 

225mW 
-65°C to 150°C 
. .. 260°C 

.., .. .. 

• 

TEXAS INSTRUMENTS 3203 
INCORPORATED 

FIOST OFFICE BOX 5012 • DALLAS, TEXAS 75222 



TYPE A3T918 
N-P-N EPITAXIAL PLANAR SILICON TRANSISTOR 

electrical characteristics at 25°C free-air temperafure (unless otherwise noted) 

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 

VIBRJCOO Collector-Base Breakdown Voltage le= l µA, le= 0 30 v 
VIBRJeeo Collector-Emitter Breakdown Voltage le=3mA, lo= 0 15 v 
V1o•}eoo Emitter-Base Breakdown Voltage le=lOµA, le= 0 3 v 

I coo Collector Cutoff Current 
Vc0 = 15 V, le= 0 10 nA 

'Yeo= lSV, le= 0, TA= ss•c 1 µA 
hFe Static Forward Current Transfer Ratio Vee= 1 V, le= 3mA 20 
Voe Base-Emitter Voltage 10 = l mA, le= 10 mA l v 
Ve,1 .. 11 Collector-Emitter Saturation Voltage 10 = l mA, lc=lOmA 0.4 v 

lh,.I 
Small-Signal Common-Emitter 

Vee= 10 V, le= 4mA, I= lOOMHz 6 Forward Current Transfer Ratio 

Ccb Collector-Bose Capacitance 
Vc0 = 10 V, le= 0, I= 1 MHz See 1.7 pF 
Vea= 0, le= 0, I= 1 MHz Note 3 pF 

C.b Emitter-Base Capacitance Yeo = 0.5 V, le = 0, I= 1 MHz 3 2 pF 
rb'Cc Collector-Bose Time Constant I Yeo= 10 V, le = -4 mA, f = 79.8 MHz 8 ps 

NOTE 3: Ccb and Ceb ore measured using three-terminal measurement techniques with the third eledrode (emitter or collector respectively) guarded, 

operating characteristics at 25°C free-air temperature 

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 

NF Spot Noise Figure Vee= 6V, le= 1 mA, Rs= 400fi, 
3 6 dB 1=60MHz 

GP• 
Neutralized Small-Signa'I Common- Vea= 12V, le= 6 mA, I= 200 MHz, 

18 dB Emitter Insertion Power Gain See Figure 1 
Po Oscillator Power Output Yeo= 15 V, le= 8mA, I= 500 MHz, 50 mW 
T/ Collector Efficiency See Figure 2 42% 
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FROM 50-Q 
SOURCE 

= 

TYPE A3T918 
N-P-N EPITAXIAL PLANAR SILICON TRANSISTOR 

PARAMETER MEASUREMENT INFORMATION 

CIRCUIT SCHEMATIC 

TO 50-Q 
DETECTOR 

NEUTRALIZATION ADJUSTMENT PROCEDURE 

After tuning amplifier as for normal gain measurement, 
reverse input and output connections and tune L2 for 
minimum indication on detector. This sequence is re­
peated until optimum settings are obtained for all 
variables. 

CIRCUIT COMPONENT INFORMATION 

C1: 3 - 12 pF C,: 0.05 µ.F 
C,, C7: 1000 pF R1: 100 !1 
C3: 1.5 - 7.5 pF R2: l k!1 
C., C5: 0.01 µ.F 
L1: 3Y2 T #16 AWG, 'J<o" ID,~o" length, 

Turns Ratio = 2 to 1 
L2: 0.4 - 0.65 µ.H, Miller #4303 (or equivalent). 
L3: 8 T #16 AWG, Ye" ID,%" length, 

Turns Ratio = 8 ta 1 
L.: 200 MHz RFC 

FIGURE I - NEUTRALIZED 200-MHz INSERTION POWER GAIN 

CIRCUIT SCHEMATIC 

Jr-----1C~ OUTPUT 

OOUBLE-
L STUB 

2 = TUNER = 

CIRCUIT COMPONENT INFORMATION 

C,, C3: 1000 pF 
C2: 50 pF 
C4: 75 pF 
R1: 2.2 k!1 
L,, l 3, L.: 0.2 µ.H, Ohmite Z-460 (or equivalent) 
l 2: 2 T #16 AWG, %" O.D., 114'' length 
Double-Stub Tuner consists of the following 
plumbing (or equivalent): 

2 GR Type 874 TEE 
l GR Type 874-020 Adjustable Stub 
l GR Type 874-LA Adjustable Line 
1 GR Type 874-WN3 Short-Circuit 

Termination 

FIGURE 2 - 500-MHz OSCILLATOR POWER OUTPUT 

TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 
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FET 
design ideas 

from Texfls Instru~ents 
•. . 

FET Design Ideas is a must for every circuit design engineer's reference file. It contains: 
20 circuit diagrams covering a wide range of applications. How to bias field-effect transis­
tors. Applications literature available. And short-form data on all of Tl's standard FETs. 

To get your copy, write direct to Texas Instruments Incorporated, PO Box 5012, MS308, . 
Dallas, Texas 75222. 

~TEXAS INSTRUMENTS 
~ INCORPORATED 



TYPES 2N3570, 2N3571, 
N-P-N EPITAXIAL PLANAR SILICON TRANSISTORS 

FOR APPLICATIONS REQUIRING LOW NOISE FIGURE AND SUPERIOR 
SMALL-SIGNAL PERFORMANCE FROM VHF TO 1.5 GIGACYCLES 

2N3570 ( Formerly TIX3015) Features: 

• Guaranteed Noise Figure - 7.0 db max at 1 Ge 
• Guaranteed Gain-Bandwidth Product - 1.5 Ge 

description • Guaranteed rb 'Cc - 8 psec max 
These transistors are ideally suited for such applications as amplifiers, oscillators, and mixers. The guar­
anteed minimum gain-bandwidth products range from l to 1.5 Ge. Guaranteed minimum calculated f.,,., 
ranges from 1.7 to 2.7 Ge. These features coupled with low noise figures insure VHF through L-band am­
plifier and oscillator capability. 

*mechanical data ...... ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ........ ~~~~~~~ 

tT0-72 outline is same as T0-18 outline with the addition of a fourth lead. 

THE ACTIVE ELEMENTS ARE 

ELECTRICALLY INSULATED FROM 

THE CASE 

ALL JEDEC T0·72t DIMENSIONS 

AND NOTES ARE APPLICABLE 1 
*absolute "maximum ratings at 25°C free-air temperature (unless otherwise noted) 

Collector-Base Voltage • 
Collector-Emitter Voltage (See Note l) 
Emitter-Base Voltage 
Collector Current 
Continuous Device Dissipation at (or below) 25°C Free-Air Temperature 

(See Note 2) . 
Continuous Device Dissipation at (or below) 25°C Case Temperature 

2N3570 2N3571 2N3572 
30 v 25 v 25 v 
15v 15v 13v 
3v 3v 3v 
~ 50ma -+ 

~ 200mw-+ 

(See Note 3) ~ 350 mw -+ 
Storage Temperature Range . - 65°C to +200°C 
lead Temperature){, Inch from Case for 10 Seconds ~ 300°C -+ 

*electrical characteristics at 25°C free-air temperature (unless otherwise noted) 
2N3570 PARAMETER TEST CONDITIONSt 'MiN 'TYP-,--MAX 

!-::----------- --- ------- ------

30 BYcao Collector-Bose Breakdown Voltage le_'.'.° l µ.11-._I~-~~------------- ---------- -- - -- -
BYeeo Collector-Emitter Breakdown Voltage le = 2 mo, I e = 0, See Note 4 IS 
BYuo Emitter-Base Breakdown Voltage 1. = 10 µ.a, le = 0 3 

Yee= 6 Y, 1. = 0 
le1o CoHector Cutoff Current 

Yee = 6 v, le = 0, TA= IS0°C 
1-:---:--.-- ----:·;-t.-;-----

20 hFE Static Forward Current Transfer Ratio Yee = 6 v, le = 5 ma 
~----

Small-Signal Common-Emitter 
Yee= 6 v, le= 5ma, I= l kc 20 hi. Forward Current Transfer Ratio 

1-------Strtall-Signol Common-Emitter 
!hi.I Forward Current Transfer Ratio Yee= 6 v, le= 5ma, f=400Mc 3.75 

Yee= 6 v, 1. = 0, f = l Mc, 
C.b Collector-Bose Capacitance See Note 5 
rb'Cc Collector-Base Time Constant Yea= 6 Y, le = -5 ma, f = 79.8 Mc 1 

NOTES: 1. This value applies between 0 and 15 mo collector current when the base-emitter diode is open-circuited. 
2. Derate linearly to 200°c free-air temperature at the rate of 1.14 mw/C 0 . 

3. Derate linearly to 200°( case temperature at the rate of 2 mw/C0 . 

4. This parameter must be measured using pulse techniques. PW= 300 µsec, Duty Cycle ~ 2%. 
5. Cc:b is measured using three-terminal measurement techniques with case and emitter guarded. 

tThe fourth lead (case) is grourided for all measurements except Cc:b and Oscillator Power Output. 

•tnditafes JEDEC registered data (typical data ududed}. 

10 
1 
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TYPES 2N3570, 2N3571, 2N3572 
N-P-N EPITAXIAL PLANAR SILICON TRANSISTORS 

3402 

*operating characteristics at 25°C free-air temperature 
2N3570 2N3571 2N3572 

,---, 
PARAMETER TEST CONDITIONSt 'Tvi> •MAX1 ryyp MAX TYP MAX 

UNIT 

Yea= 6v, le= -2mo, RG = 50!1, 
6 7 

I = 1 Ge, See Note 6 
NF Spol Noise Figure 

Ye8 =6v, le= -2mo, RG = 100!1, 
I= 450 Mc 4 

tne fourth lead (case) is grounded for all measurements except Ccb and Oscillator Power Output. 

operating characteristics at 25°C case temperature 

P. 

PARAMETER TEST CONDITIONS 
MIN I ·-~-

Oscillolor Power Output Yee = 20 v, le = 15 mo, f = 1 Gt, l See Figure 1 and Nole 7 

TYPICAL CHARACTERISTICS AT TA= 25°C 
SPOT NOISE FIGURE v> FREQUENCY 

Vcs = 6 v 

~ 
le =-2 ma ~ 
RG = 50 Q 

See Note 6 

2N3570 7 " 
0 
0.01 

~ 

0, I 10 100 1000 
f - Frequency -Mc 

2N3570 
TYP }MAX 

60 l 

10000 

NOTE 6: For detailed information on measurement technique, write for "Transistor Noise Figure Measurement at 1 Ge", referr·ing to publication SC-4461. 

PARAMETER MEASUREMENT INFORMATION 

Variable-Length Shorted Line 

f ~~ r~~ ----:;:i.. 

r 
1.0" Inside 

Fcequency T 
Adjust 

Outside D-C Block, 30 pf (Microlab HR-5 lN or equivalent) 

- Lead 4 (Case) Flaating 
I 000-pf 

Dielectric 

Silver-Plated 
Bran Sleeve 

~ L~5"0Dj20v 
Ouarter-WovelengthCovity 0:675" ID 

FIGURE 1 - 1-Gc OSCILLATOR POWER OUTPUT TEST CIRCUIT 

db 

6 db 

UNIT 

mw 

NOTE 7: For detailed information on measurement technique, wrlle for "Transistor Ouillator Power Output Measurement at 1 Ge", refering to publication SC""4730. 
•Indicates JEDEC registered data. 

TEXAS INSTRUMENlS RESERVES THE RIGHI TO MAkE CHANGES Al ANY TIME 
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 



2N3866 
N-P-N EPITAXIAL PLANAR SILICON TRANSISTOR 

• Ideal Broadband Amplifier for CATV 
Line Amplifiers (50 MHz to 250 MHz) 

• High Power Gain ••• 10 dB Min at 400 MHz 

• High Collector Efficiency ••• 45% Min 

• High f, ••• 500 MHz Min 

• High V 1111c10 ... 30 V Min 

• Applications in Military, Commercial, 
and Citizens Band Radio Equipment 

*mechanical data 

0260 ~2BASE 0.740 I ! o.s MIN :1 0.210 - 3 COLLECTOR I TEMPERATURE 0.190 l 
t .-~AS. POINT , 

0.370 0335. ...... \ 
0.350 O.ll5 DIA · - • - •')c ~ 0.040 
DIA _j__ .._: ..>. /"' - 0.029 

90• ~ _0.034 

0.100 MIN - ~ ::!:! J LEADS 45•'~ 0028 

DETAILS Of OUTLINE IN ~ DIA 
THIS ZONE OPTIONAL SEATING 0016 

PLANIE ~I EMITTER 

*T0-39 Is similar to TO-S except for minimum lead length. 

THE COLLECTOR IS IN ELECTRICAL 
CONTACT WITH THE CASE. 

ALL JEDEC T0-39:j: DIMENSIONS 
AND NOTES ARE APPLICAILE. 

ALL DIMENSIONS ARE 
IN INCHES 

UNLESS OTHERWIH 
SPECIFIED. 

*absolute maximum ratings at 25°C case temperature (unless otherwise noted) 

Collector-Base Voltage 
Collector-Emitter Voltage (See Note 1) 
Emitter-Base Voltage . 
Continuous Collector Current • 
Continuous Base Current . . . . . . . . . . . . . . . • . . 
Continuous Device Dissipation at (or below) 25°C Case Temperature (See Note 2) 
Storage Temperature Range . . . • • • • 
Lead Temperature){, Inch from Case for 10 Seconds . • 

NOTES: 1. This value applies when the base-emitter diode is open-circuited. 
2. Berate linearly to 200°c case temperature at the rate of 28.6 mW/deg. 

*Indicates JEDEC register .. d1ta 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 5012 • DALLAS, TEXAS 75222 

• 55V 
. 30V 
• 3.5V 

400mA 
400mA 

.... SW 
-65°C to 200°c 

23o•c 
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TYPE 2N3866 
N-P-N EPITAXIAL PLANAR SILICON TRANSISTOR 

3502 

*electrical characteristics at 25°C case temperature (unless otherwise noted) 

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 

V1111.~eo Collector-Emitter Breakdown Voltage le= 5 mA, la= 0, See Note 3 30 v 
~~CER Collector-Emitter Breakdown Voltage le = 5 niA, Rae= ion, See Note 3 55 v 

Collector Cutoff Current 
Vee = 55 V, Vee = -1.5 V 0.1 mA 

lcev Vee = 30 V, Vae = -1.5 V, Tc = 200°c 5 mA 
lceo Collector Cutoff Current Vee = 28 V, la = 0 20 µA 
luo Emitter Cutoff Current Vea = 3.5 V, le = 0 0.1 mA 

hFE Static Forward Current Transfer Ratio 
Yee= 5 Y, le= 360 mA, See Note 3 5 
Yee= SY, le= SOmA, See Note 3 10 35 200 

Vee1sa11 Collector-Emitter Saturation Voltage la= 20mA, le= 100 mA, See Note 3 1 v 
lh1el 

Small-Signal Common-Emitter Yee= 1S Y, le= SO mA, I= 200 MHz 2.S Forward Current Transfer Ratio 

Cobo 
Common-Base Open-Grcuit Vea= 28 V, le= 0, I= 1 MHz 3 pf Output Capacitance 

NOTE 3: These parameters must be measured using pulse techniques. IP = 300 µs, duty cycle ~ 23. 

*operating characteristics at 25°C case temperature 

PARAMETER TEST CONDITIONS MIN MAX UNIT 

Pie 
Large-Signal Common-Emitter P0 e= 1 W, 0.1 w Input Power f = 400 MHz, 

YJ Collector Efficiency See Figure 1 45% 

•1ndicales JEDEC registered data 

PARAMETER MEASUREMENT INFORMATION 

8-60 pf 

FROM 50- Q 
SOURCE [O~~...-~--.tl-~ ..... ~-f-{ 

-28 v 

TO 50-Q 
DETECTOR 

COIL INFORMATION 
L1: 2 T, #18 wire,).:(" l.D., Ya" long 
L2: Ferrite RF choke, 1 T, Z = 450 fi 

ot I = 400 MHz, Ferroxcube 
Corp. Part No. YK-200-09-33 

L,, 4: RF choke, 0.1 µH 

L5: 2% T, #18 wire, Ji" l.D., ~•"long 

FIGURE I -400-MHz INPUT POWER AND COLLECTOR EFFICIENCY TEST CIRCUIT 

TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 
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2N4875, 
N-P-N EPITAXIAL PLANAR SILICON TRANSISTORS 

DESIGNED FOR VHF THRU MICROWAVE APPLICATIONS 

• Ideal Broad-Band Amplifiers for CATV 
line Amplifiers (50 MHz to 250 MHz) 

• linear Amplifiers for Single-Sideband Applications 

Calculated f max t ••• 1.9 GHz Min (2N4874) 

*mechanical data 

THE COLLECTOR IS IN ELECTRICAL 
CONTACT WITH THE CASE. 

ALL JEDEC TO-J9t DIMENSIONS 
AND NOTES ARE APPLICABLE. 

5Et>.11f\l~ 

PLAN:'.: .:_l EMITTER 

ALL DIMENSIONS ARE 
IN INCHES 

UNLESS OTHERWISi' 
SPECIFIED 

----~---·----· __________________________ ....._ ________ __ 
~:T0-39 is si;;:1ir.r fo T0-5 exupt for minimum lead length. 

*absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 

Collector-Bose Voltage 
Collector-Emitter Voltage (See Note 1) 
Emitter-Base Voltage 
Continuous Collector Current 
Continuous Device Dissipation at (or below) 25°C Free-Air Temperature 

(See Note 2) . 
Continuous Device Dissipation at (or below) 25°C Case Temperature 

(See Note 3) . 
Storage Temperature Range 
Lead Temperature){, Inch from Case for 10 Seconds 

NOTES: 1. This value applies beiween 0 and 100 mA collector current when the base-emitter diode is open·drcuited. 

2. Derafe linearly to 175°( free-air temperature at the rate of 4.8 mW/ 0 c. 
3. Derote linearly to 175°( case temperalure al the rnte of 40 mW/ 0 c. 

*Indicates JEDEC registered data. 

tMaximum Frequency of Oscillation may be calculated from the equation: fmax (MHz) = 200 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 5012 • DALLAS, TEXAS 75222 

2N4874 2N4875 2N4876 

30 V 40V 40 V 
20 v 25 v 30 v 
2V 2V 2V 

+-- 200 mA --~ 

+---- 720 mW --+ 

+---- 6 w ---­
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300°C---i>-
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TYPES 2N4874 THRU 2N4876 
N-P-N EPITAXIAL PLANAR SIUCON TRANSISTORS 

*electrical characteristics at 25°C free-air temperature (unless otherwise noted) 

PARAMETER TEST CONDITIONS 
2N4874 

MIN MAX 
2N4875 2N4876 

MIN MAX MIN MAX UNIT 

1 V Collector-Base 
fllllJeBO Breakdown Voltage le = 100 µ,A, IE = 0 30 40 40 v 

V Collector-Emitter 
IBRJeEo Breakdown Voltage le= 10 mA, 1. = 0, See Note 4 20 25 30 v 

Collector Cutoff Current 
Yes= IS V, 1. = 0 0.5 0.5 0.5 µA 

leao Yeo= 15 V, 1. = 0, TA= 150°C 0.5 0.5 0.5 mA 
leao Emitter Cutoff Current v •• = 2 v, le= 0 10 10 10 µA 

Small-Signal 

h1e Common-Emitter Yee= 10 V, le = 50 mA, I = I kHz 20 200 20 200 20 200 
Forward Current 
Transfer Ratio 
Small-Signal Yee= 10 V, le = 20 mA, I = 100 MHz 7 24 6 24 

[h,.[ Common-Emitter 
Forward Current 
Transfer Ratio Yee= 10 V, le = SO mA, I = 100 MHz 9 25 8 25 6.5 

Ccb 
Collector-Base Yea= 10 V, le= 0, I= lMHz, 3.5 3.5 3.5 pf Capacitance See Note 5 

rb'C. 
Collector-Base Vea= 10 V, le = -50 mA, I = 79.8 MHz Time Constant 10 10 10 ps 

NOTES: 4. These parameters must be measured using pulse techniques. IP = 300 µs, duty cycle ::::;; 2%. 
5. Collector-Base Capacitance is measured using three-tenninal measurement techniques with the emitter guarded. 

*operating characteristics at 25°C free-air temperature 

TEST CONDITIONS 
2N4874 2N4875 2N4876 

UNI~ PARAMETER MIN MIN MIN 

G,e 
Large-Signal Common-Emitter Vaa =-20V, le = -100 mA, 10 9.5 8.5 dB Insertion Power Gain P,. = 0.1 W, I = 400 MHz, See Figure 1 

*PARAMETER MEASUREMENT INFORMATION 

14-150 pf 500 pf 

FROM 50-0 @-------} 
SOURCE dt _ TO 50-0 

DETECTOR 

•1nditalts JEDEC ngfslertd data 

3702 

5000 

1000 pf 

6.5-15 pf ~lOOOpF.~ 

1.5 -
10 pf 

4 
O.Ol811H 

L1 and 4 Descriptions 

3/32" ribbon strap, 1 " long, 

formed to 1/2 tum. 

FIGURE I - 400-MHz INSERTION-POWER-GAIN TEST CIRCUIT 
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TYPES 2N4874 THRU 2N4876 
N-P-N EPITAXIAL PLANAR SILICON TRANSISTORS 

TYPICAL CHARACTERISTICS 

COLLECTOR CUTOFF CURRENT 
vs 

FREE-AIR TEMPERATURE 

IE 0 

..a 
Vee= 10 V L L 

LL /L 
Vee ~v 

7 7 ~'te=5V__, Vee ~ov ~L. 

zzz 
~ 

z: 
.1 

25 50 75 JOO 125 150 

TA - Free-Air Temperature - °C 

FIGURE 2 

STATIC FORWARD CURRENT TRANSFER RATIO STATIC FORWARD CURRENT TRANSFER RATIO 
vs 

COLLECTOR CURRENT 

T TT 

I- VcE= JO V 

See Note 4 

H T = 150°C 

I--H-1 A L _LU 

f-H 1--
TA 100°c 

IL l_ ...L 

I-
,__ TA - 25°C 

TA= -51~ H 

i--i- lll 

vs 
COLLECTOR-EMITTER VOLTAGE 

~ 
l80 f- TA =25°C 

cl! 160 t-S_ee+-N_o+te_4+--+--+--t---+--+----+--I 
.:! 
5 140 t---+-+--+-+---11---+--t---+-+---I 

,.:: 
c I 20 t--+-+--+-+----11---+--t---+-+---I 
~ 
~ 

u 
~ 

j 
-~ 
] 
I 

100 >---+---<--+--+-+----+- le .l = 50 m~ 

80kJ...J.~4=4e~~I~~ le 20 mA 

60 t---+-+--+-+---11---+--t---+-+---I 

40 t---+-+--+-+---11---+--t---+-+---I 

.!- 20 t--+-+--+-+--+c----+--t---+-+----i 

0 
0.1 0.4 4 JO 

0 .__.__...__,, _ _.____,'--_.__.___.__...___, 
40 JOO 0 2 4 6 8 10 12 14 16 18 20 

le -Collector Current - mA 

FIGURE 3 

VcE-Collector-Emitter Voltage -V 

FIGURE 4 

NOTE 4: These parameters must be measured using pulse techniques. IP = 300 µs, duty cycle ~ 2%. 
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TYPES 2N4874 THRU 2N4876 
N-P-N EPITAXIAL PLANAR SILICON TRANSISTORS 

3704 

1.0 

0.9 

<( 0.8 
E 
I 

0.7 "l: 
" t:: 0.6 " u 

" B 0.5 
"' 1! 0.4 0 

~ 
0 0.3 ... 

..!!' 0.2 

0,1 

0 

TYPICAL CHARACTERISTICS 

FORWARD BASE CURRENT 

le = o 
TA= 25°C 

vs 
BASE-SUPPLY VOLTAGE 

1 if_ 

t Ra= 0 1 Ra =500 Q 

Rg= 100 Qi till I 
H{ Rg= 200 ~ I 

I/ 1 

IM JLvBB 
l l r 

j 
0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 

Vga -Base-Supply Voltage -V 

FIGURE 5 

BASE-EMITTER VOLTAGE COLLECTOR-EMITTER SATURATION VOLTAGE 
V5 

COLLECTOR CURRENT 

0. 1 t---+-+-+++t-itt--+-+-H+tttt-___,1--+-H-ttffi 

0'---....1-J....l...1.J-LW----'--L-LI...1..U..U..--'L......J..~ .......... 
0.1 0.4 4 10 40 100 

IC - Collector Current - mA 

FIGURE 6 
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NOTE 4: Th!!se porameter must be measured using pulse techniques. tp = 300 µs, duty cycle 5 2%. 

vs 
COLLECTOR CURRENT 

1 TTTTTI' 

..£ = 10 
lg 

TA = 25•c 

See Note 4 

I 
TA= 15o•c 

~ 
II I I JI, 

T,.= 1oo·c ~ 
~ ~ j:; TA=25°C r.M 

::::::; 
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le - Collector Current -mA 

FIGURE 7 
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TYPES 2N4874 THRU 2N4876 
N-P-N EPITAXIAL PLANAR SILICON TRANSISTORS 

TYPICAL CHARACTERISTICS 

MAGNITUDE OF SMALL-SIGNAL COMMON-EMITTER 
FORWARD CURRENT TRANSFER RATIO .,. 

COLLECTOR CURRENT 

I 25 .---.-........ --.---.-........ --.---.----.-,---. 
0 Vee= 10 v f=lOOMHz J 

J? 20 Tc= 25•c +--:d._.lf-1=9'=!==1--1 

~ ~ ... v 
~ 15 t---t---+-+--+--+-+--+---t-+--f 
~ 

u 
l! 

0 

~ 10 t---+---+-+--+--+-+--+---t-+--f ..e 
0 
c 

"' ! 5 t---t---+-+--+--+-+--+---t-+--f 
0 
~ 

~ 0 0~~10-~20-3~0-40~~50-60~-=7'-o~ao,--90~~100 
..£.. 

le -Collector Current-mA 

FIGURE 8 

MAGNITUDE OF SMALL-SIGNAL 
FORWARD CURRENT TRANSFER RATIO 

CONTOURS OF CONSTANT MAGNITUDE 
OF SMALL-SIGNAL COMMON-EMITTER 

FREQUENCY 
FORWARD CURRENT TRANSFER RATIO -lh10 l 

20 

18 

> 16 
I 

" E' 14 

~ 12 
~ 
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2 8 
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FIGURE 9 FIGURE 10 
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TYPES 2N487 4 THRU 2N487 6 
N-P-N EPITAXIAL PLANAR SILICON TRANSISTORS 
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. -,;.-

TYPICAL CHARACTERISTICS 

SMALL-SIGNAL COMMON-EMITTER INPUT ADMITTANCE 
VS 

FREQUENCY 

15 l-+--1-+-+++---+---il---+--+-t-+-++i 

10 l-+--1-+-+++---+---il---+--+-t-+-++i 

s 1---1-+-+-~l----l---+t--.-'l'~-+-++-H 
r--.. 

f - Frequency -MHz 

FIGURE 11 

SMALL-SIGNAL COMMON-EMITTER 
REVERSE TRANSFER ADMITTANCE 

vs 
FREQUENCY 
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FIGURE 13 
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SMALL-SIGNAL COMMON-EMITTER 
OUTPUT ADMITTANCE 

vs 
FREQUENCY 
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12 l-+--l-+-+++---+---1---,~lll-+--+-+-++! 
10 l-+--1-+-+++---+---llLJ"--+-+--t-+-++i 

Im (yoe) L 
8 l-+--l-+-+++---+-.'--l-+-+--1-+-++l z 6 t-+---+--+--"H-+--z--T--+---+--+--r-+--+--++< 

4 ,__._._._ ............ __ +---t-+-+-i-+-++< 

~ 
2 1-1 [Re <r •• l -+-r 
0 

40 70 100 200 400 700 1000 

I - Frequency -MHz 

FIGURE 14 

se 



i69 

"/JI. 
I 

i 
Q 

~ :; 

~ 
~ u 

'a 
I . 
u 

2 

! 
~ 
j 
~ 
I 
..a u 

TYPES 2N4874 THRU 2N4876 
N-P-N EPITAXIAL PLANAR SILICON TRANSISTORS 

TYPICAL CHARACTERISTICS 

COLLECTOR-BASE CAPACITANCE .. 
COLLECTOR-BASE VOLT AGE 

8 ..---.---.-~ ............... -~-.--........ ......,.,-__,,.......,,...., 

1)0111 
7 t- f = 1 MHz +Hrtt---+-+-t-H+ttf----+--+-t 

6 t- See Note 5 +Hrtt---+-+-t-H+ttf----+--+-t 

5 1---+-+-+-..... +++--+---+--............ t+--.............. 

4 t--

31--+-H-Htt#r---==,.....cl-t+tttt--+--H 

0 .__.__._...._. ....... J...U.. _ _._....._.'-1.Ju.JJ..___,__,_. 
0.1 0.2 0.4 0.7 1 2 4 7 10 20 40 

Vea -Collector-llase Voll"ll• -V 

FIGURE 15 

CROSS-MODULATION DISTORTION 
vs 

UNDESIRED-SIGNAL INPUT VOLTAGE 

1.0 
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0.1 

~Yee= 10 v ZJ 
t- le= 50 mA 
t- V;,,(fl)= 50 mV z 
I- f1= 150 MHz 

f2= 210 MH:i ,/-1- T .. = 2s•c 
See Figure 19 
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UNDESIRED-SIGNAL INPUT VOLTAGE .. 
COLLECTOR CURRENT 

T I 

I- Vee= 10 v 
V;,,(11)=50 mV 

I- f1 = 150 MHz 
f2= 210 MHz 

I- Cross Modulation = I% 
~ t- T .. = 25•c 

See figure 19 IZ 
~ 
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le -Collector Current-mA 

FIGURE 18 

NOTE 51 Collector-Basa Capadtance is measured using three-ttrmlnal measurement techniques with the emitter guarded. 
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TYPES 2N4874 THRU 2N4876 
N-P-N EPITAXIAL PLANAR SILICON TRANSISTORS 

PARAMETER MEASUREMENT INFORMATION 

1. HP 6080 Signal Generator 
2. HP 6080 Signal Generator 

2a. Boonton 230A Power Amplifier 
3. Power Divider 
4. Boonton Model 910 RF Voltmeter 
5. Test Amplifier Shown Below 
6. HP Variable Attenuator (0-120 dB) 

INPUT©-----1 

J, lOOOpf 

BLOCK DIAGRAM 

TEST AMPLIFIER ~ 

';J; lOOOpF 

9-180 
pf 

Yee 

7. Boonton 230A Power Amplifier 

8. Boonton Model 91 D RF Voltmeter 
9. Telonic RF Detector 

10. HP 412A D-C Voltmeter 

11. HP 130A Oscilloscope 
12. 1-kHz Variable-Gain Amplifier 

13. HP 400H RMS Voltmeter 

1000 pf 

I ,; OUTPUT 

L1 Description: 
1/4" ribbon strap, 1-1/4" lo~ 
formed to 1/2 tum and center-tq:>ped. 

CALIBRATING AND OPERATING INSTRUCTIONS 

1. Set up equipment as shown in Block Diagram 

2. Calibration 
A. Set signal generator [i] to desired-signal frequency (f1 = 50 MHz). 

B. Tune Boonton VHF Amplifier [Pto 150 MHz. 
C. Set desired-signal level for 50 mV at input of test amplifier ~-
D. Modulate desired signal 20% with 1 kHz. 

E. Adjust variable attenuator [i1 to give 0.45 V at input of RF Detector [!I . 
F. Adjust gain of 1 -kHz amplifier fij> for zero-dB reference on HP .400H ~ 

G. Set signal generator [fil to undesired-signal frequency (f2 == 210 MHz). 

H. Modulate undesired signal 30% with 1 kHz. 

3. Measurement 

A. Remove modulation from signal generator [iJ . 
B. Increase the 30%-modulcte~ndesired signcl until a specified percentage of cross-modulation of the desired signal is 

indicated on the HP 400H IJ1I . 
C. Record the undesired ... signal voltage at the input of test amplifier {§:>with desired signcl turned off. 

4. This reading is the modulated undesired ... signal voltage required to cause a specified percentage of cross-modulation on 
the desired-signal carrier. 

FIGURE 19 - MEASUREMENT OF CROSS-MODULATION DISTORTION 
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TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 



3N79 
N-P-N PLANAR SILICON TRANSISTORS 

DOUBLE-EMITTER PLANAR TRANSISTORS 
DESIGNED FOR CHOPPER APPLICATIONS 

• Low Offset Voltage 
• Excellent Thermal Stability 
• Very Low Leakage- 2 na max at 15 v (3N74, 3N7S, 3N76) 
• High Breakdown Voltage -18 v min (3N74, 3N75, 3N76) 

*mechanical data 

THE COLLECTOR IS IN E!.ECTRICAL CONTACT WITH THE CASE 

,U~ DIMENSIONS 
AU !N INCHfS 

UNLESS CTHUWISE 
srECIFIW 

ALL JEDEC T0-72 
DIMENSIONS ANO NOTES 
ARE APPLICAUE 

'absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 

Collector-Base Voltage . 
Emitter-One-Collector Voltage (See Note 1). 
Emitter-Two-Collector Voltage (See Note 1). 
Emitter-One-Emitter-Two Voltage (See Note 2). 
Emitter-One-Base Voltage (See Note 3) . 
Emitter-Two-Base Voltage (See Note 3) . 
Collector Current . 
Base Current . 
Emitter-One Current . 
Emitter-Two Current . 
Total Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 4) 

Total Device Dissipation at (or below) 25°C Case Temperature (See Note 5) 
Storage Temperature Range . 

HES: 1. This 'lalue applies when the base and alternate emitter are open-circuited. 

2. This value applies when the colledor is short-circuited to the base but open-circuited with mpect lo Ifie emitters. 

3. This value applies when the collector and alternate emitter are open-circuited. 

4. Derate linearly to 17S°C free-air temperature at the rate of 2 mw/C0 . 

5. Derate linearly to 175°C cose temperature at the rate of 4 mw/C 0 • 

ndicafes JEDEC registered data 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 5012 • DALLAS, TEXAS 75222 

3N74 

3N75 

3N76 

50 v 
18 v 
18 v 
18 v 
18 v 
18 v -- 20 ma 

20 ma 

3N77 

3N78 
3N79 

40v 
12 v 
12 v 

12v 
12v 
12v --- lOma -

-10ma-
4--300mw­
-600mw-

- 65°C to + 200°C 
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TYPES 3N74, 3N7S, 3N76, 3N77, 3N78, 3N79 
N-P-N PLANAR SILICON TRANSISTORS 

*electrical characteristics at 25°C free-air temperature (unless otherwise noted) 

3N74 3N75 
PARAMETER TEST CONDITIONS 

MIN MAX MIN MAX 
--

BYeeo 
Collector-Bose 

le= 100 J.LO, IE1 = IE2 = 0 50 50 Breakdown Voltage 

BVE1Bo } Emitter-Base 1.1 {or 1.2) = 10 J.LO 
18 I 18 BY,2eo Breakdown Voltage I,, {or IE,) = 0, le = 0 

I Emitter-Emitter 1., = ± 10 µ,a, Vee= 0 
±18 ±18 I BYm2 Breakdown Voltage (See Note 6) 

leeo Collector Cutoff Current Vee= 30v, 1., = 1., = 0 10 10 

JEIBO } VElB {or V.,.) = 15 v 

I IE2Bo Emitter Cutoff Current I,, {or 1.,) = le= 0 2 2 

v.1•2 = ±15 v, Vee = 0 
±2 ±2 (See Note 6) 

lm2 Emitter Cutoff Current 
Vm2 = ±15v, Yee= 0 
TA = 100°C, (See Note 6) ±100 ±100 

le = 1 mo, 1.1 = 1,2 = 0 
i IVm2I Offset Voltage TA= -25°(, + 25°C, and + 100°( 50 100 

(See Figure 1) 

j6Yemle.18 

Offset Voltage 
let11 = 1.5 mo, let2J = 0.5 mo Change With 25 25 
1,, = 1,, = 0 Bose Currentt 

/6Vem/e.rA 
Offset Voltage 

le = 1 mo, 1., = I,, = 0 Change With 75 125 
Temperaturet TAPJ = 1oo•c, rAt•i = -2s 0 c 

lh1o1I } 
Small-Signal 

I 

Ve•1 (or Ve,,) = 5 v, Common-Emitter 
lh1o2I Forward Current I., {or le,) = 0 1.5 1.5 

Transfer Ratio le = 1 mo, f = 20 me 

Common-Bose 
Vee = S v, I., = 1., = 0 c.b Open-Circuit 8 8 

Output Capacitance f=l40kc 

C.1b } 
Common-Base VElB (or Veze} = 5 Y 

c.,b Open-Circuit 1,2 (or I.,) = 0 5 s 
Input Capacitance le = 0, f = 140 kc 

Dynamic le = 1 mo, I., = I,, = 0 
re1e2 On Series 1.1 = 100 µ,a, f = 1 kc 10 40 10 40 

Resistance (See Figure 2) 

6. These parameters must be measured with the collector short-circuited to the base but open-circuited with respect to the emitters. 

3N76 

MIN MAX 
UNIT 

5oT y 

1s I y 

l 
±181 y 

I 

I 10 no 

I 2 no 
I 

I 

±2 no 
I 

1±100 no 

I 
1200 J.LY 

I 

I 
I so J.LY I 
I 

I 
175 J.LV 

1.5 

8 pf 

s pf 

10 50 ohm 

t Offset Voltage Change. is defined as the magnitude of !he algebraic difference between the offset voltage at the higher base current {or temperature} and the offset 
voltage at the lower base current (or temperature), 

•indicates JEDEC registered data 
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TYPES 3N74, 3N75, 3N76, 3N77, 3N78, 3N79 
N-P-N PLANAR SILICON TRANSISTORS 

*electrical characteristics at 25°C free-air temperature (unless otherwise noted) 

PARAMETER TEST CONDITIONS 
3N77 

MIN MAX 

3N78 3N79 

MIN MAX MIN MAX 
UNIT 

BVeao 
Collector-Bose 

le = JOO µ,a, le1 = IE2 = 0 40 40 40 Breakdown Voltage v 

BVetao } Emitter-Base le1 (or le2) = 10 µ,a 
J2 J2 J2 BVmo Breakdown Voltage le2 (or le1} = 0, le = 0 v 

BYem 
Emiller-E111itter le1 = ± JOµa, Yea= 0 

±J2 ±12 ±J2 v Breakdown Voltage (See Note 6) 

leao Collector Cutoff Current Yea = 30 v, I,, = le2 = 0 10 JO 20 no 

let BO l Emitter Cutoff Current 
Ye18 {or Ym) = 5 v 

JO 
le210 f IE2 (or lei) = le = 0 5 5 na 

v.IEZ = ± 5 v, Yea = 0 
±5 (See Note 6) ±5 Ft 10 na 

IE1E2 Emitter Cutoff Current 
Ye1e2 = ± 5 v, Yea= 0 
TA= 100°c, (See Note 6) l±JOO ±JOO ±200 na 

la = J mo, le1 = le2 = 0 
/vEIE,/ Offset Voltage TA = -25°C, + 25°C, and + J00°C 50 JOO 200 µv 

(See Figure 1) 

j,:,v•IEZI"'• 
Offset Voltage 

IB(tl = 1.5 mo, la121 = 0.5 mo Change With 25 50 75 µv 
Base Currentt 1., = 1., = 0 

lf>VE1E2l&TA 
Offset Voltage 

la = J mo, 1., = I., = 0 Change With 75 J25 175 µv 
Temperoturet TA'" = 100°c, TA1,1 = -25°C 

/h,.,/ } 
Smoll-Signol 

Yce1 (or Yee2) = 5 v, Common-Emitter 
/h,.,/ Forward Current le2 (or let) = 0 1.S 1.5 1.5 

Transfer Ratio le = 1 mo, f = 20 me 

Common-Bose 
Yea = 5 v, le1 = le2 = 0 cob Open-Circuit 8 8 10 pf 

Output Copocitonce f = 140kc 

C.tb } Common-Bose VEtB (or V.,.) = 5 v 

c.,b Open-Circuit le2 (or le1) = 0 5 5 6 pf 
Input Capacitance le = 0, f = 140 kc 

Dynamic la = 1 ma, lei = IE2 = 0 
r.1.a On Series 1.1 = 100 µa, f = 1 kc 10 50 JO 50 10 60 ohm 

Resistance (See figure 2) 

6. These parameters must be measured with lht collector short-circuited to the base but open-circuited wilh respect to the emitters. 

t Offset Voltage Change is defined as the magnitude of the algebraic difference between the offset voltage al the higher base current (or temperature) and the offset 
volfage at the lower base current (or temperature}. 

•Indicates JEDEC registered data 
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TYPES 3N74, 3N75, 3N76, 3N77, 3N78, 3N79 
N-P-N PLANAR SILICON TRANSISTORS 

*PARAMETER MEASUREMENT INFORMATION 

I, + 

(See Notes 7 and 8 ) 

FIGURE 1 - OFFSET VOLTAGE TEST CIRCUIT 

{See Note 8) 

'· 
f = 1 kc 

FIGURE 2 - ON SERIES RESISTANCE TEST CIRCUIT 

NOTES: 7. (ore must be taken to ovoid error due to thermocouple action. 

8. The voltmeter impedance must be high enough that halving it does not change the measured value. 

•indicates JEDEC registered data 
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TIS92, TIS92M 
TIS93, TIS93M 

COMPLEMENTARY EPITAXIAL PLANAR SILICON TRANSISTORS 

SILECTt COMPLEMENTARY TRANSISTORS 
Available in Matched Complementary Pairs (TIS92M and TIS93M) 

for Complementary-Symmetry or Other Class-B Audio-Amplifier Applications 
• Supplied in Color-Coded hFe Brackets of 3-dB-Maximum Range 
• 1.6-W Rating at 2S°C Case Temperature 

mechanical data 

These transistors are encapsulated in a plastic compound specifically designed for this purpose, using a 
highly mechanized process:!: developed by Texas Instruments. The case will withstand soldering tempera­
tures without deformation. These devices exhibit stable characteristics under high-humidity conditions and 
are capable of meeting MIL-STD-202C method 106B. The transistors are insensitive to light. 

High-thermal-conductivity leads allow operation at unusually high dissipation levels. 

2-BASE 

0.017 = g-gg~ DlA. 

3 lEADS 

NOTES: A. lec:id diameter is not tontrolled in thi$ areo 

8 Leads hoving ma><imum dillmeter (0.019) $hall be within 0.007 of their true positions 
meosured in the gaging plane 0.054 below the se1;.tin9 plane of the device relative to 
a mallimum-diameter packQge. 

C Alt dimeMions are in inches 

3 ·COLLECTOR 

absolute maximum ratings at 25°C free-air temperature (unless otherwise noted)§ 

Collector-Base Voltage 
Collector-Emitter Voltage (See Note l) 
Emitter-Base Voltage . 
Continuous Collector Current 

Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 2) 
Continuous Device Dissipation at (or below) 25°C Lead Temperature (See Note 3) 

Continuous Device Dissipation at (or below) 25°C Case-and-Lead Temperature (See Note 4) 

40 v 
40 v 
5V 

400 mA 
625 mW 

l.25 w 
1.6 w 

Storage Temperature Range -65°C to 150°C 
260°C Lead Temperature Y,, Inch from Case for 10 Seconds . 

NOTES: 1. This value applies when !he hose-emitter diode is open-circuited. 

2. Derate linearly to l50°C free-air temperature al the role of 5 mW/ 0 (. 

3. Derate linecrtly lo 150°( lead temperature at th!! rate of 10 mW/ 0 C. 
Lead temperature is measured on the collector lead l/16 inch from the case. 

4. This rating applies with the entire case {including the leads) maintained at 25°C. 

Derate linearly ta l50°C case-and-lead temperature at the rate of 12.B mW/ 0 c. 

trrademark of Texas Instruments 

:f:Potented by Texas Instruments 
and other potents pending. 

§Voltages and currents apply to the n-p-n transistors. 

For the p-n-p transistors the values are the some, hut the 

polarities are reversed. 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 5012 e DALLAS, TEXAS 75222 
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N-P-N TYPES TIS92, TIS92M 
P-N-P TYPES TIS93, TIS93M 
COMPLEMENTARY EPITAXIAL PLANAR SILICON TRANSISTORS 

4106 

electrical characteristics at 25°C free-air temperature 

N-P-N P-N-P 
PARAMETER TEST CONDITIONSt TIS92, TIS92M TIS93, TIS93M UNIT 

MIN TYP MAX MIN TYP MAX 
V1BR1eeo Collector-Bose Breakdown Voltage le = l 00 µ,A, le = 0 40 -40 v 
V1e~eeo Collector-Emitter Breakdown Voltage le= 10 mA, le= 0, See Note 5 40 -40 v 
V1••IEBO Emitter-Base Break.down Voltage le = 100 µ,A, le = 0 5 -5 v 
I coo Collector Cutoff Current Yee= 20 V, le= 0 100 -100 nA 
lao Emitter Cutoff Current v .. = 3 v, le= 0 100 -100 nA 
hFE Static Forward Current Transfer Ratio Yee= 2 V, le= 50 mA, See Note 5 100 160 300 100 160 300 
v .. Bose-Emitter Voltage Yee = 2 V, le= 50 mA, See Note 5 0.6 0.77 l -0.6 -0.76 -1 v 

Yce1satl Collector-Emitter Saturation Voltage 
le= 5 mA, le= 50 mA, See Note 5 0.04 0.25 -0.06 -0.25 v 
le= 20 mA, le = 200 mA, See Note 5 0.17 -0.23 v 

NOTE S: These parameters must be measured using pulse fethniques. tp = 300 µs, duty cyde ::; 2%. 

tTest condition voltages and currents apply to the n-p-n transistors. For the p-n-p transistors the values are the some, but the polarities are reversed. 

PARAMETER COLOR-CODE INFORMATION 

To facilitate matching and identification these transistors are color-coded in h., brackets, each having a maximum spread of 3 dB as shown in the 
table below. No guarantee is made as to distribution of h" values, except that equal numbers of n-p-n and p-n-p devices will be shipped in any 
given bracket when matched complementary pairs are ordered. To order from specific brackets, contact a Tl sales office or distributor. 

COLOR CODE YELL.~O~W:.---l----'G=R=E=E~N~-+---~BL=U=E~--+---V~l=O=L=ET:.-_-+--G~RA=Y~--l 

100-125 115 -150 140-190 170- 235 215- 300 h" Range, 
IVcel = 2 V, llcl = 50 mA 

ORDERING INFORMATION - To order matched complementary pairs, order the some quantity each of TIS92M and TIS93M. Devices may be ordered 
sepomtely by specifying TIS92 or TIS93. 

THERMAL INFORMATION 

DISSIPATION DERATING CURVES 
3 LS~-~-~--.----,----,-----, 

~ 1.6f--~-4.---"~-+-~-+--~-1~---1 

il.4f---+-->,.-+--"--'-T-~"-'--f---+---l 

~ 1.2f-----J>...--+~--~-c=--'--c--,-,l-,----! 
g l. 0 I----+----"-·_..,,.,~---~---! 

.E 
go.ao--~-+---+--...+--'<----+----+----1 

u 
E0.6f=~""l"-=--t--t---->.,;;:-f'~--j----j , 
E 
-~ 0. 4 f-,,,-~.J,,-~-L--?-..t---+-""-'4-
::;: 
I 0.2 

25 50 75 100 125 150 
T -Temperature - °C 

FIGURE I 
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N-P-N TYPES TIS92, TIS92M 
P-N-P TYPES TIS93, TIS93M 

COMPLEMENTARY EPITAXIAL PLANAR SILICON TRANSISTORS 
TYPICAL CHARACTERISTICS 

N-P-N TYPES TIS92, TIS92M 
COMMON-EMITTER COLLECTOR CHARACTERISTICS 

200 TA - 25oc 

180 See Note 5 I ---1-' 1 
Y." '· . -+-+-160 >-----+--17.._....LJ._.ls = 1.5 mA-:=i==---t-'=f--+--1 

1i 140 _L d:r: 
I 1J/\-\.om1A 

l ::: =~ij~~=L~t1~=1=T=~=~=~~~ 
] 80 / I. -1----1--1----1---1 

8 '/ 18 _=_;.o::.:.5:.:m:::;A~+-t--t-ll 
~ 60~-lN,'--/+P'_..,,-~.i-----+----lf----1--+--+-+-~ 

40~'#+._L__,__+---+---+----lf----1--+--+-+-~ 

2: ~'.L le =O 

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 o. 9 1.0 
VeE -Collector-Emitter Voltage-V 

FIGURE 2 

NORMALIZED STATIC FORWARD CURRENT TRANSFER RATIO 
vs 

COLLECTOR CURRENT 

~ 2.0 1vcEI- 2 v 
-"' 
I 1.8 TA = 25°C --H+++-t---+-+-+++tt+t--1--i-t-++t-t+I 
0 See Note 5 ! 1 • 6 >----+---+-+-+-+++H--

i 1.41---t---l-++-H+H----f~-t-H+-ttt--+-+-+++++tl 
I? 
t-
~ 1.21---+---l-++-H+H----f~-+-H+-ttt--+-+-+++++tl 
~ P-N-P 

a 1.o~=::l::::!:tt:+t+tt::::;J;;:j:~UJ!Jj.._.j._-1--l---l..J.UU 

1 O. 8v 1--4..-f"'JJ:BN+--1--+---+-t-H-t-t+~Pl\c--+{\-+-t-++++H 
i o. 6 1--+-+-+++++H----+---+-+-+-t+if++----'ff'\--J\...-+-+_......, 

; 0.4 l---+-+-+++tt~-1--i-t-++t+H--+-~-++-H-H 
ll 'ii o. 2 1---+-+-+++tt~-l--i--+-++t+H--+-+-l-++-H-H 

l 0 ~_.__._.~ .......... -~~~ ........... -~~ .......... ~ 
1 4 10 40 100 400 1000 

I le I- Collector Current - rnA 

FIGURE 4 

P-N-P TYPES Tl593, Tl593M 
COMMON-EMITTER COLLECTOR CHARACTERISTICS 

-200 TA = 25oc 

-180 

-160 l--+-+--t--,,,4-'rl'-=='-l-=1--+-+---l 
< 
E 
I -140 t---+-t--f+r'-+------'"-r-----'C:::::=+--t-=q:'--f 

~ -120 t---1---11+7 
~ 
:> 
u 
~ -I 00 t---+--cl'f-t'---t-::;:;f--4-~~~--t----t--r---1 
2 
~ -so i---r-H>'h"--t--t 
0 
u 
I ~ol---+Mhll--:;J....--+==t""=''t'==l===l===t==l 

_u 

le= O o ............ ~ ............... ~_.__...__ .......... ~.._ ....... ~...__. 
0 -0.1-0.2 -0.3-0.4-0.5-0.6-0.7 -0.8 -0.9-1.0 

VeE - Collector-Emitter Voltage - V 

FIGURE 3 

BASE-EMITTER VOLTAGE 
VI 

COLLECTOR CURRENT 

l.O IVcel = 2 V 

0.9 TA = 25°C 

> O.B See Note 5 

Jlilll 01 

I ~ 
& o. 7 t--t-+1H+±ll4,.....,,=t.t-++t-H#---t--H-tttttt 
.I! i---H"" 
~ o. 6't--T-+-t-t-tt1rtt--t--t-+++-1-ttt---t--t-H1t+ttl 

j - 0.5 l---+-+-+-++tt-H--1--i--+-+-H-HT--+-+-l-++++ii 1 0.4 t---+-+-t-T-ttt+t--t--t-+-++t-HT---i---t-1rt-t-tttl 

I o.3 1---1--+-l'+++Hf--+-+-++1-1H-H--+-+-+-++++i< 
w 
~ o. 2 t---+-+-t-T-ttt-H--1--i-t-++t-HT--""1-"-t-1-+++tt< 

0.11--t--++++tttt--1-i-t-H-ttit--+-+-i-tt+tlt 

o ...... ~~~~~-~~ ................ -~~~ ........ 
1 4 10 40 100 400 1000 
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FIGURE 5 

NOTE 5: These parameters must be measured using pulse tedmiques. tP = 300 µs, duty cycle :$; 2%. 
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N-P-N TYPES TIS92, TIS92M 
P-N-P TYPES TIS93, TIS93M 
COMPLEMENTARY EPITAXIAL PLANAR SILICON TRANSISTORS 

4108 

TYPICAL APPLICATION DATA 

INPUT 

CIRCUIT COMPONENT INFORMATION 

RESISTORS 

+33 v 

See Note 6 
TIS92M 

TIS93M 

R1 : l IAfl R.: l.3 kfl R11: 300 n 
R12: 3.9 n 
Rn: 3.9 fl 

CAPACITORS 
C1: 0.05 µF 

R2: Z kfl R7: ZOO fl 
R,, z kn R,, 360 n 
R4 : 100 fl R9 : 10 fl 
R5: 24 kn R10: l.Z kn 

All resis!ors Vi W, ten percent tolerance 

C2: 50 µF, 30 V, electrolytic 
C3 : 5 µF, 30 V, electrolytic 
C4: 20 µF, 20 V, electrolytic 
C,: 330 pf 
C,: 100 µF, 35 V, electrolytic 

TYPICAL PERFORMANCE, ·R, = 40 fl, I = l kHz, TA = Z5°C (EXCEPT WHERE NOTED) 

Sensitivity at 1-W Output • . . . . • 

Input Impedance . • . . . . . • 

Total Harmonic Distortion al 2-W Output . 

Total Harmonic Distortion at 1-W Output . 

. 100 mV 

l !Afl 

3.7% 

l.2% 
Total Harmonic Distortion at 50-mW Output . • . . . . . . . 0.15% 

Frequency Response . . • . . . . . . Down 3 dB at 63 Hz and 17 kHz 

Power Supply Drain at Zero Signal . 15 mA 

Power Supply Drain at Rated Output • 115 mA 

NOTE 6: Heat sink the collector lead. 

FIGURE 6 -TYPICAL 2-WATT COMPLEMENTARY AMPLIFIER 

86 

TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 



1 3N111 
P-N-P EPITAXIAL PLANAR SILICON TRANSISTORS 

HIGH-VOLTAGE DOUBLE-EMITTER PLANAR TRANSISTORS 
DESIGNED FOR LOW-LEVEL, HIGH-SPEED CHOPPER APPLICATIONS 

REQUIRING VERY LOW OFFSET VOLT AGE 

• May be Used in Some Circuits Designed for N-P-N Types by Reversing 
Collector and Base Terminations 

• High Breakdown Voltages ••• SO V Min (3N108, 3N109) 
• Low Offset-Voltage/Temperature Sensitivity 
• Extremely Low Leakage ••• 0.1 nA Max at 25 V (3N108, 3N109) 
• Military 1/ersion (JAN3N108) Available 

*mechanical data 

All DIM~NSIONS 

U:l~~S 1 ~T~i':1~~ 
SPE4;!FIEO 

tT0-72 outline is same os T0-18 outline with the addition of a fourlh lead. 

THE COLLECTOR IS IN ELECTRICAL 

CONTACT WITH THE CASE. 

ALL JEDEC T0-72t DIMENSIONS 

AND NOTES ARE APPLICABLE 

Ir 

*absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 

Collector-Base Voltage 
Emitter-One-Collector Voltage (See Note l) 
Emitter- Two-Collector Voltage (See Note l) 
Emitter-One-Emitter-Two Voltage (See Note 2) 
Emitter-One-Base Voltage 
Emitter-Two-Base Voltage 
Continuous Collector Current 
Continuous Base Current . 
Continuous Emitter-One Current . 
Continuous Emitter-Two Current . 
Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 3) 

Continuous Device Dissipation at (or below) 25°C Case Temperature (See Note 4) 

Storage Temperature Range . 
Lead Temperature J{, Inch from Case for l 0 Seconds . 

NOTES: l. This value applies between 0 and 10 mA collector current when the base and alternate emitter ore open-circuited. 

2. This value applies when the collector is short-circuited to the base but open-circuited with respe(f to !he emitters. 

3. Dernte linearly to 200°C free-air temperature of the rate of l.71 mW/deg. 

4. Oerate linearly to 200°( case tempernture at the rate of 3.43 mW/deg. 

*Indicates JEDEC registered data 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 5012 • DALLAS, TEXAS 75222 

3N108 3N110 
3N109 3Nlll 

-50V 
-50V 
-50V 
±50V 
-50V 
-50V 

-50V 
-30V 
-30V 
±30V 
-30V 
-30V 

+--±20mA-+ 
+--±20mA-+ 
+--±lOmA-+ 
+--±lOmA-+ 
+--300 mW-+ 
+-600mW-+ 
- 65°C to 200°c 
+--- 3oo•c -+ 

;:: "' ... 
c: -< ... 
5 ~ ;: 
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"' n 
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:;; 
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TYPES 3N108, 3N109, 3N110, 3N111 
P-N-P EPITAXIAL PLANAR SILICON TRANSISTORS 

*electrical characteristics at 25°C free-air temperature (unless otherwise noted) 
~-

PARAMETER TEST CONDITIONS 3N108 3N109 3NllO 3Nlll 
MIN MAX MIN MAX MIN MAX MIN MAX 

VtBRJCBO Collector-Bose Breokdown Yoltoge le- -1 µA, IE1 - IE2 = 0 -so -so -50 -50 

VtBR.JECO Emitter-Collector Breakdown Voltage le= -lµA, 1, = 0, See Note S -so -50 -30 -30 

y[BR.)EBO Emitter-Bose Breakdown Voltage le - -lµA, le - 0, See Note S -so -so -30 -30 

YllR}El-E2 Emitter-Emitter Breakdown Voltage IE1 = ± l µ.A, Yea= 0, See Note 6 ±50 ±SO ±30 ±30 

lc10 Collector Cutoff C.-;-rent Vc1 = -30 V, le1 = IE2 = 0 --0.2S --0.2S --0.5 --0.S 
IElo Emitter Cutoff Current v.,= -25Y, le= 0, See Note S --0.1 --0.1 --0.S --0.5 

Ye1-E2 = ± 25 V, Yea= 0, See Note 6 ±0.1 ±0.1 ±0.S ±0.S 

le1-E2(off) Emitter Cutoff Current Ye1-u - ± 25 V, Yea - 0, rA = 100°c:·· 
See Note 6 ±10 ±10 ±50 ±SO 

\V,,_.,l•nJ\ Emitter-Emitter Offset Voltage 
la= -1 mA, le,= IE2 = 0, See Figure 1, 

30 150 30 lSO TA= - 2s•c. 2S°C, and 100°c 

!L::.VE1 -E2(ofs)lu1 1 

Offset Voltage Change 
IBl•I = -1.S mA, IB121 = - 0.5 mA, I" = I., = 0 20 50 20 so With Bose Currentt 

y I Offset Voltage Change 11 = -1 mA, IE1 - IE2 = 0, r,p1 = 100°c, 
50 150 so lSO 16 El -E21okl UTA With Temperaturet r.1,1 = - 2s 0 c 

re1-e2(onl 
Small-Signal Emitter-Emitter lo= -1 mA, I.,= I., =O, 10 = 100 µA, 

10 50 10 so 10 so 10 so On-State Resistance I= 1 kHz, See Figure 2 

\h,.\ Small-Signal Common-Emitter Ye,= -6Y, ic=-lmA, 1=4MHz, 
3 3 3 3 Forward Current Transfer Ratio See Note S 

C.bo 
CommoO:ease Open-Cirtuit 

Yeo=-6V, le1 = le2 = 0, I= 1 MHz 10 10 10 10 Output Capacitance 

c,bo Common-Bose Open-Cirtuit v .. - -6V, le - 0, I= 1 MHz, 
3 3 3 3 Input Capacitance See Note 5 

NOTES: S. These limits opply separotely for ea<h emitter with the blternate emitter open-circuited. 

6. These parameters must be measured with the collector short-circuited to the base but open-circuited with respect to the emitters. The limits apply to both 

polarities of emitter-lo-emitter voltage. 

tOffset Voltage Change is defined as the magnitude of the algebraic difference between the offset voltages at two specified base currents or temperatures. 

*PARAMETER MEASUREMENT INFORMATION 

UNIT 

y 
y 
y 

v 
nA 
nA 
nA 

nA 

µV 

µV 

µV 

n 

pf 

pf 

Yel-e2 
re-1-e2(on) = --1.­

,--~~~---l~f>'-~~~---. 

4110 

See Notes 7 and 8 

FIGURE 1 - OFFSET VOLTAGE TEST CIRCUIT 

NOTES: 7. Care must be taken to avoid error due lo thermocouple action. 

See Note 8 

~1-------iV>------~­

f = 1 kHz 

FIGURE 2 - SMALL-SIGNAL EMITTER-EMITTER 
ON-STATE RESISTANCE TEST CIRCUIT 

8. The voltmeter impedance must he high enough that halving it does not change the meosured value. 

*Indicates JEDEC registered data 
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TYPES 3N108, 3N109, 3N110, 3N111 
P-N-P EPITAXIAL PLANAR SILICON TRANSISTORS 

TYPICAL CHARACTERISTICS 

COLLECTOR CUTOFF CURRENT 

FREE-AIR TEMPERATURE 
-100 

"2 

1 
-10 

u 

"' -1 

~1., -1,,-0= 
Vea - -45V7 17'7 

77 7 
j1 

d Vea= -Jov§ 

~ -0.1 z 
0 
u 
I -0.01 

~Yca""-15V 

ii? .... 
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TA - Free Air Temperature - °C 

FIGURE 3 

EMITTER CURRENT 

EMITTER-ONE-EMITTER-TWO VOLTAGE 
10 

<( 
E 

11 la -10 mA/ 

le= - la 1 
18 --SmA 

TA = 25°C 11 la -6mA 

I 

i 
~ 
u 

]] la - -4 mA 

la - -2 mA 18-0] la= -1 mA . le=-1 mA 18 ~ o 
" -2 
] 

-4 

la - 2 mA 

18 - -4 mA 

- -6 
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18 - -6mA 

la~-B_rA f.A 
t1 la - j_lO _.,;_A 
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VEl-E2 - Emitter-One-Emitter-Two-Voltage - V 
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f 
0 
> 

~ 
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1 ] -20 

-40 

-60 

-80 

> 

FIGURE 5 

3N108, 3N110 
EMITTER-EMITTER OFFSET VOLTAGE 

FREE-AIR TEMPERATURE 

IEI "'I E2-= 0 I See figure 1 

18 = -110 mA 

1 -
1-- 1 8 ~1-I mA 

~ 18 - -0. 1 mA :==--
-::;;; 

~ 
t-- 1,=-r mj 

1 
-25 25 50 75 100 125 

TA - Free-Air Temperature - °C 

FIGURE 7 

EMITTER CUTOFF CURRENT 

FREE-AIR TEMPERATURE 
• 100 

~ ~See Note 9 

~ ±10 

a 
•1 

•0.1 

! •0.01 

•0.001 

-1.0 

> -0.9 
I -0.B 

t -0.7 0 
> -0.6 .2 
.! -0.5 
0 
'-! -0.4 

! -0.3 

:;! 
-0.2 

> -0.1 

0 
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~~ v.,_,2 = >lOV 
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TA - Free-Air Temperature - °C 

FIGURE 4 

BASE-COLLECTOR VOLTAGE 

BASE CURRENT 

le~ ~1:rn 
1e2 = -le1 

TA= 25°C IEl - 0 i... 

~ 
I IEI =±l mA 

IEI = ± 100 IJA 

-0.01 -0.04 -0.1 -0.4 -1 -4 -10 

'!;_ 
100 

1 80 

0 60 > 

~ 40 
0 

20 
~ 
~ 

-20 
~ 
] -40 

L_ -60 

i -80 
;;; 
~ -100 

I 8 - Bose Current - mA 

FIGURE 6 

3N108, 3N110 
EMITTER-EMITTER OFFSET VOLTAGE 

BASE CURRENT 

11 i"TTi111~ 
t- El"' le2== 

I- T• = 25°c1l 

~1 FlgureT 
~ 

+.--" 
~ 

~ 

>w -0.01 ·0.04 -0. I -0.4 -1 -4 -10 
I 1 - Bose Current - mA 

FIGURE 8 

NOTE 9: This parameter ls measured with the collectors short.circuited to the base but open-circuited with respect to the emitters. 

tTh• polarlly of 1~1 offsel volloga at TA= 25°t and la= -1 mA Is arbitrarily assumed lo be poslllvo. 

41Jl 

II 



TYPES 3N108, 3N109, 3N110, 3N111 
P-N-P EPITAXIAL PLANAR SILICON TRANSISTORS 

4112 

TYPICAL CHARACTERISTICS 

'E_ COMMON-BASE OPEN-CIRCUIT INPUT CAPACITANCE 

v 

10 000 
c 
I 

g 1000 
€ .. 
.:! 
!' 
0 100 

0 

10 

l 

EMITTER-BASE VOLTAGE 

le= o 'l 
f = l MHz: l 
T,t.. = 25"C 
See Note 10 

~ 

jo.. 

~ 
!-..... 

-0.4 -I -4 -10 -40 

V ES - Emitter-Bose Voltage - V 

FIGURE 9 

DYNAMIC ON-ST ATE RESISTANCE 

BASE CURRENT 
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I 8 - Bose Current - mA 

FIGURE 11 

COMMON-BASE OPEN-CIRCUIT OUTPUT CAPACITANCE 
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COLLECTOR-BASE VOLT AGE 
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1'-
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I~ V CB - Collector-Base Voltage - V 

u FIGURE 10 

-40 

NOTE 10: This curve applies separately for each emitter with the alternate 

emitter open-circuited. 

THERMAL INFORMATION 
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FREE-AIR TEMPERATURE 
DISSIPATION DERATING CURVE 
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FIGURE 12 
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CASE TEMPERATURE 
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FIGURE 13 
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TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUU POSSIBLE. 



TYPE 2N997 
N-P-N PLANAR SILICON TRANSISTOR 

TWO TRIODES INTERNALLY CONNECTED 
IN DARLINGTON CONFIGURATION 

• Very High Gain -1000 min at 100 pa 
• low leakage -10 no max at 60 v 
• Rugged Internal Connections 

0.210 
o:rni 

J LEADS~-~:: DIA THE COLLECTOR IS IN ELECTRICAL 
CONTACT WITH THE CASE. 

0.230 0.195 
Q':i09o:T78 

D,IA L 
AU JEDEC T0·18 DIMENSIONS 
AND NOTES ARE APPLICABLE. 

*absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 

Collector-Base Voltage . 
Collector-Emitter Voltage (See Note 1) 
Emitter-Base Voltage 
Collector Current . 
Total Device Dissipation at (or below) 25°C Free-Air Temperature (See Nate 2) 
Total Device Dissipation at (or below) 25°C Case Temperature (See Nate 3) 
Storage Temperature Range . 

*electrical characteristics at 25°C free-air temperature (unless otherwise noted) 

PARAMETER TEST CONDITIONS MIN 

BVeso Collector-Base Breakdown Voltage le= lOOµa, le= 0 75 

BVeeo Collector-Emitter Breakdown Voltage le= 30ma, Is= 0, See Note 4 40 

BVeso Emitter-Base Breakdown Voltage le= 100 µa, le= 0 7 

Ves = 60v, le= 0 
leeo Collector Cutoff Current 

Yee= 60v, le= 0, rA = lso•c 

l,so Emitter Cutoff Current Vee= 5 v, le= 0 

Vee= lOv, le~ lOOµo 1000 

Vee= 10 v, le= lOma 4000 

hFe Static Forward Current Transfer Ratio Vee= 10 Y, le= lOOmo, See Note 4 7000 

Ve,= 10 v, le= 100 mo, TA= -ss 0 c. 
1000 

See Note 4 

Yee Bose-Emitter Voltage Yee= 10 v, le = 100 ma, See Note 4 0.9 

VcE{sat) Collector-Emitter Saturation Voltage Is= 1 ma, le = 100 ma, See Note 4 

Cob 
Common-Bose Open-Circuit 

Yes= 10 v, le= 0, I= lmc Output Capacitance 

NOTES: 1. This value applies when the emitter-base diode is open-circuited. 
2. Derate linearly to 175°( free-air temperature at the rate of 3.33 mw/C0 . 

3. Derate linearly to 175°( case temperature at the rate of 10.0 mw/C 0 • 

4. These parameters must be measured using pulse techniques. PW = 300 µ.sec, Duty Cycle :::: Zo/o. 

*Indicates JEDEC registered data 

. 75 v 
• 40 v 
. 7 v 

300 ma 
. 0.5w 

l.5w 
. -65°C to 200°c 

MAX UNIT 

v 

v 

v 

10 na 

10 µa 

10 no 

70 000 

1.8 v 

1.6 v 

35 pf 

TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
IN ORDER TO IMPROVE DESIGN ANO TO SUPPLY THE BEST PRODUCT POSSIBLE. 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 5012 • DALLAS, TEXAS 75222 

4301 

• 



TI 
Microlibrary Books 
for Creative 
Circuit Designers 

'1 

Terms: F.O.B. destination, bulk rate. 
Otber than bulk rate, 
indicate method of shipment, 
add shipping charges. 

Outside U.S.: Indicate method of shipment, 
add shipping charges. 

Send check or money order 
(no pnrchase orders) to: 

Texas Instruments 

Marketing and Information Services 

P.O. Box 5012, M.S. 308 

Dallas, Texas 75222 

4302 

TRANSISTOR CIRCUIT DESIGN 

Shipping Weight 3·lb 4 oz • $15.00 

FIELD-EFFECT TRANSISTORS • L. J. SEVIN 

Shipping Weight 1-lb 10-oz • $10.00 

MOSFET IN CIRCUIT DESIGN • ROBERT H. CRAWFORD 

Shipping Weight 1-lb 10-oz • $10.00 

CIRCUIT DESIGN FOR AUDIO, AM/FM AND TV 

Shipping Weight 2-lb 8-oz • $14.50 

SILICON SEMICONDUCTOR TECHNOLOGY • 
W.R. RUNYAN 

Shipping Weight 2-lb 9-oz • $16.50 

DESIGN AND APPLICATION OF TRANSISTOR 
SWITCHING CIRCUITS • LOUIS DELHOM 

Shipping Weight 2-lb • $14.50 

SOLID STATE COMMUNICATIONS 

Shipping Weight 2-lb 9-oz • $12.50 

SOLID STATE ELECTRONICS • ROBERT G. HIBBERD 

Shipping Weight l·lb 12-oz • $8.95 



TYPES 2N.2060, 2N2223, 2N2223A 
DUAL N-P-N PLANAR SILICON TRANSISTORS 

TWO TRANSISTORS IN ONE PACKAGE 
FOR DIFFERENTIAL AMPLIFIER APPLICATIONS 

*mechanical data 

r""~ ·-· I "w-1,_~ (~"'13,l•• 
.-- I 

~01.t. ~-
l_ -~-<1---, 

• Medium Power 
• High Operating Voltage 

1 COLLECTOR 1 

2 BASE 1 

l EMITTER 1 

S EMITTER 2 

6 BASE 2 

1 COLLECTOR 2 

All LEADS INSULATED 
FROM CASE 

DIMENSIONS ARE IN INCHES 
UNLESS OTHERWISE SPECIFIED 

t Applicable to 2N2223 and 2N2223A only. Registered minimum dimension for 2N2060 is 0.140. 

*absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 

2N2060 2N2223 
2N2223A 

EACH TOTAL EACH TOTAL 
TRIODE DEVICE TRIODE DEVICE 

Collector-Base Voltage JOO 100 

Collector-Emitter Voltage (See Note 1) 80 80 

Collector-Emitter Voltage (See Note 2) 60 60 

Emitter-Base Voltage 7.0 7.0 

Collector Current SOD SOD 

Total Dissipation al (or below) 2S°C Free-Air Temperature (See Note 3) o.s 0.6 O.S 0.6 

Total Dissipation al (or below) 2S°C Case Temperature (See Notes 4 and S) l.S 3.0 1.6 3.0 

Total Dissipation ot 100°C Case Temperature 0.86 1.7 0.91 1.7 . 
Operating Collector Junction Temperolure 200 200 

Storage Temperature Range -6S°C to + 200 •c 

Leod Temperature 1/16 Inch from Cose for 10 Seconds 300°c 
NOTES: 1. This value applies when the base-emitter resistance (Rael is equal to or less than 10 ohms. 

2. This value applies when the base-emitter diode is open-circuited. 

3. Derate linearly to 200°( free-air temperature at the role of 2.86 mw/C0 for each triode and 3.43 mw/C0 for totol device. 

4. Derate 2N2060 linearly to 200°( case temperature at the rate of 8.6 mw/C 0 for each triode and 17.2 mw/C0 for total device. 

S. Derate 2N2223 and 2N2223A linearly to 200°C case temperature at the rate of 9.1 mw/C0 for each triode and 17.2 mw/C0 for total device. 

6. The terminals of the triode not under tesl are open-circuited for the measurement of these characteristics. 

7. This paromeler must be measured using pulse techniques. PW = 300 µsec, Duty Cycle .:::= 1%. 

8. The lower of the two hFE readings is taken as hFEI· 

9. This parameter is measured in an amplifier with response down ldb al 25 cps and 10 kc and a high frequency rolloff of 6 db/ octave. 

•lndical15 JEDEC registered data. 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 5012 • DALLAS, TEXAS 75222 

UNIT 

y 

y 

y 

y 

ma 

w 

w 

w 
•c 
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TYPES 2N2060, 2N2223, 2N2223A 
DUAL N-P-N PLANAR SILICON TRANSISTORS 

4402 

electrical characteristics at 25°C free-air temperature (unless otherwise noted) 

* individual triode characteristics (see note 6) 

PARAMiTER TEST CONDITIONS 
2N2060 

2N2223 
2N2223A 

1--------+--- ----
MIN MAX MIN MAX 

UNIT 

~~Collector-Base Breakdown Voltag-;--+T~ 0-= 100 µa, I,= 0 ---+--100--------+--100 v 
~'° Collector-Emitter Breakdown Voltage le= ":lo~~-(~)- ~O 6_0 ____ ____,r-_v__, 

BVeER Collector-Emitter Breakdown Voltage le = 100 ma, R" = 10 !1 (See Note 7) 80 80 
BV,.0 Emitter-Base Breakdown Voltage I,= 100 µa, le = 0 7_0 7.0 

lceo Collector Cutoff Current 
Ve, = 80 v, I, = 0 2 

t-Ve, = 8o;;-·-1, - O, TA= l50°C 10 

Emitter Cutoff Current v" = 5 v, le _· - 0 2 
Ve,= 5 v, le= 10 µa 25 75 

Static Forward Current Transfer Ratio VCE ~ 5 v, le = lOO µa 30 90 
~' = 5 v, le= l ma 40 120 

v,, Base-Emitter Voltage 

l--~eE1 .. 11 Colleclor-Emitter Saturation Voltage 
h,b Small-Signal Common-Base 

h,. 

h,. 

Input Impedance 
Small-Signal Common-Base 

Reverse Voltage Transfer Ratio 
Small-Signal Common-Base 

Output Admittance 
Small-Signal Common-Emitter 

Input Impedance 
Small-Signal Common-Emitter 

Forward Current Transfer Ratio 

Ve,= 5 v, le = 10 ma (See Note 7) 50 150 
I, = 5 ma, le = 50 ma 0.9 
I, = 5 ma, le == 50 ma U 

Ve,= 5 v, le= 1 ma, f = 1 kc 20 30 

Ve 8 = 5 v, le= 1 ma, f = 1 kc 

Ve, = 5 v, le = l ma, f = l kc 

Ve, = 5 v, le = l ma, f = l kc 1000 4000 

Ve, = 5 v, le ~ 1 ma, f = 1 kc 50 150 

15 
25 

50 

20 

40 

10 no 

10 no 

150 

200 
0.9 
1.2 

30 ohm 

3.0 x 10-• 

0.5 µmho 

ohm 

200 

~- Small-Signal Common-Emitter -· Ve, = 5 v, le = 1 ma, f = l kc 4 16 
t-:: _____ O_u~lp_u_t_A~dm~i_tt_an_c_e~------+----------------+------t-----

1h1e! Small-Signal Common-Emitter 

µmha 
--t-----1 

Forward Current Transfer Ratio 
VCE == 10 v, le = 50 ma, f = 20 me 3.0 2.5 

r--Co_b __ C_o __ m_m_on-Base Open-Circuit Ve,= 10 v, 1, = O, f = 1 me 15 15 pf 

Output Capacitance-------+--------------------+---------+--------+---; 
c,b Cornman-Base Open-Circuit 

Input Capacitance 

* triode matching characteristics 

v" = 0.5 v, le = 0, f= lmc 

2N2060 
PARAMETER TEST CONDITIONS 

MIN 

hm Static Forward Current Ve,= 5 v, le = l 00 µa, (See Note 8) 0.9 

~ Goin Balance Ratio Ve,= 5v, ic=lma, (See Note 8) 0.9 
i-----=----- - ···----- --· 

Ve,= 5v, le= lOOµa Base-Emitter-Voltage 
IYBEt-Vee2 1

1 

f-cc=-----
Differential Ve, = 5 v, le = 1 ma 

IL.(V -V )I Base-Emitter-Voltage Ve,= 5 v, le = 100 µa. 
~- - Differential 

Fram TA= - 55°C to TA= 125°C 
L.TA Temperature Gradient 

operating characteristics at 25°C free-air temperature 

*individual triode characteristics (see note 6) 

PARAMETER TEST CONDITIONS 
2N2060 

MAX 

Ve, = 10 v, le = 300 µa, RG = 510 !1 
8 - Noise Bandwidth = 900 cps ta 1100 cps 

NF Average Noise Figure 
·ve, = l 0 v, le = 300 µa, RG = 1.0 k!1 
Noise Bandwidth = 15.7 kc (See Note 9) 8 

*Indicates JEDEC registered data. 

MAX 

1.0 

1.0 
5 
5 

10 

UNIT 

db 

db 

85 85 pf 

2N2223 2N2223A 
UNIT 

MIN MAX MIN MAX 

0.8 1.0 0.9 1.0 

15 5 mv 
mv 

25 25 µv/C 0 

TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
IN ORDER TO IMPROVE DESIGN ANO TO SUPPLY THE BEST PRODUCT POSSIBLE. 



2N2639, 2N2642, 2N2643 
DUAL N-P-N PLANAR SILICON TRANSISTORS 

*mechanical data 

TWO TRANSISTORS IN ONE PACKAGE 
RECOMMENDED FOR 

• Differential Amplifiers 

• High-Gain, Low-Noise Audio Amplifiers 

• Transducer Signal-Conditioner Amplifiers 

• Low-Level Flip-Flops 

All LEADS INSULATED FROM CASE 

COLLECTOR I 
BASE I 
EMITTER 1 
EMITTER 2 
BASE 2 
COLLECTOR 2 

JEDEC T05 NOTES 2. 3 AND 4 ARE 
APPLICABLE 

DIMENSIONS ARF IN INCHES UNLESS 
OTHERWISE SPECIFIED 

*absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 

Collector-Base Voltage . 

Collector-Emitter Voltage (See Note 1) . 

Emitter-Base Voltage 

Collector Current . 

Each 
Triode 

45v 

45 v 

5v 

30 ma 

Total Dissipation at (or below) 25°C Free-Air Temperature (See Note 2) . 0.3 w 

Total Dissipation at (or below) 25°C Case Temperature (See Note 3) . 0.6 w 

Total 
Device 

0.6w 

1.2w 

Storage Temperature Range . - 65°C to 200°c 

NOTES: L This value applies when the emitter-base diode is open-circuited. 

2. For each triode derole linearly to 175°( free-air temperature al the rate of 2 mw/C 0 . 

3. For each triode derate linearly to 175°( case temperature at the rote of 4 mw/C0 . 

*Indicates JEDEC regi~tered data 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFJCE sex 5012 • DALLAS, TEXAS 75222 
4405 



TYPES 2N2639, 2N2640, 2N2641, 2N2642, 2N2643 AND 2N2644 
DUAL N-P-N PLANAR SILICON TRANSISTORS 

electrical characteristics at 25°C free-air temperature (unless otherwise noted) 

* individual triode characteristics (see note 4) 

2N2639 2N2642 
2N2640 2N2643 

PARAMETER TEST CONDITIONS 2N2641 2N2644 
MIN TYP MAX MIN TYP 

BVe'° Colleclor-Emitter Breakdown Voltage le - 10 mo, 1,- o, See Note 5 45 45 

lcao Collector Cutoff Current Vee= 45 v, I,= 0 10 
Vee= 45 v, 1, = 0, TA= 150°C 10 

lcEO Collector Cutoff Current Yee= 5 Y, 1,-0 10 

leeo Emitter Cutoff Currenl VEa = 5v, le - 0 10 
Ve,= 5 v, le= lOµo 50 300 100 150 

h,. Stctic Forward Current Transfer Ratio VcE = S v, le= 10 µa, TA=-55°C 10 20 40 
Ve,= 5 Y, le=lOOµo 55 110 170 
Ve,= 5 Y, le = l mo 65 130 200 

-v .. Bose-Emitter Voltage 18 = 0-5 mo, le= 10 mo 0_6 0.76 1 0_6 0.76 

YcE[sat! Collector-Emitter SolUralion Voltage le= 0.5 ma, le= 10 ma 1 0.35 

hib Small-Signal Common-Base Vee= 5 v, I, =-lmo, f = lkc 25 26-5 32 25 26.5 
Input Impedance 

h,. Small-Signal Common-Base Vee= 5 v, 1, =-1 ma, f = -1 kc 120xl0-' 600 x 10-• 120xJO-• 
Reve"e Voltage Transfer Ralio 

hob Small-Signal Common-Base Vee= 5 v, I,~ -1 ma, f = lkc 0-1 l 0.1 
Oulput Admittance 

h,. Small-Signal Common-Emitter Ve,= 5 v, le= 1 ma, f = lkc 65 600 130 250 
Forward Current Transfer Ratio 

lh,,I Small-Signal Common-Emitter Ve, = 5 v, le= 1 ma, f = 20mc 4 11 4 11 
Forward Current Transfer Ratio 

Coo Common-Base Open-Circuit Vee= 5 v, 1, = 0, t '' l me 5 8 5 
Oulpul Copacilance 

*triode matching characteristics 

MAX 

10 
10 
10 
10 

300 

l 
1 

32 

600 x 10-• 

1 

600 

8 

2N2639 2N2640 
PARAMETER TEST CONDITIONS 

-· --------
hFEl Static Forward-Current-Gain Ve, = 5 v, le= 10µ,a, See Nole 6 
h.., Balance Ratio 

1v,.,-v..,1 Bose-Emitter-Voltage Differential Vce=Sv, le - lOµo 
I L'>(V,.1-V8.,) I Base-Emitler-Voltoge-Oillerenfial Ve, = 5 v, lc-lOµo 

D.TA Temperature Gradient L'>TA= [25°C-{-55°C)] and [115°C -15°C] 

operating characteristics at 25°C free-air temperature 

*individual triode characteristics (see nate 4) 

PARAMETER TEST CONDITIONS 

Ni Average Noise figure Ve,= 5 Y, I,= -10µ,o, RG = 10 kf}, 
Noise Bandwidth l 0 cps to 15.7 kc 

NOTES: 4. The terminals of the triode not under test are open-circuited for the measurement of these characteristics. 

S. This parameter must be measured using pulse techniques. PW :::::: 300 µsec, Duty Cycle :=:: 2%. 

6. The lower of the two hFE readings is taken as hFEl. 

"'Indicates JEDEC registered data (Typical data excluded.) 

2N2642 2N2643 
MIN MAX MIN MAX 

0.9 l o_a 1 

5 10 

10 20 

ALL TYPES 
TYP j MAX UNIT 

1.8 l 4 db 

UNIT 

y 

no 
µa 
no 
no 

y 

y 

ohm 

µmho 

db 

pf 

UNIT 

mv 

J-tY/(O 

4406 TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
IN OROER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE_ 
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TYPES 2N2913 THRU 2N2920, 2N2915A, 2N2916A, 2N2919A, 2N2920A, 
2N2972 THRU 2N2979 

2N2920, 2N2977, 2N2979 DUAL N-P-N PLANAR SILICON TRANSISTORS 

A BROAD FAMILY OF DUAL TRANSISTORS RECOMMENDED FOR 

*mechanical data 

• Differential Amplifiers 
• High-Gain, Low-Noise, Audio Amplifiers 
• Transducer Signal-Conditioner Amplifiers 
• Low-Level Flip-Flops 

ALL LEADS INSULATED FROM CASE 

Dimensions without tolerance desig­
nate true position. Leads having maxi­
mum diameter (0.019") measured in 
gaging plane 0.054" +0.001" -0.000" 
below the seating plane of the device 
shall be within 0.007" of their true 
position relative to a maximum width 

-'!&tr:· '"""-"'··- "~~··-~'"-'"·"·~····' 

1. COLLECTOR 1 
2. BASE 1 
3. EMITTER 1 
5. EMITTER 2 

ALL DIMENSIONS ARE IN INCHES 
UNLESS OTHERWISE SPECIFIED 

6. BASE 2 
7. COLLECTOR 2 

OUTLINE A - TYPES 2N2913 THRU 2N2920, 2N2915A, 2N2916A, 2N2919A, 2N2920A 

t 
0.2300.195 
o.2090"i1i 

~r :r_ 
1-._,.,. I 

MIN+j 

ALL LEADS INSULATED FROM CASE 

FALLS WITHIN T0-71 DIMENSIONS 

1. EMITTER 1 
2. BASE 1 
3. COLLECTOR 1 
5. EMITTER 2 
6. BASE 2 
7. COLLECTOR 2 

ALL DIMENSIONS ARE IN INCHES 
UNLESS OTHERWISE SPECIFIED 

OUTLINE B - TYPES 2N2972 THRU 2N2979 

quick-selection guide (for details see characteristics on the following pages) 

TYPE MIN-MAX hFE hf El \Vse1-Vse2I MIN V(BR)CEO MIN-
lie= lOµAI hFE2 lie= 1DD1-1AI 

OUTLINE A OUTLINE B 60V 45 v 60-240 150-600 0.9 0.8 1.5mV JmV SmV 

2N2913 2N2972 • • 
2N2914 2N2973 • 
2N2915 2N2974 • • 
2N2915A • • ._ 

i----::---
2N2916 2N2975 • • • . 
2N2916A • • • 
2N2917 2N2976 • • 
2N2918 2N2977 • • • • 
2N2919 2N2978 • • • 
2N2919A • • • 
2N2920 2N2979 • • • • 
2N292DA • .-t---

•JEDEC registered data 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 5012 • DALLAS, TEXAS 7!5222 

1 '' 

. 

l~Vse1-Vee2IL'l.T Al 
ITA( 1) = 25°C. T A(2J = 125°CI 

O.SmV 1 mV 2mV 

• 
• 

• 

• r--- • 

4409 



TYPES 2N2913 THRU 2N2920, 2N2915A, 2N2916A, 2N2919A, 2N2920A, 
2N2972 THRU 2N2979 
DUAL N-P-N PLANAR SILICON TRANSISTORS 

*absolute maximum ratings at 25° C free-air temperature (unless otherwise noted) 
2N2913 

thru 2N2972 2N2919 
2N2918 thru 2N2919A 2N2978 

2N2915A 2N2977 2N2920 2N2979 

2N2916A 2N2920A 

EACH TOTAL EACH TOTAL EACH TOTAL EACH TOTAL 
TRIODE DEVICE TRIODE DEVICE TRIODE DEVICE TRIODE DEVICE 

Collector-Base Voltage 45 45 60 60 

Collector-Emitter Voltage (See Note 1) 45 45 60 60 

Emitter-Base Voltage 6 6 6 6 

Collector-1 - Collector-2 Voltage 1±200)t (1:200)t 

Continuous Collector Current 30 30 30 30 

Continuous Device Dissipation at (or below) 
0.3 0.5 0.25 0.3 0.3 0.5 0.25 0.3 

25°C Free·Air Temperature (See Note 2} 

Continuous Device Dissipation at (or below) 
0.75 1.5 0.5 0.75 0.75 1.5 0.5 0.75 

25° C Case Temperature (See Note 3) 

Storage Temperature Range -65 to 200 -65 to 200 -65 to 200 -65 to 200 

Lead Temperature 1/16 Inch from Case 
300 300 300 300 

for 60 Seconds 

electrical characteristics at 25°C free-air temperature (unless otherwise noted) 
*individual triode characteristics C see note 4) 

2N2913 2N2914 
2N2915 2N2916 
2N2915A 2N2916A 2N2919 2N2920 
2N2917 2N2918 2N2919A 2N2920A 

UNIT 

v 
v 
v 
v 

mA 

w 

w 

oc 

oc 

PARAMETER TEST CONDITIONS 2N2972 2N2973 2N297B 2N2979 UNIT 

2N2974 2N2975 
2N2976 2N2977 

MIN MAX MIN MAX MIN MAX MIN MAX 

V(BR)CBO Collector-Base Breakdown Voltage le"" 10µA, IE"' 0 45 45 60 60 

V(BR)CEO Collector-Emitter Breakdown Voltage lc=10mA, 18 =0, See Note 5 45 45 60 60 

V(BR)EBO Emitter-Base Breakdown Voltage le= 10µA, le =O 6 6 6 6 

lcso Collector Cutoff Current Vcs•45V.l_i;_•O 10 10 2 2 

Vee= 45 v. IE= 0, TA"' 150°C 10 10 10 10 

leEO Collector Cutoff Current Vee-5V, 18 -0 2 2 2 2 

leao Emitter Cutoff Current VEs=SV, le:o.O 2 2 2 2 

Vee=5V, le= 10µA 60 240 150 600 60 240 150 600 

Static Forward Current Vee=SV, le= 100µA 100 225 100 225 
hFE Vee= 5 v. lc=l mA 150 300 150 300 Transfer Ratio 

Vce=SV, le= 10µA, TA= -55°C 15 30 15 40 

140)+ 

VsE Base-Emitter Voltage Vee=SV, lc=100µA 0.7 0.7 0.7 0.7 

Vee( sat) Collector-Emitter Saturation Voltage 18 = 100µA, le= 1 mA 0.35 0.35 0.35 0.35 

NOTES: 1. These values apply when the base-emitter diode is open-circuited. 

2. Derate linearly to 200°c free-air temperature at the following rates: 1.72 mW/deg for each triode and 2.86 mW/deg for total 

device (2N2913 thru 2N2920, 2N2915A, 2N2916A, 2N2919A, 2N2920A); 1.43 mW/deg for each triode and 1.72 mW/deg for 

total device (2N2972 thru 2N2979). 

3. Derate linearly to 200°c case temperature at the following rates: 4.3 mW/deg for each triode and 8.6 mW/deg for total device 

(2N2913 thru 2N2920, 2N2915A, 2N2916A, 2N2919A, 2N2920A); 2.86 mW/deg for each triode and 4.3 mW/deg for total 

device (2N2972 thru 2N2979). 

4. The terminals of the triode not under test are open-circuited for the measurement of these characteristics. 

5. This parameter must be measured using pulse techniques. tp""" 300 µs, duty cycle :::;.1%. 

• JEOEC registered data 

tThese values apply to types 2N2915A, 2N2916A, 2N2919A, and 2N2920A only. 

fThis value applies to type 2N2916A only. 

4410 
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nA 

µA 

nA 

nA 

v 
v 
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TYPES 2N2913 THRU 2N2920, 2N2915A, 2N2916A, 2N2919A, 2N2920A, 
2N2972 THRU 2N2979 

DUAL N-P-N PLANAR SILICON TRANSISTORS 

electrical characteristics at 25° C free-air temperature (continued) 
"'individual triode characteristics (see note 4) 

·--, 
2N2913 

thru 2N2915A 
2N2920 2N2916A 

PARAMETER TEST CONDITIONS -
2N2919A 2N2972 UNIT 

thru 2N2920A 
2N2979 

MIN MAX MIN MAX 

hib 
Small-Signal Common-Base 

Vce •5 v, lc=1 mA, fa: 1 kHz 25 32 25 32 n 
Input Impedance 

hob 
Small-Signal Common-Base 

Vee= 5 v, •c= t mA, 
Output Admittance 

f= 1 kHz 1 1 µmho 

\ht el Small-Signal Common-Emitter 

Forward Current Transfer Ratio 
Vee• 5 v. le= 0.5 mA, f = 20 MHz 3 3 8 

Cobo 
Common-Base Open-Circuit 

Output Capacitance 
Vee= s v. IE =O, f= 140kHzto 1 MHz 6 6 pF 

cibo 
Common-Base Open-Circuit Vrn =0.5V, 
Input Capacitance 

le=O, f = 140 kHz to 1 MHz 10 pF 

•triode matching characteristics 

2N2915 
2N2916 
2N2919 2N2915A 2N2917 
2N2920 2N2916A 2N2918 
2N2974 2N2919A 2N2976 

PARAMETER TEST CONDITIONS 2N2975 2N2920A 2N2977 UNIT 
2N2978 
2N2979 

MIN MAX MIN MAX MIN MAX 
VeE = 5 V, le= 100µA, 0.9 1 0.9 1 0.8 1 

hFE1 Static Forward-Current- See Note 6 

hFE2 Gain Balance Ratio Vee• SV, le= 100µ.A to 1 mA, 0.85 1 
TA= -55°C to 125°C, See Note 6 

IVeE1-VaE2i 
Base-Emitter-Voltage VeE •5V, le• 100µA 3 1.5 5 mV 

Differential Vce-5V, le - 10 µA to 1 mA 5 2 10 mV 

Base-Emitter-Voltage- VeE =5V, le= 100µ.A, 0.8 0.4 1.6 mV 

\l;(VeE1- VeE2l.i.T Al Differential Change TA(1) ""2SoC, TA12) = -55oC 

With Temperature Vee= 5V, le= tOOµA, 1 0.5 2 mV 
T Al 1) = 25°C, TA12l = 125°C 

operating characteristics at 25°C free-air temperature 
•individual triode characteristics (see note 4) 

2N2913 2N2919A 2N2914 2N2920A 

- 2N2915 2N2972 2N2916 2N2973 

PARAMETER TEST CONDITIONS 2N2915A 2N2974 2N2916A 2N2975 UNIT 
2N2917 2N2976 2N2918 2N2977 
2N2919 2N2978 2N2920 2N2979 

MAX MA.X 
VeE = 5V, le= 10µA, R0 •10kn, 4 3 dB 

NF Average Noise Figure f • 1 kHz. Noise bandwidth = 200 Hz 

Vee =5V, le= 10µA, Ro= 1Dkn. 4 3 dB 
Noise bandwidth .. 15. 7 kHi:, See Note 7 

NOTES: 4. The terminals of the triode not under test are open-circuited for the measurement of these characteristics. 

6. The lower of the two hFE readings is taken as hFE1· 

7. This parameter is measured in an amplifier with response down 3 dB at 10 Hz and 10 kHz and a high-frequency ralloff of 6 dB/octave. 

*JEDEC registered data 

4411 
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TYPES 2N2913 THRU 2N2920, 2N2915A, 2N2916A, 2N2919A, 2N2920A, 
2N2972 THRU 2N2979 
DUAL N-P-N PLANAR SILICON TRANSISTORS 

> 2.0 
E 

I 1.8 

TYPICAL MATCHING CHARACTERISTICSt 

FOR TYPES 2N2915, 2N2915A, 2N2916, 2N2916A, 2N2919, 2N2919A, 

2N2920,2N2920A,2N2974,2N2975,2N2978,2N2979 

0 

l 
m 
~ 
0 

l 
c 

~ 
•I 

~ 
I 
u 

j 

STATIC FORWARD-CURRENT-GAIN BALANCE RATIO 
vs 

COLLECTOR CURRENT 

I. 2 ...---..--..J~J J. ............ fc .-----..---.--.-.--.-.-.... 

1. o r---Z= 1 L.U >++<.----+---+--+-t>-++-

~ 
0.8 '\.1 

~ T,. = -ss•c 
~ 1,. = 12s•c 

0.61--~-+---11--1-+-+-t+H-~~1---+--+-+-++++i 

0.41--~-+---11--1-+-+-t+H-~~1---+--+-+-++++i 

0.2 t---+- VeE = 5 V 

See Note 6 

o-J ............... JJ~Jl~~-
10 40 100 

le - Collector Current - µA 
FIGURE 1 

400 1000 

BASE-EMITTER-VOLTAGE DIFFERENTIAL BASE-EMITTER-VOLTAGE DIFFERENTIAL 
vs vs 

COLLECTOR CURRENT > FREE-AIR TEMPERATURE 

j 2.0 V~e=L I I 
a 1.8t-

] 
c 1.6 

J 
VeE = 5 V ·;: le= 10 µA to lOO_µA 11. 6 r--r--r--;----t----t--;-----i--;----i---1 

i5 1.4 
m 

"' 1.2 2 
~ 1.0 I 

~ 

] 0.8 
I 
m 
j 0.6 

I 0.4 
.... ... > 0.2 
I 

0 
10 

TA= 125°C 

TA= 25°C1 

TA= -5s•c 

40 100 
le -Collector Current -µA 

FIGURE 2 

400 

NOTE 6: The lower of the two hFE readings is taken as hFE 1· 

1000 

Ci 

" ~ 
~ 
l; 
:: 
] 

I 

51 
J! 
I 

':f 
w 

~ 

1.4 

1.2 

1.0 

0.8 -
0.6 

0.4 

0.2 

0 
-75 -25 25 75 125 

TA - Free-Air Temperature - °C 

FIGURE 3 

175 

tThese curves represent the average behavior of groups of dual transistors. Unlike normal single-triode characteristics, matching characteristics 

of dual transistors may differ considerably in behavior from the typical. For example, a minority of devices have been observed with smaller 

v8 E mismatch at 1500C than at -65°C, as opposed to the average behavior as shown in figures 2 and 3. 

TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
IN ORDER TO IMPROVE DESIGN ANO TO SUPPLY THE BEST PRODUCT POSSIBLE. 
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2N3350, 
DUAL P-N-P EPITAXIAL PLANAR SILICON TRANSISTORS 

*mechanical data 

TWO P-N·P TRANSISTORS IN ONE PACKAGE 

• Each triode electrically similar to 
2N2604 and 2N2605 transistors 

• Recommended for low-noise, 
high-gain differential amplifiers 

• Designed for complementary use with 
Tl 2N2639 through 2N2644 dual N-P-N transistors 

ALL LEADS INSULATED FROM CASE 

COLLECTOR I 
BASE 1 
EMl.TTER I 
EMITTER 2 
BASE2 
COLLECTOR 2 

JEOEC T0-5 NOTES 2, 3 AND 4 ARE 
APPLICABLE 

DIMENSIONS ARE IN INCHES UNLESS 
OTHERWISE SPECI Fl ED 

*absolute maximum ratings at 25°C free·air temperature (unless otherwise noted) 

Collector-Base Voltage 

Collector-Emitter Voltage (See Note 1) 

Emitter-Base Voltage 

Collector Current 

Total Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 2) 

Total Device Dissipation at (or below) 25°C Case Temperature (See Note 3) 

Storage Temperature Range . 

NOTES: 1. This value applies when the base-emitter diode is open-circuited. 

2. Derate linearly to 175°( free-air temperature at the rate of 2.0 mw/0 c for each triode and 4.0 mw/°C for total device. 

3. Derate linearly to 175°( case temperature at the rate of 4.0 mw/ 0 c for each triode and 8.0 mw/0 c for total device. 

"Indicates JEDEC registered data. 

TEXAS INSTRUMENTS 
INCORPORATFO 

POST OFFICE BOX 5012 • DALLAS, TEXAS 75222 

EACH 
TRIODE 

-60v 

-45v 

-6v 

-30ma 

0.3w 

0.6w 

TOTAL 
DEVICE 

0.6w 

1.2w 

-65°C to +200°c 

4507 



TYPES 2N3347, 2N3348, 2N3349, 2N3350, 2N3351, 2N3352 

DUAL P-N-P EPITAXIAL PLANAR SILICON TRANSISTORS 

4508 

electrical characteristics at 25°C free-air temperature (unless otherwise noted) 
*individual triode characteristics (see note 4) 

2N3347 
PARAMETER TEST CONDITIONS 

2N3348 
2N3349 

MIN MAX 
·--

BVc•o Collector-Base Breakdown Voltage le= -10 µa, 1, = 0 -60 

BVcEO Collector-Emitter Breakdown Voltage le= -10 ma, 18 = 0, See Note 5 -45 
BVEBO Emitter-Base Breakdown Voltage I,= -10 µa, le= 0 -6 

lc•o Collector Cutoff Current 
Ve•= -45 v, 1, = 0 -10 
Ve•= -45 v, 1, = 0, TA= 150°c -10 

f-c--
Emitter Cutoff Current IEBO VEB c= -6 Y, le= 0 -2 

hFE Static Forward Current VeE = -5 v, le= -10 µa 40 300 
Transfer Ratio Ve,= -5 Y, le= -1 ma 60 

v., Base-Emitter Voltage Vc,=-5v, le= -lOma -0.9 

1-VeE(,.tl Collector-Emitter Saturation Voltage 18 = -0.5 ma, le= -lOma -0.5 
. . 

hie Small-Signal Common-Emitter 
VeE = -5 v, le= -1 ma, f = l kc l.5 20 Input Impedance 

hr. Small-Signal Common-Emitter 
VeE = -5v, le = -1 ma, f = l kc 60 600 Forward Current Transfer Ratio 

hoe Small-Signal Common-Emitter 
Output Admittance VcE = -5v, le = -1 ma, f = l kc 100 

]hi.] Small-Signal Common-Emitter 
VcE = -5 Y, le= -1 ma, f = 30 Mc 2.0 8.0 Forward Current Transfer Ratio 

~ Common-Base Open-Circuit Cob Ve,= -5 v, 1, = 0, f = 1 Mc 6 Output Capacitance 
1-c;b Common-Base Open-Circuit v,. = -0.5 v, le= 0, f = 1 Mc 8 Input Capacitance 

*triode matching characteristics 

2N3350 
2N3351 

UNIT 2N3352 
MIN MAX 
-60 y 

-45 y 

-6 y 

-10 na 
-10 µa 
-2 no 

100 300 
150 

-0.9 y 

-0.5 y 

3.7 20 kohm 

150 600 
----j 

100 ,umho 

2.0 8.0 

6 pf 

8 pf 

PARAMETER TEST CONDITIONS 
2N3347 2N3348 2N3349 

r.i.N~350 2N3351 2N3352 UNIT 
MIN MAX MIN MAX MINMA-X ------------+---

hFE1 
Ii;; Gain Balance Ratio 

Static Forward-Current- VeE = -5v, 
See Note 6 0.8 1.0 0.9 1.0 0.6 1.0 

le cc -10 µa, 

]VBE1 - v • .,]-- Base-Emitter-Voltage~ 
Differential Ve, - -5v, le=-lOµa 10 20 mv 

---+--cc-----------,-c---·--+-----1-------jf------+----j 
Vee = -5 v, le= -10 µa, I A (V8,, -VBEz), I Base-Emitter-Voltage- ___ TA __ 1, 1 = 2_5_._C,_T_A~l'~I = _____ 55•c 

A Differential Change -
0.8 1.6 3.2 mv 

With Temperature VeE = -5 v, le= -10 µa, 
-------------~_T_A1, 1 =_25_0_c_, _TA_l~'1 __ =_1_2_5_°C __ c _______ 

1_·o~----~-----4._o_~ _lllV__ 
operating characteristics at 25°C free-air temperature 

*individual triode characteristics (see note 4) 

PARAMETER 

NF Average Noise Figure 
·----------

---·~------------

TEST CONDITIONS 

Vee= -5v, le= -10,ua, R6 = lOk!l, 
Noise Bandwidth = 15.7 kc, See Note 7 

NOTES: 4. The terminals of the triode not under test ore open-circuited for the measurement of these characteristics. 

5. This parameter must be m1msured using pulse tec~niques. PW = 300 µ,sec, Duty Cycle :::::; 2%. 

6. The lower of the two hFE read!ngs is token as hFEi. 

l. Average Noise Figure is measured in an amplifier with low-frequency response down 3 db al 10 cps. 

*Indicates JEDE( registered data (typical data excluded). 

86! 
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TYPE 2N3680 
DUAL N-P-N PLANAR SILICON TRANSISTOR 

RECOMMENDED FOR DIFFERENTIAL AMPLIFIERS 

• Featuring Matching and Tracking Improvements over 2N2453, 
2N2642, and 2N2920 

• Each Triode Electrically Similar to 2N2484 and 2N930 

• hFE at 1 µa: 80 Min 

• Matched from -55°C to 125°C 

.1(V -V) 
• BEi •E2 : 5 µv/C 0 Max, Averaged over Temperature Range 

.1 TA 

*mechanical data 

• Also Recommended for low-Level Flip-Flops; 
High-Gain, Low-Noise Audio Amplifiers; 
and Transducer Signal-Conditioner Amplifiers 

ALL LEADS INSULATED FROM CASE 

I COLLECTOR I 
2. BASE I 
3. EMLITER I 
5. EMIITER 2 
6. BASE1 
7 COLLECTOR 2 

JEDEC T0-5 NOTES 2, 3 AND 4 ARE 
APPLICABLE_ 

DIMENSIONS ARE IN INCHES UNLESS 
OTHERWISE SPECIFIED. 

*absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 

Each 
Triode 

Total 
Device 

Collector-Base Voltage . . . . . . 
Collector-Emitter Voltage (See Note 1) 
Emitter-Base Voltage . . 
Collector-1-Collector-2 Voltage 
Lead-to-Case Voltage . . . . 
Collector Current . . . . . . 
Continuous Dissipation at (or below) 25°C Free-Air Temperature (See Note 2) . 
Continuous Dissipation at (or below) 25°C Case Temperature (See Note 3) 
Storage Temperature Range . . . . . . . . • . 
Lead Temperature !{, Inch From Case For 10 Seconds . . . . . . 

NOTES: 1. This value applies when the base-emitter diode is open-circuited. 

2. Derate linearly to 175°C free-air temperature at the rate of 2 mw/C 0 for each triode and 4 mw/C 0 for total device. 

3. Derate linearly to 175°C case temperature at the rate of 4 mw/C 0 for each triode and 8 mw/C0 for total device. 

*Indicates JEDEC registered data 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 5012 • DALLAS, TEXAS 75222 

60v 
50v 
6v 

30ma 

:!:: 120v 
:!:: 120v 

0.3w 0.6w 
0.6w 1.2w 
-65°C to ·200°c 

300°c 

4509 

-m 
m 

"' ~ 
~ • 



TYPE 2N3680 
DUAL N-P-N PLANAR SILICON TRANSISTOR 

electrical characteristics at 25°C free-air temperature (unless otherwise noted) 
*individual triode characteristics (see note 4) 

4510 

PARAMETER TEST CONDITIONS 

y(BR(eBO Collector-Base Breakdown Voltage le= 10 µ.a, 1. = 0 
y(BR)eEO Collector-Emitter Breakdown Voltage le= !Oma, lo= 0, See Note S 
V(BR)EOO Emitter-Base Breakdown Voltage 1. = 10 µ.a, le= 0 

leoo Collector Cutoff Current 
Yeo - 45 v, 1. - 0 
Yeo= 45 v, 1. = 0, TA= 1S0°C 

leEO Collector Cutoff Current Ye•= S v, lo= 0 
1 .. 0 Emitter Cutoff Current YEo = 5 Y, le= 0 

Ye• - 5 v, le-1µ.a 

hFE Static Forward Current Transfer Ratio • 
Ye•= S v, le= 10 µ.a 

Ye•= 5 v, le= 10µ.a, TA= -SS°C 
Ye•= 5 v, le= 100 µ.a 
Yd - S v, le - lma 

-----v,. Base-Emitter Voltage Ye,= 5v, le= !Oma 

Yc,1 .. 11 Collector-Emitter Saturation Voltage la= O.Sma, le= lOma 

hie 
Small-Signal Common-Emitter 
Input Impedance 
Small-Signal Common-Emitter 

Ye•= 5v, 
h1e Forward Current Transfer Ratio 

Smull-Signal Common-Emitter 
le= lmo, 

h,. Reverse Voltage Transfer Ratio 
Smoll-Signol Common-Emitter 

f = 1 kc 
h.,. Output Admittance 

Jh1el 
Small-Signal Common-Emitter 

Ve,= 5 v, le= 500 µ.a, !=30Mc Forward Current Transfer Ratio 

Cobo 
Common-Base Open-Circuit 

Yea= 5v, 1. = 0, f = 1 Mc Output Capocitance 

C;bo 
Common-Bose Open-Circuit v., = 0.5 v, le= 0, f = 1 Mc Input Capacitance 

*triode matching characteristics 
PARAMETER TEST CONDITIONS 

Static Forward-Current-
Ve,= S v, le = 10 µ.a, See Note 6 

hFEI Ve,= 5 v, le = 100 µ.a, See Note 6, -
Goin Balance Ratio hm TA = -SS°C to 125°C 

1v .. ,-v .. ,1 Base-Emitter-Voltage 
Ve,= 5 v, le= 10µ.o Differential 

Bose-Emitter-Voltage- Ve•- Sv, le -10µ.a, TA1tl - 2s0 c, 
Ill (V .. , -V..,).o.r I Differential Change 

TA(2) = -55°( 

A With Temperature Yee= S v, le = 10 µ.a, TA1,1 = 2s 0 c, 
T~ = 12s0 c 

operating characteristics at 25°C free-air temperature 
*individual triode characteristics (see note 4) 

PARAMETER 

NF Average Noise Figure 

TEST CONDITIONS 

Yea= S v, IE= -10 µ.o, II.; = 10 kO, 
Noise Bandwidlh = 15.7 kc, See Note 7 

NOTES: 4. The terminals of the triode not under test are open-circuited for the measurement of these characteristics. 

5. This parameter must be measured using pulse techniques. PW = 300 µsec, Duty Cycle ~ 2 %-
6. The lower of the two hFE readings is taken as hFEI. 

1- Average Noise Figure is measured in an amplifier with low-frequency response down 3 db at 10 cps. 

*Indicates JEDEC registered data. 

MIN 

60 
so 
6 

80 
150 
45 

225 
300 
0.6 

7.5 

300 

2 

MIN 
0.9 

0.85 

MIN 

MAX UNIT 

v 
v 
v 

10 no 
10 µ.a 
10 na 
10 na 

600 

0.8 v 
0.7 v 

24 kO 

900 

lOx 10·• 

45 µ.mho 

6 

6 pf 

6 pf 

MAX UNIT 

1 

1 

3 mv 

400 p.V 

500 µ.v 

MAX UNIT 

3 db 

568 



TYPE 2N3680 
DUAL N-P-N PLANAR SILICON TRANSISTOR 

TYPICAL MATCHING CHARACTERISTICS 

0 
"-E 
~ 

~ 
Ci 

"' "' E 
0 
> 
~ 
~ 
"' B 
"' I 

1.0 

0.9 

0.8 

0.7 

0.6 

0.5 

0 .4 

0.3 

BASE-EMITTER-VOLTAGE DIFFERENTIAL 

Vee= 5 v 

TA= 25°C 

See Note 5 

II 
vs 

COLLECTOR CURRENT 

__:_ 0 . 2 1---+-t-+-++H-H--+-+-+-1-Hl+ll--+-+-+-1-H++I 
N 

f 0.1 

0. l 10 
le - Collector Current - ma 

FIGURE l 

BASE-EMITTER-VOLTAGE DIFFERENTIAL 
vs 

FREE-AIR TEMPERATURE 
~ l.0..---..--..---r--.,..---,---,---.--...--,.--, 

I 
~ 0.9 

~ 0 .8 VcE- 5 v 

~ lc=lO~a .)/ 
0 .L___ ., a. 1 1--.-... -+-+--tv-:..r"'-+-+--+--J 
2 L..--1 
~ a .6 1--+--J,...-11--+v-,,...-1"::__+-+--1--+-+--1 
~ o .5 l---tv--'--+--+---4--+--+--+--+---l 

] ~ 1 0 .4 1---+--+--+--t---;--+--+--+--t----i 
~ I o.31---t--+---+--+---t--+--+---+--+---I 

~0.2 l---t-...+-+--+---4--+--l--+--+---l 
> 

1
_ 0. l 1----+--+---+--+---t--+--+---+--+----< 

a.___._ _ _._ _ _,__..____. _ _,_ _ _.__...__..___, 
-75 -25 25 75 125 175 

TA -Free-Air Temperature - °C 

FIGURE 2 

NOTE S: This parameter must be measured using pulse techniques. PW =:::::::: 300 µsec, Duty Cycle ::;; 2%. 
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TYPE 2N3680 
DUAL N-P-N PLANAR SILICON TRANSISTOR 

4512 

0.7 

0.6 
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·" c 
0 

0.3 u 
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0.2 c ::;: 
I 

0: O.l 

0 
0 25 

TYPICAL MATCHING CHARACTERISTICS 

.Q 
0 
"" v 
u 
c 
c 

0 
"' c 
·c; 

~ 
~ 
5 

u 
I 

-0 
0 
~ 

£ 
u 

·-a 
Vi 
I -1 N w w 

~ ~ 

..c ..c 

l.6 

l.4 

l.2 

l.0 

0.8 

0.6 

0.4 

0.2 

STATIC FORWARD-CURRENT-GAIN BALANCE RATIO 
vs 

COLLECTOR CURRENT 

Ve,= 5 v ~ 
T 

TA = 25°C Ill 
See Notes 5 and 6 

I 

0 
0.01 0.1 10 

le - Co\ lector Current - ma 

FIGURE 3 

THERMAL INFORMATION 

CONTINUOUS DISSIPATION CONTINUOUS DISSIPATION 
vs 

FREE-AIR TEMPERATURE 

50 75 100 125 150 175 
TA -Free-AirTemperature - °C 

FIGURE 4 

vs 
CASE TEMPERATURE 

c 
.2 .i 1 .0 1----+--"k----r---+---+---t---1 
~ 

0 
~ 0 .8 1-----+--~-~ ......... --+---+---+---i 
0 , 
·" c J 0.6 ..... ~--.,---~-+-t---'lo,----+---t---+ 

E 

~ 
., 0 .4 1----+--+--"'k---+--->4<---+---+ 
0 ::;: 
I 
~0.2 1----+---+----t---t----'"'k,--~'k----+ 

0 ,__~_...-~_.._--~--+--~--~-~ 
0 25 50 75 100 125 150 175 

TC - Cose Temperature - °C 

FIGURE 5 

NOTES: 5. This parameter must be measured usi~g pulse techniqu.es. PW= 300 µsec, Duty Cycle ~ 2%. 

6. The lower of the two hFE readings is taken as hFE1. 

TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 



2N3838 
N-P-N P-N-P DUAL EPITAXIAL PLANAR SILICON TRANSISTOR 

mechanical data 

DESIGNED FOR COMPLEMENTARY MEDIUM-POWER, 
HIGH-SPEED SWITCHING AND GENERAL PURPOSE 

AMPLIFIER APPLICATIONS 

• Electrically· Simiiar to 2N2222/2N2907 

• D-C Beta - Guaranteed from 100 µa to 150 ma 

• Miniature Flatpack Facilitates High-Density Packaging 

o.1so I 
0.140 I r::,c 

o.012~g::; 
6 LEADS 'fAllS WITHIN T0-89 DIMENSIONS 

LEAD SPACING 0.260 All LEADS ARE INSULATED FIOM CASE 
MEASURIED 0'250 --

AT PACKAGE · 1 ~ IC 

_L_____ Ll!•~·~-=-,,,,._-
An DIMENSIONS IN INCHES je-0.150--.j -j~ 0.015 MAX GLASS (2 SIDES) 

ll~__L 

0_004 :t: 0.001rL 1 !LLo.ou :1:0.oos 
0.440 MIN ~ 

TERMINAL 
DESIGNATIONS 

1 B N-P-N BASE 

IE N-P-N EMITTER 

2E P-N-P EMITTER 

28 P-N-P BASE 

2C P-N-P COLLECTOR 

1 C N-P-N COLLECTOR 

*absolute maximum ratings at 25°C free-air temperature (unless otherwise notedlt 

Collector-Base Voltage 
Collector-Emitter Voltage (See Note 1) 
Emitter-Base Voltage . 
Collector-] - Collector-2 Voltage . 
lead-to-Cose Voltage . 

Continuous Collector Current 
Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 2) 
Continuous Device Dissipation ot {or below) 25°C Cose Temperature (See Note 3) 
Storage Temperature Range . 
lead Temperature){, Inch from Cose for 10 Seconds . 

NOTES: 1. This value applies between O and 10 mo when the hose-emitter diode is open·ci~cuited. 

2. Derote linearly to 175°C free-air temperature al the rate of 1.67 mw/C 0 for ea(h triode and 2.34 mw/C 0 for total device. 

3. Derote linearly to 17S°C case temperature at the rate of 4.67 mw/C 0 for each triode and 9.34 mw/C 0 for total device. 

*Indicates JEDEC registered dala 

tvoltoges and currents apply to the N-P-N triode. For the P-N-P triode, the values are the same, but the signs are reversed. 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 5012 • DALLAS. TEXAS 75222 

EACH TOTAL 
TRIODE DEVICE 

60v 
40v 
5v 

±120v 
±120v 

600 ma 
250 mw 350mw 
700mw 1400 mw 
-65°C to + 200°c 

3oo•c 

4517 
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TYPE 2N3838 
N-P-N P-N-P DUAL EPITAXIAL PLANAR SILICON TRANSISTOR 

electrical characteristics at 25°C free-air temperature (unless otherwise noted)t 

•individual triode characteristics (see note 4) 

PARAMETER TEST CONDITIONS 
v{BR)eBo Collector-Base Breakdown Voltage le=lO µa, le=O 
Y1BR1eeo Collector-Emitter Breakdown Voltage le= 10 mo, 1,=o, See Note S 
v(BR)EBO Emitter-Bose Breakdown Voltage le=lO µo, le=O 

lcev Collector Cutoff Current 
Yee= SO v, v .. =-o.s v 
Vee=SO v, v .. =-0.s v, TA =150°( 

1 .. , Bose Cutoff Current Yee= SO v, v .. =-0.s v 
1 .. 0 Emitter Cutoff Current v .. =.3 v, le=O 

Yee=l v, lc=150 ma, See Note 5 

Stotic Forward Current 
Vee=lO v, le=lOOµa 

hFE 
Tronsfer Rotio Vce=lOv, le=l mo 

Vee=lOv, le=lOma, See Note S 
Vce=lO v, le=150 mo, See Note 5 

v .. Bose-Emitter Voltoge 1.=1s mo, le= lSO ma, See Note S 
Yee(sat) Collector-Emitter Saturation Voltage la=lS ma, le= 150 ma, See Note 5 

h,. Small-Signal Common-Emitter 
Vee=lOv, Input Impedance 

h1. Small-Signal Forward Current 
le=l mo, Transfer Ratio 

h.,. Small-Signal Common-Emitter 
!=l kc Output Admittance 

Jh,.J Small-Signal Common-Emitter Vee=lOv, le=20 ma, 1=100 Mc 
Forward Current Transfer Ratio 

Cobo 
Common-Base Open-Orcuit Yee =10v, le=O, I= 140 kc 
Output Capacitance 

operating characteristics at 25°C free-air temperaturet 

*individual triode characteristics (see note 4) 

PARAMETER TEST CONDITIONS:!: 
Id Delay Time le=lSOma, 1,,,, = 1 S ma, Vae(off) = 0, 
t, Rise Time RL =64 n. See Figure 1 
t, Storage Time le=lSOma, 181 ,1=-IBl21 =1S ma, 
t, Fall Time RL =64 n, See Figure 2 

Vcrn(NLI Collector-Emitter Nonlatching Voltage§ lqon) = 600 ma, le1on1 = 120 mo, 
le101~=0, See Figure 3 

NF Spot Noise Figure Vce=lO v, le=lOO µa, 
RG=l k!l, 1=1 kc 

NOTES: 4. The terminals of fhe triode nol under lest ore open-circuited for the measurement of these characteristics. 

5. These parameters must be measured using pulse techniques. PW= 300 µ.sec, Duty Cycle ~ 2%. 

*Indicates JEDEC registered data 

tvoltages and currents apply to the N·P·N triode. For the P-N-P triode, the values ore the some, but the signs ore reversed. 

*Voltages ond current values shown ore nominal; exact values vory with device parameters. 

MIN 
60 
40 
5 

so 
3S 
so 
75 

100 
0.85 

LS 

60 

2 

MIN 

40 

MAX UNIT 
v 
v 
v 

10 na 
10 µa 

-10 na 
10 no 

300 
1.3 y 

0.4 v 

9 kO 

300 

50 µmho 

8 pf 

MAX UNIT 
10 nsec 
40 nsec 

250 nsec 
90 nsec 

v 

8 db 

§This characteristic is the highest value of collector supply voltage which may be safely used with a resistive-load switching circuit in which the collector current approaches 600 ma. 
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TYPE 2N3838 
N-P-N P-N-P DUAL EPITAXIAL PLANAR SILICON TRANSISTOR 

*PARAMETER MEASUREMENT INFORMATION 

Vae=-ll.4v 
Adjust for voltages 
shown for point "A." 

Vu 

500Q 

TEST CIRCUIT 

+10 v 

TEST Cl RCUIT 

.,... 

+10 v 

640 

OUTPUT 

FIGURE 1 

+a.35v --r 
_j INPUT 

0 I 

-•tld .... 
_, t,!.-

1 I 

~UT 

VOLTAGE WAVEFORMS 
(See Notes a, b and d) 

+8.8 v -- -r--1-~J.~ 
O ::.:r-----1:..'..t. POINT "A" 

OUTPUT 
-0.2 v I I 

...... t, i---

FIGURE 2 

Monitor to ensure 

that VeE "" Vee 
after pu I se is 
completed 

1 .....,j t i... 

~ !~ 
\____J19()% 

VOLTAGE WAVEFORMS 
(See Notes a, b and d) 

+15v-IL:­
INPUT 

0 

VOLTAGE WAVEFORM 
(See Notes < and d) 

FIGURE 3 - COLLECTOR-EMITTER NONLATCHING VOLTAGE TEST CIRCUIT 

NOTES: o. The input waveforms ore supplied by o generator with the following chorocleristics: for Figure 1, ZOl.lt=SOO, t, ~I nsec, PW~ 400nsec, Duly Cycle :S 2%; 

for Figure 2, Zout=500, tr 5; lOnse,, PW=IOµsec, Duty Cycle :S 2%. 

b. The waveforms ore monitored on an oscilloscope with !he following characteristin: for Figure 1, tr :S 1 nsec, Rin ~ 100 k Q, (in :S S pf; 1or Figure 2, 

tr :SS nsec, Rm~ 100 k!l, (in :S 12 pf. 

c. The input waveform in Figure 3 hos the following characteristics: PW ~ 10 JlSec, Duty Cycle ~ 2%. 

d. The signs and polarity symbols shown ore for the N-P-N triode; the signs and polarity ~ymbols are reversed for the P-N-P triode. 

•tndicotes JEDEC registered data 

TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
IN ORDER TO IMPROVE DESIGN ANO TO SUPPLY THE BEST PRODUCT POSSIBLE. 4519 
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Designing with integrated circuits? 

The choice is 

Series 54/7 4 TTL 
The most complete IC logic family in the 
industry ... and the first choice for new 
designs. Here's why: 
• Over 90 distinct functions to 

select from ... including 35 MSI circuits 
• Three compatible performance ranges 

• Series 54/7 4 standard 
• Series 54H/7 4H high speed 
•Series 54L/74L low power 

• Three package configurations 
• Plastic dual-in-line 
• Ceramic dual-in-line . 
• Metal ftatpack 

• Two temperature ranges 
•Series 54 ... -55°C to+ 125°C 
• Series 7 4 ... 0°C to 70°C 

4520 



2N4854, 
N-P-N, P-N-P, DUAL EPITAXIAL PLANAR SILICON TRANSISTORS 

*mechanical data 

DESIGNED FOR COMPLEMENTARY MEDIUM-POWER, 
HIGH-SPEED SWITCHING AND GENERAL PURPOSE 

AMPLIFIER APPLICATIONS 

• 2N4854 Electrically Similar to 2N2222/2N2907 

• 2N4855 Electrically Similar to 2N2221/2N2906 

• h FE - Guaranteed from 100 µA to 300 mA 
• Low-Profile Case 

ALL LEADS INSULATED FROM CASE 

0.185 rt 6 LEADS o.i5S 0.019 

'·°"' (o:oiiDIA 
MAX. ... c[]~ .. 1 ... 

D1mens1ons without tolerance desig­
nate true position. leads having maxi­
mum diameter (0.019 11 ) measured 
in gaging plane 0.054" +0.001" 
-0.000'" below the seating plane of 
the device shall be within 0.007 11 of 
their true positions relative to a 
maximum-width tab. 

0.305 0.335 

L =_J 
L,,.,j 

MIN 

1. N-P-N COLLECTOR 
2. N-P-N BASE 
3. N-P-N EMITTER 
5. P-N-P EMITTER 
6. P-N-P BASE 
7. P-N-P COLLECTOR 

All O!MENSIONS ARE 
IN INCHES 

UNLESS OTHERWISE 

*absolute maximum ratings at 25°C free-air temperature (unless otherwise notedlt 

Collector-Base Voltage 
Collector-Emitter Voltage (See Note l) 
Emitter-Base Voltage . 
Collector-1 - Collector-2 Voltage 
lead-to-Case Voltage . 
Continuous Collector Current 
Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 2) 
Continuous Device Dissipat;on at (or below) 25°C Case Temperature (See Note 3) 

Storage Tern perature Range . 
lead Temperature ){, Inch from Case for l 0 Seconds . 

EACH TOTAL 
TRIODE DEVICE 

60 v 
40 v 
5V 

600 mA 
300 mW 

lW 

±120 v 
±120 v 

600 mW 
2W 

-65°C to 200°c 
300°C 

NOTES: 1. This value applies between O and 600 mA collector current when the base-emitter dlode is open-circuited. 40 V and 600 mA collector current may be simultaneously 
applied provided the time of application is 10 µs or Im and the duty cycle is 2% or less. 

2. Berate linearly to 17S°C free-air temperature at the rate of 2 mW/deg for each triode and 4 mW/deg for total device. 

3. Derate linearly to 175°( case temperature at the rate of 6.67 mW/deg for each triode and 13.33 mW/deg for total device. 

•indicates JED EC registered data 

tVoltages and currents apply to the N-P-N triode. For the P-N-P triode the values are the same, but the signs ore reversed. 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 5012 • DALLAS, TEXAS 75222 

., .... 

~ ~ "' z ..., 
z 

z ... 
~ 

g: 
!>-

" ..., 
::;; z ... 
"' g: 
"' <n 

"' ~ 
!!' 

0 

" .... 
0 ::: 
"' 
:0 
"' "' 
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TYPES 2N4854, 2N4855 
N-P-N, P-N-P, DUAL EPITAXIAL PLANAR SILICON TRANSISTORS 

electrical characteristics at 25°C free-air temperature (unless otherwise notedJt 

*individual triode characteristics (see note 4) 

PARAMETER TEST CONDITIONS 2N4854 2N4855 

4702 

V1e•1eeo Collector-Base Breakdown Voltage le= 10 µA, IE= 0 

V1e•1eeo Collector-Emitter Breakdown Voltage le= 10 mA, le= 0, See Note 5 

V1••JEBO Emitler-Base Breakdown Voltage IE= 10 µA, le= 0 

leeo Collector Cutoff Current 
Vee= SO V, IE= 0 
Vee= SO V, IE= 0, TA= lso•c 

IEeo Emitter Cutoff Current VEe = 3 V, le= 0 
VeE = l V, le= lSOmA, See Note S 
VeE = 10 V, le= 100µ,A 

hFE Static Forward Current VeE = 10 V, le= l mA 
Transfer Ratio VeE = 10 V, le= 10 mA, See Note 5 

VeE = 10 V, le= 150 mA, See Note 5 
Vee= 10 V, le= 300 mA, See Note 5 

v .. Base-Emitter Voltage le= 15 mA, le= 150 mA, See Note 5 

VcEl•••I Collector-Emitter Saturation Voltage le = 15 mA, le= 150 mA, See Note 5 

hie 
Small-Signal Common-Emiller Ve, = 10 V, 
Input Impedance 

h1. Small-Signal Common-Emitter le= l mA, 
Forward Current Transfer Ratio 

h .. Small-Signal Common-Emiller I = l kHz 
Output Admittance 

lh1.\ Small-Signal Common-Emitter Ve, = 10 V, le= 20 mA, f = 100 MHz 
Forward Current Transfer Ratio 

Cc• Collector-Base Capacitance Vee = 10 V, 1, = 0, f = l MHz, 
See Note 6 

operating characteristics at 25°C free-air temperaturet 

*individual triode characteristics (see note 4) 

PARAMETER TEST CONDITIONS 

I 

T 

I 
I 

Id Delay Time le= 150 mA, lspJ = 15 mA, VBE(ofl) = -0.5 V, 

t, Rise Time RL = 2oon, See Note 7 and Figure l 
t, Storage Time le= 150 mA, ls111 = 15 mA, ls121 = -15 mA, 

11 Fall Time RL = 200 n. See Note 7 and Figure 2 

NF Spot Noise Figure VeE = lOV, le = 100 JLA, R6 = l k!l, 
I = l kHz 

NOTES: 4. The terminals of the triode not under test are open-circuited for the measurement of these characteristics. 

S. These parameters must be measured using pulse techniques. tp = 300 µs, duty cycle S 2%. 

MIN 
60 
40 
5 

50 
35 
so 
75 

100 
35 

0.75 

1.5 

60 

2 

6. Collector-Base Capacitance is measured using three-terminal measurement techniques with the emitter and case guarded. 

7. Voltages and current values shown are nominal; exact values vary with device parameters. 

'Indicates JEDEC registered data 

tYoltages and currents apply to the N-P-N triode. For the P-N-P triode the values ore the same, but the signs are reversed. 

MAX MIN MAX 
60 
40 
5 

10 10 
10 10 
10 10 

20 
20 
2S 
35 

300 40 120 
20 

l.2 0.75 l.2 
0.4 0.4 

9 0.75 4.5 

300 30 150 

50 25 

2 

8 8 

MIN MAX 

20 
40 

280 
70 

8 

UNIT 

v 
v 
v 

nA 
µA 
nA 

v 
v 

k!l 

µmho 

pF 

UNIT 

ns 
ns 
ns 
ns 

d8 



TYPES 2N4854, 2N4855 
N-P-N, P-N-P, DUAL EPITAXIAL PLANAR SILICON TRANSISTORS 

INPUT 

*PARAMETER MEASUREMENT INFORMATION 

OUTPUT 

TEST CIRCUIT 

+9.9V ----11 
__J ~PUT 

-0.5V I 

--lid:-
' . ....., tr l-4--

--~.,1 I 
I 
I 
I 
I 
I 

OUTPUT 

VOLTAGE WAVEFORMS 

FIGURE l - DELAY AND RISE TIMES 

+30V 
+16.2V-Tl_-

-13.8 v 
I 
I 
I 

-.t ts ~ 

INPUT 

I I 

--Jt1l-

\__jbt~PUT 
INPUT 

TEST CIRCUIT VOLTAGE WAVEFORMS 

FIGURE 2 - STORAGE AND FALL TIMES 

NOTES: a. The input waveforms have the following characteristics: For figure 1, tr S 2 ns, tp = 200 ns, duty cycle :S:' 2%; for figure 2, tf :$ 5 ns, tp 10 µ.s, 
duty cycle::; 23. 

b. All waveform~ are monitored on an oscilloscope with the following characteristics: t, 5 5 ns, Rin '2; 100 kO, (in :$ 12 pf. 

c. The signs and polarity symbols shown are for the N-P-N triode; for the P-N-P triode the signs and pola1ify symbols are reversed . 
*Indicates JEDEC registered data 

; INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
!DER TO IMPROVE DESIGN ANO TO SUPPLY THE BEST PRODUCT POSSIBLE. 
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The Choice is TTL. 
FroDl TI ... the leader in TTL. 

83 MSI and SSI functions ... plus 
40% tnore this year. 

3 cotnpatible speeds for 
optitnlllll designs. 

Why so many choices from TI TTL? 
To allow you to build your system 
to your specifications, not your 
supplier's. 

You can get the best combination 
of compatible speeds to do the job 
- and the widest choice of func­
tions within these speeds. 

Use Series 54H/74H circuits in 
speed-critical sections of your sys-

terns. You get the benefits of the 
highest speed available in satu­
rated logic. 

In most systems areas, Standard 
Series 54/7 4 circuits offer the best 
speed/power ratio. And the com­
plexity of MSI circuits provides 
substantial system cost and size 
reductions. 

Then, where power dissipation is 
more critical than speed, use Series 
54L/74L. It is twice as fast as other 
low-power circuits, and power con­
sumption is only 1 mw per gate. 

Low-power circuits greatly sim­
plify power dissipation problems, 
and reliability problems associated 
with heat. In addition, they often 
help lower system cost by reducing 
cost of power supplies and cooling 
systems. 

By using TI Series 54/74 TTL 
you can design by ~ 
choice - a choice of 3 
compatible speeds and 
83 TTL functions. 

TEXAS INSTRUMENTS 
INCORPORATED 
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TYPES' TIS58 I TIS59 
N-CHANNEL EPITAXIAL PLANAR SILICON FIELD-EFFECT TRANSISTORS 

SILECTt FIELD-EFFECT TRANSISTORS 

For Industrial and Consumer Small-Signal Applications 

• Coded IDss Ranges for Precise Circuit Design 

• low Crss ••• ~ 3 pf 

• High y11 /Ciss Ratio (High-Frequency Figure-of-Merit} 

mechanical data 

These transistors are encapsulated in a plastic compound specifically designed for this purpose, using a 
highly mechanized processt developed by Texas Instruments. The case will withstand soldering tempera­
tures without deformation. These devices exhibit stable characteristics under high-humidity conditions and 
are capable of me~ting MIL-STD-202C method 1068. The transistors are insensitive to light. 

ALL JEDEC T0-92 DIMENSIONS AND NOTES ARE APPLICABLE 

ALL DIMENSIONS IN INCHES 

~ 1[ 0.058(NOTE A) 

!,{f] - : 
hoo':o-l- D SOD MIN _j 

-o.oao 
NOTE A: lead diameter is not controlled in this area. 

0.160~= 
0.100.~~= 

absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 

Drain-Gate Voltage 
Drain-Source Voltage . . 
Reverse Gate-Source Voltage 
Forward Gate Current . 
Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 1) • 
Storage Temperature Range . . . . . . . . . 
Lead Temperature ){, Inch from Cose for 10 Seconds . 

NOTE: 1. Derate linearly to 1so0 c free-air temperature at the rate of 2.81 mW/ 0 C. 

tTrademark of Texas Instruments 

tPatented hy Texas Instruments and other patents pending. 

TEXAS INSTRUMENTS 
INCORPORATED 

,.OST OF'P'IC& BOX IOU • DALLA•. TaJCAS 71111 

• 25V 
• 25V 
.-25V 

lOmA 
• • • 360 mW 
-65°C to 1 so•c 

260°c 

6091 
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TYPES TIS58, TIS59 
N-CHANNEL EPITAXIAL PLANAR SILICON FIELD-EFFECT TRANSISTORS 

electrical characteristics at 25°C free-air temperature (unless otherwise noted) 
TIS58 TIS59 

PARAMETER TEST CONDITIONS MIN TYP MAX MINTYP M~ 
VIBRJGSS Gate-Source Breakdown Voltage Is - -1 µ,A, Vos - 0 :-25 -25 

Vss = -15 V, Vos - 0 -4 -4 
lsss Gale Cutoff Current 

Vss = -15 V, Vos = 0, 1 ... = 100°c -2 -2 

loss Zero-Gale-Voltage Drain Current Vos = 15 V, Vss - 0, See Note 2 2.5 8 6 25 

Vs51ot~ Gate-Source Cutoff Voltage Vos = 15 V, lo - 20nA -0.S -s -1 -9 

Small-Signal Common-Source 
Vos= 15 V, Vss = 0, f=lkHz, 

4000 4800 
IYi.I See Note 2 

Forward Transfer Admittance 
I - 1 kHz. 1300 2200 4000 2300 3500 5000 

ly .. J 

Small-Signal Common-Source 
I = 1 kHz 20 so Output Admittance Vos = IS V, 

C;ss 
Common-Source Short-Circuit 

lo = 2 mA (TISSB) I= 1 MHz 6 6 Input Capocitonce 

Crss 
Common-Source Short-Circuit lo = S mA (TISS9) 

I = 1 MHz 3 3 Reverse Transfer Capacitance 

Re (Y1s) 
Small-Signal Common-Source 

I= 100 MHz 1000 2000 f.orward Transfer Conductance 

PARAMETER COLOR-CODE INFORMATION 

The TIS58 is furnished in color-coded loss brackets, each having a 2-to-1 spread as shown in Table 1. 

COLOR CODE 

Yellow 

Green 

loss BRACKET 
Vos= 15 V, Vss = 0, See Note 2 

2.5 mA-5 mA 

4 mA-8 mA 

TABLE I - Tl558 

UNIT 

v 
nA 
µ,A 
mA 
v 

µmho 

µ~ 

µmho 

pf 

pf 

µmho 

The TIS59 is furnished in color-coded loss brackets, each having a 2.5-to-1 spread as shown in Table 2. 

COLOR CODE loss BRACKET 
Vos= 15 V, Vss = 0, See Note 2 

Yellow 6 mA-15 mA 

Green 10 mA-25 mA 

TABLE 2 - Tl559 

NOTE 2: These parameters must be measured using pulse techniques. IP ;:::::::::: 100 ms, duty cycle :S 10%. 

6092 
TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 



TYPES TIS73, TIS74, TIS75 
N-CHANNEL EPITAXIAL PLANAR SILICON FIELD-EFFECT TRANSISTORS 

SYMMETRICAL N-CHANNEL SllECTt FIELD-EFFECT TRANSISTORS 
FOR HIGH-SPEED COMMUTATOR AND CHOPPER APPLICATIONS 

• Low r dsconl : 25 n Max (TIS73) 

• low I D(offl : 2 nA Max 
• low Drain-Gate Capacitance (C, .. ): 8 pf Max 
• Rugged, One-Piece Construction with Standard 

T0-18 100-mil Pin-Circle 

mechaniccd data 

These transistors are encapsulated in a plastic compound specifically designed for this purpose, using a 
highly mechanized process:j: developed by Texas Instruments. The case will withstand soldering tempera­
tures without deformation. These devices exhibit stable characteristics under high-humidity conditions and 
are capable of meeting Mll-STD-202C method 106B. The transistors are insensitive to light. 

2· DRAIN 

0.017 ~g·:: DIA 

3 LEADS 

NOTES: A. Lead diameter is nol controlled in this areo. 
B. Leqd1 having maximum dicuneter (0.019i shall be within 0.007 of their true positions 

meosured in the gaging plane 0.054 below the seating plcme of the device relative to 
o mcu:imum·di<1meter pcickage. 

C. All dimen5ions are in inches. 

:J. GATE 

absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 

Drain-Gate Voltage 
Drain-Source Voltage 
Reverse Gate-Source Voltage 
Continuous Forward Gate Current . 
Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note l) 
Continuous Device Dissipation at (or below) 25°C lead Temperature (See Note 2) 
Storage Temperature Range . 
lead Temperature ){, Inch from Case for l 0 Seconds . 

NOTES: 1. Derafe linearly to JS0°C free-air temperature at the rate of 2.88 mW/deg. 

• 30 v 
• 30 v 
-30V 
50mA 

360 mW 
500 mW 

-65°C to 150°C 
260°C 

2. Derate linearly to 150°C lead temperature at fhe rate of 4 mW/deg. lead temperature is measured on the gate lead 1/16 inch from the case. 

tTrademark of Texas Instruments 
iPatent Pending 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 5012 • DALLAS, TEXAS 75222 
6103 • 

;i: 
> 
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TYPES TIS73, TIS74, TIS75 
N-CHANNEL EPITAXIAL PLANAR SILICON FIELD-EFFECT TRANSISTORS 

6104 

electrical characteristics at 25°C free-air temperature (unless otherwise noted) 

TEST CONDITIONS 
TIS73 TIS74 

PARAMETER MIN MAX MIN MAX 
v(BR}GSS Gale-Source Breakdown Voltage IG = -1 µ,A, Vos= 0 -30 -30 

VGs - -15 V, Vos - 0 -2 -2 
IGSS Gate Reverse Current 

Yes= -15 V, Vos = 0, TA = l00°C -5 -5 

( Qrain Cutoff Current 
Vos - 15 V, Yes - -10 V -2 -2 

""-~~ 
Vos = 15 V, Yes= -10 V, TA = l00°C -5 -5 

Yes(ofij Gate-Source Cutoff Voltage Vos = 15 V, lo = 4 nA -4 -10 -2 -6 

loss Zero-Gate-Voltage Drain Current Vos = 15 V, VGs = 0, See Note 3 50 20 100 
lo= 20 mA, Yes= 0 0.75 

Yos(onJ 
Drain-Source 10 = 10 mA, Yes= 0 0.5 
On-State Voltage 

lo-5mA, Yes - 0 

rds(onJ 
Small-Signal Droin-Source 

Yes= 0, lo= 0, f = 1 kHz 25 40 On-Stole Resistance 

Ciss 
Common-Source Short-Circuit 

Vos= 0, Yes = -10 V, f = 1 MHz 18 18 Input Capacitance 

Crss 
Common-Source Short-Circuit 

Vos= 0, V0s = -10 V, f = 1 MHz 8 8 Reverse Tran sf er Capacitance 

switching characteristics at 25°C free-air temperature 

TIS73 TIS74 
PARAMETER TEST CONDITIONS MIN MAX MIN MAX 

td("1( Tum-On Delay Time Vos= 10 V, 

120 mA (TIS73) 
lo(onlt = 10 mA (TIS74) 

5 mA (TIS75) 
t, Rise Time Ves(onJ = 0, 

1-10 V (TIS73) 
Yes(off} = -6 V (TIS74) 

Tum-Off Time 
-4 V (TIS75) 

'·ff See Figure 1 

NOTE 3: These parameters must be measured using pulse techniques. Ip ~ 100 ms, duty cycle ~ 10%. 

tThese are nominal values, exact values vary slightly with transistor parameters. 

6 6 

3 4 

25 50 

TIS75 
MIN MAX 
-30 

-2 

-5 
-2 
-5 

--0.8 -4 
8 80 

0.5 

60 

18 

8 

TIS75 
MIN MAX 

10 

10 

100 

UNIT 

v 
nA 
µA 
nA 
µA 
V, 

mA 
v 
v 
v 

n 

pf 

pf 

UNIT 

ns 

ns 

ns 

Sf 



TYPES TIS73, TIS74, TIS75 
N-CHANNEL EPITAXIAL PLANAR SILICON FIELD-EFFECT TRANSISTORS 

PARAMETER MEASUREMENT INFORMATION 

464 Q (TIS73) I 
953 Q (TIS74) Rl 

1910 Q (TIS75) 

INPUT 

TEST CIRCUIT 

ov __ rt~,~lns t,~lns 
-10 V (TIS73) I 200 ns 
~ V (TIS74) I I 
-4 V (TIS75) -olton r ..i I- t0 ff 

INPUT 

ld(on) ...I i.;... ...I j....i.... ld(oll) 

t, --i ...... '1 t- t1 

10%"\l j .f"'TO%\ OUTPUT 
90%~ 90% \_ 

VOLTAGE WAVEFORMS 

FIGURE I 

NOTES: a. The input waveforms are supplied by a generator with the following charaderislics: lout = SO n, duty cycle ~ 23. 

... 
"-
I 

u 

b. Waveforms are monitored on on oscilloscope with the following chora~teristics: tr ~ 0.75 ns, Rin ~ 1 MU, Cin S 2.S pf. 

TYPICAL CHARACTERISTICS 

COMMON-SOURCE SHORT-CIRCUIT 
INPUT CAPACITANCE 

VS 

GATE-SOURCE VOLTAGE 
50,-~~--nnTr~-r-r-TT"TTTTT"-"'T"""'T""T"TTTTTI 

f = 1 MHz 

TA = 2s •c ttttt---t--t-1-H-ttt-t--r-1r-1r+++tt11 

VGS - Gate-Source Voltage -V 

FIGURE 2 

'li. 50 
I 
3 
! 
"§. 40 

u 
.! j 30 

! 
j 
- 20 

J 
8 10 

j 
I 

COMMON-SOURCE SHORT-CIRCUIT 
REVERSE TRANSFER CAPACITANCE 

vs 
GATE-SOURCE VOLTAGE 

f = l "1-;:::1" 
!-TA = 25°C 

See Note4 

r-
'""" ,......._ 

~ Vos = 0 

::::J;[ 
v 1-11ov OS 

v 
0 
--0.01 

I 11 
--0. 1 --0.4 -1 -4 

VGs - Gate-Source Voltage - V 

FIGURE 3 

NOTE 4: These parameters were measured with bias voltages applied for less than five seconds to avoid overheating the devices. 

_L 
-10 
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TYPES TIS73, TIS74, TIS75 
N-CHANNEL EPITAXIAL PLANAR SILICON FIELD-EFFECT TRANSISTORS 

6106 

TYPICAL CHARACTERISTICS 

c 

TIS73 
SMALL-SIGNAL DRAIN-SOURCE 

ON-STATE RESISTANCE 
vs 

FREE-AIR TEMPERATURE 

Vos = o 

10 = o 
f = 1 kHz 

30 l----<i----<i----<---<---<---<i------1~---j 

y 
20 1---+--+--+--.Ll-vt---tP"---+--t---f 

~ 10 ,___.___.___,.___, _ _,.____,.__---i----i 

0 -75 -50 -25 0 25 50 75 100 125 
TA~ Free-Air Temperature --- 0 ( 

FIGURE 4 

AVERAGE OUTPUT VOLTAGE 
VI 

RISE AND FALL TIMES 
1.2 ~---.----,-----.-.!.---,----, 

~I '--+-- R L = 20 kO 
* 1. o r---t-=--r"-...,===t:::::::::J 
& 
2 :g 0.8 

£. 0 0.6 

~ 
~ 0.4 t----->----+----+---t-----t 
~ Vos(off) = -10 V 

I 0 2 f = I kHz 

I · TA = 25°C 

~ See Figure 8 
0 '-----'---~--~---'---~ 

0 2 4 6 
tr & tf - Input Rise and Fall Times -t-ts 

FIGURE 6 

TEST CIRCUIT 

See 
Note 

6 

10 

c 
I 
"' E 
;:: 

1000 

400 

100 

40 

10 

4 

0.4 

V00 = 10 V 

Vos1~1 -0 

TIS73 

SWITCHING TIMES 
VI 

LOAD RESISTANCE 

VGS{otfl = -10 v 
hA = 25°C 

See Figure I 

~ and Note 5 i.---

,.,.r-- H b'.::::::: 
ton 

~ td(on) 

t, 

l 
Pr-t.:.ll-: 

t1.tz 

td(off) 

0.1 
0.1 0.4 

R L - Load Resistance - kQ 
FIGURE S 

AVERAGE OUTPUT VOLTAGE 
VI 

FREQUENCY 

10 

1.2 .----.----,-----.-----...,----, 
~ Vos(off) = -10 V 

I 1.0 t, = t, = 1 ~· 
+t- TA = 25°C 

§i See Figure 8 
.:g 0.8 t---------+----+----<----1 
> 

"' "' ~ 0.4 t---+---?'+---+--::;"""'l'------t 
> 

<( 

I ';' o. 2 l----7'f----~--+---+------I 
._'!, 

f - Frequency - Hz 
FIGURE 7 

f---+---1 
t, _, r- _, r- 1, 

90% 90% 
ov~0%1 I 10% 

-IOV--

INPUT VOLTAGE WAVEFORM 

FIGURE &-MEASUREMENT INFORMATION FOR FIGURES 6 & 7 

NOTES: S. The circuit of figure 1 is used, varying RL from 100 n to 10 kO. IP = 1 µs, duty cycle ::::;: 2%. 

6. Voltmeter input resistance Rin C 10 Mn. 

:~tn the circuit of figure 8, Average Output Voltage results from (apacitive feed-through of the gate-drive signal. 

5! 

TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 



TYPE 3N160 
P-CHANNEL INSULATED-GATE PLANAR SILICON FIELD-EFFECT TRANSISTOR 

ENHANCEMENT-TYPEt METAL-OXIDE-SEMICONDUCTOR TRANSISTOR 

*mechanical data 

For Applications Requiring Very High Input Impedance, Such as 
Series and Shunt Choppers, Multiplexers, and Commutators 

• Channel Cut Off with Zero Gate Voltage 

• Square-Law Transfer Characteristic Reduces Distortion 

• Independent Substrate Connection Provides Flexibility in Biasing 

THE SUBSTRATE IS IN ELECTRICAL 
CONTACT WITH THE CASE 

tT0-72 outline is same as T0-18 outline with the addition of a fourth lead. 

handling precautions 

1 

Curve-tracer testing and static-charge buildup are common causes of damage to insulated-gate devices. 
Permanen~ damage may result if either gate-voltage rating is exceeded even for extremely short time 
periods. Each transistor is protected during shipment by a gate-shorting device, which should be removed 
only during testing and after permanent mounting of the transistor. Personnel and equipment, including 
soldering irons, should be grounded. 

*absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 

Drain-Gate Voltage __ .. _ ..... _. ___ ... __ .... _ . __ ........ ___ . . . . . . . . . . . . . -25 V 
Drain-Source Voltage ........ __ ........ _ .................... _ . . . . . . . . . . -25 V 
Forward Gate-Source Voltage .. __ ...... __ . _ ..... _ .... _ . ____ . _ . __ .. _ ... _ . _ -25 V 
Reverse Gate-Source Voltage . __ .. _ ..... _ ........ _ .... __ .. ___ .......... _ . . 25 V 
Continuous Drain Current . __ .. ______ .. __ ...... __ ......... _ ... _ . _ . _ ... _ . - f25 mA 
Cpntinuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 1) .... _ . 360 mW 
Continuous Device Dissipation at (or below) 25°C Case Temperature (See ·Note 2) .. __ ... _ . . 1.8 W 
Storage Temperature Range_ ... ___ ·_ ..... _ ..... _ .. _ ... __ .. _ ..... _ . _ -65°C to 200°C 
Lead Temperature 1/16 Inch from Case for 10 Seconds _ ... _ .. __ ..... _ .... _ .. _ ... _ 300°C 

NOTES: 1. Cerate linearly to 175°C free-air temperature at the rate of 2.4 mw/°C. 

2. Cerate linearly to 175°C case temperature at the rate of 12 mW/°C. 

*Indicates JED EC registered data 

tEnhancement-mode operation entails the use of a forward gate-source voltage to increase drain current from loss. the drain current at 

V GS = 0, as opposed to depletion-mode operation wherein a reverse gate-source voltage is used to decrease drain current. An enhance­

ment-type transistor is in th!! "off" state at V GS = 0 and hence will not operate normally in the depletion mode. 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX !5012 • DALLAS, TEXAS 75222 
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TYPE 3N160 
P-CHANNEL INSULATED-GATE PLANAR SILICON FIELD-EFFECT TRANSISTOR 

*electrical characteristics at 25°C free-air temperature (unless otherwise noted) 

IGSSF 

IGSSR 

loss 

VGS(th) 

VGs 

lot on) 

IYtsl 

IYosl 

Ciss 

Crss 

PARAMETER 

Forward Gate-Terminal Current 

Reverse Gate-Terminal Current 

Zero-Gate-Voltage Drain Current 

Gate-Source Threshold Voltage 

Gate-Source Voltage 

On-State Drain Current 

Small-Signal Common-Source 

Forward Transfer Admittance 

Small-Signal Common-Source 

Output Admittance 

Common-Source Short-Circuit 

Input Capacitance 

Common-Source Short-Circuit 

Reverse Transfer Capacitance 

TEST CONDITIONSt MIN TYP MAX UNIT 

VGs = -25 V, Vos= o <-1 -10 pA 

VGs = -25 V, Vos= o. TA= 100C -10 -50 pA 

VGs = 25V, Vos= o <1 10 pA 

v05 - -15 v. VGs-0 <:i -10 nA 

Vos= -25 v. VGs = 0 -10 µA 

Vos= -15 v, 10 =-10µA -1.5 -5 v 
Vos - -15 V, 10 - -8 mA -4.5 -8 v 
Vos= -15 v. VGs = -15 V,See Note 3 -40 -120 mA 

3.5 6.5 mmho 
f = 1 kHz 

0.25 mmho 

Vos= -15V,1 0 = -8 mA 

10 pF 

f = 1 MHz 

4 pF 

TYPICAL CHARACTERISTICS 

SMALL-SIGNAL COMMON-SOURCE 
FORWARD TRANSFER ADMITTANCE 

COMMON-SOURCE DRAIN CHARACTERISTICS t 
ORAi N ~~RRENT t 

8~~~~~~~~~~~~~~~~~~ 

-70 

-60 
<( 
E 
I -50 

1: 
~ 

-40 ~ 
u 
c 
·~ 

-30 0 

I 
_5l -20 

-10 

0 

T,. = 2s0 c 
See Note 3 --<,___--l,_,,.'--1'----l---1---1---1-_, 

VGs = -8 V 

1-,j~~:....+~-l-~+--~l-----+~-lVGs=-6V 

0 -2 

VGs = -4 V 

-4 -6 -8 -10 -12 -14 -16 -18 -20 
V05 -Drain-Source Voltage -V 

FIGURE I 

_g 
E 
E 
I 

v05 = -15 V 

7 f = 1 kHz 

T,. = 25°C -
6 f-See Nole 3 v 
5f--~+----/'.<-+~--1~~t--~+-------i 

4~~1/c___-+--+--+~-+-~ 
3 I 
27 

0 -5 -10 -15 -20 -25 -30 
10 -Droln Current -mA 

FIGURE 2 

NOTE: 3. These parameters must be measured using pulse techniques. tp ~ 100 ms, duty cycle-;; 10%. 

*Indicates JED EC registered data 

tAll measurements are made with the third lead (case and substrate) connected to the fourth lead (source). 

6202 TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PROOUU POSSIBLE 
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TYPES 2N2386, 2N2386A 
P-CHANNEL DIFFUSED PLANAR SILICON FIELD-EFFECT TRANSISTORS 

*mechanical data 

AUDIO- TO HIGH-FREQUENCY SMALL-SIGNAL AMPLIFIERS 
2N2386A offers the following improvements 
resulting from process innovation: 
• IY ,. I Min Raised from 1 mmho to 2.2 mmho 
• C ;.. Max Lowered from 50 pf to 10 pf 

THE GATE IS IN ELECTRICAL 
CONTACT WITH THE CASE. 

All JEDEC TO·S DIMENSIONS 
AND NOTES ARE APPLICABLE. 

AU DIMENSIONS AR~ 
IN INCHES 

UNLESS OTHERWISE 
SPECIRED 

*absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 

Continuous Forward Gate Current . 

Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 1) 

Continuous Device Dissipation at (or below) 25°C Case Temperature (See Note 2) 

Storage Temperature Ronge 

Lead Temperature J{• Inch from Case for 10 Seconds . 

*electrical characteristics at 25°C free-air temperature (unless otherwise noted) 

2N2386 

-10 mA 

0.5W 

l.5W 

-65°C to 200°c 

300°c 

2N2386A 
PARAMETER TEST CONDITIONS MIN MAX MIN MAX UNIT 

Y1111.1oso 
Drain-Gate Breakdown Volloge 

lo= -lOfLA,ls = 0 -20 -20 (See Note 3) 

lsss Gate Reverse Current 
Yss = 10 V, Vos= 0 10 
Yss = 10 V, Vos= 0, rA = loo•c l 

lo(ofij Drain Culoff Current Vos = -12 V, Yss = 8 V -10 
loss Zero-Gote-Volloge Drain Current Vos = -10 V, Yes = 0 

IY1.I 
Small-Signal Common-Source 

Vos = -10 V, Yes = 0, f = 1 kHz 0.3 Input Admittance 

Jy,,J Small-Signal Common-Source 
Vos = -10 V, Yss = 0, f = l kHz l Forward Transfer Admitlonce 

Ciss 
Common-Source Shorl-Circuit 

Vos = -10 V, Yss = 0, f = 0.1 MHz to l MHi 50 Input Capacitance 

NOTES: 1. Darate linearly to 17S0 c free-air temperature at the rate of 3.3 mW/0 c. 
2. Derate linearly to- 175°C case temperature at the rate of 10 mw/ 0c 
3. This parameter corresponds closely to V{BR)DSS {the Drain-Source Breakdown Voltage for v65 = 0). V(BR)DSV (the Drain-Source Breakdown 

Vollage for other values of VGsl moy be calculated from, !v(BR)osvl ="" !V(BRJOGOI - !Vssl· 

*Indicates JEDEC registered data 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 5012 • DALLAS, TEXAS 75222 

-1 

2.2 

v 
10 nA 
l fLA 

-0.01 fLA 
-15 mA 

0.1 fLmho 

5 mmho 

10 pf 
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TYPES 2N2386, 2N2386A 
P-CHANNEL DIFFUSED PLANAR SILICON FIELD-EFFECT TRANSISTORS 

<( 
E 

c 
e 
~ 
u 
c g 
I 

_o 
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-10 

-8 

-6 

-4 

-2 

0 

BIAS DESIGN CURVE FOR TYPICAL UNITS 

ORA IN CURRENT 
vs 

ZERO-GATE-VOLTAGE DRAIN CURRENT 

R, = lOOU 

R, = 2oon 
I 

f---~71C--------t~---t-C7"~--t---=Rs=300(l 

I 
Rs = 500fi --+-----t 

I 
~---+--~"---o~---:.-l""---:,,..."+--:;;;....-"!F----t------:t:=--R5 =1000fl~-+-------t 

0 -2 

120 kfi 

I 
Rs= 2000U 

Rs = 5000U 

-4 -6 -8 -10 -12 -14 -16 -18 -20 
loss - Zero ... Gote-Voltage Drain Current - mA 

TYPICAL APPLICATION DATA 

HIGH-INPUT-IMPEDANCE AMPLIFIER 

100 pf 
15 v 

+ 28 v 

13 kJL 22 k11 

"GAIN 
ADJUST" 

= 

36 kJl 

TYPICAL SMALL-SIGNAL CIRCUIT 
PERFORMANCE CHARACTERISTICS 

FREQUENCY 1z"j1 
10 Hz 70 Mil 

100 Hz 70 Mfi 
I kHz 50 M!l 

10 kHz 10Mfi 

Re 3-dB BANDWIDTH I 

100 k!l. 1 Hz to 200 kHz 
1 M1l. 1 Hz to 50 kHz 

10 M.fi 1 Hz to 8 kHz 

VOLTAGE GAIN 

Adiustoble from 1 to 20 

t T..._ == 25°C, "Gain Adjust" set for Gain of 10 

NOTES: a. Adiust for+ 18 V at Point 1'A ". 
b. All resistors± 5% tolercnce, 1/2 W. 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 5012 • DALLAS, TEXAS 75222 
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TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 



TYPES 2N2497, 2N2498, 2N2499, 2N2SOO 
P-CHANNEL DIFFUSED PLANAR SILICON FIELD-EFFECT TRANSISTORS 

*mechanical data 

FOR SMALL-SIGNAL, LOW-NOISE APPLICATIONS 

• Guaranteed 10 cps Noise Figure (2N2500) 
• High Input Impedance (>5 megohms at 1 kc) 
• High Nuclear Radiation-Damage Resistance 

THE GATE IS IN ELECTRICAL 
CONTACT WITH THE CASE 

All JEDEC T0-5 DIMENSIONS 
AND NOTES ARE APPLICABLE. 

1-SOURCE 2-GATE 
3-DRAIN 

ALL DIMENSIONS ARE IN INCHES 

UNLESS OTHERWISE SPECIFIED 

*absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 
Continuous Forward Gate Current . 
Total Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 1) 
Total Device Dissipation at (or below) 25°C Case Temperature (See Note 2) 
Storage Temperature Range . - 195°C to 

-10 ma 
0.5 w 
1.5 w 

+ 200°c 

*electrical characteristics at 25°C free-air temperature (unless otherwise noted) 
i 2N2497 

PARAMETER TEST CONDITIONS 
I MIN MAX[ 

Drain-Gate Breakdown ' : 
BVoGO Voltage (See Note 3) 

10 = -10 µ.a, Is= 0 -20 

1sss Gate Cutoff Current VGS ~ 10 •• Vos - o 0.01 

1&ss Gate Cutoff Current Vss = 10 v, 
Vos= D 

10 
TA = 1so•c 

loss -·.Zero-Gate-Voltage Drain Current v05 = -10 v, VGS = 0 -1 -3 

101ot11 _Pinch-Off Drain Current v05 - -15 v, v65: See Note 4 -10 

'os Static Drain-Source Resistance •0 = - 100 µ.a. VGS = 0 1000 

IY;,I 
Smull-Signal Common-Source 

0.2 
Input Admittance 

lr,,I 
Small-Signal Common-Source 

1000 2000 
Forward T ronsfer Admittance v05 := -10 v, 10 : See Note S 

lr .. I 
Small-Signal Common-Source I= l kt 

0.1 
Revene Transfer Admittance 

lr .. I 
Small-Signal Cammon-Source 

20 Output Admittance 

lri.1 
Small-Signal Common-Source Vos= -10 v, 10 : See Note 5 

900 
Forward Transfer Admittance f = 10 me 

Common-Source Short-Circuit v ... = o. Vos= -10 v 
32 Ciss Input Capacitance I= 140 kt 

*operating characteristics at 25°C free-air temperature 

NF Spot Noise Figure 

Yos =-SY, 
f = 1 kt, 

Yos = -S v, 
I= 10 cps, 

t0 =-1 mo 

R6 =1M!l 

10 =-1 ma 

R6 = 10 MO 

NOTES: 1. Derate linearly to 175°( free-air temperature at the rate of 3.3 mw/C0 • 

2. Derate linearly to 175°( case temperature at the rate of 10 mw/C0 • 

3. This parameter corresponds closely to BVoss (the Drain-Source Break­
down Voltage for v65 = 0). BV0sx (the Drain-Source Breakdown 
Voltage for other values of Y6 s) may be calculated from: 

l NOTE 4, V65 = 

lNOTES,1 0 = 

2N2498 
MIN MAX 

-20 

0.01 

10 

-2 -6 

-10 

800 

0.2 

lSOO 3000 

0.1 

40 

13SO 

32 

2N2497 

s v 

-1 ma 

IBYosxl ~ IBVo&ol - IV&sl· *lndicales JEDEC registered dota. 

2N2499 
MIN MAX 

-20 

0.01 

10 

-S -ll 

-10 

600 

0.2 

2000 4000 

0.1 

100 

1800 

32 

2N2498 

6. 

-2 mo 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX !5012 • DALLAS, TEXAS 75222 

2N2500 

MIN MAX UNIT 

-20 • 
0.01 µ.a 

10 µ.a 

-1 -6 ma 

-10 µ.a 

ohm 

0.2 µ.mho 

1000 2200 µ.mho 

0.1 µmho 

20 µ.mho 

900 µ.mho 

32 pf 

db 

db 

2N2499 2N2500 

8 v 6 v 

-S ma -1 ma 

6303 



TYPES 2N2497, 2N2498, 2N2499, 2N2500 
P-CHANNEL DIFFUSED PLANAR SILICON FIELD-EFFECT TRANSISTORS 

PARAMETER MEASUREMENT INFORMATION 

G 

10 v 

+ 

FIGURE 1 - GATE CUTOFF CURRENT TEST CIRCUIT 

FIGURE 3 - INPUT ADMITTANCE TEST CIRCUIT 

-10 v 

100 n 
C4 

D 

~ 
v, 

l 
jY.,I (µmho) = 200 V2 {mv) 

f Rl R2 Cl C2 C3 C4 

1 kc nn 100 lOµf 10 µf lOµf lOµf 

10 me 30.il 200 39pf 0.02µf 0.02 µf 0.02µf 

FIGURE 5 - FORWARD TRANSFER ADMITTANCE TEST CIRCUIT 

• Indicates JEDEC registered data. 

6304 

+ 
10 v 

*FIGURE 2 - PINCH-OFF DRAIN CURRENT TEST CIRCUIT 

1 µf 

f 
1 
v, 

110 
µf 

v, 

110 
µf 

j Y .. j {µmho) = 0, 1 V2 {mv) 

FIGURE 4 - REVERSE TRANSFER ADMITTANCE TEST CIRCUIT 

1 µf 

G I + 
VGG v, 

l 1oon t 10 v 
v, + • 

v1 = l v "::' jy0 ,I (µmho) = 10 V2 (mv) 

FIGURE 6 - OUTPUT ADMITTANCE TEST CIRCUIT 

5 

TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIMI 
IN ORDER TO IMPROVE DESIGN ANO TO SUPPLY THE BEST PRODUCT POSSIBLE 



TYPES 2N3329, 2N3330, 2N3331, 2N3332 
P-CHANNEL DIFFUSED PLANAR SILICON FIELD-EFFECT TRANSISTORS 

*mechanical data 

FOR SMALL-SIGNAL, LOW-NOISE APPLICATIONS 

• Active Elements Insulated from Case 
• High Input Impedance <> 5 megohms at 1 kc) 
• High Nuclear Radiation-Damage Resistance 

1 ro.100 

1 -SOUIKE t--" 

THE ACTIVE ELEMENTS ARE 

ELECTRICALLY INSULATED FROM 

THE CASE 

All JEDEC T0-72 DIMENSIONS 

AND NOTES ARE APPLICABLE 

All DtMfNSIONS .HE 
IN INCHES 

UNLESS OTHUWISE 
Sf'KlflED 

*absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 
Gate Current . 
Total Device Dissipation at (or below) 25°C Free-Air Temperature (See Note l) 
Storage Temperature Range . 

*electrical characteristics at 25°C free-air temperature (unless otherwise noted) 

PARAMETER TEST CONDITIONSt 
2N3329 

MIN- MAX 

BVGSS Gate-Source Breakdown Voltage 16 = lOµa. Vos= o 20 

1Gss Gate Cutoff Current VGS = 10v, Vos= o 0.01 

1Gss Gate Cutoff Current VGS = 10v, 
Vos - o, 

10 
TA= 1S0°C 

1055 Zero-Gate-Voltage Drain Current Vos - -10 v, Vss - o -1 -3 
1--:-_~-----· 

~~ Gate-Source Cutoff Voltage Vos= ~o = -lOµa s 

~~ 
Static Drain-Source Resistance 10 = -100 µa, VGS = 0 1000 

Small-Signal (ommon-Souru 
lr;,I Input Admittance 

0.2 

Irr.I 
Small-Signal Common-Souru 

1000 2000 
Forward Transfer Admitlance Vos= -10 v, 10 - See Note 2, 

lr.,I 
Sm al I-Signal Common-Source I= lkc 

0.1 
Reverse Transfer Admittance 

lr .. I 
Small-Sigmll Common-Sourc:e 

20 
Output Admittance 

lr1,I 
Small-Signal Common-Source Vos= -10 v, 10 - See Note 2, 

900 
Forward Tramfer Admittance I= 10Mc 

Common-Source Short-Circuit Vos= -10 v, VGs = 1 v, 

I (iH Input Capacitance f=lMc 
20 

*operating characteristics at 25°C free-air temperature 

NF Spot Noise Figure 

VDs = -Sv, 
l=lkc, 

Vos=-Sv, 
I= lOcps, 

10 = -1 ma, 
Rs= 1 MO 

ID= -1 ma, 
Rs= lOMO 

NOTE 1: Derate linearly to 17S°C free-air temperature at the rate of 2 mw/C 0 • 

2N3329 2N3330 2N3331 

NOTE 2, 10 = -1 ma -2ma -5 ma 

tThe fourth lead (case} is connected to the soune for all measurements. 

•Indicates JEDEC registered data. 

2~3332 

-1 ma 

2N3330 2N3331 
~N MAX MIN MAX 

20 20 

0.01 0.01 

10 10 

-2 -6 -5 -15 

6 8 

BOO 600 

0.2 0.2 

1500 3000 2000 4000 

0.1 0.1 

40 100 

mo 1800 

20 20 

-10 ma 
. 0.3 w 

. --65°C to + 200°c 

2N3332 UNIT 
MIN MAX 

20 v I 
0.01 µa 

10 p.a 

-1 -6 ma 

6 v 

ohm 

0.2 µmho 

1000 2200 µmho 

0.1 µmho 

20 µmho 

900 µ.mho 

20 pf 

db 

TEXAS INSTRUMENTS RESERVES 0THE RIGHT TO MAKE CHANGES AT ANY TIME 
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 5012 • DALLAS, TEXAS 75222 
6305 



Designing with integrated circuits? 

The 'ftend is TTL. 
TI is the leader in TTL. 

In breadth of line. In technology. 
In production capacity. 

In availability. 
Look first to TI. 

In addition to 83 different circuits, 
three speed ranges, and a broad 
selection of MSI circuits, Series 
54/74 TTL from TI is offered in 
three package types. 

Tl's plastic dual-in-line pack­
ages are low in cost, yet rugged. 
And they are backed by millions 
of hours of reliability data. Series 
54 plastic performance over the 
full temperature range (-55°C to 
+ 125°C) is proven by customer 
usage in temperature critical 
systems. 

Ceramic dual-in-line packages 
from TI provide all the benefits of 

hermetic packages in a design 
suited to automatic insertion and 
soldering. Ceramic packages are 
ideal for severe environments 
where applications require vali­
dation of hermeticity. 

Tl's flatpacks-best for space­
critical applications-are backed 
by ten years service in all types of 
military, space, and commercial 
systems. 

When you design with Series 
54/74, you have a lot in your favor. 
A broad range of MSI circuits ... 
three compatible speeds ... three 
package types. Also, good availa-

bility, and second-sources for most 
circuits. 

The widest choice. The dominant 
trend. Series 54/74 TTL from Texas 
Instruments. 

New TIL design aid 

A new 80-page color brochure 
gives valuable data-including de­
sign information-on all TI series 
54/74 IC's. It's yours for the asking. 
Write Texas Instruments ~ 
Incorporated, P.O. Box 
5012, MS 308, Dallas, 
Texas 75222. 

TEXAS INSTRUMENTS 
INCORPORATED 

6306 



TYPE 2N3819 
N-CHANNEL PLANAR SILICON FIELD-EFFECT TRANSISTOR 

SllECTt FIELD· EFFECT TRANSISTOR 

For l~dustrial and Consumer Small-Signal Applications 
• low Crs5: s 4 pf • High Jts/Ciss Ratio (High-Frequency Figure of Merit) 
• Cross Modulation Minimized by Square-law Transfer Characteristics 

mechanical data 
This transistor is enc:apsuldted in a plastic compound specifically designed for this purpose, using o highly 
mechonized process* developed by Texas lnstrum.ents'. The case will withstand soldering temperatures 
without deformation. This device exhibits stable characteristics under high-humidity conditions and is 
capable of meeting Mll-STD-202C method 1068. The transistor is insensitive to light. 

*ALL JEDEC T0-92 DIMENSIONS AND NOTES ARE APPLICABLE 

ALL DIMfNSIONS IN INCHES 1 r D.050 (NOTE A) 

0.100~:.= 

~g~ ~r====ii---_--t!!:::===========::::i_: 
~~ __j 0.100 I I ±0.005 r-

~~jig-+-- 0.500 MIN. 0.050 ::!:: 0.005 

NOTE A: Lead diameter is not controlled in this area. 

*absolute maximum .ratings at 25°C free-air temperature (unless otherwise noted) 
Drain-Gate Voltpge • • . 
Drain-Source· Voltqge ·; . 
Reverse (?ate-Source Voltage • 
Gate Current • · • . . • • . . • • • . • • 
Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 1) 
Storage Terrlperature Range • • • . . • 
Lead Temperature){, Inch from Case for 10 Seconds 

*electrical characteristics at 25°C free-air temperature (unless otherwise noted) 
PARAMETER TEST CONDITIONS 

V11RJ6SS Gate-SouKe Breakdown Voltage IG = - 1 p.a, Vos = 0 

l&ss Gale Cutoff Current 
V&s - -15 v, Vos = 0 
V6s = -15 v, Vos= 0, TA= 100°c 

loss Zero-Gate-Voltage Drain Current Vos= 1S v, V6 s = 0, See Note 2 
V&s Gate-SciuKe Voltage Vos= 15 v, lo= 200 p.O 
VGS(ofl} Gate-SouKe Cutoff Voltage Vos= 15 v, lo= 2 na 

IY1.I 
Small-Signal Common-Source Vos= 15 v, V&s = 0, f = 1 kc, 
Forward Transfer Admittance See Nole 2 

IYosl 
Small-Signal Common-SouKe Vos= 15 v, Yss = 0, f = 1 kc, 
Output Admittance See Note 2 

Ciss 
Common-Sourte Short-OKuit Vos= 15 v, 
Input Capacitance 
Common-Source Short-Circuit 

V&s = 0, 
Crss Reverse Transfer Capacitance f = 1 Mc 

IY1.I 
Small-Signal Common-SciuKe 

Vos= 15 v, V&s = 0, f = lOOMc Forward Transfer Admittance 

NOTES: 1. Derate linearly ID uo0 c lrn-air temperature at the rate of 2.88 mw/c0 • 

2. These parameterJ must be measured using pulse techniques. PW~ 100 msec, Duty Cycle :::; 10%. 
"Indicates JEDEC registered data. 
ttrademGrk of Texas Instruments 
*Patent Poftding 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 5012 • DALLAS, TEXAS 75222 

MIN 
- 25 

2 
-0.5 

2000 

1600 

25v 
25v 

-25v 
10ma 

360 mw 
-65°C to 150°C 

_ 260°C 

MAX UNIT 
v 

-2 no 
-2 µ.a 

20 ma 
-7.5 v 
-8 v 

6500 p.mho 

50 p.mho 

8 pf 

4 pf 

µmho 

"' "' ~ rn c 
:$ i::: ... ; rn .. .. z z 
I: z ! 
!'< !> • 
; CJ .. !'" .. .. .. • ~ ,.. 

c ,., 
c 
!!; 
; .. .... 
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6402 

FET 
design ideas 

from Texas Instruments 

FET Design Ideas is a must for every circuit design engineer's reference file. It contains: 
20 circuit diagrams covering a wide range of applications. How to bias field-effect transis­
tors. Applications literature available. And short-form data on all of Tl's standard FETs. 

To get your copy, write direct to Texas Instruments Incorporated, PO Box 5012, MS308, 
Dallas, Texas 75222. 

~TEXAS INSTRUMENTS 
~ INCORPORATED 



TYPE 2N3820 
p .. cHANNEL PLANAR SILICON FIELD-EFFECT TRANSISTOR 

SILECT t FIELD-EFFECT TRANSISTOR 
For Industrial and Consumer 

Small-Signal Applications 

mechanical data 
This transistor is encapsulated in a plastic compound specifically designed for this purpose, using a highly 
mechanized process:j: developed by Texas Instruments. The case will withstand soldering temperatures 
without deformation. This device exhibits stable characteristics under high-humidity conditions and is 
capable of meeting MIL-STD-202C method 1068. The transistor is insensitive to light. 

*All JEDEC T0.92 DIMENSIONS AND NOTES ARE APPLICABLE 

All DIMENSl~S 1 r MSD (NOTE A) 

+~~.·~a -: -0025 ML____; . 
1-...::'._ I 

~:o~o~ 0.500 MIN.~ -o.030 

NOTE A: lead diameter is not controlled in this area. 

*absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 

Drain-Gate Voltage . -20v 
Drain-Source Voltage . -20v 
Reverse Gate-Source Voltage . 20 v 
Gate Current . . -10 ma 
Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 1) . . 360 mw 
Storage Temperature Range . -65°C to + 150°C 
lead Temperature J{, Inch from Case for 10 Seconds . . 260°C 

*electrical characteristics at 25°C free-air temperature (unless otherwise noted) 

PARAMETER TEST CONDITIONS 

V1BRJGSS Gate-Source Breakdown Voltage Is= 10 ,,a, Vos= 0 

lsss Gate Cutoff Current 
Vss = 10v, Vos= 0 
Vss = lOv, Vos= 0, 

loss Zero-Gate-Voltage Drain Current Vos= -10 v, Vss = 0, 
Vss Gate-Source Voltage Vos= -10 Y, lo= -30 p.a 

Yss1011) Gate-Source Cutoff Voltage Vos= -10 v, lo= -10 /ta 

IY1s! 
Small-Signal Common-Source Vos= -10 v, Yss = 0, 
Forward Transfer Admittance 

lr •• I 
Small-Signal Common-Source Vos= -10 v, Vss = 0, 
Output Admittance 

Ci• 
Common-Source Short-Circuit Vos= -10 v, 
Input Capacitance 
Common-Source Short-Circuit 

Vss = 0, 
Crss Reverse Transfer Capacitance 

IY1sl 
Small-Signal Common-Source 

Vos= -10 v, Yss = 0, Forward Transfer Admittance 

NOTES: 1. Derate linearly to 1$0°( free-air temperature at the rate of 2.88 mw/C 0 • 

2. These parameters must be measured usinlJ pulse techniques. PW ;Rj 100 msec, Duty Cycle :5: 10%. 
*Indicates JEDEC registered data. 
tTrademark of Texas Instruments 
:j:Patont Ponding 

TA = loo•c 
See Note 2 

f = 1 kc, 
See Note 2 
f = 1 kc, 
See Note 2 

f = 1Mc 

f = lOMc 

MIN 

20 

-0.3 
0.3 

800 

700 

MAX UNIT 
v 

20 no 
2 ,_,a 

-JS ma 
7.9 v 

8 v 

5000 ,umho 

200 p.mho 

32 pf 

16 pf 

,um ho 

TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 5012 • DALLAS, TEXAS 75222 
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TI 
Microlibrary Books 
for Creative 
Circuit Designers 

~ 

Terms: P.O.B. destjnation; bulk rate. 
Other than bulk rate, 
indicate method qf shipment, 
add ~hipping charges. 

Outside U.S.: Indicate method of shipment, 
add shipping charges. 

Send check or money Older 
(no purdulse orders) to: 

Texas Instruments 

Marketing and Information Services 

P.O. Box 5012, M.S. 308 

Dallas, Texas 75222 

TRANSISTOR CIRCUIT DESIGN 

Shipping Weight Hb 4 oz • $15.00 

FiELD-EFFECT TRANSISTORS • L. J. SEVIN 

Shipping Weight 1-lb 10-oz • $IO.OO 

MOSFET IN CIRCUIT DESIGN • ROBERT H. CRAWFORD 

Shipping Weight I-lb IO-oz • $10.00 

CIRCUIT DESIGN FOR AUDIO, AM./FM AND TV 

Shipping Weight 2-lb 8-oz • $I4.50 

SILICON SEMICONDUCTOR TECHNOLOGY • 
W.R. RUNYAN 

Shipping Weight 2-lb 9-oz • $16.50 

DESIGN AND APPLICATION OF TRANSISTOR 
SWITCHING CIRCUiTS • LOUIS DELHOM 

Shipping Weight 2-lb • $14.50 

SOLID STATE COMMUNICATIONS 

Shipping Weight 2-lb 9-oz • $12.50 

SOLID STATE ELECTRONICS • ROBERT G. HIBBERD 

Shipping Weight I-lb I2-oz • $8.95 



TYPES 2N3821, 2N3822 
N-CHANNEL EPITAXIAL PLANAR SILICON FIELD-EFFECT TRANSISTORS 

SYMMETRICAL N-CHANNEL FIELD-EFFECT TRANSISTORS 
FOR SMALL-SIGNAL APPLICATIONS 

• Low Leakage: ~ 100 pa 

• Low Input Capacitance: ~ 6 pf 

• High y fs /Ciss Ratio (High-Frequency Figure-of-Merit) 

*mechanical data 

c LEADS 0.019 DIA-· 
0.016 

1-SOUllCE 

~.g:g;: 
)'':!:° ~::4~ All DIMENSIONS AllE 

.. s·/~ UNt~~s 1~~~~~WISE 
SPECIFIED 

T0-72 outline is same as T0-18 outline with the addition of a fourth lead. 

THE ACTIVE ELEMENTS ARE 

ELECTRICALLY INSULATED FROM 

THE CASE 

All JEDEC T0-72 DIMENSIONS 

AND NOTES ARE APPLICABLE 

*absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 

Drain-Gate Voltage 
Drain-Source Voltage 
Reverse Gate-Source Voltage 
Gate Current 
Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 1). 

1 
50v 
50v 

-50v 
. 10 ma 
300mw 

Storage Temperature Range . . -65°C to + 200°C 
Lead Temperature }{, Inch from Case for l 0 Seconds . 

•electrical characteristics at 25°C free-air temperature (unless otherwise noted) 

PARAMETER TEST CONDITIONSt 

V1111JGSS Gate-Source Breakdown Voltage Is= -1 µ.a, Vos= 0 

lsss Gate Cutoff Current 
Vss - -30 v, Vos= 0 

- Vss = -30 v, Vos= 0, TA = 150°C 

_~SS J2. Zero-Gate-Voltage Drain Current Vos= 15v, Vss = O, See Note 2 

Ll ~ Gate-Source Voltage ~~~~µa 
Vos= 15v, lo= 200 µa 

Yesfoffl Gate-Source Cutoff Voltage __ Vos -=--~~~~ = 0.5 na ______ 

IYt.I Small-Signal Common-Source Vos= 15 v, Vss = O, f = 1 kc 
Forward Transfer Admittance See Note 2 

IY,,.I Small-Signal Common-Source Vos - 15v, Vss - 0, f - 1 kc 
Output Admittance See Note 2 

C1u 
Common-Source Short-Circuit Vos= 15v, 
Input Capacitance 
Common-Source Short-Circuit 

Vss = 0, 
Crss Reverse Transfer ~opocitance f = l Mc 

!Yi.I Small-Signal Common-Source 
Vos= 15 v, Vss = 0, I= lOOMc 

Forward Transfer Admittance 
NOTES: 1.Derate linearly to 17S°C free-air temperature at the rote of 2 mw/c 0 • 

2. These parameters must be measured using pulse techniques. PW= 100 msec, Duty Cycle ::; 10%. 

flhe fourth lead (case) is connected to the source for all measurements. 
•Indicates JEDEC registered data 

2N3821 
t"-j;,\jN MAX 

-50 
-0.1 
~1 

-
7.5 2.5 

~ -=z-

-4 

1500 4500 

10 

6 

3 

1500 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 5012 • DALLAS, TEXAS 75222 

2N3822 
MIN MAX 
-50 

-0.1 
-"-0:1 

~ 10 

'f·" 
-1 -4 

-6 

3000 6500 

20 

6 

3 

3000 

300°C 

UNIT 

v 
no 
µ.a 

ma 
_, 7 
v µ v ...., 

µ.mho 

µ.mho 

pf 

pf 

µ.mho 
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TYPES 2N3821, 2N3822 
N-CHANNEL EPITAXIAL PLANAR SILICON FIELD-EFFECT TRANSISTORS 

*operating characteristics at 25°C free-air temperature 

PARAMETER TEST CONDITIONSt 

NF Average Noise Figure V0s=15v, V65 =0, !=JO cps, R13=l M!l, 
Noise Bandwidth= S cps 

e, Equivalent Input Noise Voltage Vos=15 v, Y65=0, 1=10 cps, 
Noise Bandwidth = 5 cps 

fThe fourth lead (case) is connected to the source for all measurements. 

•Indicates JEDEC regidered data. 
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THERMAL INFORMATION 

DISSIPATION DERATING CURVE 

~ 
~ 
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~ 

0 25 50 75 100 125 150 175 200 
TA - Free-Air Temperature - °C 
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UNIT 
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TYPE 2N3823 
N-CHANNEL EPITAXIAL PLANAR SILICON FIELD-EFFECT TRANSISTOR 

SYMMETRICAL N-CHANNEL FIELD-EFFECT TRANSISTOR 
FOR VHF AMPLIFIER AND MIXER APPLICATIONS 

• Low Noise Figure: ::;; 2.5 db at 100 Mc 

• Low Crss= ::;; 2 pf 

• High Yt5 /Ciss Ratio {High-Frequency Figure-of-Merit) 
• Cross Modulation Minimized by Square-Law Transfer Characteristic 

tT0-72 outline is some as T0-18 except for addition of a fourth lead. 

THE ACTIVE ELEMENTS ARE 
ELECTRICAll Y INSULATED FROM 
THE CASE 

All JEDEC TQ.72t 
DIMENSIONS AND NOTES 
ARE APPLICABLE 

* absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 

1 I 
I 

~ ' " 

Drain-Gate Voltage . 30 v 
Drain-Source Voltage . 30 v 
Reverse Gate-Source Voltage . -30 v 
Gate Current . • l 0 ma 
Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 1) . 300 mw 
Storage Temperature Range . . -65°C to + 200°C 
lead Temperature J{, Inch from Case for l 0 Seconds . . 300°C 

*electrical characteristics at 25°C free-air temperature (unless otherwise noted) 
PARAMETER TEST CONDITIONS·* MIN MAX UNIT 

V[BR[GSS Gate-Source Breakdown Voltage JG= -1 µa, Vo,= 0 -30 v 

IGss Gate Cutoff Current 
VGs = -20 v, Vos= 0 -0.S na 
VGs = -20 v, Vos= 0, TA= 1So0 c -0.S µa 

loss Zero-Gate-Voltage Drain Current Vos= lS v, VGs = 0, See Note 2 4 20 ma 
VGs Gate-Source Voltage Vos= 15 v, 10 = 400 µa -1 -7.5 v 
VGS[off) Gate-Source Cutoff Voltage Vos= 15 v, lo= 0.5 na -8 v 

lri.I 
Small-Signa.J Common-Source Vos - 15 v, VGs - 0, f - l kc, 

3500 6500 µmho Forward Transfer Admittance See Note 2 

lro.I 
Small-Signal Common-Source Vos= 15v, VGs = 0, f = 1 kc, 

35 µmho Output Admittance See Note 2 

Ciss 
Common-Source Short-Circuit Vos= lS v, 6 pf Input Capacitance 
Common-Source Short-Circuit 

VGs = 0, 
Crss Reverse T ronsfer Capacitance I= 1 Mc 2 pf 

lri.I 
Small-Signal Common-Source 

Vos= 15 v, 3200 µmho Forward Transfer Admittance 

Re(y;,) Small-Signal Cornman-Source 
VGs = 0, 800 µmha Input Conductance 

Re(y.,.) Small-Signal Cornman-Source 1=200Mc 200 µmho Output Conductance 

NOTES: 1. Oerate linearly to 17S°C free-air temperature at the rote of 2 mw/C 0 • 

2. These parametm must he measured using pulse techniques. PW = 100 msec, Duty Cycle ~ 10%. 

•indicates JED EC registered data. 

:J:The fourth lead (case) is connected to the source for all measurements. 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 5012 • DALLAS, TEXAS 75222 
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TYPE 2N3823 
N-CHANNEL EPITAXIAL PLANAR SILICON FIELD-EFFECT TRANSISTOR 

* operating characteristics at 25°C free-air temperature 

PARAMETER TEST CONDITIONS MAX 

NF Common-Source Spot Noise Figure Vos= 15 v, V6 s = 0, f = 100 Mc, Rs = 1 ko 2.S 

TYPICAL CHARACTERISTICS:I: 

COMMON-SOURCE 
SPOT NOISE Fl GURE 

vs 
FREQUENCY 

_,N 
B­
~ 

EQUIVALENT INPUT NOISE VOLTAGE 
vs 

V~s~ 
Yes= o 
Re= 1 kQ 
TA= 25°C 

....,; 

10 Mc 100Mc l Ge 
f - Frequency 

FIGURE 1 

:1. 

I o.4 
~ 
~ 0.1 

0.04 

1 ..5 0.01 

~ 0 0.004 
> 
·5 
£" 0.001 

l=1 
R 

10 cps 
c 
~ 

_g 
§. 

SMALL-SIGNAL COMMON-SOURCE 
FORWARD TRANSFER ADMITTANCE 

vs 

I DRAIN CURRENT 

! 
.E 4000 
~ 

~ 3000 1-im-Tmir-'-rrttttt11t++11t1111--+i+ 
E' .... 
~ 2000 

~ 

0.1 10 100 
lo- Drain Current - ma 

PlGURE 3 

NOTE 2: These parameters must be measured using pulse techniques. PW = 100 msec, Duty Cycle ~ 100/o. 

•Indicates JEDEC registered data. 
t:Jhe fourth lead (case) is connected to the source for all mtasurements. 

FREQUENCY 

Vos= 15 v 
Yes -o 

TA=25°C 

.I 
lb.I I 

100 cps 1 kc 10 kc 100 kc 
f - Frequency 

FIGURE 2 

UNIT 

db 



TYPE 2N3823 
N-CHANNEL EPITAXIAL PLANAR SILICON FIELD-EFFECT TRANSISTOR 

TYPICAL CHAltACTERISTICS:I: 

SMALL-SIGNAL COMMON-SOURCE FORWARD TRANSFER ADMITTANCE 
VS 

GATE-SOURCE VOLTAGE 

0 

i 
:L 

I 
u 

6000 u 
I; 
= ·e 
~ 

~ 
5000 c 

~ 

l 
.f 
u 4000 
~ 
0 

'1 
c 

~ 
~ 

3000 u 
0 c 

"' ! 
0 
E 

2000 "' 

..£ 

0 -1 -2 -3 
VGs - Gote-Souree Voltage - v 

FIGURE 4 

NOTE 2: These parameters must be measured using pulse techniques. PW = 100 ms1c, Diity Cycle ~ 10°/.. 

*The fourth lead (case) is connected to the source for all measurements. 

Vos= 15 v 
f = 1 kc 
See Note 2 

-5 -6 
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TYPE 2N3823 
N-CHANNEL EPITAXIAL PLANAR SILICON FIELD-EFFECT TRANSISTOR 

6410 

g 
I 

I 
u -'O 
"S 
u 

~ 
C) 

I 
j 

TYPICAL CHARACTERISTICS:!: 

GATE CUTOFF CURRENT 
vs 

FREE-AIR TEMPERATURE 
-100 

~Vos-O 

-10 ~ ~ VGs = -20 v 
-zz_ 

-1 
[Z . 

7,. VGs = -10 v---i 

-0.1 ~ 

-0.01 h _l _l _l _l J 
0 25 50 75 100 125 150 175 200 

TA - Free-Air Temperature - °C 

FIGURE 5 

SMALL-SIGNAL COMMON SOURCE 
FORWARD TRANSFER ADMITTANCE 

vs 

i 5 
FREQUENCY 

III ITT I 
I Vos= 15 v 

t- VGs = 0 
t- T,. = 25•c 

H"" ~ 0 
10 40 

Re(yi.) 

I 1 
T l 
-lm(y"J 

12': 

100 400 
I - Frequency - Mc 

FIGURE 7 

1000 

SMALL-SIGNAL COMMON-SOURCE 
OUTPUT ADMITTANCE 

vs 
FREQUENCY 

5.---.--......-...... ,..,.,,..-_,.__,....,..,...,..rrn5 

f - Frequency - Mc 

FIGURE 9 

*The fourth lead lease} is conne<led to the source for all measurements. 
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SMALL-SIGNAL COMMON-SOURCE 
INPUT ADMITTANCE 

vs 
FREQUENCY 
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FIGURE 6 
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SMALL-SIGNAL COMMON-SOURCE REVERSE 
TRANSFER ADMITTANCE 

i 5 
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I 
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D ::: 
·e 3 
~ 

vs 
FREQUENCY 

Vos=15v 
1--VGs=O 

!-Tl =15U 
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1--Crss z 

-lm(y,.) 

:f::H -Re(y,,)H 

5 

0 
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FIGURE 8 

COMMON-SOURCE SHORT-CIRCUIT INPUT AND 
REVERSE-TRANSFER CAPACITANCES 

vs 
GATE-SOURCE VOLTAGE 

-4 -8 -12 -16 -20 
VGs - Gate-Source Voltage - v 

FIGURE 10 

TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIMI 
IN OROER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE 



2N3909, 2N3909A 
P-CHANNEL PLANAR SILICON FIELD-EFFECT TRANSISTORS 

*mechanical data 

ELECTRICALLY SIMILAR TO 2N2386 AND 2N2386A 
FOR AUDIO- TO HIGH-FREQUENCY SMALL-SIGNAL AMPLIFIERS 

2N3909A offers greatly improved !Yfs I /C ... ratio 
resulting from process innovation: 

• jyf.J Min Raised from 1 mmho to 2.2 mmho 
• c ... Max Lowered from 16 pf to 3 pf 

THE ACTIVE ELEMENTS ARE 
ELECTRICALLY INSULATED 

FROM THE CASE 

ALL JEDEC TD-72 t DIMENSIONS 
ANO NOTES ARE APPLICABLE 

tT0-72 outline is same as T0-18 outline, except for fourth lead. 

*absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 

Drain-Gate Voltage -20V 
Drain-Source Voltage -
Reverse Gate-Source Voltage 
Continuous Forward Gate Current _ _ . . 
Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 1) . 
Storage Temperature Range . . . 
Lead Temperature ){, Inch from Case for 10 Seconds . 

*electrical characteristics at 25°C free-air temperature (unless otherwise noted) 

PARAMETER TEST CONDITIONS:j: 

VIBRIGSS Gate-Source Breakdown Voltage Is =10 µA, Vos= 0 

less Gote Reverse Current 
Yss = 10 V, Vos= 0 
Yes= 10 V, Vos= 0, 

Yes101ij Gate-Source Cutoff Voltage Vos = -10 V, lo = -10 µA 
Yes Gate-Source Voltage Vos = -10 V, lo= -30 µA 
loss Zero-Gate-Voltage Drain Current Vos = -10 V, Yes = 0 

fy,,f Small-Signal Common-Source Vos= -10 V, 
Forward Transfer Admittance 
Small-Signal Common-Source 

Yes= 0, 
[yo,[ Output Admittance 

Ciss 
Common-Source Short-Circuit Vos= -10 V, 
Input Capacitance 
Common-Source Short-Circuit 

Yes= 0, 
Crss Reverse Transfer Capacitance 

fy,,f Small-Signal Common-Source 
Vos = -10 V, Yes = 0, Forward Transfer Admittance 

NOTE 1: Derate linearly to 175°C free-air temperature at the rate of 2 mW/ 0 c. 
:!:The fourth lead (case) is connected to the source for all measurements. 

*Indicates JEDEC registered data 

TA = 100°c 

f = 1 kHz 

I= 1 MHz 

I= lOMHz 

2N3909 
MIN MAX 

20 
10 
1 
8 

0.3 7.9 
-0.3 -15 

1 5 

0.1 

32 

16 

0.9 

-20 v 
20 v 

-10 mA 
300 mW 

- 65°c to 200°c 
3oo•c 

2N3909A 
UNIT 

MIN MAX 
20 v 

10 nA 
1 /J:A 
8 v 

0.3 7.9 v 
-1 -15 mA 

2.2 5 mm ho 

0.1 mm ho 

9 pf 

3 pf 

2 mm ho 

TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 5012 • DALLAS, TEXAS 75222 6413 



Designing with integrated circuits? 

The choice is 

Series 54/7 4 TTL 
The most complete IC logic family in the 
industry ... and the first choice for new 
designs. Here's why: 

6414 

• Over 90 distinct functions to 
select from ... including 35 MSI circuits 

• Three compatible performance ranges 
• Series 54/7 4 standard 
• Series 54H/7 4H high speed 
•Series 54L/74L low power 

• Three package configurations 
• Plastic dual-in-line 
• Ceramic dual-in-line 
• Metal ftatpack 

• Two temperature ranges 
• Series 54 ... -55°C to+ 125°C 
• Series 7 4 ... 0°C to 70°C 



TYPES 2N3993, 2N3993A, 2N3994, 2N3994A 
P-CHANNEL PLANAR SILICON FIELD-EFFECT TRANSISTORS 

*mechanical data 

FOR HIGH-SPEED COMMUTATOR AND 

CHOPPER APPLICATIONS 

• Low rdstonl ... 150 0 Max (2N3993, 2N3993A) 
• High ly1,i/C;,5 Ratio (High-Frequency Figure-or-Merit) 

• Low Leakage 
• Low c, ••... 3 pf Max (2N3993A) 

4 LEADS ::::: DIA .... THE ACTIVE ELEMENTS ARE 
ELECTRICALLY INSULATED FROM 

THE CASE 

All JEDEC T0-721' DIMENSJONS 
AND NOTES ARE APPLICAILE 

tT0-72 outline is same as T0-18 outline with the addition of a fourth lead. 

*absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 

'1B. Ill 
ll 

ill! 

Drain-Gate Voltage ... _ . _ ...... _ . _ .....•. _ .... _ .... _ ....... __ ..... _ .. _ . -25 V 
Drain-Source Voltage _ ............ _ ........ __ ................. _ ....... _ . -25 V 
Reverse Gate-Source Voltage _ .... _ . __ ...... _ ......... __ ....... _ ......... _ . 25 V 
Continuous Forward Gate Current ............. _ . _ ...... _ .. _ ....... __ ..... _ . -10 mA 
Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 1) . _ ... __ 300 mW 
Storage Temperature Range .. - .......... _ ......... _ ............... _ . -65°C to 200°C 
Lead Temperature 1 /16 Inch from Case for 10 Seconds _ . ___ ... _ ... __ ... _ . . . . . . . . . . 300° c 

NOTE: 1. Oerate linearly to 175°C free-air temperature at the rate of 2 mwt 0 c. 
•tndlcatesJEDEC registered data 

TEXAS INSTRUMENTS 
INCORPORATED 

PQST OP"PICI! BOX SOU • DA'-LAS, TEXAS 75221 
6501 



6502 

TYPES 2N3993, 2N3993A, 2N3994, 2N3994A 
P-CHANNEL PLANAR SILICON FIELD-EFFECT TRANSISTORS 

*electrical characteristics at Z5°C free-air temperature (unless otherwise noted) 

PARAMETER TEST CONDITIONS t 2N3993 ~3993A 2N3994 2N3994A UNIT 
IMIN~!MIN MAXjMIN MAXllVllN MAX 

V(BR)GSS 

loss 

lo(off) 

'ds(on) 

c, .. 

Gate-Source Breakdown Voltage IG = 1 µA, Vos=O 

Is= 0 
Drain Reverse Current VoG--15V, 

Zero-Gate-Voltage Drain Current Vos= -10 V, 

Drain Cutoff Current 

Gate-Source Voltage 

Small-Signal Drain-Source 

On-State Resistance 

Small-Signal Common-Source 

See Note 2 

Vos=-10V, VGs=6V, 

TA=150°C 

Vos--10V, VGs= 10V 

Vos=-10V, VGs=10V, 

TA= 150°C 

V 0 s=-10V, 10 =-1µA 

10 = o. 

Vos= -10 v. VGs = o. 
forward Transfer Admittance f = 1 kHz, See Note 2 

Common-Source Short-Circuit v05 = -10 V, VGs = 0, 

Input Capacitance f = 1 MHz, 

Vos=O, 

Common-Source Short-Circuit f = 1 MHz 

Reverse Transfer Capacitance Vos-0. 

f = 1 MHz 

See Note 3 

VGs =6V, 

VGs-10V, 

25 25 

-1.2 -1.2 

-1.2 -1.2 

-10 -10 

-1.2 -1.2 

-1 -1 

4 9.5 4 9.5 

150 150 

6 12 7 12 

18 12 

3 

NOTES: 2. These parameters must be measured using pulse techniques. tp = 100 ms, duty cycle=::; 10%. 

25 

-2 

4 

3. This parameter must be measured with bias voltages applied for less than 5 seconds to avoid overheating. 

• 1 ndicates JEDEC registered data 

fThe fourth lead (case) is connected to the source for all measurements. 
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THERMAL INFORMATION 

DISSIPATION DERATING CURVE 

~ 
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TA - Free-Air Temperature - °C 

25 v 
-1.2 -1.2 nA 

-1.2 -1.2 "A 

-2 mA 

-1.2 -1.2 nA 

-1 -1 µA 

nA 

µA 

5.5 1 5.5 v 

300 300 n 

10 5 10 mmho 

16 12 pf 

5 3.5 pf 

pf 
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TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 



TYPES 2N4416, 2N4416A 
N-CHANNEL EPITAXIAL PLANAR SILICON FIELD-EFFECT TRANSISTORS 

FOR VHF AMPLIFIER AND MIXER APPLICATIONS 

• High Power Gain ••. 10 dB Min at 400 MHz 
• Low Noise Figure ••• 4 dB Max at 400 MHz 
• High Transconductance ••• 4000 ,umho Min at 400 MHz 
• Low C... • •• 0.8 pF Max 
• High IY1s l/C;., Ratio (High-Frequency Figure-of-Merit) 
• Cross-Modulation Minimized by Square-Law Transfer Characteristic 
• Recommended for Use in VHF-UHF Bandpass Amplifiers 
• Excellent for General-Purpose Amplifier and Chopper Applications 

*mechanical data 

4 lEADS O.Ol'i' OIA - 1 

o.210[¥0.0'6 I 0.1.10 oo:io0 
MAX-1 \---r-- - ··-

I I = 
o.:uoo_19s 
02090ill c::> 

Dr Dt_ - --- = 
f-°Ai1~..j 

I .Y,.(~ 
~>/ '0028 

0~ ij~3£ AU DIMENSIONS ARE 
/ l IN INCHES 

1 - D~AlN i 45.' UNLUS OTHERWISE 
1-SOURCE1---- SPfClflEO 

tT0-72 outline is same us T0-18 outline with the addition of a fourth lead. 

THE ACTIVE ELEMENTS ARE 
ELECTRICALLY INSULATED FROM 

THE CASE 

All JEDEC T0-72t DIMENSIONS 
AND NOTES ARE APPLICABLE 

absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 

*Droin-Gate Voltage . . . 
*Drain-Source Voltage 
*Reverse Gate-Source Voltage 
*Continuous Forward Gate Current 
*Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 1) 

Continuous Device Dissipation at (or below) l 25°C Case Temperature {See Note 2) 
*Storage Temperature Range . . . . . . 
*lead Temperature X, Inch from Case for 60 Seconds . . 

NOTES: 1. Derole linearly to 200°( free-air temperature at the rate of 1.7 mW/deg, 

2. Derote linearly to 200°C case temperature at the rate of 6 mW/deg. 

*Indicates JEDEC registered data 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 5012 • DALLAS, TEXAS 75222 

2N4416 2N4416A 
30V 35 V 
JOY 

. -30V 
35V 

-35V 
. ~ lOmA-7-
. ~300 mW---+ 
_ ~450 mW---+ 
. -65°C to 200°C 
_ ~ 300°C ----+ 
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TYPES 2N4416, 2N4416A 
N-CHANNEL EPITAXIAL PLANAR SILICON FIELD-EFFECT TRANSISTORS 

6504 

electrical characteristics at 25°C free-air temperature (unless otherwise noted) 

PARAMETER TEST CONDITIONS 2N4416 
MIN 

V1,.1Gss Gate-Source Breakdown Voltage IG = -1 µA, Vos= 0 -30* 

VGS(f) Gate-Source Forward Voltage IG = l mA, Vos= 0 
VGs = -20 V, Vos= 0 

IGss Gate Reverse Current 
VGs = -20 V, Vos= 0, TA = 150°C 

VGS(off) Gate-Source Cutoff Voltage Vas= 15 V, lo= 1 nA 

VGs Gate-Source Voltage Vas= 15V, lo = 0.5 mA 
1-c· 

Zero·Gate-Voltage Drain Current Vos= 15 V, VGs = 0, See Note 3 loss 

IYt<I 
Small-Signal Common-Source Vos= 15V, 
Forward Transfer Admittance 
Small-Signal Common.Source 

VGs = 0, 

Ir °'I Output Admittance f = l kHz 

Ciss 
Common-Source Short-Circuit 
Input Capacitance Vas= 15 V, --

Crss 
Common-Source Short-Circuit 

VGs = 0, Reverse Transfer Capacitance 

Coss 
Common-Source Short-Circuit f = 1 MHz 
Output Capacitance 

Re[y,,) 
Small-Signal Common-Source 
Input Canductance 
Small-Signal Common-Source 

Vos=l5V, 
lm[y,,) Input Susceptance 

Small-Signal Common-Source 
VGs = 0, 

Re{y 0 ,) Output Conductance 
Small·Signal Common-Source 

f = lOOMHz 
lm{y0 ,) Output Susceptance 

Re(y;,) 
Small-Signal Common-Source 
Input Conductance 

lm(y;,) 
Small-Signal Common-Source Vas= 15 V, 
Input Susceptance 

Re(y,,) 
Small-Signal Common-Source 

VGs = 0, Forward Transfer Conductance 

Re(y0 ,) 

Small-Signal Common-Source 
Output Conductance I= 400 MHz 

lm(y0 ,) 

Small-Signal Common-Source 
Output Susceptance 

NOTE 3: This parameter must be measured using pulse techniques. IP = 300 µs, duty cycle ~ 1%. 

tTexas Instruments guarantees this value in addition to the JEDEC registered value, which is also shown. 

*operating characteristics at 25°C free-air temperature 

PARAMETER TEST CONDITIONS 

Vos=l5V, lo= 5 mA, I = 100 MHz, 
Smoll-Signal Common-Source RG' = 1 kfl, See Figure l 

Gp, 
Neutralized Insertion Power Gain Vos = 15 V, lo= 5 mA, I = 400 MHz, 

RG' = l kfl, See Figure l 
Vos = 15 V, lo= 5 mA, I = 100 MHz, 

NF Spot Noise Figure 
RG' = 1 kD, See Figure 1 
Vos = 15 V, lo= 5 mA, I = 400 MHz, 
RG' = l kD, See Figure 1 

*Indicates JEDEC registered data 

-1* 
5* 

4.5* 

4* 

MAX 

l * 
-0.l* 
-0.2* 
-0.lt 

-6* 
-5.5* 

15* 

7.5* 

0.05* 

4* 

0.8* 

2* 

0.1* 

2.5* 

0.075* 

1* 

1* 

10• 

0.1 * 

4* 

MIN 

18 

10 

2N4416A 
MIN MAX 
-35* 

l* 
-0.1* 
-0.2* 
-0.lt 

-2.5* -6* 
-1* -5.5* 

5* 15* 

4.5* 7.5* 

0.D5* 

4* 

0.8* 

2* 

0.1 * 

2.5* 
----

0.075* 

1 * 

1* 

10* 

4* 

0.1* 

4* 

MAX 

2 

4 

UNIT 

v 
v 

nA 

µA 

v 
v 

mA 

mm ho 

pf 

mm ho 

mm ho 

UNIT 

dB 

dB 



TYPES 2N4416, 2N4416A 
N-CHANNEL EPITAXIAL PLANAR SILICON FIELD-EFFECT TRANSISTORS 

PARAMETER MEASUREMENT INFORMATION 

FROM 50-0 
SOURCE 

CAPACITORS 
CIRCUIT 

t----r- . ·-
1-::-+--I_()() MHz -----/----400 MHz 

C, 7 pf LB pf 
-----·--- !-------· 

COMPONENT INFORMATION (See Note 
COILS ------------

100 MHz 
··-t--· 

L, 0.14 µ,H, 3.5 T, #18 enameled 

4) 

400 MHz 

TO 50-0 
DETECTOR 

0.022 µ,H, Ya" of #16 copper 
~ _D,._0015 µ,f ~:001 /Lf _ copper wire, Ya" 1.0., Y." long wire formed to 0.5 T, Y." 1.0. 

. i-----t---c, 1-12 pf 0.8-8 pf 
------- 3 µ,H, 17 T, #28 enameled Q.2 µ,H, 6 T, #24 enameled copper 

c, 1000 pf 27 pf L, copper wire, close wound, 'Y,," wire, close wound, Y,2" l.D., 
c, 1-12 pf 0.8-8 pf 

-- 1.0.; powdered iron slug aluminum slug 
--i --· c. 0.0015 µ,f 0.001 µ,f 

L, 0.25 µ,H, 4.5 T, #18 enameled 0.03 µ,H, 1 v," of #16 enameled 
c, 3 pf 

----·-~·--

copper wire, % " l.D., 11/' long copper wire formed to l T, %" 1.0. 1 pf 

FIGURE I - NEUTRALIZED POWER GAIN AND SPOT NOISE FIGURE TEST CIRCUIT 

NOTE 4: Transformed equivalent sour(e resistance (R"g) is 1000 H of 100 MHz for 100-MHz amplifier, ond 1000 n al 400 MHz for 400-MHz amplifier. 

TYPICAL CHARACTERISTICS 

GATE REVERSE CURRENT 
VS 

FREE-AIR TEMPERATURE 

CORRELA Tl ON OF SMALL-SIGNAL COMMON-SOURCE 
FORWARD TRANSFER ADMITTANCE end 

GATE-SOURCE CUTOFF VOLT AGE 
with 

INDIVIDUAL DEVICE ZERO-GATE-VOLTAGE DRAIN CURRENT 

0 a l T a ~1~~:==~~~~~~~~~~~~~~ -0.7 ~. 
~Vos O Z 

<( - 0.4 1--------+---~----+--z-z--~,c....,.ci 
1 7 I-V DS = 15 V -+---+---tf---+--+---t--t---1 -71 
I TA = 25°C ~ 

f -o. 2 VGs = -30V ,,..y7 
~ -0.l ~~~~~E~L..L~.,£.,~~3 0 -0.071=: ,-

f----+-----t-rZL.__,,Z'--VGs - -20 V­
~ -o. 04 >----+----~......,,.__---+-----< 

~ zf'-
~ -0.02 w 
8 -0. 01 ~~~~~~~l~~~E~~~ I -o.ow ~ 
JJ-0.004 # . --~----1------1 

-0,002 ~~----+-----+----+----< 
-0.001 .__ ___ ..__ ___ _,__ ___ _._ ___ _... 

25 50 75 100 125 
TA - Free-Air Temperature - °C 

FIGURE 2 

°' g 6 t---t--t--t---t--+--+---+---+--t---; -6 E 

,; fYi.fl(VG~ 5~ 

~ 5 I 1 ~ 4 l vi-- -4 ~ 
! ~ ~ 
1' J f-1-___.+1--c --=-1.-""""l-- V GS I off i (ID = l nA) - J ~ 
~ i--- I 0 
0 I 2 2 I 

i .s l >----+--+--+---+--+--+---+--+--1----t -1 ? 

O>----"--'--~--"--+--~--+--+--r-~ 0 
5 6 9 10 11 12 13 14 15 

1055 - Zero-Gate-Vol toge Drain Current - mA 

FIGURE 3 
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TYPES 2N4416, 2N4416A 
N-CHANNEL EPITAXIAL PLANAR SILICON FIELD-EFFECT TRANSISTORS 

14~ 

\ 

TYPICAL CHARACTERISTICS 

DRAIN CURRENT 

" GATE-SOURCE VOLTAGE 

Vos= 15 v 

See Note J. 

20 

< 18 f 
1 16 

v 14 

·~ 
12 5 

t 10 

~ 
~ 
9 6 

~ 4 

_8 2 

ZERO-GATE-VOLTAGE-DRAIN CURRENT 

" FREE-AIR TEMPERATURE 

Vos"f = 15 J 
l---+.,--+--l--+-----1~ ~ 

~ V,,s=O 

l---lf---1....::::""'!.'.....j,,--t--..i---ll-see Note 3 

1 0,,:!10~ 

1'~~ o~0-'--_L1_1-__ c2,,_,__ __ ~3""''-'--_L4--"'"---'~ 
o'---'~--'--'---'-~-'---L---'---' 
-75 -so -25 0 25 50 75 

TA -Free-AirTemperature-°C 
100 125 

YGs - Gote-Source Voltcge - V 

FIGURE 4 SMALL-SIGNAL COMMON-SOURCE 
FORWARD TRANSFER AOMITIANCE 

v• 
FREE-AIR TEMPERATURE 

1l 3 1----l--1---+--+-+--+---I-~ 

~ v05 =-15 v 
\ 2 t----! VGs = o -l---+---1---1---1--1 

f - 1 kHz 
~I 

0 1---'--l..--'---J___JL-----1.---1...---' 
-75 -50 -25 0 25 50 75 100 125 

T..., - Free-Air Tempetciture - "C 

FIGURE 6 

FIGURE 5 

COMMON-SOURCE SHORT-CIRCUIT INPUT CAPACITANCE 

COMMON-SOURCE SHORT-CIRCUIT 
REVERSE TRANSFER CAPACITANCE .. 

GATE-SOURCE VOLTAGE 

~ 
v05 == 15 v 

t--H f = 1 MHz 

T,. = 25°C 

~ 
~ 

f::: 

1.0 

'a 0.9 

I 
B 0.B 

.~ 0.7 

~ d 0.6 

i o.s 

~ 0.4 

i: 0.3 

1, 0.2 

..; 
o. 1 

0 

GATE-SOURCE VOLT AGE 

~VDs""15V 

f ""'- 1 MHz 

f- TA • 25'C 

I I 11 0 
-0.1 -0.2 -0.4 -1 -2 -4 -7 -10 -20 -40 -0, l -0.2 -0.4 -1 -2 -4 -7 -10 -20 -40 

Vos - Gate-Source Voltoge - V 

FIGURE 7 

NOTE 3: This parameter must be measured using pulse techniques. Ip = 300 µs, duty cycle ::::; 2°/o. 

tData is for devices having the indicated values of loss at v05 = 15 V, v65 = 0, and TA= 25°C. 

Vos - Gate-So\Jfce Voltage - V 

11GURE 8 

16! 
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TYPES 2N4416, 2N4416A 
N-CHANNEL EPITAXIAL PLANAR SILICON FIELD-EFFECT TRANSISTORS 

TYPICAL CHARACTERISTICS 

SMALL-SIGNAL COMMON-SOURCE INPUT ADMITTANCE 
SMALL-SIGNAL COMMON-SOURCE 
FORWARD TRANSFER ADMITTANCE 

VS vs 
NORMALIZED DRAIN CURRENT NORMALIZED DRAIN CURRENT 

10 
7 

4 

Vos - 15 v 

,.J 100 MHz 

10 Fv;~~~fl=ijfj==i==i==i=m:m 
7 Vos 15 v -t--t-t-+++t---+-+-+-+-t-+11+1 

f = I 00 MHz +-t-H-++t---+-t-+-+-t-Hf-l:j 

2 
1-T .. = 25•c 

I~) 

J ~ 
0.7 

loss - 15 mAtE 
0.4 

0.2 

0.1 

w 
loss= lOmAt{ 

J u _l _l 

y loss = 5 mAt 
' _l 

Re(y;,l 
1! 

I 
• 0.07 LL

!
0
° 0.4 1----+-+--+-..._.__,_....,...._ _ _L __ µ loss = 5 mA t 

loss = 10 mAt,-;;: 

.2 
E 
E 

I 
u 
u 
·6 :::: ·e 
~ 

i e ... 
u c 
u 
> 

" "' I 
,:: 

0.04 

0.02 

0.01 
o . .oi 0.02 0.04 0. I 0.2 0.4 0.7 I 

0.7 

0.4 

0.2 

0.1 
0.07 

0.04 

0.02 

0.01 

0.007 

0.004 

0.002 

0.001 

lo 
loss ......,.. Normalized Drain Current 

FIGURE 9 

SMALL-SIGNAL COMMON-SOURCE 
REVERSE TRANSFER ADMITTANCE 

VS 

NORMALIZED DRAIN CURRENT 

Vos = i5 v --j'f()J T 
f = lOOMHz J ~ JL 

loss= 15mAt IL 1 .. = 2s·c w .L 

loss IOmAt 

_L I ~-u: Ji loss = 5 mAt 

lL fti~) li 

0.01 0.02 0.04 0.1 0.2 0.4 0.7 1 
lo 

1055 ·-Normalized Drain Current 

FIGURE II 

0 
..c 
E 
E 

I .. 
~ ·e 
~ 

l 
"!; 
0 
I 

~o.2t---+-+-+-+-+-+1-++--+---t-1-1-++++1 
>-

0.1 '----'---'--'--'-'-L..J..JCL----'--.J.._U.-J.....L...L..L..LJ 
0.01 0.02 0.04 0.1 0.2 0.4 0.7 1 

lo 

1055 - Normalized Drain Current 

FIGURE 10 

SMALL-SIGNAL COMMON-SOURCE OUTPUT AOMITT ANCE 
vs 

NORMALIZED DRAIN CURRENT 

0.7~Ml~-
0.4 Vos = 15 v ~ t-lm(y0 ,) .LL. lL lL 

0.2 
f = 100 MHz 1TTT_ 1?5 At JZ: JL 

-+--+- OSS - m ' ( 
T .. = 2s•c '~ I V 

111055 = lOmAt 

O.l~~~~~~~~t'E~~~~~~~j 0.071: 

-I f 0.04>----+--+--+-+JZ.,.._+-+-HJZ-+---+-_L-+-+-+._-+-+-t-+<+< 

O. 02 t---+---<.i..--tJL....+-+-11+->y.llH+--I o_ /s,...s _-_5 r-m_A tT-r-t-t-tt1 

Re(y0 , ) If_ _,/_ 

0.01~~~~~~~~~~~~~~~~~~ 0.007 E 
~ 0, 004 1----+--+-+-+-+-+-i-++---+---!-+-<>-+++H 

o. 002 1----+--+-+-+-+-+-i-++---+---!-+-<r-t-++tt 

0.001~-__,__...__,__~~~---+-~-~~~-

o.01 0.02 o.04 0. I 0.2 0.4 0.7 I 

1055 - Normalized Drain Current 

FIGURE 12 

tDala is far devices having the indicated values of loss at V05 ::;;:: 15 V, v65 = 0, and TA = 25°C. 

6507 

• 



TYPES' 2N4416, 2N4416A 
N-CHANNEL EPITAXIAL PLANAR SILICON FIELD-EFFECT TRANSISTORS 
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TYPICAL CHARACTERISTICS 

SMALL-SIGNAL COMMON-SOURCE INPUT ADMITTANCE 
vs 

FREQUENCY 

100 Fv;~~~~nlf~~~~~11 EYos 15 V 
40 10 = 5 mA --4-l-l-l---1--+-1---1----+--+-l-I-~ 

TA = 2s 0 c 

0.4 :z!Z 
7 

0.1 ~!!ll!IR~·~(y~,.~i~.......i~v~lll 
0.04 t 
0. 01 '----'--'--'-.J.....l....1....L.J..L--'--'--L.L....LI...U. 

10 

1 

0.4 

0.1 

0.04 

0.01 

10 

Vos 

lo 

20 40 70 100 200 400 700 1000 
f - Frequency -MHz 

FIGURE 13 

SMALL-SIGNAL COMMON-SOURCE 
REVERSE TRANSFER ADMITTANCE 

15 v 
5 mA 

vs 
FREQUENCY 

TA = 2s 0 c 
IT 
-lm(y.,) 

v 
v 

-Re(y,,) i-P 

o. 001 '----'--'--'--1....l.--LJ.J.L _ __J._J.._.L...J....LJ...J..J.J 

10 20 40 70 100 200 400 700 1000 
f - Frequency - Ml-\z 

FIGURE 15 

10 
7 

_g 4 

~ 
I 
~ 
v 

~ l 
·e 0.1 

~ 0.4 

~ 
2 a.2 

1-

1 0.1 
] 0.07 

I o.04 

;:: 0.02 

0.01 
10 

SMALL-SIGNAL COMMON-SOURCE 
FORWARD TRANSFER ADMITTANCE 

vs 
FREQUENCY 

Re(y,. ) 

v 
v v 

-lm(yh ) 

la 
v v 

k..-: 

v0s = 15 v 
10 = 5 mA 

TA = 25°c 

20 40 70 100 200 400 700 1000 
f - Frequency - MHz 

FIGURE 14 

SMALL-SIGNAL COMMON-SOURCE OUTPUT ADMITTANCE 

FREQUENCY 

o. 001 '----'--'--'-.1.....L.i...L.J..L _ _,__,__L.L...L..L..l..lJ 

10 20 40 70 100 200 400 700 1000 
f - Frequency - MHz 

FIGURE 16 
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TYPES 2N4416, 2N4416A 
N-CHANNEL EPITAXIAL PLANAR SILICON FIELD-EFFECT TRANSISTORS 

TYPICAL CHARACTERISTICS 

SPOT NOISE FIGURE 
VS 

GENERATOR RESISTANCE 
10 :r 

Vos = 15 v 

lo = 5 mA 

"' 8 TA = 25 'C -+-+-~f-++----+-f' = 400 MHz .,, 

~7 ~ , 
;'! 6 j_ 
~ 

·c; 5 

z L 
J.4 ~ vf=200MHz 

I 3 1---~+-+-+-+++++-~~"+--+--¥-IL++++-H 
z ~ v ~ 

2r.---f--t-'~H-H'i'l----b-"'°t-7f--+t++~ 
~ ..... R".j...j.j.. ___ -r y 

l--+--+--t-1-t-f'Hol=:::;oo-t'-"'"'--f = 100 MHz 

0 ......__.__.____.___.__,, ............... -__..___.__l l.l........L...lll-l...W..lill 
0. 1 0.2 0.4 0.7 1 2 4 7 10 

Re- Generator Resistance - kO 

FIGURE 17 

4 
Vos = 15 v 

1- lo = 5 mA 

RG = 1 kQ 

~ 3 
I 

I-TA = 25'C 

·~ 2 
z 
]. 
I z 1 

Q 
10 20 

SPOT NOISE FIGURE 
vs 

FREQUENCY 

L_ 
L 

j1 

40 70 100 200 400 700 1000 
f -- Frequency - MHz 

FIGURE 1• 

THERMAL INFORMATION 

~ 
E 
I 

FREE-AIR TEMPERATURE 
DISSIPATION DERATING CURVE 

500 .----,.---.---.---.---,.--.----,.--, 

§ 400i---+--+---+---+--+--->---+---< 
"i 
"iii 
l5 

~ 3001-----4-~-+---+---+--+-----;l---+--t 

~ t:s~ 
,E 200 i---+--+---<b..,..~~-+.._--+---+---+----< 

~ ...... , ..... 
.! 100 i---+--+----+--+--~-~ .......... .,......__..,._____, 

~ ~ 
~ ~ 

00 25 50 75 100 125 150 175 200 
TA -Free-Air Temperature -°C 

FIGURE 19 

TEXAS INSTRUMENTS RESERVES THE RIGHI TO MAKE CHANGES AT ANY TIME 
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 

~ 500 
E 

I 

~ 400 
i ·a 
0 

" .:; 300 
~ 
s 
g 

.E 200 
6 
u 
E , 
E 
~ 100 

I 

0 

CASE TEMPERATURE 
DISSIPATION DERATING CURVE 

~ 
\ 
~ 

1 
=s 
~ 
_\ 
~ 

0 25 so 75 100 125 150 175 200 
Tc -CoseTemperoture-•c 

FIGURE 20 
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The Choice is TTL. 
Frotn TI ... the leader in TTL. 

83 MSI and SSI functions ... plus 
40% tnore this year. 

3 cotnpatible speeds for 
optitnuni designs. 

Why so many choices from TI TTL? 
To allow you to build your system 
to your specifications, not your 
supplier's. 

You can get the best combination 
of compatible speeds to do the job 
- and the widest choice of func­
tions within these speeds. 

Use Series 54H/74H circuits in 
speed-critical sections of your sys-

terns. You get the benefits of the 
highest speed available in satu­
rated logic. 

In most systems areas, Standard 
Series 54/74 circuits offer the best 
speed/power ratio. And the com­
plexity of MSI circuits provides 
substantial system cost and size 
reductions. 

Then, where power dissipation is 
more critical than speed, use Series 
54L/74L. It is twice as fast as other 
low-power circuits, and power con­
sumption is only 1 mw per gate. 

Low-power circuits greatly sim­
plify power dissipation problems, 
and reliability problems associated 
with heat. In addition, they often 
help lower system cost by reducing 
cost of power supplies and cooling 
systems. 

By using TI Series 54/74 TTL 
you can design by ~ 
choice-a choice of 3 
compatible speeds and 
83 TTL functions. 

TEXAS INSTRUMENTS 
INCORPORATED 



2N4857, 
N-CHANNEL EPITAXIAL PLANAR SILICON FIELD-EFFECT TRANSISTORS 

SYMMETRICAL N-CHANNEL FIELD-EFFECT TRANSISTORS 
FOR HIGH-SPEED COMMUTATOR AND CHOPPER APPLICATIONS 

2N4859 Formerly TIXS41 

*mechanical data 

• Low rds(on): 25 n Max (2N4856, 2N4859) 

• Low lo(offJ= 0.25 nA Max 

THE GATE IS IN ELECTRICAL CONTACT WITH THE CASE 

0.100 

3~ GATE 

All JEDEC T0-18 DIMENSIONS 
AND NOTES ARE APPLICABLE. 

*absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 

2N4856 
2N4857 
2N4858 

2N4859 
2N4860 
2N4861 

Drain-Gate Voltage 
Drain-Source Voltage 
Reverse Gate-Source Voltage 
Forward Gate Current . 
Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 1) 
Storage Temperature Range 
Lead Temperature Y,, Inch from Case for l 0 Seconds . 

NOTE 1: Derate linearly to 175°( free-air temperature at the rate of 2.4 mW/deg. 
*Indicates JEDEC registered data 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 5012 • DALLAS, TEXAS 75222 

40 y 
40 y 

-40 v 

30 y 
30 y 

-30V 
*"-- 50 mA---+ 
+----360 mW~ 
-65°C to 200°c 

*"--300°c--+ 

"' ... s: ~ !!i ... 
z .., 

z 
z .. .. 
~ "' .. 
c ... 
I" :c ... .. 
~ 

c: .., ... z ... .. ::.! ... 
!!: 

z 
0 
< 
~ 
"' m .. 
:0 .. .. 
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TYPES 2N4856 THRU 2N4861 
N-CHANNEL EPITAXIAL PLANAR SILICON FIELD-EFFECT TRANSISTORS 

*electrical characteristics at 25°C free-air temperature (unless otherwise noted) 

2N4856 2N4857 2N4858 2N4859 2N4860 2N4861 
PARAMETER TEST CONDITIONS 

MIN MAX MIN MAX MIN MAX MIN MAX MIN .MAX MIN MAX 

6512 

Vf1Rl655 ::::~~=~·Voltage 16 = -1 µ.A, v0s = o --40 --40 -40 

V6 s = -20 v, Yos = o -0.2l -0.25 -0.25 

Y6 s = -20 v, Yos = o, 
-0.5 -0.5 -0.5 

less 
Gate Reverse TA= 150°C 
Current Yes = -15 Y, V0s = o 

Yes = -15 Y, Yos = o, 
TA= 150°C 

Yos = 15 Y, _Yes.= -10 Y 0.25 0.25 0.2S 
Drain Cutoff 

1oioffl Current Yos =!SY, Yes= -10 v, 
0.5 o.s o.s 

TA= 1so•c 

Ys51om 
Gate-Saur" 

v05 = 15 Y, 10 = 0.5 nA -4 -10 -2 -6 -0.8 -4 
Cutoff Yolloga 

Zero· Gate· 
Vos= 15 v, Yes= o, 

•oss Volt ago so 20 100 8 80 
Drain Current See Note 2 

Drain-Source 10 = 20 mA, Yes= o 0.7l 

¥051 .. 1 On-Slate 10 = 10 mA, Yss = o o.so 
Voltogo 10 = l mA, Yes= o O.lO 

Small-Signal 
Drain-Source Yes= o, 10 = o, 

75 40 60 'c1J1 .. 1 On-State f = 1 kHz 
Resistance 

Common-Source 

chs 
Short-Circuit Y6 s = -10 v, v0s = o, 

18 18 18 
Input f = 1 MHz 
Capacitance 

Common-Sourn 

ens 
Short-Circuit Yes = -10 Y, Y05 = o, 

8 8 8 
Reverse Transfer f = 1 MHz 
Capacitance 

*switching characteristics at 25°C free-air temperature 

2N4856 
PARAMETER TEST CONDITIONS 2N4859 

MAX 

Turn-On 
Yoo= JOY, 120 mA (2N48S6, 2N48l9) 6 1d1 .. 1 Delay Time lofanl t = 10 mA (2N48S7, 2N4860) 

5 mA (2N48S8, 2N4861) 
1, Rise Time YGSlonl = 0, 3 

110 V (2N48S6, 2N4Bl9) 

'o11 Turn-Off Time See Figure 1 
VGSfoffl = -6 V {2N48S7, 7N4860) 

2S -4 Y (2N48S8, 2N4861) 

NOTE 2: This parameter must be measured using pulse techniques. tp ~ 100 ms, duty cycle ~ 10%. 

*lndiHftS JEDEC r1gisttred data 

tTh1S1 are nominal values; axad values vary slightly with transistor parameters. 

-30 -30 -30 

-0.25 -0.25 -0.2l 

-0.5 -0.5 -0.S 

0.25 0.25 0.25 

0.5 o.s 0.l 

-4 -10 -7 -6 -0.8 -4 

50 20 100 8 80 

0.7l 

o.so 

o.so 

75 40 60 

18 18 18 

8 8 8 

2N4857 2N4858 
2N4860 2N4861 

MAX MAX 

6 10 

4 10 

so 100 

UNIT 

v 

nA 

µ.A 

nA 

µ.A 

nA 

µ.A 

y 

mA 

y 

y 

v 

0 

pf 

pf 

UNIT 

ns 

ns 

"' 



TYPES 2N4856 THRU 2N4861 
N-CHANNEL EPITAXIAL PLANAR SILICON FIELD-EFFECT TRANSISTORS 

*PARAMETER MEASUREMENT INFORMATION 

tr s; 1 ns tf s; 1 ns 

464 c {2N4856. 2N4859) I 
953 C {2N4857, 2N4860) RL 

19100(2N4858, 2N4861) 

+10 v 
-10 V{2N4856,2N~-;,-,yr-i. 200 ns ~ 

l c:..:J INPUT -6 V (2N4857,2N4860 I I 
-4 V (2N4858,2N4861) -4'~on 4' lo-toll 

INPUT 

td{on) ....I ....I i.+- tdloff) 
t, I 11 i--11 

lO~I j f"'iii%\ OUTPUT 
90% ~i-¥ 90% \__ 

TEST CIRCUIT VOLTAGE WAVEFORMS 

FIGURE 1 

NOTES: a. The input waveforms are supplied by a generator with the following characteristics: lout = 50 fl, duty cycle ::=::::::::: 2%. 
b. Waveforms are monitored on on oscilloscope with the following characteristicS: 11 ~ 0.75 ns:, Rin ~ 1 MO, (in ::.;; 2.5 pF. 

*Indicates JEDEC registered data 

TYPICAL CHARACTERISTICS 

COMMON-SOURCE SHORT-CIRCUIT INPUT CAPACITANCE 
vs 

IL ... GATE-SOURCE VOLTAGE 
so~~~-~ ..... ~~~~~~~~~~~ 

~ f = 1 MHz 
s T" = 25•c ttt-tt---+-+-i~H-11H--t-1-++++tH 

i 40 See Note 3 ++<-++---+-+--t~f+Htt--1--1--+-H-+++1 
(3 1---+-l-L.l.l I 

f--+-t-t+fttlif'""...._t--'"""'dVDs=O+---i-+-+-IH+~ 
1 ~ 

30f--+-t-t+fttll--'-++-1-H~t--'-t-+-l+fttti 

~ ~ ~1'. 
t It'--- V05 = 10 V I ~ 
~.,,0 20 l---l-l-+++f+tl--'1'"'!--..i;:t:tttr--1-~"'~+tt++l r-,.... 1" 
j 
I 10 1---1--!-+++i-Hl--+-+-H++~~-+--+-++++I~ 

j 
I 0'---L-L--'-L.J.J.J..1..L_-L_.__.J....L..L.LUL.-..l..-..l..-.L...L.LU~ 

·- --0.01 u --0. 04 -o. 1 --0.4 -1 
VGs - Gote-Source Voltage - V 

FIGURE 2 

-10 

'li. 
I 
:'l ! 50 

l 
~ 40 

! 
I 30 
.: 
-~ 
I! 1 20 

j 10 

I 

15 

COMMON-SOURCE SHORT-CIRCUIT 
REVERSE TRANSFER CAPACITANCE 

f= 1 MHz 

t-T" = 25°C 

vs 
GATE-SOURCE VOLTAGE 

I- See Note 3 

r-
"""' t--.... 

r-,... 
Vos =O 

=:::bJ. 
V0 s 1= i'ov 

j 
I 

0 
--0.01 --0. 04 --0. 1 --0.4 -1 -.4 

VGs - Gote-Source Voltage -V 

FIGURE 3 

NOTE 3: These parameters were measured with bia5 voltages applied for less than five se<onds to avoid overheating the devices. 

-10 
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TYPES 2N4856 THRU 2N4861 
N-CHANNEL EPITAXIAL PLANAR SILICON FIELD-EFFECT TRANSISTORS 

6514 

TYPICAL CHARACTERISTICS 

c: 

2N4856, 2N4859 
SMALL-SIGNAL DRAIN-SOIJlCE 

ON-STATE RESISTANCE 

"' FREE-AIR TEMPERATURE 

0 -75 -so -25 0 25 50 75 100 125 

1.2 
> e 
I 1.0 . r 0.8 
~ 
:; 
a. 
:; 0.6 
0 . 
"' c 0.4 w 
> «: 
I o 2 ">' • 
..!!-
-:? 

0 
0 

TA - Free-Air Temperoture --- °C 

FIGURE 4 

AVERAGE OUTPUT VOLTAGE :j: 
vs 

RISE ANO FALL TIMES 

........... t--
J 

RL =20kQ 

- R, = lOkQ 

VGs(off) = -10 V 

f = 1 kHz 

T,. = 25°C 

See figure 8 

6 8 
tr & tf - Input Rise and Fall Times -1-1s 

FIGURE 6 

l I/Cl 

TEST CIRCUIT 

See 
Note 

5 

10 

1000 

<400 

100 

40 

10 

4 

0.4 

Voo-lOV 

VGs(on) =O 

2N48S6, 2N4859 

SWITCHING TIMES 
vs 

LOAD RESISTANCE 

Vc;s(off) = -10 v 
T,. = 25•c 
See Figure 1 

2~ ond Note 4 

/" r- ~ 
Ion 

~ ld(on) .,,,.. 

t, 

~ 
tip 

ld{off) 

0.1 
0.1 0.4 

R L - Load Resistance - kO 
FIGURE 5 

AVERAGE OUTPUT VOLTAGE :j: 
vs 

FREQUENCY 

10 

> 1.2 .---~---.----.-----,....----, 
e VGs(oH) = -10 V 

I 1, = 11 = 1 ~· 
-I+ 1.0 
., TA = 25°C 

g> See Figure 8 j 0.8 1----r----+---+--r--11----i 

~ 

.2-8 0.6r----r----r--Y'-t---r------i 

~ w 0.4 t----t---"""7.c+----;--::; ..... f----t 
< 
I 
--;-o.21-~"7"t------::,...,f-~-+~~-+~~-1 

~ 
>o 

0 ~---:---,...-~--~-,----~-~ 
0 200 400 600 800 1000 

f - Frequency - Hz 
FIGURE 7 

r-+--1 
t, _, r- -el I- tf 

90% 90% 
0~0%1 110% 

-lOV--

INPUT VOLTAGE WAVEFORM 

FIGURE 8. MEASUREMENT INFORMATION FOR FIGURES 6 & 7 

NOTES: 4. The circuit of figure 1 is used, varying RL from 100 n to 10 kf!. IP = 1 µs, duty cycle ~ 23. 

S. Voltmeter input resistance Rin 2 10 MO. 

*'" the circuit of figure 8, Average Output Voltage results from rnpadtive feed-through of the gate.drive signal. 

TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
IN ORUER TO IMPROVE UESIGN ANU TO SUPPLY THE BEST PROUUCT POSSIBLE. 



TYPES 2N5045, 2N5046, 2N5047 
DUAL N-CHANNEL EPITAXIAL PLANAR SILICON FIELD-EFFEa TRANSISTORS 

MATCHED, SYMMETRICAL, FIELD-EFFECT TRANSISTORS 

• High IY1s \/C1 .. Ratio (High-Frequency Figure-of-Merit) 

• Low Input Capacitance C1 ..... 8 pf Max 

• Low Gate Reverse Current Differential ••• 10 nA Max at TA= 100°C 

•mechanical data 

0.210 
0170 

6 LEADS 0.0111 DIA 
0.016 

• Recommended for Low-Level D-C Amplifiers, 
Sample-Hold Circuits, and Series-Shunt Choppers 

1. ·SOURCE l 
THE ACTIVE ELEMENTS ARE 
ELECTRICALLY INSULATED FROM 

2. DRAIN l 
THE CASE 

3. GATE l 
5. SOURCE 2 
6. DRAIN 2 ALL JEDEC T0-71 DIMENSIONS 
7. GATE 2 AND NOTES ARE APPLlfABLE 

I ,J 
m::; 

*absolute maximum ratings at 25°C free-air temperature (unless otherwise noted} 

Drain-Gate Voltage . 
Reverse Gate-Source Voltage 
Gate-1 - Gate-2 Voltage . 
Lead-to-Case Voltage . 
Continuous Forward Gate Current 
Continuous Dissipation at (or below) 25°C Free-Air Temperature (See Note 1) 
Storage Temperature Range . 
Lead Temperature){, Inch from Case for l 0 Seconds . 

NOTE 1: berate linearly to J75°C free-air temperature at the rate of 1.67 mW/deg for -each lriode and 2.67 mW/deg for the total device. 
•Indicates JEDEC registered data 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE SOX 5012 • DALLAS, TEXAS 75222 

EACH TOTAL 
TRIODE DEVICE 

50V 
-50 v 

30mA 

±lOOV 
±lOOV 

250 mW 400 mW 
-65°C to 200°c 

300°C 

"' :.i c .e ;: 
UI 

::! .. z z 
z ... 
p 2 
~ 

t .. z ... ... J ~ .. .. 
~ z 
~ 2 > .. ,. 
n z 

= .. 

6601 
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TYPES 2N5045, 2N5046, 2N5047 
DUAL N-CHANNEL EPITAXIAL PLANAR SILICON FIELD-EFFECT TRANSISTORS 

6602 

*electrical characteristics at 25°C free-air temperature (unless otherwise noted) 
individual triode characteristics (see note 2) 

PARAMETER TEST CONDITIONS MIN 

VGs = -50 V, Vos = 0 
l&ss Gate Reverse Current VGs = -30 V, Vos = 0 

VGs = -30 V, Vos = 0, TA= iso•c 

VGS{of~ Gate-Source Cutoff Voltage Vos= 15 V, lo= 0.5 nA -0.5 
loss Zero-Gate-Voltage Drain Current Vos= 15 V, VGs = 0 0.5 

11"1 Small-Signal Common-Source 
Vos = 15 V, VGs = 0, f = l kHz 1.5 Forward Transfer Admittance 

Ir .. ! 
Small-Signal Common-Source 

Vos= 15 V, VGs = 0, f = 1 kHz Output Admittance 

Ciss 
Small-Signal Common-Source 

Vos= 15V, VGs = 0, f=lMHz Input Capacitance 

c,. .. Small-Signal Common-Source 
Vos= 15 V, VGs = 0, f = 1 MHz Reverse Transfer Capacitance 

!Ytsl 
Small-Signal Common-Source 

Vos= 15 V, VGs = 0, f = 100 MHz 1.5 Forward Transfer Admittance 

triode matching characteristics 

MAX UNIT 

-1 µA 
-0.25 nA 
-250 nA 
-4.5 v 

8 mA 

6 mm ho 

25 µmho 

8 pf 

4 pf 

mm ho 

PARAMETER TEST CONDITIONS 
2N5045 2N5046 2N5047 

UNIT 

11GSSI - IGss2I Gate-Reverse-Current Differential VGs =-15V, Vos= 0, 
TA= 1DD°C 

!VGs1 -VGs2I 
Vos = 15 V, lo = 50 µA 

Gate-Source-Voltage Differential 
Vos= 15V, 10 = 200 µA 
Vos = 15 V, lo = 200 µA, 

\fl (V -V ) J Gate-Source-Voltage-Differential TA1,1 = 25•c. TA1,1 = -25°C 
GS• GS> ar A Change with Temperature Vos = ·15 V, lo = 200 µA, 

t-·loss1 
TA1!L = 25•c. TA1,1 = loo•c 

Zero-Gate-Voltage Vos= 15V, VGs = 0, 
10552 Drain Current Ratio See Note 3 
IY1·li Small-Signal Common-Source Vos= 15V, lo = 200 µA, 
/y,./, Forward Transfer Admittance Ratio f = 1 kHz, See Note 3 

IYo•li - /y.,/2 Small-Signal Common-Source Vos = 15 V, lo = 200 µA, 
Output Admittance Differential f = 1 kHz 

*operating characteristics at 25°C free-air temperature 
individual triode characteristics (see note 2) 

PARAMETER TEST CONDITIONS 

NF Spot Noise Figure Vos= 15 V, VGs = 0, I = 10 Hz, 
RG = l M!l, Noise Bandwidth = 5 Hz 

v. Equivalent Input Noise Voltage Vos= 15 V, VGs = 0, I = Hi Hz, 
Noise Bandwidth = 5 Hz 

NOTES: 2. The terminals of the triode not under test are open-circuited for the measurement of these c:haracleristics. 

3. The lower of the two characteristic readings is taken as the numerator. 
•Indicates JEDEC registered data 

MIN MAX MIN MAX MIN MAX 

10 10 10 nA 

5 10 15 mV 
5 10 15 mV 

5 10 15 mV 

5 10 15 mV 
--t-----

0.95 l 0.9 1 0.8 1 

0.95 l 0.9 l 0.8 1 

1 2 3 µmho 

2N5045 2N5046 
UNIT 

MAX MAX 

5 5 dB 

200 200 nV/Hz'h 

TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 



TYPES 2N5245 THRU 2N5247 
N-CHANNEL EPITAXIAL PLANAR SILICON FIELD-EFFEO TRANSISTORS 

N-CHANNEL SILEat FIELD-EFFECT TRANSISTORS 
FOR VHF AMPLIFIER AND MIXER APPLICATIONS 

• High Power Gain ••• 10 dB Min at 400 MHz 
• High Transconductance ••• 4000 µmho Min at 400 MHz (2N5245, 2N5247) 
• low C,.1 ••• 1 pf Max 
• High IY1sl/C; .. Ratio (High-Frequency Figure-of-Merit) 
• Drain and Gate leads Separated for High Maximum Stable Gain 
• Cross-Modulation Min;mized by Square-Law Transfer Characteristic 
• For Use in VHF Amplifiers in FM, TV, and Mobile Communications Equipment 

mechanical data 

These transistors are encapsulated in a plastic compound specifically designed for this purpose, using a 
highly mechanized process:j: developed by Texas Instruments. The case will withstand soldering tempera· 
tures without deformation. These devices exhibit stable characteristics under high-humidity conditions and 
are capable of meeting MIL-STD-202C method 1068. The transistors are insensitive to light. 

•CASE OUTLINE 

0.015 
(NOTfA) 
~ 0050TP 

11 OtOOTP 

=~~ ·~ =~~~~---'-_-+--• 
0,\85 OSOOMIN ---l ::!:::~= 

=~"" 

NOTES: A. u.d di..-t•r is not contrfllled in tfiis orea. 

2-SOUICI 

0.017:!°::.=DIA 
31.EADS 

:1-GATt 

I. Llods having ma.im11111 diametM' (0.019) 1h111ll b. within 0.007 of th9ir 1..,. posifi°"' 
m.asu,.d in tM gagint ptane 0.054 b•low the -littg plotit of tht cle¥ice ,.lcitlv• to 
ama11;imumoclia..,.,.rP<'di;..go. 

C. All dim•Mions .,. in inchn. 

*absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 

Drain-Gate Voltage . . . . . 
Reverse Gate-Source Voltage . . . . . . . . . . . . . . • . • • 
Continuous Forward Gate Current . . . • . . . . . . . . • . . . . 
Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 1). 
Continuous Device Dissipation at (or below) 25°C Lead Temperature (See Note 2) . 
Storage Temperature Range . • • . . • . • 
Lead Temperature J<, Inch from Case for 10 Seconds . . . . . . . . . . 

NOTES• 1. hra11 linearly lo t50°C frea·air l1111po,.lura al Iha rule of 2.88 mW/"C. 

30V 
-30V 
50mA 

• 360 mW 
• 500 mW 

-65°C to 1 so0 c 
260°C 

2. Berate linearly to 1so•c lead temperature at the re1te of 4 mW/ 0 c. Lead temperature is measured on the gate lead 1/16 Inch from the case. 

•Indicates JEDEC registe~d data 
tTrademark of Texas Instruments 

*Patented by Texas Instruments and other patents pending. 

TEXAS INSTRUMENTS 
INC0RP0R!'TED 

POST OFFICE ebx 5012 • DALLAS. TEXAS 75222 

6703 



TYPES 2N5245 THRU 2N5247 
N-CHANNEL EPITAXIAL PLANAR SILICON FIELD-EFFECT TRANSISTORS 

*electrical characteristics at 25°C free-air temperature (unless otherwise noted) 

PARAMETER TEST CONDITIONS 
2N5245 2N5246 2N5247 UNIT MIN MAX MIN MAX MIN MAX 

V1••IGSS Gate-Source Breakdown Voltage IG = -1 µ,A, Vos = 0 -30 -30 -30 v 

IGss Gate Reverse Current 
V<;s = -20 V, Vos = 0 -1 -1 -1 nA 
V<;s = -20 V, Vos = 0, TA= 100°c -0.5 -0.5 -0.5 µ,A 

YG3_offl Gate-Source Cutoff Voltage Vos= 1S V, lo= 10 nA -1 -6 -0.5 -4 -1.S -8 v 
loss Zero-Gate-Voltage Drain Current Vos = lS V, VGs = 0, See Note 3 5 15 l.S 7 8 24 mA 

IY1sl 
Small-Signal Common-Source 

Vos= 15 V, VGs = 0, I = 1 kHz 4.5 7.5 3 6 4.5 8 mmho Forward Transfer Admittance 

IYosl 
Small-Signa,I Common-Source 

Vos= 15 V, V<;s = 0, I= 1 kHz 0.05 0.05 0.07 mm ho Output Admittance 

(iss 
Common-Source Short-Circuit Vos= lS V, 
Input Capacitance 4.5 4.5 4.5 pf 

Common-Source Short-Circuit V<;s = 0, 
Cns Reverse Transfer Capacitance I= 1 MHz 1 1 1 pf 

Re(y;,) 
Small-Signal Common-Source 

0.1 0.1 0.1 mm ho Input Conductance 
Small-Signal Common-Source Vos= 1S V, 

lm(y;,) Input Susceptance 3 3 3 mmho 

Small-Signal Common-Source 
VGs = 0, 

Re(y.,) Output Conductance 0.075 0.075 0.1 mmho 

Small-Signal Common-Source 
I = 100 MHz 

lm(y.,) Output Susceptance 1 1 1 mm ho 

Re(y;,) Small-Signal Common-Source 
1 1 l mm ho Input Conductance 

lm(y,,) Small-Signal Common-Source 
Vos= 15 V, 12 12 12 mmho Input Susceptance 

Re(y,,) 
Small-Signal Common-Source 

VGs = 0, 4 2.5 4 mmho Forward Transfer Conductance 

Re(y0 ,) 
Small-Signal Common-Source I= 400 MHz 0.1 0.1 0.15 mm ho Output Conductance 

lm(y.,) 
Small-Signal Common-Source 

4 4 4 mm ho Output Susceptance 

NOTE 3: This parameter must be measured using pulse techniques. IP = 100 ms, duty cycle :S; 10%. 

*operating characteristics at 25°C free-air temperature 

PARAMETER TEST CONDITIONS 
2N5245 

MIN MAX UNIT 

Vos = 15 V, lo= 5 mA, I = 100 MHz, 
18 

Small-Signal Common-Source RG' = 1 kfl, See Figure 1 
G., Neutralized Insertion Power Gain Vos = 15 V, lo=5mA, f = 400 MHz, dB 

R"' = 1 kfl, See Figure 1 10 

Vos - 15 V, lo= 5 mA, I= 100 MHz, 
2 

NF Spot Noise Figure 
R"' = 1 kfl, See Figure 1 
Vos=15V, lo= 5 mA, I = 400 MHz, dB 

RG' = 1 kfl, See Figure 1 4 

*Indicates JEDEC registered data 

6704 TEXAS INSTRUMENTS 869 

INCORPORATED 

POST OFFICE BOX 5012 • DALLAS, TEXAS 75222 
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TYPES 2N5245 THRU 2N5247 
N-CHANNEL EPITAXIAL PLANAR SILICON FIELD-EFFECT TRANSISTORS 

*PARAMETER MEASUREMENT INFORMATION 

400MHz@----~E--i ~ c, .1 r---1E----@4ooMHz 
FROM5CKl ,}, Ci 91 __ .,.__.rv~----11--HI ._ ______ 1 C6 J, T050-0 

SOURCE LOAD 

100 MHz@-- - -ff- Li 

,}, C2 

- - -IE----® 100 MHz 
C7 ;/, 

Cs 

c, 
C2 
c, 
c. 
c. 
c. 
c, 

Yoo 

CIRCUIT COMPONENT INFORMATION 
CAPACITORS COILS 

100 MHz 
not used 

7 pf 
1-12 pf 
1000 pf 
1-12 pf 
not used 

3 pf 

400 MHz 109 MHz 400 MHz 
1.8 pf 8.5 T, #16 copper, lopped 2.5 T 1.25 T, #20 copper, 3/16" ID, 

not used L, from bottom, 3/8" ID, 1 1/ 4" long 3/8" long 
0.8-8 pf 

15 T, #20 enameled copper, 4 T, #20 enameled copper, 27 pf _L2 dose-wound, 1/ 4" ID dose-wound, 3/16" ID 
0.8-8 pf 

1 pf L, 
13.S T, #16 copper, topped 5 T 0.5 T, #20 copper, 1/2" ID, 

not used from bottom, 3/8" ID, 1 1/ 4" long no length 

FIGURE 1 - SCHEMATIC AND COMPONENT INFORMATION FOR 100-MHz AND 400-MHz 
NEUTRALIZED INSERTION POWER GAIN AND SPOT NOISE FIGURE TEST CIRCUITS 

*Indicates JEDEC registered data 

TYPICAL CHARACTERISTICS 

2N5245 

ALL. TYPES 

GATE REVERSE CURRENT 
vs 

CORRELATION OF SMALL-SIGNAL COMMON-SOURCE 
FORWARD TRANSFER ADMITTANCE and 

GATE-SOURCE CUTOFF VOLTAGE 

FREE-AIR TEMPERATURE 

-1~~~~~~~~~~~~~~~~ -0.7 ~Vos= O 

-;; - o.4 1----+----+----+-:Z-Z:-L-7'2:'-ri 

I -0.2 V7 
VGs =-30V_ff 

~ -0.1~~~~~~~~~ 5 -0.07 
U ZLZ VGs -20 V 
~ -0.041------t-----A'-r----+----i 

~ ::zZf 
~ -o. 02 f----+-w-..,,,C..· """-+----lf--------1 

;3 -0.01~~~~~~~§~~~~~§ 1-0.007 E 
ll-0.004 ~ 
~ -0.002 F-------1-----1----+-----1 

-0.001 '----~'----~---~---~ 
25 50 75 100 125 

TA - Free-Air Temperature - °C 

FIGURE 2 

with 
INDIVIDUAL DEVICE ZERO-GATE-VOLTAGE DRAIN CURRENT 

8 ~ I I 

_s 1 

0 

~Vos= 15 v 
TA = 25°C 

1ri.1 (VGS =O, f = 1 kHz} 1--~ 

1--i--

~ 
!--i--- VGS(off) Oo = 10 nA} 

m 

"' -6 2 
:g 

5 'l5 
'5 
u 

-4 ~ 
Jl 

-3 ~ 

"' -2 I 

~ 
1 J' 

0 
5 6 7 8 10 11 12 13 14 15 

1055 - Zero-Gate-Voltage Drain Current - mA 

FIGURE 3 

TEXAS INSTRUMENTS 
INCORPORATED 
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TYPES 2N5245 THRU 2N5247 
tf.CHANNEL EPITAXIAL PLANAR SILICON FIELD-EFFEa TUNSISTORS 

2N5245 TYPICAL CHARACTERISTICS 
DRAIN CURRENT ZERO-GATE-VOLT AGE-DRAIN CURRENT .. 

GATE-SOURCE VOLTAGE 

Vg5 .:r. JS V 

..,._-+-l--+-!--+-1--+rA • 25°C 

See Note 3 

.. 
FREE-AIR TEMPERAtURE 

o~~~~~~~~~~~~~~~ 

_, -2 -3 -4 
Yes -- Gote•Source Voltage - V 

-s -75 -so .. 25 0 25 so 75 100 125 
T4 - Free•Air Temperorure - •c 

FIGURE 4 SMALL-SIGNAL COMMON•SOURCE 
FORWARD TRANSFER ADMITTANCE 

" FREE-AIR TEMPERATURE 

i 7 f--1-1-t-

I ! 6 

j 5 r--1--i--""l"C""'!"-.:;lr-t-~~;:::1'-j--j 

j 4 

131--+-+ 
~ V05•15VI 
I 2 Vcs ~a +--+--...--ir--t--1 

f •I kHz 
_E 1 f--1----1,__--f--+---'---+-+----I 

0 ~-~~~~-~-~-~~~~ 
-75 -so -25 0 25 50 75 100 125 

TA - Free-Air Temperature - °C 

FIGURE 6 

FIGURE S 

C:OMMON•SOURCE SHORT•ClkCUIT INPUT CAPACITANCE 
COMMON-SOURCE SHORT<IRCUIT 

REVERSE TRANSFER CAPACITANCE 
vs .. 

GATE ... SOURCE VOLTAGE 

r--~ v05 = 15 v 
f =I MHz. 

~ r,. = 2s•c 

fl-, 

~ 

0 

1.0 

0.9 
't. 

~ 0.8 

~ 0.7 

l 0.6 
\J 

j 0.5 

~ 0.4 
~ 
j 0.3 

I 0.2 

J 0.1 

0 

GATE-SOURCE VOLTAGE 

t-

i--v05 • 15 v 
f •I MHz 

r-1?1 
.. 0.1 -0.2 .. 0.4 -l -2 ~ -7 -10 .. 20 -40 -0. I -0. 2 ·0.4 -1 .. 2 -4 -7-10 -20 ..... 0 

\bs - Gate•Sourc• Voltage - V 

FIGURE 7 
llOTE S1 "his "'"'""" aunt be a1111ur1d utlng p1l11 t1<hnlq111s. tP = 3GO µs, duty <rd• ::; 23· 
to.to Is "'' dMl<n ... Ing Hit Indicated '"'"" of loss at Y05 = 15 Y, Y65 = o, and TA = 2s•c. 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 9012 • DALLAS, TEXAS 75222 

Vos - Gate-Sovrce Voltoge - V 

FIGURE 8 
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TYPES 2N5245 THRU 2N5247 
N-CHANNEL EPITAXIAL PLANAR SILICON FIELD-EFFECT TRANSISTORS 

2N5245 TYPICAL CHARACTERISTICS 

SMALL-SIGNAL COMMON-SOURCE INPUT ADMITTANCE 
vs 

NORMALIZED DRAIN CURRENT 

0 
-" 
E 
E 

10 
7 

4 

I 
" l g 0.7 
a 
::: 

i 0.4 

l 0.2 
c 

I 0.1 
• 0.07 

;:: 
0.04 

0.02 

Vos = 15 v 

~f - 100 MHz 

1-T,o. = 25'C 

1 
/, 

0.01 
0.01 0.02 0.04 

lo 

lm(y;,) -
1 

loss 15 mAt E 

lloss = lOmAt:!. 
J_ J_ 

! loss = 5 mAt 

Re(y;,) 

0.1 0.2 0.4 

1055 - Normalized Drain Current 

FIGURE 9 

. 

0.7 l 

0 
-" 

~ 
I 

SMALL-SIGNAL COMMON-SOURCE 
FORWARD TRANSFER ADMITTANCE 

vs 
NORMALIZED DRAIN CURRENT 

lOF===::i:::::x:::i=+:+:+++!====i:==F=r=+::+=i=::++! 
7 Vos = 15 v 

f =lOOMHz-+-+-IH-t-Hl----+--t---+-t-+-H-1-l 

15 mAt 

0.4 1-----+--1--~_,_,_,_,__,_t~loss = 5 mAt 
loss= 10 mAt~ 

~o.21----+-+--+-+-+-Mf+l--+-----1-1---1r+++-H ,.. 

0.1 ._ _ _,__..__.._.._....J...J...._. __ ....___._J.......J._._.L...I. ..... 
0.01 0.02 0.04 0.1 0.2 0,4 0.7 l 

lo 
1055 - Normalized Drain Current 

FIGURE 10 

SMALL-SIGNAL COMMON-SOURCE 
REVERSE TRANSFER ADMITTANCE SMALL-SIGNAL COMMON-SOURCE OUTPUT ADMITTANCE 

vs vs 
NORMALIZED DRAIN CURRENT NORMALIZED DRAIN CURRENT 

0.7 0.7 

0 0.4 -" 
E 
E 

I 0.2 

" u 
c 0.1 a 
::: 0.07 .E 
;'j! 0.04 

~ 
c 0.02 e 
I-

~ 0.01 

-lm(y,,) -T v05 = 15 v z f lL 
f=lOOMHz 

loss = 15 mAt ~ TA = 25'C Ld.J. .LI 
loss - 10 mAt ::i: 

jf ·-IZl z loss = 5 mAt 

IL JL A++ ! 

_tj -Re(y., ) ! 

0.4 
0 

-" 0.2 E 
E 

I 0.1 
~ 0.07 c 
~ 0.04 .E 
~ 

0.02 
'5 a. 
"!; 0,01 0 

Vos= 15 v - t--+-1 lm(y0 ,) L L IL 

f = 100 MHz Ill f k"_ lL1 - t-H losr 15 m~~/. TA= 25°C v 1055 = 10 mAt 

~ IZI t! loss = 5 mAt 

Re(y01 ) .i. 17 z 
" 0.007 > 
" I 0.007 

"' 0.004 ~ 0.004 

~ 0.002 0.002 

0.001 0.001 
0.01 0.02 0.04 0.1 0.2 0.4 0. 7 l 0.01 0.02 0.04 0. l 0.2 0.4 0.7 l 

lo lo 
loss -Normalized Drain Current 1055 - Normalized Drain Current 

FIGURE 11 FIGURE 12 

toata is for devices having the indicated values of 1055 at ¥05 = 15 V, V65 = 0, and TA = 2S°C. 

TEXAS INSTRUMENTS 
JNCORPORA·TED 6707 
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TYPES 2N5245 THRU 2N5247 . 
N-CHANNEL EPITAXIAL PLANAR SILICON FIELD-EFFEa TRANSISTORs 

6708 

2N5245 TYPICAL CHARACTERISTICS 

0 
-"' 
E 
E 

I 
" u 

"' 0 
::: ·e 
~ 
1 
..!; 

;;: 

SMALL-SIGNAL COMMON-SOURCE INPUT ADMITTANCE 

100 

40 

10 

4 

0.4 

0.1 

0,04 

0.01 

vs 
FREQUENCY 

~V05 - 15 V 

~lo= 5 mA 

t-TA = 25•c LJ-f" 
lm(y;,) 

-:z-L ll 
ld-1 

L v 
Re(y;, ) v L. 

10 20 40 70 100 200 400 700 1000 
f - Frequency-MHz 

FIGURE 13 

SMALL-SIGNAL COMMON-SOURCE 
REVERSE TRANSFER ADMITTANCE 

Vos - 15 v 

vs 
FREQUENCY 

10~~~-_g 4 10 5 mA 

~ TA = 25•c II ~ I ~Im (y,, ) k::: 

i 0.4§~t~§tla~m~~~~~111 
·e ~ 
~ I~ 
J! 
~ O.l~~k:::...J-~· 
~ 0. 041---+---+--+-+-+-+-+++--+--t--t--b'l'-Hr+t 

. ~ .. > o o1 ~~~§§f~~t;-R~e~(y~,,~)~-~P1~~~1 I . t: 
,!. 0. 0041---+---+--+-+-+-+-+++--+--+--+-+-l-+-r+t 

0. 001 .___....____.__._._._._.._... __ ...__.__._....__~~ 
10 20 40 70 100 200 400 700 1000 

f - Frequency~ Mt-lz 

FIGURE 15 

10 
7 

~ 4 
~ 
I 2 .. 
u 

~ 1 
·- 0.7 

~ 0,4 
J! ! 0.2 

~ 0,1 ! 0,07 

I o.04 

;:: 0.02 

0.01 
10 

SMALL-SIGNAL COMMON-SOURCE 
FORWARD TRANSFER ADMITTANCE 

vs 
FREQUENCY 

Re(yh) 

v 
v P" 

-lm(yh ) 

la 
~ 

V" 
~ 

v05 = 15 v 
10 =5 mA 

TA = 25•c 

20 40 70 100 200 400 700 1000 
f - Frequency - MHz 

FIGURE 14 

SMALL-SIGNAL COMMON-SOURCE OUTPUT ADMITTANCE 
vs 

FREQUENCY 

0.001 .__....___,__,_....__._._ ....... __ ...__.__._ .................... 

10 20 40 70 100 200 400 700 1000 
f - Frequency - MHz 

FIGURE 16 
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TYPES 2N524S THRU 2N5247 
N-CHANNEL EPITAXIAL PLANAR SILICON FIELD-EFFEa TRANSISTORS 

2N5245 TYPICAL CHARACTERISTICS 

., 

SPOT NOISE FIGURE 
vs 

GENERATOR RESISTANCE 

Vos = 15 V 

9 10 = 5 mA 

"' 8 TA = 25•c -+--+-+-+-+++---+- 'f = 400 MHz 
-0 

I 7 +----+~1-+-+-+++-t-+---+--+-Hl'l-+-H-H 
~ 
£6 
~ i ·05+----+____,1-+-+-+++-t-+---+---tr-t-++-H-H 
z j 
]_4~ vf=200MHz 

I 3 i----~--+-+-++++++-1-----+ 7.L.1--1-r-,,,JL+++-++1 
z ~ v _/~ 

2 ~ _....Y v 
..,.N......,_...._..- / f = 1 oo MHz 

0 .____.___._.__._......L..L.U---__.____.___.l lL.....J.....l.lll ............. Jl 
0.1 o. 2 0.4 o. 7 1 2 4 7 10 

RG- Generator Resistance - kO 

FIGURE 17 

SPOT NOISE FIGURE 
vs 

FREQUENCY 
4 

Vos = 15 v 

lo= 5 mA 

RG= 1 kQ 
.., 3 TA = 25•c 
I 

}' 
L_ 

v 

z 1 
/ 

0 
10 20 40 70 100 200 400 700 1000 

f - Frequency -MHz 

FIGURE 18 

TEXAS INSTRUMENTS 
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TYPES 2N5245 THRU 2N5247 
N-CHANNEL EPITAXIAL PLANAR SILICON FIELD-EFFECT TRANSISTORS 

'­

AGC or Ground 

TIV308 

..L 
T 

' I y 

TYPICAL APPLICATION DATA 

Ca 
2N4255 
2N4997 

"- R4 

' '-
' ' ' '~----+--------1 

'-----+-----------'vv.---..--+--<>AFC"' Ground 

CAPACITORS 

C,: 0.001 µF 
C2: 10 pF 
C,: t 
C.: 0.001 µF 
Cs: t 
C,: 10 pF 
C7: 0.001 µF 
C8 : 12 pF 
C,: 4.7 pF 
C10: 6.8 pF 
C11 : 4.7 pF 

C12: 1.2 pF 
C,,: t 
C14: 10 pF 
( 15: 240 pF 
( 16: 0.001 µF 
C17: 0.1 µF 
C18: 0.01 µF 
C,,: 47 pF 
C20: 0.01 µF 
C21 : 100 pF 
C22: 0.01 µF 

TYPl(:AL TUNER PERFORMANCE AT f 0 = 98 MHz 

Image Rejection (119.4 MHz) 
f0 + V2 IF Rejeclion (103.35 MHz) 

Sensitivity for 30 dB 5 ~ N (±75-kHz deviation) 

Sensilivity for 30 dB 5 ; N (±22.5-kHz deviation) 

Voltage Goin from Input to Primary of IF Transformer 

CIRCUIT COMPONENT INFORMATION 

RESISTORS 

47 dB 
73 dB 

2.3 µV 

3.4 µV 

37 dB 

COILS 

R,: 27 k!l R7: 10 kfl 
R2: 10 k!l R8: 330 k!l 

L,: 2.S T, #16 bus, %" ID, carbonyl "E" core, 
topped of 1 T ond 2 T from bottom 

R3: 2.7 k!l R9: 820 !l 
R., 330 n R,., 120 n 
R5: l k!l R11 : 330 fl 
R,: 2.7 kn R,,, 330 n 

All resistors lfi W, ten percent tolerance 

TRANSFORMER 

T1: 10.7 MHz IF transformer 

L2: 4 T, #16 bus, 1//' ID, air core, topped 
ol 1.3 T and l T from bottom 

L3: l µH 
L4 : 3 T, #16 bus, 114'' ID, carbonyl "E" core 

tThree.gang, 6-21 pF each, with trimmers. 

FIGURE 19 -TYPICAL FM TUNER 

869 
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2N5248 
N-CHANNEL EPITAXIAL PLANAR SILICON FIELD-EFFECT TRANSISTOR 

SYMMETRICAL N-CHANNEL SILECTt FIELD-EFFECT TRANSISTOR 
FOR VHF AMPLIFIER AND MIXER APPLICATIONS 

• Low Crss: :s; 2 pf 
• High Yts /Ciss Ratio (High-Frequency Figure-of-Merit) 
• Cross Modulation Minimized by Square-Law Transfer Characteristic 

• Formerly TIS34 
mechanical data 

This transistor is encapsulated in a plastic compound specifically designed for this purpose, using a highly 
mechanized process+ developed by Texas Instruments. The case will withstand soldering temperatures 
without deformation. This device exhibits stable characteristics under high-humidity conditions and is 
capable of meeting MIL-STD-202C method 1068. The transistor is insensitive to light. 

*All JEDEC T0-92 DIMENSIONS AND NOTES ARE APPLICABLE 
All DIMENSIONS IN INCHES 

+o.oos 
1 r o .. oso (NOTE A) -i Fo. i6o -O.o3s 

~Fl o.100:':~~~~0.100::-g-~~ 

+~':. '~Td - - -: }~ . -o.rs ML~ ~ ::!:oo'.ggs rj- s_ 
0.200 I + 0.002: .8:8Jg-+---- 0.500 MIN O.OSO::!:O.OOS 3 LEADS 0.017 -0.001 

NOTE A: Lead diameter is not controlled in this area. 

*absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 

Drain-Gate Voltage . 
Reverse Gate-Source Voltage . 
Continuous Forward Gate Current . . . . . . . . . . . . . . 
Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 1) 
Storage Temperature Range . . . . . . . . 
Lead Temperature Y,, Inch from Case for 10 Seconds 

*electrical characteristics at 25°C free-air temperature (unless otherwise noted) 

• 
. 30V 
-30V 

10 mA 
360 mW 

-65°C to 1 so•c 
. 260°C 

PARAMETER TEST CONDITIONS MIN MAX UNIT 
r-------·--------------+------------------+-·----1--·---1 
,__v~,M~J_G_ss_G_a_ra_-S_o_ur_ce_B_r_ea_k_do_w_n_V_o_lt~ag~e __ _,__IG_=_-_1~µ,~A,~V_o_s_= __ 0~----------1.---3_0 ____ ___,__ ___ V_~ 

VGs = -20 V, Vos = 0 -5 nA 
Gate Cutoff Current 

VGs = -20 V, Vos= 0, TA = 100°C -1.5 µ,A 
~lo~s_s_--cz~er_o~-G~a_te_·V~o_lt_.ag~e_D_ra_in_Cu_r_re_nt~---+-V~os=---=-15_V~,--V~6~s_=_O~, __ S_ee_No_te_2 __ _j_ ___ 4 20 mA 

VGs Gate-Source Voltage Vos= 15 V, 10 = 400 µA -1 -7.5 V 
1-y.O.GS"'-(•~ffl"--_G_a_te_-S_o_ur_ce_C_u_to_lf_V_o_lta_.g,_e ___ _j_v~.5 v;-i,;~1 OnA-- ---·------1----1 ---8---+-----v-~ 

Small-Signal Common-Source 
Forward Transfer Admittance Vos= 15 V, VGs = 0, f = 1 kHz 3.5 6.5 mm ho 

IYosl 

C,.. 

Re(y;,) 

Re(y.,.) 

Small-Signal Common-Source 
Output Admittance 
Common-Source Short-Circuit 
Input Capacitance 
Common-Source Short-Circuit 
Reverse Transfer Capacitance 
Small-Signal Common-Source 
Input Conductance 
Small-Signal Common-Source 
Forward Transfer Conductance 
Small-Signal Common-Source 
Output Conductance 

Vos= 15V, VGs = 0, 

Vos= 15 V, 

VGs = 0, 

Vos= 15V, 

VGs = 0, 

NOTES: 1. Dtratt linearly to 150°C free-air temperature at the rate of 2.88 mW/uC. 

2. These parameters must be measured using pulse techniques. tp = 100 ms, duty cycle ::::;; 10%. 

TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE 

f = 1 kHz 50 µ,mho 

pf 

f = 1 MHz pf 

0.8 mmho 
-------+------! 

3 

I= 200 MHz 0.2 

*Indicates JEDEC registered data 
tTradernark of Texas Instruments 

mm ho 

mmho 

:j:Potented by Texas Instruments and other potents pending. 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 5012 •.i DALLAS, TEXAS 75222 
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Designing with integrated circuits? 

The Trend is TTL. 
TI is the leader in TTL. 

In breadth of line. In technology. 
In production capacity. 

In availability. 
Look first to TI. 

In addition to 83 different circuits, 
three speed ranges, and a broad 
selection of MSI circuits, Series 
54/74 TTL from TI is offered in 
three package types. 

Tl's plastic dual-in-line pack­
ages are low in cost, yet rugged. 
And they are backed by millions 
of hours of reliability data. Series 
54 plastic performance over the 
full temperature range (-55°C to 
+ 125°C) is proven by customer 
usage in temperature critical 
systems. 

Ceramic dual-in-line packages 
from TI provide all the benefits of 

hermetic packages in a design 
suited to automatic insertion and 
soldering. Ceramic packages are 
ideal for severe environments 
where applications require vali­
dation of hermeticity. 

Tl's flatpacks- best for space­
critical applications - are backed 
by ten years service in all types of 
military, space, and commercial 
systems. 

When you design with Series 
54/74, you have a lot in your favor. 
A broad range of MSI circuits ... 
three compatible speeds ... three 
package types. Also, good availa-

bility, and second-sources for most 
circuits. 

The widest choice. The dominant 
trend. Series 54/7 4 TTL from Texas 
Instruments. 

New TTL design aid 

A new 80-page color brochure 
gives valuable data-including de­
sign information-on all TI series 
54/74 IC's. It's yours for the asking. 
Write Texas Instruments ~ 
Incorporated, P.O. Box 
5012, MS 308, Dallas, 
Texas 75222. 

TEXAS INSTRUMENTS 
INCORPORATED 
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2N489A THRU 2N494A, 
2N491A, 2N492A P-N GROWN SILICON UNIJUNCTION TRANSISTORS 

P·N GROWN SILICON UNIJUNCTION TRANSISTORS 

Designed for Medium-Power Switching, 
Oscillator and Pulse Timing Circuits 

• Highly Stable Negative Resistance 
and Firing Voltage 

• Low Firing Current 
• High Pulse Current Capabilities 
• Simplified Circuit Design 

mechanical data 

The transistors are hermetically sealed in a welded package with glass-to-metal seal between case and 
leads. Approximate weight is one gram. 

0.370 
filiij 

I 

*ALL LEADS INSULATED FROM CASE. 
•OUTLINE 

NOTES A. This zone is controlled for auto­
matic handling. The variation in 
actual diameter within this zone shall 
not exceed 0.010. 
B. Measured from max. diameter of 
the actual device. 
C. The specified lead diameter ap· 
plies in the zone between 0.050 and 
0.250 from the base seat. Between 
0.250and l.5maxirnum of 0.021 diam­
eter is held. Outside of these zones 
the lead diameter is not control led. 

DIMENSIONS ARE IN INCHES UNLESS OTHERWISE SPECIFIED. 

*absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 

Emitter-Base Reverse Voltage below l 50°C Junction Temperature - 60 v 
I nterbase Voltage . . See Note 1 
RMS Emitter Current . 70 ma 
Peak Emitter Current below 150°C Junction Temperature 2 a 
Total Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 2) 450 mw 
Total Device Dissipation at (or below) 25°C Free-Air Temperature,Stabilized(See Notes 3, 4) 600 mw 
Operating Temperature Range . . - 65°C to 140°C 
Operating Temperature Range, Stabilized (See Note 4) . - 65°C to 175°C 
Storage Temperature Range • . - 65°C to l 75°C 
Lead Temperature){, Inch from Case for 10 Seconds 260°C 

NOTES I. For maximum interbose voltage see Figure 1 
2. Derote linearly to 140°C free-air temperature at the rate of 3.9 mw/ 0 c. 
3. Derate linearly to 17S°C free-air temperature of the rate of 4.0 mw/ 0 c. 
4. Total interbase power dissipation must be limited by external circuit. 

• Indicates JEDH registered data. 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 5012 • DALLAS, TEXAS 75222 
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TYPES 2N489 THRU 2N494, 2N489A THRU 2N494A, 2N489B THRU 2N494B 
P-N GROWN SILICON UNIJUNCTION TRANSISTORS 

*electrical characteristics at 25°C free-air temperature (unless otherwise noted) 

PARAMETER TEST CONDITIONS TYPE PARENT SERIES A SERIES B SERIES UNIT MIN MAX MIN MAX MIN MAX 

7102 

... 
"1 

l12frnodl 

IEB20 

Ip 

YEBllNtt 

Iv 

¥011 

Static Jnterbase Resistance 

Intrinsic Standoff latio 

Modulated lnterbase Current 

Emitter Ravine Currtnt 

Peak-Point Emitter Current 

Emitter last·Ont 
Saturation Voltage 

Yalley.Polnl Emitter Curren! 

lase-One P11k Pulse Voltage 

Yarn = h, IE - 0 2Nm, 2N491, 2N493 4.7 6.8 

2N490, 2N492, 2N494 6.2 9.1 

v8281 = 10 v 2N489, 2N490 0.51 0.62 

See Figura 5 2N491, 2N492 0.56 0.68 

2N493, 2N494 0.62 0.15 

¥1211 = 10 v, IE= 50 ma All Typos 6.8 22 

Ya2E = 60v, •a1 = O All Types -2 

V82E = 30 v, 'a• - o All Types 

Y12E =TOY, 
TJ = Ho0 c 

'•• = 0 All Typos -20 

v8281 - 25 v All Typos 12 

Ya211 = 10 v, le= 50 ma 2N489, 2N490 5.0 

2N491, 2N492 5.0 

2N493, 2N494 5.0 

v8281 _ 20 '· R82 - 10oq All Typos 8 

v, = 20. All Types 
R81 = 200 
See Figure 4 

FIGURE 1-INTERBASE VOLTAGE RATING CURVE 

r,. - STATIC INTERBASE RESISTANCE - k.ll. 
(T. =25°C, V12., = 3 v) 

4 5 6 7 8 9 10 11 12 

T. 

so•c UNSTAB ILIZED OPERATION* 
60°c 

7o•c 
ao•c 

9o•c 
EXAMPLE: 100°c 

FOR r11 OF 6 k.ll. 
AND r. OF 50°C, MAX. 
ALLOWABLE V11 WOULD 
BE 58 VOLTS. 

110°c 

120°c 

4.7 

6.2 

0.51 

0.56 

0.62 

6.8 

8 

3.0 

140'C 
~-.-~~~~~~~~~--''--~~~~~~~~~~~.....-'f--

80 70 60 50 40 30 2010 0 
V.,., ,.,.,-MAXIMUM ALLOWABLE INTERBASE VOLTAGE - v 

(FOR 40-mw EB, DISSIPATION) 

:j:For slabillzed oporatlon multiply temporaluro shown by 1.25 (i.e, 175/140) 
•Indicates JEDEC registered data 

6.8 4.7 6.8 kll 
9.1 6.2 9.1 kll 

0.62 0.51 0.62 

0.68 0.56 0.68 

0.15 0.62 0.75 

22 6.8 22 ma 

-2 -2 µ,a 

-0.2 µ,a 

-20 -20 µ,a 

12 6 µ,a 

4.0 4.0 • 
4.3 4.3 • 
4.6 4.6 • 

8 ma 

3.0 • 

51 
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TYPES 2N489 THRU 2N494, 2N489A THRU 2N494A, 2N4898 THRU 2N494B 
P-N GROWN SILICON UNIJUNOION TRANSISTORS 

Emitter (E) 

-I, 

PARAMETER MEASUREMENT INFORMATION 

Base 2 
(B2) 

Base l 
(Bl) 

FIGURE 2 -UNIJUNCTION TRANSISTOR NOMENCLATURE FIGURE 3-GENERAL STATIC EMITTER CHARACTERISTIC CURVE 

+10 v 

R, 

lOOµa F.S. 

lOkfi 

FIGURE 4-V011 TEST CIRCUIT 

TEST CIRCUIT FOR INTRINSIC STANDOFF RATIO 

11 - Intrinsic Standoff Ratio - This parameter is defined in terms of the 

peak-point voltage, Yp. by means of the equation: Vp = '1J V82_11 + VF, 
where VF is about 0.56 v at 25°C and decreases with temperature at about 

3 mv/deg. 

The circuit used to measure '11 is shown in the figure. In this circuit, R1, Cl' 
and the unijunclion transistor form a relaxation oscillator, and the remainder 

of the circuit seri'es as a peak-voltage detedor with the diode 01 automat­

ically subtracting the voltage VF. To use the circuit, the "cal" button is 

pushed, and R3 is odju51ed to make the current meter M1 read full scale. 

The "col" button then is released and the value of 71 is read directly from 

the meter, with 71 = 1 corresponding to full-scale deflection of 100 µ.a. 

FIGURE 5-TESl CIRCUIT FOR INTRINSIC STANDOFF RATIO (17) 

7103 
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TYPES 2N489 THRU 2N494, 2N489A THRU 2N494A, 2N489B THRU 2N494B 
P-N GROWN SILICON UNIJUNalON TRANSISTORS 

TYPICAL CHARACTERISTICS 

NORMALIZED INTERBASE CHARACTERISTICS 

Normalized to Value at V8281 = 10 v, IE = SO ma, TA == 25°(. 

T. =25°C 
2.0,....---.--........ --~--.----~ 

7104 

See Note 5 

1: 
~ a 

See Note 5 

j 1.0 ,__ _ __. __ ....,_""-" __ -'-__ __, __ 

] 
-0 
~ 

.!:! 
0 
E o.5 1----"-l~~----+-----<1--
~ 

10 20 
V1211 - lnterhase Voltage -v V1211 - lnterbase Voltage -v 

T. = -55°C 
2.0 r---....---..----r--"T""----,----,,.; 

See Note 5 

j 1.5 

10 20 30 
V,211- lnterbase Voltage - v 

NOTE S: This parameter is measured using pulse techniques. tp = 300 µs, duty cyde ~ 2%. 

30 

56 
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TYPES 2N489 THRU 2N494, 2N489A THRU 2N494A, 2N489B THRU 2N494B 
P-N GROWN SILICON UNIJUNCTION TRANSISTORS 

20 

> 16 

I 
& 
.E 
;ii 12 

I! 
9 
~ 
Jl 8 

" 
] 
I 4 

0 

TYPICAL CHARACTERISTICS 

STATIC EMITTER CHARACTERISTICS 

T.= 150°C T. =25°C 
20 

I 
See Note 5 See Note 5 

> 16 
I 
" "' .E 

0 
> 12 

/V,,81 =30v 

~ ~ VB2BI = 20 V 

~'""""• 
vv.,.,-5 v 

~ 

" c 
0 
ii 
Jl 

8 
!! 
] 

} 4 

0 
0 4 8 12 16 20 0 4 8 12 

IE - Emitter Current - ma IE - Emitter Current - ma 

T,=-55°C 

See Note 5 

I 16 l----+----+----+----+-----1 

& 
.E 
0 
> 12 f-4--.4------+----+------l 
I! 
9 
" .& 

0 '------'-----'-----'----'------' 
0 12 16 20 

IE - Emitter Current - ma 

NOTE 5: This parameter is measured using pulse techniques. IP = 300 µ.s, duty cyde ::; 2%. 

16 20 
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TYPES 2N489 THRU 2N494, 2N489A THRU 2N494A, 2N489B THRU 2N494B 
P-N GROWN SILICON UNIJUNCTION TRANSISTORS 

7106 

TYPICAL CHARACTERISTICS 

3.0 

I 2.s 
8 
c 
.E 
.;; 2.0 
Ji 
~ _g 
! 1.5 
.E 
u 
-~ 
,;; 1.0 .,, . 
-~ 

10.5 
0 z 

7 

0 

NORMALIZED STATIC INTERBASE RESISTANCE 

vs 
FREE-AIR TEMPERATURE 

I, ;0 

-100 -50 0 50 100 150 
T"' - Free-Air Temperature - °C 

EMITTER BASE-ONE SATURATION VOLTAGE 
vs 

FREE-AIR TEMPERATURE 

V1211=10 v 
t-- I,; 50 ma 

See Note 5 

~ -

-50 0 50 100 150 

T., - Free-Air Temperature - ° C 

c 
~ u . 

MODULATED INTERBASE CURRENT 
vs 

14 .-~~-..~F_R_EE_-_A,IR~TE_M_P_E_RA_TrU_R_E~--,r--~~, 

i. v,,., ~ 10 v 
12 t-~~-+ ...... --+----t--l,;50ma --I 

~ "'-I SeeNote5 

I '-...l 
c 10 t----+---~'-"' ...... '-.o;:;;;:=:J-----1-~-4 
~ -i---
J r--
~ 8 1----+---+----r-----+-----1 

.e 
2 
.E 6 r-----r-~-~_,.---~r-~~-+-~~--1 .,, 
2 
.E 
-5 4 
~ 
I 

0 ~~-~--~~~--~--~~~~ 
-100 -50 50 100 150 

T ... - free-Air Temperature - 0 ( 

EMITTER REVERSE CURRENT 
vs 

FREE-AIR TEMPERATURE 

o; -0. 1 
> 
~ 

-0.001 ~~-~~~~~~-~-~~~~-~~ 
-100 -50 0 50 100 150 

T,., - Free-Air Temperature- °C 

NOTE 5: This parameter is measured using pulse techniques. IP = 300 µs, duty cycle :::: 2%. 
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TYPES 2N489 THRU 2N494, 2N489A THRU 2N494A, 2N489B THRU 2N494B 
P-N GROWN SILICON UNIJUNCTION TRANSISTORS 

TYPICAL CHARACTERISTICS 

NORMALIZED BASE-ONE PEAK PULSE VOLTAGE 
vs 

FREE-AIR TEMPERATURE 
1.2 

1.1 

1.0 

0.9 

0.8 

0.7 Normalized to value at 
R81 =20 n, 
T. =25°c 

0.6L-__ _j_ __ _._ __ __;.__ __ ~--~ 

-100 -50 -0 50 100 150 
T 4 - Free-Air Temperature - ° C 

NORMALIZED PEAK-POINT EMITTER CURRENT 
vs 

INTERBASE VOLTAGE 

T. = 150°c-~ 
T • = 25°C - Hldh,---+--+--+-+-+-+-+-H 
T. = -55°c- ~ 

Normalized to value at 
I-- v., .. = 25 v 

T. = 25°c 

J_ l J_ 111.ill 0.1 .__ _ _.___.___._._~~~--'---''--~ ....... ~ 
l 10 100 

V9211 - lnterbase Voltage - v 

NORMALIZED BASE-ONE PEAK PULSE VOLTAGE 
vs 

SUPPLY VOLTAGE 
2.4 

.j T. =25°C 

I 2.0 R01 =20 .n 
" See Figure 4 
"' .E 

0 
> 1.6 
~ 

~ 
-"' 0 

~ 1.2 

• 0 
I 

j 0.8 

" " .~ 
0 0.4 
E 
0 z 

V1 - Supply Voltage - v 

VALLEY-POINT EMITTER CURRENT 
vs 

INTERBASE VOLTAGE 

See Note 5 

~ 251-----+---+---+---+----+---i 

I 

T. = 15o•c 

o.___~--~--~---''---~--~ 
0 5 10 15 20 25 30 

V,,., - lnterbase Voltage - v 

NOTE S: This parameter is measured using pulse techniques. IP = 300 µs, duty cyde ~ .2%. 

7107 

• 



TYPES 2N489 THRU 2N494, 2N489A THRU 2N494A, 2N489B THRU 2N494B 
P-N GROWN SILICON UNIJUNCTION TRANSISTORS 

7108 

TYPICAL CHARACTERISTICS 

EMITTER BASE-ONE VOLTAGE FALL TIME 

~ 1000 

I 
~ 
E 

>= 

vs 

CAPACITANCE 

RBI "O 
v, 20 v IIIIJ = 
See test circuit below 1tttf 
tf - measured from 90% to 10% 

V1 value . UllJlfil 

Scope Characteristics 
~ 

R'"?l MJl 
c,,~20 pf 
t, < 100 ns ~ uJ 

T. = 150°C 

Y- T. 25°C,lf 
TA = -55°C 

L.-1-' lll.illL lllll 
: 0.001 0.01 0.10 1.0 

C1 - Capacitance- µf 
10 

MINIMUM SUPPLY VOLTAGE TO TRIGGER SCR 
vs 

CAPACITANCE 
40 ---~--~~--~ 

~: ~nr~~.\~ d 
~ 25 I' N ~ ~I j l 
i 20 ~ N ~! N ~i il 
-115 ~I,~' T1 
~ 1 o IT ~ tttfjo-.::i:;:;:;;;w 
> ! 

See test circuit below 

0.01 0.1 1.0 10 
C 1-Capacitance-1Jf 

To Oscilloscope 

NORMALIZED BASE-ONE PEAK PULSE VOLTAGE 

CAPACITANCE 

>a i. 25 'b;:;;;;;ii;;"dt;:~i;;;ffiCiiliiii!!!li~l!!!!I!'" I I Normalized to value 

~ at R" = 20 Jl ~ r-"' 
~ l. 0 c' = 0. 2 µ:;.f ....d~1121i-c"l-tl-t'fttlc--+-++t1mtt 

~ .-1 ~ 
;i'i 0.75 ;d 

~ ~R,,=10011 v ..... LLf' R,, = 50 ll 
~ 0.5 h-q~fmi~=t4R81 ::::20 .fl. 

~ V j.11 R,, = 10 ll 

Jl 0.25 IL l--l ~r:,,~ 5 f, 
] v ~: : ~~0~ 11 I l See test circuit below 
0 0 ~~~~~-~--~--
z 0.01 0.1 1.0 10 

( 1- Copoci tance-µf 

CURVE SCR TYPE R., 

A High~Current SCR's 27 Jl 
~GT up to 200 m, 47 n 

VGT up to 3.5 v Pulse Eng 
PE 2231 t 

2N681, A, 2Nl842, 27 
47 Jl 

A, B, Tll45AO 

~GT up to 150 mOl Sprague 
VGTupto3v J 31 Z204 I 

2Nl595, 2Nl600 21 n 
2Nl770, 2Nl929 

['GT up to 50 mo J 47 Jl 
G Yvr up to 3 v spz~ue 1 

t or equivalent 

+ v, 
100 Jl 

.vo81 

R" 

TEST CIRCUIT 

G 

SCR Supply 

K 
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TYPES 2N489 THRU 2N494, 2N489A THRU 2N494A, 2N489B THRU 2N494B 
P-N GROWN SILICON UNIJUNCTION TRANSISTORS 

TYPICAL CHARACTERISTICS 

A-C PHASE CONTROL SYSTEM USING 2N491A UNIJUNCTION 

1N4003 1.s kn 
5W +15VT0+20V 

50-W LOAD 1okn 1ookn 

2N5449 1kn 

115-VMAIN 

TIC47 

330 n 0.1 µF 

CAl7111 

CIRCUIT FEATURES 

• Unijunction provides accurate and smooth control. 

• Half-wave operation conducts from 10° to 170° of waveform. 

• 2N5449 acts as zener and synchronizes the 2N491A to line frequency. 

• Circuit used as lamp dimmer, relay driver. motor control. or small heater control. 

7108A 

II 
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FET 
design ideas 

from Texas Instruments 

FET Design Ideas is a must for every circuit design engineer's reference file. It contains: 
20 circuit diagrams covering a wide range of applications. How to bias field-effect transis­
tors. Applications literature available. And short-form data on all of Tl's standard FETs. 

To get your copy, write direct to Texas Instruments Incorporated, PO Box 5012, MS308, 
Dallas, Texas 75222. 



mechanical data 

TYPE' 
P·N GRC' 

Designed for Medium· 
Oscillator and Pulse 

• Highly Stable Ne1 
and Firing Vo' 

• Low Firing Cur· 

• High Pulse Ca• 

• Simplified Cir 

The transistors are hermetically sealed in a welo1:~ 
leads. Approximate weight is one gram. 

*ALL LEADS INSULATED FROM CASE. 

NOTES A. This zone is controlled for auto 
matic handling The variation in 
actual diameter within this zone shall 
not exceed 0 010 

B Measured from max. diameter of 
the actual device 

C. The specified lead diameter ap· 
plies in the zone between 0.050 and 
0.250 from the base seat. Between 
0. 250 and I. 5 maximum of 0.021 diam· 
eter is held. Outside of these zones 
the lead diameter is not conlrolled 

DIMENSIONS ARE IN INCHES UNLESS OTHERWISE SPECIFIED 

*absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 

Emitter-Bose Reverse Voltage . 
Emitter-Bose Reverse Voltage below 140°C Junction Temperature 
lnterbose Voltage 
RMS Emitter Current . 
DC Emitter Current 
Peak Emitter Current (See Note 1) . 
Peak Emitter Current below 140°C Junction Temperature . . . 
Total Device Dissipation at (or below) 25°C Free-Air Temperature (See Notes 2 & 3) 
Operating Temperature Range (See Note 3) . 
Storage T emperoture Range (See Note 4) . 
Lead Temperature Y,, Inch from Cose for 10 Seconds 

NOTES: 1. Capacitor dislharge-10 µf or less, 30 volts or less - total inlerbase power dissipation must be limited by external circuitry. 

2N1671 
2N1671A 
2N16718 

-30v 

35 v 
50 ma 

2o 

450mw 
-65°C 
-65°C 
260°C 

2. Derote linearly to 140°( free-air temperature at the role of 3.9 mw/ 0 C. (2Nl671 series only, thermal re~istance to case= 0.16 6 (/mw.) 

3. Texas lmlruments guarantees a maximum operating lemperoture of 175°( free-air. Derate linearly at lhe rate of 3 mw/ 0 C. 
4. Texas Instruments guaranlees a maximum slorage temperature of J7S 0 c. 

*Indicates JEDEC registered data 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 5012 • DALLAS, TEXAS 75222 

2N2160 

-30v 
35 v 

70mo 

2a 
450mw 

to l40°C 
to l50°C 

260°C 

7109 
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-1, 

l>71B, 2N2160 
NOION TRANSISTORS 

at 25°C free-air temperature 

TEST CONDITIONS 
2Nl671 2N1~71A 

MIN MAX MIN MAX 

Y8281 = 3 v, IE = o 4.7 9.1 4.7 9.1 

Y8211 = 10 '· 0.47 0.62 0.47 0.62 
See Figure 4 

Y8u 1 = 10 v, le = SO ma 6.8 22 6.8 22 

Yme = 30 v, 191 = 0 -12 -12 

v.,,, = 25 v 25 25 

Ya211 = 10 Y, IE = so ma l 

Y8291 = 20 v, R82 = 100 ll 

V1 = 20 v, R81 = 20 !l, 
See Figure 3 

2N1671B 
MIN MAX 

4.7 9.1 

0.47 0.62 

6.8 22 

-D.% 

PARAMETER MEASUREMENT INFORMATION 

2N2160 
MIN MAX 

UNIT 

4.0 12 kll 
0.47 0.80 

6.8 30 ma 

-12 µ.o 

2$ µ.a 

ma 

FIGURE 1-UNIJUNCTION TRANSISTOR NOMENCLATURE FIGURE 2-GENERAL STATIC EMITTER CHARACTERISTIC CURVE 

+v, 
10 k.I\. 100 JI. 

0.2 µf 

FIGURE 3 - Vo11 TEST CIRCUIT 



TYPES 2N1671, 2N1671A, 2N1671B, 2N2160 
P·N GROWN SILICON UNIJUNCTION TRANSISTORS 

mechanical data 

Designed for Medium-Power Switching, 
Oscillator and Pulse Timing Circuits 

• Highly Stable Negative Resistance 
and Firing Voltage 

• Low Firing Current 
• High Pulse Current Capabilities 
• Simplified Circuit Design 

The transistors are hermetically sealed in a welded package with glass-to-metal seal between case and 
leads. Approximate weight is one gram. 

I 
0.370 0.335 ·r ·r. 

*ALL LEADS INSULATED FROM CASE. 

NOTES A. This zone is controlled for auto­
matic handling The variation in 
actual diameter within this zone shall 
not exceed 0 010. 
B. Measured from max. diameter of 
the actual device. 
C. The specified lead diameter ap­
plies in the zone between 0.050 and 
0.250 from the base seat. Between 
0.250and IS maximum of 0.021 diam­
eter is held. Outside.of these zones 
the lead diameter is not controlled. 

DIMENSIONS ARE IN INCHES UNLESS OTHERWISE SPECIFIED 

*absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 

Emitter-Base Reverse Voltage . • 
Emitter-Base Reverse Voltage below l 40°C Junction Temperature 
lnterbase Voltage 
RMS Emitter Current . 
DC Emitter Current 
Peak Emitter Current (See Note 1) . 
Peak Emitter Current below 140°C Junction Temperature . . . 
Total Device Dissipation at (or below) 25°C Free-Air Temperature (See Notes 2 & 3) 
Operating Temperature Range (See Note 3) . 
Storage Temperature Range (See Note 4) . 
Lead Temperature Ji', Inch from Case for l 0 Seconds 

NOTES: I. Capacitor discharge - 10 µf or less, 30 volts or less - total interbase power dissipation muSI be limited by external circuitry. 

2Nl671 2N2160 
2Nl671A 
2Nl671B 

-30v 
-30v 

35 v 35 v 
50 ma 

70ma 
2a 

2a 
450mw 450mw 
-65°C to 140°C 
- 65°C to 150°C 
260°C 260°C 

2. Derclle linearly lo 140°( free-air temperature at the rate of 3.9 mw/ 0 C. (2N1671 series only, thermal resistance lo case == 0.16°C/mw.J 

3. Texas Instruments guarantees a maximum operating temperature of 17S°C free-air. Derale linearly at the rate of 3 mw/°C. 
4. Texas Instruments guarantees a maximum storage temperature of 17S0 c. 

*Indicates JEDEC registered data 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 5012 • DALLAS, TEXAS 75222 
7109 

• 



TYPES 2N1671, 2N1671A, 2N16718, 2N2160 
P-N GROWN SILICON UNIJUNalON TRANSISTORS 

*electr!cal characteristics at 25°C free-air temperature 

2!ol1671 2N1~71A 2N167JB 
PARAMETER TEST CONDITIONS 

MIN MAX MIN MAX MIN MAX 

•u Static lnterbaw Resistance Y11za1 =3v, le= o 4.7 9.1 4.1 9.1 4.7 9.1 

"I Intrinsic StamWJ latio ¥112111 = 10 •• 0.47 0.62 0,47 G.62 0.47 0.62 
Sq Figure 4 

l112lrnod) Modulated lnterbase Current ¥11211 = 10., _1 =SO ma 6.8 22 6.1 22 6.1 22 

•e1120 Emitter Revene Current Y112e = 30 '· 111 = o -12 -12 -D.2 

1, ~tak-Point Emitter Current ¥11211 = 25v 25 25 ' Yea!l .. .!L Efnil!•r Saturation Voltage Y11211 = IOv, le= SO ma 5 5 5 

ly Yaller-P•int Emitter Current ¥11211 - 20•. •112 = 1000 I I 8 

¥011 Base.:.One Pea~ Pulse Voltage v, = 20 •• 1., = 20 !l, 3 3 
SIO Figure 3 

•Indicates JEDEC registered data 

PARAMETER MEASUREMENT l .. FORMATION 

-1, 
82 .. 

V1211 

2N2160 
MIN MAX 

UNIT 

4.D ii kll 
D.47 D.11 

6.8 30 ... 
-12 II.II 

25 II.II 

• 
• mo 

3 ' 

FIGURE 1-UNIJUNCTION TRANSISTOR NOMENCLATURE FIGURE 2-GENERAL STATIC EMITTER CHARACTERISTIC CURVE 

+v, 
10 k.ll 

0.2 µf 

FIGURE 3 - Voo1 TEST CIRCUIT 

7110 
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TYPES 2N1671, 2N1671A, 2N1671B, 2N2160 
P-N GROWN SILICON UNIJUNCTION TRANSISTORS 

PARAMETER MEASUREMENT INFORMATION 

+10 v 

R, 

50 k.ll. 

Cal. R, 
10 kn 

Dl 

75 k.ll. 1N457 

1 µf 
c, 

/l---~._..~~~--~~~· 

Mi lOOµa F.S. 

71 - Intrinsic Standoff Ratio - This parameter is defined in terms of the 

peak-point voltage, Yp. by means of the equation: Yp = ,, v82_81 + VF, 
where VF is about 0.56 v at 25°( and decreases with temperature at about 
3 mv/deg. 

The circuit used to measure 71 is ~hown in the figure. In this circuit, R1, Cl' 
and .the unijunction transistor form a relaxation oscillator, and the remainder 

of the circuit serves as a peak-voltage detector with the diode 01 automat­

ically subtrading the voltage VF. To use the circuit, the "cal" button is 

pushed, and R3 is adjusted to make the current meter M1 read full scale. 

The "cal" button then is released and the value of '11 is read directly from 

the meter, with 71 = 1 corresponding to full-scale deflection of 100 µ.a. 

FIGURE4-TEST CIRCUIT FOR INTRINSIC STANDOFF RATIO (J?) 

TYPICAL CHARACTERISTICS 

NORMALIZED STATIC INTERBASE RESISTANCE 
vs 

.?3 .0 ~-~-FR_E_E_-A_l~R_T_EM_PE~RA_T_U_R~E--~ 

I 

g 2.5 
VB281 
Va2a1 

.-E Va2a1 

14 

0 

~ 12 

MODULATED INTERBASE CURRENT 
vs 

FREE-AIR TEMPERATURE 

\._ 

~ 
: 2. 0 r---r---t-"<:"-t-"''<::""7't-7'"­

~ 10 
a 

....,..__ --~ 

~ 2 1. 5 1---11---t---:>"f-7'-0o'"!-----I 
.!:: 

-~ 1.0 1---t-~"'];."S""-t---t---i 

'* ,, 
-~ 0.5 1----'~"---+---+---+----l 

" § o~--~--~--~--~-~ 
z -100 -50 0 50 100 150 

T" - Free-Air Temperature - °C 

st 8 
~ 
~ 6 1- v.,;, = 10 v 

I, =50ma 
4 I- See Note 5 

0 
-100 

l 

-50 

l 

0 50 JOO 
T.- Free-Air Temperature - °C 

NOTE S: These parameters must be measured using pulse techniques. tp = 300 µs, duty cycle ::=; 23. 

150 

7lll 
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TYPES 2N1671, 2N1671A, 2N16718, 2N2160 
P-N GROWN SILICON UNUUNOION TRANSISTORS 

7112 

TYPICAL CHARACTERISTICS 

NORMALIZED INTERBASE CHARACTERISTICSt 

2.0 
T. = 150°C 

See Note S 

! 
I 
c 
~ a 
!I 
-I 
l ..., 
• • !! 

l 
0 z 

0 10 20 30 
V.,.1 - lnterbase Voltage- v 

T. =25°C 

! 
I 1.5 c 
~ 
~ 

u 
!I 1.0 
-I 
1! .s ..., .. 0.5 .!! 

l z 

V1281 - lnterba5e Voltage- v 

V1211 - lnterbase Voltage-v 

t Normalized lo value at Y8281 = JOv, IE= SO ma. TA.= 25°C. 

STATIC EMITTER CHARACTERISTICS 

20 

> 
I 
& 16 
j! 

~ 

0 

T. = 150°C 

See ~ote 5 

1--1 V1211 = 30 v 

).--v.,., =20v 

~v ••• ,.. 
Ya211 -= 5 v 

r\~ 
~ ....... 

0 4 8 12 16 
IE - Emiher Current - ma 

> T • =25°C 

20 

I 20 ..---.....-----..--...--~----. 
See Note 5 

= 30 v 

=20 v 

=lOv-+---+-----1 
=5 v 

O'----'----'---'----'---~ 
0 4 8 12 16 20 

IE - Emitter Current - ma 

1. =-ss•c 
> 
I 

See Note 5 

.. g 16 1----+---+---+---+------l 

~ 
~ 12 

18 ...... ...---'...,__ 
~ 

7 4~~~~~~~~~~~~ .J r 
OL-_ __J.__ _ __. __ _,_ __ -'----' 

0 4 8 12 16 
IE - Emitter ~rrent - ma 

NOTE S: These parameters must be measured using pulse techniques. 

IP = 300 µ.s, duty cycle ~ 23. 

20 

568 



D 
::>. 

I 

I a 
! • J 
! ·e ... 
I 
! 

-10 

-1 

-0.1 

-0.01 

TYPES 2N1671, 2N1671A, 2N1671B, 2N2160 
P·N GROWN SILICON UNUUNOION TRANSISTORS 

TYPICAL CHARACTERISTICS 

EMITTER REVERSE CURRENT 
vs 

FREE-AIR TEMPERATURE 

EI., -0 
7L_ 

V 12, = 30 ·v..J_ 
~v.., =lO·v 

ILL 

~ 

llZ. 
rz: 

172': 

~ 

'E 
~ 
~ 
u 

~ ·e ... 
c 

~ 
I 

""' D 
cf 
1l 
.!:! 

NORMALIZED PEAK-POINT EMITTER CURRENT 
vs 

INTERBASE VOLTAGE 
10 

t-T. = 1so0 c-
1-T. =2s·c~ I!!!.. t-T. = -ss•c--. 

~ N 

V1211 = 25 v 

-~ -0.001 -rL 1 
0 0.1 z 1 

Normalized to va'.Ii at 
T. =25°C 

100 -100 -so 0 so 100 150 
TA - Free-Air Temperature - °C 

EMITTER-BASE-ONE SATURATION VOLTAGE 
vs 

FREE-AIR TEMPERATURE 

T 
r- v .... •10 v 

I, =SOmo 
r-See Note S 

i...---1 

-so a so 100 150 
T. - Free-Air Temperature - °C 

NORMALIZED BASE-ONE PEAK PULSE VOLTAGE 
vs 

FREE-AIR TEMPERATURE .J I 1.2.....--..,..--..--"""T--..---. 

f 1. 11--+=-..c:::--+--+----1 
> 
I 
~ 1.01-----1---4-~-+--+=---I 

.... 
l 0.9 !---+----+---+-'~ 
~ 
II O.ai----+----+--+---+'---1 
.II 
J 0.7 Normolized to value at+----t--__,, 

R11 =20 IL 
l r.=2s 0 c s 0.6.._____._ _ __._ _ _.___..____, 
z • 100 -50 0 so 100 lSO 

T• -Free-Air Temperature -•c 

10 
V1211 - lnterbase Voltage -v 

VALLEY-POINT EMITTER CURRENT 
vs 

INTERBASE VOLTAGE 

'E 
~ 101---4---+---bo,._-+---+---t ,_ 
.!! 
~ s1--~.,....::::...:::i---+:.,,,."'T---t---i 
I 

~ OL---'---'---'---'--_._-~ 
0 s 10 15 20 25 30 

V1211 - lnterbase Voltage-v 

NORMALIZED BASE-ONE PEAK PULSE VOLTAGE 
vs 

SUPPLY VOLTAGE 

T. =25°C 
R11 =20Jl.. 
See Figure 4 

V1 - Supply Voltage -v 

7113 
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TYPES 2N1671, 2N1671A, 2N1671B, 2N2160 
P-N GROWN SILICON UNIJUNCTION TRANSISTORS 

7114 

TYPICAL APPLICATION DATA 

EMITTER- BASE-ONE VOLTAGE FALL TIME 
vs 

CAPACITANCE 
~ 1000 

fR., 1 

I 
~ 
E 

>= 

0 
V, 20 v rrmr mn 

See test circuit below 
t1 - measured from 90% to 10% ~ 

value lllllJllL JI 
Scope Characteristics 
R,.>1 M1l 
c,.~20 pf 
t,<lOOns 

~ 
T, 1so0 c 

"""" [;' - T. 2s0 c 

i.-H n T. = -55°C 

0.01 0.1 10 
C1 - Capocitance-µf 

MINIMUM SUPPLY VOLTAGE TO TRIGGER SCR 
vs 

CAPACITANCE 

0.01 0.1 1. 0 

C1 -Capocitonce-µf 

TEST CIRCUIT 

NORMALIZED BASE-ONE PEAK PULSE VOLTAGE 
vs 

~ 

~ 0. 7511----,hl'\-\.111-tth''hbor!-

1 See test circuit 
8, O • 5 l--.i<f--l-"1!'ttttll"--t--r-tt- be low 

11111 I I 11111! 

4.> Normalized to value 

S 0. 25 R,, = 10 11 at R81 = 20 ll 
"_.~ c, =0.2 µf 

R., = 5 11 
§ 0 
~ o . ._01---1.....L...Ju...."'"o'-. 1--'-....L...JLI."-'~---l.~~~1 o 

C1 - Capacitance - µf 

CURVE SCR TYPE R., 

f-4------1 2N681, A, 2N1842, 27 .n. 
Tl145AO 47 Jl 

~ (;.r up to 150 m:J Sprague c 
GT up to 3 v 31Z204 t 

~ 
27.ll 

2N1595, 2N1600 47 .n. 
~ ~r up to 50 ma J 

D 
GT up to 3 v Sprague 

31Z204t 

t or equivalent 

SCR Supply 

5! 

TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
IN OROER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 



nPES 2N3980, 2N4947 THRU 2N4949 
P-N PLANAR UNIJUNCTION SILICON TRANSISTORS 

PLANAR UNIJUNCTION TRANSISTORS SPECIFICALLY CHARACTERIZED 
FOR A WIDE RANGE OF MILITARY, SPACE,AND INDUSTRIAL APPLICATIONS: 

2N3980 for General-Purpose UJT Applications 
2N4947 for High-Frequency Relaxation-Oscillator Circuits 
2N4948 for Thyristor (SCR) Trigger Circuits 
2N4949 for long-Time-Delay Circuits 

• Planar Process Ensures Extremely low leakage, High Performance 
for low Driving Currents, and Greatly Improved Reliability 

*mechanical data 

Package outline is same as JEDEC T0-18 except for lead position. All T0-18 registration notes also apply 
to this outline. 

BASE -1 IS IN ELECTRICAL 

CONTACT WITH THE CASE. 

ALL DIMENSIONS ARE 
IN INCHES 

UNLESS OTHERWISE 
SPEClflED 

*absolute maximum ratings ot 25°C free-air temperature (unless otherwise noted) 

Emitter- Bose-Two Reverse Voltage -30 v 
See Note 1 

50 mA 
1 A 

. 360 mW 

lnterbase Voltage . 
Continuous Emitter Current . 
Peak Emitter Current (See Note 2) . 
Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 3) 

Storage Temperature Range 
Lead Temperature){, Inch from Cose for 10 Seconds . 

NOTES: I. Jnterbase voltage is limited solely by power.dissipation, V82 _81 = ~-

-65°C to 200°C 
260°C 

2. This value applies for a capacitor discharge through the emitter-base-one diode. Current must fall to 0.37 A within 3 ms and pulse-repetition role must not 

exceed 10 pps. 

3. Derate linearly to 17S°C free-air temperature at the rate of 2.4 mW/deg. 

•tndicates JEDEC registered data 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 5012 • DALLAS, TEXAS 75222 

7201 
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TYPES 2N3980, 2N4947 THRU 2N4949 
P-N PLANAR UNIJUNCTION SILICON TRANSISTORS 

7202 

*electrical characteristics at 25°C free-air temperature (unless otherwise noted) 

PARAMETER TEST CONDITIONS 
2N3980 2N4947 2N4948 2N4949 

MIN MAX MIN MAX MIN MAX MIN MAX 

'•• Stati< lnterbase Resistance Y92.e1 - 3V, 1. = 0 4 I 4 9.1 4 12 4 12 

lnterbase Resistance Y12-a1 - 3V, 1. - 0, 
Ct'raB Temperature Coefficient TA = -H°C to 100°c, See Nole 4 

0.4 0.9 0.1 0.9 0.1 0.9 0.1 0.9 

T/ Intrinsic Standoff Ratio V82_81 - lOV, See Figure 1 0.68 0.82 0.51 0.69 0.55 0.82 0.74 0.86 

112tmod) Modulated lnterbose Current Yaz-11 - JOY, le - 50 mA,See Note 5 12 12 12 12 

Yen= -30V, 191 = 0 -10 -10 -10 -10 
1e120 Emitter Reverse Current 

VEB2 - -30V, 111 - o. TA - m•c -1 1 -1 -1 

Ip Peak-Point Emitter Current Y92.a1 = 25V 2 2 2 1 

Emitter-Base-One 
Vu11s•+I Saturation Voltage Y1z-s1 = lOV, le = SO mA, See Nole 5 3 3 3 3 

Iv Valley-Point Emiller Current Yaz-81 = 20 V. 1 10 4 2 2 

Yoa1 Base-One Peak Pulse Voltage Seefig1,1re2 ' 3 6 3 

NOTES: 4. Temperature coefficient "rBB is determined by the following formu~: = [ (raa@ 100oq _ (r88 @ -4SoC)] 100% 

' 81 (• @ 25°CJ 165 dog 
To obtain r18 for a given temperature TAIZI• use the following formula: BB 

5. These parameters are measured using pulse le<hniques. tp = 300 µ s, duty cyde ~ 2%. 

+lOV 

R, 

50 kQ 

*PARAMETER MEASUREMENT INFORMATION 

0.1 µF 

M,• 100 µA Full Scale 

7J - Intrinsic Standoff Ratio - This parameter is defined in terms 

of the peak-point voltage, VP' by means of the equation; VP = 17 
V1211 + VF, where VF is about 0.56 volt at 2.S°C ond decreases 

with temperature at about 3 millivolts/ deg. 

The circuit used to measure 71 is shown in the figure. In this cir· 
cuit, R1, C1 and the unijunction transistor form a relaxation oscil­

lator, and the remainder of the circuit serves as a peak-voltage 
detector W'fth the diode 0 1 automatically subtracting the voltage 

VF. To use the circuit, the "col" button is pushed, and R3 is 

adjusted to make the current meter M1 read full scale. The "cal" 
button then is released q,nd the value of 71 is read directly from 

the meter, with 11 = 1 corresponding to full-scale deflection of 

100 p.A. 
D1: IN457, or equivalent, with lht following charaderislics; 

Yp = o.m v •I 1, = 50 µA, 
1. ~ 2 µA •I v. = 20 v 

FIGURE 1 -TEST CIRCUIT FOR INTRINSIC STANDOFF RATIO (Tj) 

+20 v EMITTER-BASE-ONE VOLTAGE 
vs 

201cQ 100 Q EMITTER CURRENT 

FIGURE 2 - V011 TUT CIRCUIT FIGURE 3 - GENERAL STATIC EMlnER CHARACTERISTIC CURVE 

•Jndtcates JEOEC regidered data 

UNIT 

kl! 

%/dog 

mA 

nA 
p.A 

p.A 

v 

mA 

v 



TYPES 2N3980, 2N4947 THRU 2N4949 
P-N PLANAR UNIJUNCTION SILICON TRANSISTORS 

TYPICAL CHARACTERISTICS 

2N4947, 2N4948, 2N4949 

STATIC INTERBASE RESISTANCE 
vs 

FREE-AIR TEMPERATURE 

Ve2-e1 = 3 V 
f--1E = 0 --+--t---+---+---+---i 

~ 8 1----11----1---1--+--t---+--7.....'I"'+-~ 

8 L 
.~ ~ 
: 6 t----lt----t---t-7'1''-----t---r--r--1 

1l y 
~ v 
l 4 1----lf--->~~-+----+---+---+--+---+----! 

~y 
.;; 

::: 2 1----<l----+---+--+--+------+------+---t 

0 ~--;~~-~-~-~-~-~--
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2N3980, 2N4948 

BASE-ONE PEAK PULSE VOLT AGE 
vs 

FREE-AIR TEMPERATURE 
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See Figure 2 
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TYPES 2N3980, 2N4947 THRU 2N4949 
P-N PLANAR UNIJUNCTION SILICON TRANSISTORS 

7204 
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TYPICAL CHARACTERISTICS 
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FIGURE 7 
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2N4949 

PEAK-POINT EMITTER CURRENT 
vs 

FREE-AIR TEMPERATURE 

TA - Free-Air Temperature - °C 

FIGURE 9 

TA - Free-Air Temperature - °C 

FIGURE 8 

NOTES: These parameters are measured using pulse techniques. Ip= 300µs, duty cycle S 2%. 
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TYPES 2N3980, 2N4947 THRU 2N4949 
P-N PLANAR UNIJUNCTION SILICON TRANSISTORS 

TYPICAL CHARACTERISTICS 

EMITTER-BASE-ONE VOLTAGE 
vs 

EMITTER - BASE-ONE SATURATION VOLTAGE 
vs 

EMITTER CURRENT 
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IE - Emitter Current - mA 

FIGURE 10 
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FIGURE 11 
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FIGURE 12 

NOTE 5: These parameters are measured using pulse techniques. Ip = 300 µs, duty cycle -5": 2%. 
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TYPES 2N3980, 2N4947 THRU 2N4949 
P-N PLANAR UNIJUNCTION SILICON TRANSISTORS 

7206 

TYPICAL CHARACTERISTICS 

TYPICAL MINIMUM SUPPLY VOLTAGE TO TRIGGER THYRISTOR 
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vs 
CAPACITANCE 

See Note 6 
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Ci -Capacitance ""'l'F 

INDEX OF THYRISTOR TYPES 

CURVE THYRISTOR TYPES 
-~ 

RL 

A Tl3037-42, 2N3936-40 35 II 

8 
2N681-88, 2N681A-89A, 

2N18428·508 
10 n 

Tl145AO-A4, 2N1595-99, 

c 
Tl40AO-A5, 2N 1600-04, 

2N1770-77, 2N2653, 
70 I! 

Tl3010, TIC28-31 
f---

2N3001-08, 2N877-81, 

D 2N885-88, 2N2687-90, 10 n 
2N3555-62, TIC44-47 

FIGURE 13 - OPERATING INFORMATION {2N4948) 

NOTE 6: This charf shows typical observed values of minimum base-two supply voltage required to trigger individual thyristors of the types indicated. 

TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODU[J POSSIBLE. 



TYPES 2N398, 2N398A AND 2N398B 
P-N-P AllOY-JUNOION GERMANIUM TRANSISTORS 

environmental tests 

High-Voltage Transistors 
For Direct Control of 
Neon Indicators 

To ensure maximum integrity, stability, and long life, finished devices are subjected to the following tests 
and conditions prior to thorough testing for rigid adherence to specified characteristics. 

• All devices receive a 100°C stabilization bake for 100 hours minimum. 

• The hermetic seal is verified by submerging all devices in a 2% detergent solution at 
1 00 psi for 24 hours. 

• Production samples are life tested at regulorly scheduled periods to ensure maximum reli­
ability under extreme operating conditions. 

• Continuous Quality Control checks an in-process assembly are maintained. 

*mechanical data 

The transistors are in a JEDEC T0-5 hermetically sealed welded package with glass-to-metal seal 
between case and leads. Approximate weight is one gram. 

All LEADS INSULATED FROM CASE 

SEATING 
PLANE 

3 COLLECTOR 

1 EMITTER ALL DIMENSIONS ARE 
IN INCHES 

UNLESS OTHERWISE 
SPECIFIED 

DIMENSIONS ARE IN INCHES UNLESS OTHERWISE SPECIFIED 

*absolute maximum ratings Cit 25°C free-air temperature (unless otherwise noted) 

2N398 2N398A 2N398B 

Collector-Base Voltage 105 v 105v 105 v 
Collector-Emitter Voltage (See Note 1) 105 v 105 v 105 v 
Emitter-Base Voltage 50v 50 v 75v 
Collector Current 100ma 200ma 200ma 
Emitter Current 100ma 200ma 200ma 
Total Device Dissipation (See Note 2) 50mw 150mw 250mw 
Operating Temperature 55°C 100°c 100°c 
Storage Temperature Range . - 65°C to + 85°C - 65°C to + 100°c - 65°C to + 100°c 

NOTES: 1. This value applies when the base-emitter diode is short.circuited. 

2. For 2N398 derate linearly to SS°C maximum free-air temperature at the rate of 0.7S mw/C0 ; this cortHponds lo 10 mw maximum dissipation at 5S0 C. 
For 2N398A derate linearly to 100°C free-air temperat~re of the rate of 2.0 mw/C0 • 

For 2N398B derate linearly ta 100°C free-air temperature ot the rate af 3.33 mw /C 0 • 

1ndi<ales JEDEC registered data. 

TEXAS INSTRUMENTS 
INCORPORATEO 

POST OFFICE BOX 5012 • DALLAS, TEXAS 75222 

9101 
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TYPES 2N398, 2N398A, AND 2N398B 
P-N-P AUGY-JUNCTION GERMANIUM TRANSISTORS 

electrical characteristics at 25°C free-air temperature (unless otherwise noted) 
2N398 2N398A 2N398B 

PARAMETER TEST CONDITIONS 
MIN* TYP MAX* MIN* TYP MAX* MIN TYP MAX* 

Colleclor-8ase le= -SOµa 
BVeao Breakdown Voltage le= o 

-IOS 

BVeao 
Emitter-Bose le ::..:::. - 50µ.o 

-SO 
Breakdown Voltage le =O 

Ypr 
Punch-Through Voltage Yeat1 = - Iv -IOS - IOS -IOl (See Note 3) Rae= II M!.l 

lcao Collector Cutoff Current 
Vea= -2.lv 

-6 -14 -6 -14 -4 -6 
le= o 

lcao Collector Cutoff Current 
Yee= -105 w 

-10 -so -8 -25 
le= o 
Yea= -IOlv 

1cao Collector Cutoff Current le= o 
TA= 71°C 

-180 -300 

1eso Emitter Cutoff Current 
Yea= -2.lv 

-l -l -3 -6 
le= o 

lno Emitter Cutoff Current 
Yea=-5Dv 

-6 -6 -so 
le= o 

1uo Emitter Cutoff Current 
Yea= -7lv 

-8 -so 
le =O 

1ces Collector Culoff Current 
Yee== -lOSv 

-60 -600 -60 -600 -40 -300 
Vee= o 

lceo Collector Cutoff Current 
Yee= -llv 

-140 -300 Rae = 10 K!.l 

hfe Static Forward Current Transfer Rolio 
Yee= -0.3Sv 

20 3l 20 3l le= -5mo 

hfe Static Forward Current Transfer Ratio 
Yee= -0.25v 

20 4l le= -S ma 

Yee Base-Emitter Voltage 
18 = -0.2Sma 

-0.23 - 0.40 -0.23 -0.40 -0.20 -0.30 le= -Sma 

VCEls.atl Collector-Emitter Saturation Voltage 
Is= -0.25ma 

-0.14 -0.3S -0.14 - O.Jl -0.12 -0.2l 
le= -5ma 

Small-Signal Common-Emitter 
Yce=-6v 

hf, Forward Current Transfer Ratio 
le= -1 ma 4l 20 4l 40 6l 
f = 1 kc --

fhfb Common-Bose Alpha-Cutoff Frequency 
Yee= -6¥ 

0.8 0.8 1 1.4 
le= 1 ma 

3. VPT 1s determined by measunng the emitter-base floating potential, VSEfl· Collector-base voltage, Yes• 1s increased until YsEfl - -1 v; this value of 

Yee = (Vpr -1 •). 

UNIT 

• 
• 

• 
µa 

µa 

µa 

µa 

µa 

µa 

µa 

µa 

. 
• 

me 

NORMALIZED STATIC FORWARD CURRENT TRANSFER RATIO NORMALIZED STATIC FORWARD CURRENT TRANSFER RATIO 

9102 

vs 
COLLECTOR CURRENT 

2.4 T, =25oc ]~ +y~ic~IJl 
-c ~ 2. 0 1 ll. 11 
~I 2N398 and 2N398A, ~ = -0.35v 
~ .~ 1. 6 2N398B, Ve, = -0.25v 
u a 

•.;:: O:'. 1..._.._ 
Ji ~ 1. 2 i-..::::-0;.....,=:--rj-....-++t-tt-ft---t--t-+t+H-H 
-c c 

~ ! 0.81---+--t--+-+-+!"1++'fl"-..,--t--+-+-+-1-H-H 
~~ ~ 
~ J 0.41---+--+--+-+-+++-~--+--+f':-f"!.OH.J-H 

o_Ll _ _..__._~~~.J~O-~_.._~~~-~JOO 

le - Collector Current - ma 

1. 8 

" ~ 1.6 

~I 
L2 -~ 1.4 
u c 

·.;:: ci:: 

~ ~ 1.2 
" ~ • a N ~ 

'ii':: 1.0 
g ~ 
z a o.s 

0.6 

vs 
FREE-AIR TEMPERATURE 

l" I 
Typical 

I-
L _.5""" 

\c-~p 
,..... 

"" r--1-
-60 -40 -20 0 20 40 60 

T" - Free-Air Temperature - °C 



TYPES 2N398, 2N398A, AND 2N398B 
P-N-P ALLOY-JUNOION GERMANIUM TRANSISTORS 

TYPICAL CHARACTERISTICS 

COMMON-EMITTER COLLECTOR CHARACTERISTICS 

2N398 and 2N398A 

LON - CURRENT REGION 
-10 ,---_,...-...-----,.-~~---.---~-~~ 

r. ~25°~ l I 
t----+----<f---+--+--+---+--lr•~-=_.,,·0·22mo-

.8 L_-t-::=:!::::=t;;;;;;t:~~:$:~1~,~=~-~o~.2~0~m;a--~ 
~ I ~-.i-- 1, .Q.1Bma 
I 1 , = -o. 16 m!,_;; 

~ _6 ~-=j_~f---t.,~. :_':.o~.-;-,4rm:~~ 
a ~ 1,--0-~ma 
l; r7 la -0.10mo - (~ Ji IL_; I a "T -0.08 mo 

8 ·4 rr-IJ.-1--+:=f~=--t7-~:1 
1 1-t-r,,..-:Et-::t:=t:::f=::::j===f--r1~,~!~-~o~.J[6~m:::1a ~ 1Y I J 

_2 ~ I, 
1
-o.J mo 

V"'" I 8 = -0.02 ma 

1.To I 0 ._ ..... _ ........... _ ...... __._ ...... _______ __ o1&._.__.._ ...... _ ..... ..;;..~.._....1 .... ..i.. ..... i......1 

0 

2N398 B 

-10 

-8 
a 
E 

I 
c 
~ -6 
5 
u 
2 ... 
u 
~ -i 
u 
I 
~ 

-2 

0 
0 

-1 -2 -3 -4 -5 
V CE - Col lector .. fmitter Voltage - v 

LOW - CURRENT REGION 

r. =25°C 

I, = -0.04 mo 

'· = -0.02 ma 

I, =O 

-1 -2 -3 -i -5 
Vee - Collector-Emitter Voltage - v 

~ 
I 

0 -0.2 -0.4 -0.6 -0.8 -1.0 
VcE - Collector-Emitter Voltage -v 

HIGH - CURRENT REGION 

11 =0 

-0.2 -0.4 -0.6 -0.8 -1.0 
Yee - Collector-Emitter Voltage - v 

NOTE: Th111 <h1rad1ristirs are nttasured by the sweep methM using 11ktronlx 575 turH tracer or equiwal1nt. 
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TYPES 2N398, 2N398A AND 2N398B 
P-N-P ALLOY -JUNCTION GERMANIUM TRANSISTORS 

9104 

TYPICAL CHARACTERISTICS 

COMMON-EMITTER INPUT CHARACTERISTICS 

> 
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T. = 2s•c 
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vs 
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vs 

FREE-AIR TEMPERATURE 
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COLLECTOR-EMITTER SATURATION VOLTAGE 
vs 

COLLECTOR CURRENT 
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TEXAS INSTRUMENTS IESEIVES T1IE llGHT TO MAKE OIAllGES AT AllY TIME 
IN OllJH TO IMPIOYE Dli51&11 AND TO SUPPLY 111( llST PIOllUCT POSSlllf. 



TYPES 2N404, 2N404A 
P-N-P ALLOY-JUNOION GERMANIUM TRANSISTOis 

environmental tests 

High-Frequency Transistors for Computer 
and Switching Applications 

Close parameter control and the JEDEC TO·S welded package 
ensure device reliability and stable characteristics 

To ensure moximum reliability, stability, and long life, all units are aged at 100°C for 100 hours minimum 
prior to electrical choracterization. All transistors are thoroughly tested for complete adherence to speci­
fied design characteristics. In addition, continuous qualification tests are made comprising temperature­
humidity cycling, shock, ond vacuum leak testing under rigid in-process control procedures. 

mechanical data 

Metal case with glass-to-metal hermetic seal between case and leads. Unit weight is approximately 1 gram. 
These units meet JEDEC T0-5 registration. . 

All leads insulated 
from the case. 

ALL JEDEC TO-S DIMENSIONS 
AND NOTES ARE APPLICABLE . 

.&LL DIMEN510N$ ARE 
IN INCHES 

UNU!~~J:WtSE 

*absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 

2N404 

Collector-Base Voltage 25v 

Collector-Emitter Voltage (see note 1) • 24v 

Emitter-Base Voltage 12 v 

Collector Current 100 ma 

Emitter Current . 100 ma 

Total Device Dissipation (see note 2) • 150mw 

Operating Collector Junction Temperature 85°C 

Slol"age Temperature Range • -65°C to 

NOTES: I. Punch-through voltage. 
2. For 2N404 derate linearly to 85°C free-air temperature at the rate of 2.5 mw /°C; 

For 2M404A derate linearly to 100°C free-air temperature ot the rate of 2.0 mw/°C. 
*Indicates JEOEC registered data. 

The maximum power dissipation at 25°C case temperature is 300 mw. 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 5012 • DALLAS, TEXAS 75222 

+100°c 

2N404A 

40v 

35v 

25v 

150ma 

150ma 

150mw 

100°c 

-65°C to 

+100°c 

9105 

II 



TYPES 2N404, 2N404A 
P-N-P ALLOY-JUNCTION GERMANIUM TRANSISTORS 

9106 

electrical characteristics at 25°C free-air temperature (unless otherwise noted) 

test 2N404 2N404A 
parameter unit 

conditions min typ max min typ max 

Yea= -12 v, 1, = 0 -1 -s• -1 -S' µ• 
leao Collector wtoff current Yea= -12 v, le= 0 

TA= so•c 
-40 -90. -40 -90· µ• 

IE8o Emitter cutoff wrrent Yu= -2.S v, le= 0 -1 -2.s• -1 -2.s• µo 
BYeao Collector-base breakdown valtoge le - -20µo, le-0 1-2s• -40· v 
BYuo Emitter·bose breakdown voltage le - -20µo, le - 0 1-12• -2s• v 

h,. DC forward wrrent Ye, - -0.IS v, le - -12 mo 30 100 30 100 

transfer ratio Ye, = -0.20 v, le = -24 mo 24 110 24 110 
la= -0.4mo, le=-12mo -0.26 -0.3s• f--0.26 -0.3s• v 

Y .. Bose-emitter voltage 
~40' ~30 ~40• 18 = -1 ma, le~ -24mo -0.30 v 

Ye,1 .. 11 Collector-emitter la= -0.4mo, le= -12mo -0.08 -0.1s• f--0.08 f--0.1s• v 
saturation voltage 11 =-Ima, le= -24mo -0.08 -0.20· j-0.08 -0.20• v 

Ypt Punch-through voltage! VEBff = -1 v t-24• v 
VElfl Emitter-base floating potential Vea= -35v -0.2 -1· v 
h1e AC common-emitter forward Ve,= -6 v, le= -I mo 135 135 

current transfer ratio f =Ike 

hi• AC common-emitter input Ve,= -6v, le= -I mo 4 4 Kohm 
imped once I= Ike 

h., AC common-emitter output Yee= -6v, le= -I mo 50 so µmho 
admittance f =Ike 

h,. AC common-emitter reverse Vee= -6 v, le= -I mo 1.10·• 7x10·4 

voltage transfer ratio f =I kc 

Vea= -6v, 1, = 0 9 20' pf 

c .. Common-base output copocitonce 
I= Im< 

Vea= -6 v, 1, =Imo 9 20• pf 
f = 2m< , ... Common-base alpha cutoff Yea= -6 v, I,= Imo 4• 12 4• 12 me 

frsquency 

tvpt is determined by measuring lhe emilfer-base flooling poleatiol VElfl• using a voltmeter with 11 megohms minimum input impedance. The collector-ban voltagt, 

Vea• is incrtam:I until VElfJ ==-1 v; this value of Yca=tVpt + 1). Core must be taken not to ex<eed mazimum colledor-base woltage specified under maximum ratings. 

switching characteristics at 25°C free-air temperature 

NOTES, 

test 2N404 2N404A 
parameter unit 

conditions min typ max min typ max 

'• Delay ttme See Ci11uit I 0.14 0.15 JLSI< 

t, lisetime See Ci11uit I 0.20 0.27 µse< 

t, Storage time See Circuit I 0.38 G.38 µse< 

t, Foll time See Ci11uit I 0.19 0.24 µset 

Q,. Stored base cha111e See 011uit 2 800 1400· 800 1400• pcb 

CIRCUIT I 
SWITCHING TEST CIRCUIT 

VOLTAGE WAVEFORMS 
0 ~-----i0% 

Vin 1 

1. Input pulse supplied by generator with following 
characteristics: 
a. Output impedance: SO ohms 
b. Repetition rate, 1 kc 

-10 v ..t__ --- ---90% 
1--r-~ - -'.- ---90% 

Vout I I l I 
r r--.-. --10% 

tcf,..j i.1 ..,. kL--ts 

tr~:--- li~tf 

c. Rise and fall time: 20 nanoseconds maximum b. Input capacitance - lS pf maximum 
2. Waveforms monitored on scope wilh following c. Risetime - lS nanoseconds maximum 

chorocterishu: 3. All resistors ± 1% tolerance. 
o. Input resislonu - 10 megohms minimum 



TYPES 2N404, 2N404A 
P-N-P ALLOY-JUNCTION GERMANIUM TRANSISTORS 

TYPICAL CHARACTERISflcS 

COMMON-EMITTER COLLECTOR CHARACTERISTICS ••. AS MEASURED ON TEKTRONIX 575 CURVE TRACER 

ACTIVE REGION 

-2 -4 -6 -8 
Vee - COLLECTOR-EMITTER VOLTAGE-v 

NORMALIZED DC FORWARD CURRENT TRANSFER RATIO 

COLLECTOR CURRENT 

CIRCUIT 2 
STORED BASE CHARGE TEST CIRCUIT 

-6 v 
560n 

OUTPUT 

INPUT 

SAME NOTES AS CIRCUIT I 

SATURATION REGION 

--0.l -0.2 -0.3 -0.4 --0.5 
VcE-COLLECTOR-EMITTER VOLTAGE-v 

NORMALIZED DC FORWARD CURRENT TRANSFER RATIO 
vs 

FREE-AIR TEMPERATURE 
1.5 .---.,---..,.--..,--....,..--,..--....... ---. 

TA - FREE-AIR TEMPERATLiRE-° C 

MEASUREMENT PROCEDURE 

C 1 is increased unti I the 
t off time of the output 
waveform is decreased 
too. 2 µsec. a,b is then 
calculated by Q 90 = C 1 V;n· 
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TYPES 2N404, 2N404A 
P-N-P ALLOY -JUNOION GERMANIUM TRANSISTORS 

9108 

TYPICAL CHARACTERISTICS 

BASE-EMITTER VOLTAGE 

COLLECTOR CURRENT. 

-0.6 

-0.7 

I-- IJJlJT 
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> -0.4 -rn 
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-10 

le -COLLECTOR CURRENT-mo 

COLLECTOR-EMITTER SATURATION VOLTAGE 

tOLLECTOR CURRENT 

~ -0.20 

~I 
t5 c -O,IS TA ==25° C 

ti~ 
~o 8 ~ -0.10 

,g 
~~ - 0,051----1---1 
o~ 
-"< 

>'tJVI 

-100 

o~ _ _.___,__,__._..._......., __ ...___._....._._,_...., 
-I -10 -100 

le -COLLECTOR CURRENT-ma 

COMMON-BASE CAPACITANCE 

REVERSE BIAS VOLTAGE 
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COLLECTOR-EMITTER SATURATION VOLTAGE 
v> 

FREE-AIR TEMPERATURE 
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TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 



N-P-N TYPES 2N1302, 2N1304, 2N1306, AND 2N1308 
P-N-P TYPES 2N1303, 2Nl305, 2N1307, AND 2N1309 

COMPlEMENTARY ALLOY-JUNCTION GERMANIUM TRANSISTORS 

High-Frequency Transistors for Computer 
and Switching Applications 

• Complementary Families 

• Proven Reliability and Stability 

environmental tests 

To ensure maximum integrity, stobility, and long life, finished devices are subjected to the following 

tests and conditions prior to thorough testing for rigid adherence to specified characteristics. 

•mechanical data 

• All devices receive a 100°C stabilization bake for 100 hours. 

• The hermetic seal for all devices is verified by helium leak testing. 

• Production samples are life tested at regularly scheduled periods to ensure maximum relia­

bility under extreme operating conditions. 

• Continuous Quality Control checks on in-process assembly are maintained. 

The transistors are in a JEDEC T0-5 hermetically sealed welded package with glass-to-metal seal 

between case and leads. Approximate weight is one gram. 

THE BASE IS IN ELECTRICAL CONTACT WITH CASE 

DIMENSIONS ARE IN INCHES UNLESS OTHERWISE SPECIFIED 

*absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 

2Nl302, 2N1304 2Nl303, 2Nl305 
2Nl306, 2N1308 2Nl307, 2N1309 

Collector-Base Voltage - 25 v - - 30 v-

Emitter-Base Voltage . 25 v -----• 

Collector Current . 300 ma -----
Total Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 1). 150 mw ____ _ 

Operating Collector Junction Temperature . 85°C ------
Storage Temperature Range _ -65°C to 100°C ___ _ 

NOTE: 1. Oerate linearly to 85°C free-air temperature at the rate of 2.5 mw/C0 • 

•1ndh:al1s JEDEC registered data. 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 5012 • DALLAS, TEXAS 75222 
9205 

• 



TYPES 2N1302, 2N1304, 2N1306, AND 2N1308 
N-P-N ALLOY-JUNCTION GERMANIUM TRANSISTORS 

electrical characteristics at 25°C f.ree-air temperature 

2N1302 2N1304 
PARAMETER TEST CONDITIONS 

MIN TYP MAX MIN TYP 

BVcao Collector-Base 
IE= 0 Breakdown Voltage le= 100 µa, 25 25 

BVEBO Emilter-Base 
le= o 25 25 

Breakdown Voltage 
le= lOOµa, 

•yPT Punch Through Voltoget VEBfl = l v 25 20 

• 1cac Collector Cutoff Current Vea= 25v, le= o 3 6 3 

•leao Emitter Cutoff Current VEB = 2S v, le= o 2 6 2 

•hFE Static Forward Current VcE = Tv, le= 10 mo 20 100 40 115 

Transfer Ratio 
Vee= D.J5v, le= 200 ma 10 100 1! 110 

•v,. Base-Emiller Voltage 18 = O.S mo, le= 10 ma 0.15 0.22 0.40 O.IS 0.22 

18 = 0.5 ma, le= 10mo 0.07 0.20 

•yCE/utl Colleclor-Emiller 18 = 0.25mcr, le= 10 ma 0.07 

Saturation Voltage 18 = 0.17 ma, le= IOma 

18 = 0.13 ma, IC::::lOma 

hib Small-Signal Common-Bose Yea= sv. IE= -1 ma 
28 28 Input Impedance f= lkc 

'·· Small-Signal Common-Base 
Vea= s v, le=-lma 5 s Reverse Voltage 

Transfer Ratio 
f= Ike I 10·4 x 10-4 

h,. Small-Signal. {ammon-Base Vc1 = Sv, IE= -1 ma 
0.34 0.34 

Output Admittance f = lkc 

h,_ Small-Signal Common-Emitter 
Vee= Sv, le= I ma 

Forward Current 105 120 
Trander Ratio 

I= Ike 

•fhfb Common-Base Alpha· 
Vea= Sv, IE= - I ma 3 12 5 14 

(uloff Frequency 

•cob Common-Base Open Circuit Vc1 = S v, IE= 0 
14 

Output Capacilance t= lmc 
20 14 

(ib Common-Base Open-Circuit VEB = Sv, le= 0 
1J 13 

Input Capacitance f= lmc 

2N1306 2N1308 

MAX MIN TYP MAX MIN TYP 

25 25 

25 25 

15 IS 

6 3 6 3 

6 2 6 2 

200 60 130 300 80 160 

20 125 20 140 

0.35 0.15 0.22 0.35 0.15 0.22 

0.20 

0.07 0.20 

0.07 

28 28 

s I 
x 10-4 x 10-• 

0.34 0.34 

135 170 

10 16 1! 20 

20 14 20 14 

13 13 

tVpr is determined by measuring the emitter-base floating potential VEBfl. The collector-base voltage, Vea• increased until VEBfl =I vol!; this value of 

•co= IVPT + 1 •). 

switching characteristics at 25°C free-air temperature 

TEST CONDITIONstt 
2N1302 2N1304 2N1306 2N1308 

PARAMETER 
MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP 

t, Delay Time 0.01 0.07 0.06 0.06 
le= !Oma, IBflJ = 1.lma 

t, Rise Time 0.20 0.20 0.18 O.TS 
11(21= -0.7 ma, VBE loffl= -0.8 v 

t, Storage Time 0.70 0.70 0.64 0.64 
ii. = I k 0 {See FiJJ. l) 

t, Fall Time 0.40 0.40 0.36 0.34 

Q,. Stored Bene Charge lsfl) = 1 ma, le = ID ma (See Fig. ZJ 800 760 720 680 

ttVollage and current values shown are nominal; exacl values vary slightly wilh device parameters. 

operating characteristics at 25°C free-air temperature 

2N1302 2N1304 2N1306 2N1308 
PARAMETER TEST CONDITIONS 

MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP 

NF Spot Noise Figure Vea= h 
IE=-lma 4 4 3 3 
f =Ike, RG= 1 kf! 

•Indicates JEDEC re9isterad dala {typical values excluded). 

9206 

UNIT 
MAX 

' 

' 

' 
6 µo 

6 µo 

0.35 ' 
' 
' 
' 

0.20 ' 
ohm 

µmho 

me 

20 pl 

pf 

UNIT 
MAX 

µsec 

µm 

µsec 

µsec 

pcb 

UNIT 
MAX 

db 



TYPES 2N1302, 2N1304, 2N1306, AND 2N1308 
N-P-N ALLOY-JUNCTION GERMANIUM TRANSISTORS 

~ 40 
I 

TYPICAL CHARACTERISTICS 
COMMON-EMITTER COLLECTOR CHARACTERISTICS 

2N1302 2N1304 

la= O.OSma 

50 

~ 40 
I 

£ _po 
8 
I 10 
~ 

... }.;'35~ i--
4.=J I 1--f'" 
~ 
~ 

1~,, o1• 20 rna 
~.=l1lrna 
~ l 

lo" 0.10ma 

11= 0.05ma 

T.- 2s•c 

-
-1 

la= 0 o &...o..•-';a..".;;o..._..,==1=::1::::::1::::::::1 0 

~ 40 
I 

0 2 3 
Ve, - Collector-Emitter Voltage - v 

2N1306 

2 3 
Veo - Collector-Emitter Voltage - v 

5 

5 

0 2 3 4 5 
Ve, - Collector-Emitter Voltage - v 

2N1308 
50 I.---. l--..l-....51"'°--...l--...1.---1--.-l---..--T-, =-2....,s•,......,c 

~40~1 
I 1e-:!° o.2~ i.-+-1 

~301"1 JJ 
8 la= o. \Smm 

~ '.r ~ I 
~ 20 H--11a= o.1oma 
8 '...-! l 

I I !,, 10 r---t- la- 0.05ma 

1 l 
,a;; oI o._..._..,...,...,. ........... """"==1:::::Z:::::::1 

0 1 2 3 4 5 
Ve, - Collector-Emitter Voltage - v 

NOTE: These Characteristics are measured hy the sweep method using a 575 Tektranix Curve Tracer (or equiv1feRt). 

INPUT 

51.fl. 

o. 01 µf 

PARAMETER MEASUREMENT INFORMATION 

FIGURE 1 SWITCHING TIMES 

TEST CIRCUIT (POLARITIES SHOWN APPLY TO N-P-N) VOLTAGE WAVEFORMS 
OUTPUT 16.5v ,---------. 

1 K 

+ lOv 

2. Waveforms monifered on scope with 

10%_ 
0 

10v --- 10% 

OUTPUT 
NOTES: 1. Input pulse supplied by generator with 

following characteristics: 
a. Output impedance: SO ohms --------------- 90% 

following characteristics: 

a. Input resistance: 10 megohms minimum 
b. Repetition rate: 1 kc 
c. Rise and fall time: 20 nanoseconds 

maximum 
d. Pul5e width: 10 microseconds 

b. Input capacitance: 15 pf maximum 

<. Risetime: 15 nanoseconds maximum 

3. All resistors ± 1% tolerance 

t, 

t, t, 
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TYPES 2N1303, 2N1305, 2N1307, AND 2N1309 
P-N·P ALLOY -JUNCTION GERMANIUM TRANSISTORS 

electrical characteristics at 25°C free-air temperature 

PARAMETER TEST CONDITIONS 2NU03 2Nl305 2Nl307 2Nl309 
MIN TYP MAX MIN "' MAX MIN TYP MAX MIN TYP 

IYcoo Colltct•·l111 
lreakdown Yctltog1 le= -10Dpa, IE=O -30 -ID -30 -30 

IY100 E11l111r-lase 
Iii= -100 µo, le=• -25 

lreakdown Yoll191 -15 -25 -25 

'Ypt Pvndl Tllrevp ¥oltapt •11t1--t1 -25 -IO -Tl -ll 

'lclO CollHllF C.taff Curnnt 'e•- -2s '· 1,-D -2 
_, 

-2 -6 -2 -6 -1 

'luo Emitter Cut1ff Current '11 - -25 '· le -O -1.5 _, 
-1.l -6 -1.5 

_, 
-1.5 

.... Static Fwwmrd CIRtlll Ye&- -1v, lc--lOma IO 100 40 TIS 200 60 130 300 80 160 
Tra1d1r lallo YcE--0.3h, 'c--•• 10 45 Tl ll IO 65 IO 75 

"• 1111-EmUter Yolta91 11 --D.Sma, lc--TOma -0.15 -us -0.40 -0.Tl -us -8.35 -D.ll -0.15 -8.35 -D.15 -D.15 

11 - -0.Sma, 1c--10ma -D.DI -D.IO 

'VCEfNtl Colleclor-Emltter 11 - -D.25 ma, lc--10111 -0.08 -0.IO 
Slltur111i111 Y1lta11 11 - -0,17ma, le- -ta ma -D.08 -D.IO 

11 - -0.Uma, le =·-10111 -0.08 

.ib S-ll-Si1nal Ctmmon-1111 Yc1 - -sv, 1,_ I•• 
19 Input l...,...nu I= Ike 19 19 19 

... 5'n1ll-Si911al Camen-last 
Yc1 =-Sr, IE= 1 ... 7 7 Rwtn1 Yolta11 7 7 

Transl11 l11i1 f == 1 kc JI 10·• 110 .... . ...... 110-' 

... S111all·Slg11ol Cornman-last Yci- -Sw • le- 1 ma 
0.1p11 Ad111itt111ce f=lkc D.40 1.40 0.40 0.40 

... S•:ll0 Sipl ComlDOl·Emltler 
Vet= -SY, •c=-lma Forward C.rrant T1l 130 150 1!0 

Transfu lcrtio f= ltc 

.,.,. Com-·lostAlpll1-
Yc1 =-sw. IE= Ima 3 12 5 14 TD 16 15 IO Cutoff Fr111ut11cy 

·c.. Comm•·lase Open-(iuail 'ci=-5•. IE= 0 
lD IO 10 IO fO IO TD Output (apadtanc1 f=lmc 

(ib Comnt111·B11t Op11·CIK1lt Y11 = -5 '• lc=O 
' ' ' ' lnpvt Capacitance f= 1 me 

fYPT Is dd1rmlned by me11SVrl11 the t111llt1r-base float111g p11Hllal Yutl. Tltt coll.e<IOf·bOM wolt19e. Ye1, Is Increased 1nlll Y011 = -1 roll; this HI• of 

Yc1 = IYn- Iv). 

switching characteristics at 25°C free-air temperature 

PARAMUER TEST CONDITIONStt 
2N1303 2Nl305 2N1307 2N1309 

MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP 

'• D1lar Time 0.06 O.DI O.OI 0.05 
lc=-1Dma. 11111 =-Uma 

t, list Tim 0.11 D.11 D.14 0.14 

t, SIOrage Time 
lsczJ =0.7110, '•loffJ= o.a. 

0.80 0.80 0.78 0.76 

1, Fall Time 
•• = lkllJle• flg.1) 

0.3' D.3' 0.31 0.30 

'·· Stoud hseOartt 1101 =-1110, lc=-TD..,IS.eF;g.I) 160 918 HD BOO 

ttV1ltag1 and c1rrent nlun sltaw1 are nominal, 111d nluts wary sllgltlly with cl"lco paranttlln. 

operating characteristics at 25°C free-air temperature 

PARAMUER TEST CONDITIONS 
2N1303 2N1305 2Nl307 2N1309 

MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP 

NF Spot Naiso Figure Yca=-Sv 
IE= lma 4 4 I I 
•=Ike, 16 =1tll 

•111dfQfH JEDEC reglsteml data (typical waives excludetl). 
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INPUT 

TYPES 2N1303, 2Nl30~, 2N1307, AND 2N1309 
P-N-P ALLOY-JUNCTION GERMANIUM TRANSISTORS 

~ -40 

I 

1 -30 l..L.-L.....,..,.-

a 
.e 
~ -20 11-,..+-"""'F-

;3 
I 

TYPICAL CHARACTERISTICS 
COMMON-EMITIER COLLECTOR CHARACTERISTICS 

2N1303 

~ -40 

I 

0 ..,_.....,...,...., ..... =l='====O.i..=='===l==='==-1 
o -1 -2 -3 -4 -s· 

2N130S 

-2 -3 -4 
Vn - Collector-Emitter Voltage - v Ve, - Collector-Emitter Voltage - v 

2N1307 

~ 
I -40 

~ a -ao 
.e 
" .!! -20 d ff--::..i-""'f-+---1-~ 

I 
~ -1 0 ---+----+-+ 

-1 -2 -3 -4 -s 

~ -40 
I 

-1 

2N1309 

~2 -3 -4 
Vee - Collector-Emitter Voltage - v Ve, - Collector-Emitter Voltage -v 

NOTE: These Characlerlstin 1u1 measured by the sweep method using a 575 Tektronix Cuwe Tracer (or equivalent). 

PARAMETER MEASUREMENT INFORMATION 

FIGURE 2 
TEST CIRCUIT -6v STORED BASE CHARGE 

(POLARITIES SHOWN APPLY TO P-N-P) 

TEST PROCEDURE 

-s 

-s 

5600 .n. 

The vatue of capacitor C1 is increased until the transistor turns off 
monotonically, as shown. The stored base charge is then calculated 
from Qsb = Vin C1• 

so .n 

INPUT OUTPUT 

NOTES, I. Input pulse supplied by genarator with 
following characterisllcu 
a. Output impedance: SO ohms 

2. Wavefoms menitartd an scope with 
following charaderistlts: 

olIT Vin 

-6v _.l _ 

, ...... c, =O ,, ,, \ 
" 6V WAVEFORM FOR 

CORRECT VALUE OF c, 

b. Repetition rate, 1 kc 
c. Rise crnd fall time: 20 nanoseconds 

maximum 
d. Pulse width: 10 microseconds 

a. Input resistance: 10 meg!Jhms minimum 

b. Input capacitaneto 15 pf maximum 

c. Risetime: 15 nanoseconds maximum 

3. All resistors ± 1% tolerance 
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N-P-N TYPES 2N1302, 2N1304, 2N1306, AND 2N1308 
P-N-P TYPES 2N1303, 2Nl305, 2N1307, AND 2N1309 
COMPLEMENTARY ALLOY -JUNCTION GERMANIUM TRANSISTORS 

9210 

TYPICAL CHARACTERISTICS 

NORMALIZED STATIC FORWARD 
CURRENT TRANSFER RATIO 

vs 
COLLECTOR CURRENT 

,g 1. 2 t---+---+-+-H+H-l---+---+-+-+-t+++-1----+-___,H-+--+++t 

~ 

.! 
2 1 • 0 l---+--+-H-li+j,)11"===F"'k+-1";>;.;;.--'r-+--+-lf++++-H 

~ 

~0.8 
a 
]0.61'--+---+-+-H+H-+----+---+-+-+->-++H>--+--+--tt--<H-t-t+H 

j 
~ o. 4 1---1--t-+-H-H+f---l--t-+-Hl+thl-----ft--t--ic++-ttt-t 

& .,, 
,; o. 2 t---+-+-++t+t++--+-+-++ttttt--

1 
:l 

~ 

10 100 1000 
I le I - Collector Current - ma 

BASE-EMITTER VOLTAGE 
vs 

COLLECTOR CURRENT 

0. 7 T• =25°C 

0.11---+-+-++H-1+1---+--+-++H-Hl---+--+-+-+-t-+ttt 

0'----'--'--4--'-'--'-'-''---'---'--'-'-U.U'---'--'-'-'-'-'--'-" 
1 10 100 1000 

11 c I - CoUector Current - ma 

NORMALIZED STATIC FORWARD 
CURRENT TRANSFER RATIO 

vs 
FREE-AIR TEMPERATURE 

~1.8~-~-~-~-~-~--.----. 
_.?. 

,g1.61---+---t---+---+---+---rt---r----1 
.:! 

il.41---+--+---+---+---+--J'--f----j 
,g 
c 
~ 1.2 J---+--+---+---+-----il+---t----1 
0 
11.0 i===:r:::===#,,,,;;;~.:.:::.:.~~:+~-+----l 
.£ 

-40 -20 0 20 40 60 80 

T;. - Free-Air Temperature - °C 

BASE-EMITTER VOLTAGE 
vs 

FREE-AIR TEMPERATURE 

> 
I i 0.5 

~ 
~ 0.4 J;::---t--+---+---+---+--+--1 
:: ·e 
1: 0. 3 !---+---~~..:: 
Ji 
I 

0 ..___..._ _ _.___ _ _._ _ _._ _ __..._ _ _,_ _ _... 
-60 -40 -20 0 20 40 60 80 

T., - free-Air Temperature - °C 
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N-P-N TYPES 2N1302, 2N1304, 2N1306, AND 2N1308 
P-N-P TYPES 2N1303, 2N1305, 2N1307, AND 2N1309 

COMPLEMENTARY ALLOY -JUNCTION GERMANIUM TRANSISTORS 
TYPICAL CHARACTERISTICS 

COLLECTOR-EMITTER SATURATION VOLTAGE COLLECTOR-EMITTER SATURATION VOLTAGE 
vs 

COLLECTOR CURRENT 

T ~2r.J A 

I~ z l z 
Q. 

~ i Q. 

~ l 

~ 2 "/ f 

~/7l r !#,· ,. l 
«-" ~ . .:r <1>" 0 ,c::i 

~~ \(1~9 

"' 
.,. ~ _i'"Ll 

T 

1f 
T 

vs 
FREE-AIR TEMPERATURE 

0. 35 ~~-------,----.-----.-----, 
> 
I 

" ; 0.30 
0 
> 
.2 0. 25 1----11------1-~ 
~ 
.2 
Jl 0.20 

~ .E 
1: o. 15 

~ 
..! 
J 0.10 

I l:::::~:::;::i;::==:+=::;:::i:=:=.;::t==t:=:::l 
~ O. 05 1----1-I=--' =_O__,_. 5_m_a,'--i'-lc_= _I O_m_,..ca,'---N_P_N,___1--~ 

.; 
0 

l 

" l ll EI fl 
10 100 

lie I -Collector Current - ma 
1000 

01----~-~-~-~--'---'----' 

-f:IJ -40 -20 0 20 40 (:/J 80 
T" - Free ... Air Temperature - °C 

COLLECTOR CUTOFF CURRENT 
vs 

FREE-AIR TEMPERATURE 
100 

::Zz. 
rZ-z 
~ 
~ L 

10 

ry~~ .:• -i.~·~, .. ry~ 
~,, ./" . 

IL/,~ 
L L~ 

VL v 

COMMON-BASE OPEN-CIRCUIT OUTPUT CAPACITANCE 
vs 

COLLECTOR-BASE VOLTAGE 
2s.--.----,--.---,---,--.---,----,--.--.. 

j t---+.~c---+---+--+----4----4 T, l 25°J +-
·g 24 1---+-_,,.'.J+--+---+-+---+ f = l me --+-
a. l---+---+"c---1--+--+----+ I , = 0 -r----. 

i 20 K ~ 8 r--;~~....+-~~~.s:--+---<---+--+--+--<---< J 16 t---+----f"~ ............. ~----rs;,.__,~1------T--+---+--+---i 

! 12f---+---+-+---3~1":::::-+--P...._,t--;:.:'.'.~NpN'~ 

-.,..._ PNp 2l 
Jl 

I 

§ 
E 
E 

<3 
I 

-
41---+---+-+---+--+-+---+--+-I--~ 

~ 1 0 01----~~-1----~~-1----~~-1----~ 

0 20 30 40 50 60 70 80 u 0 2 3 4 5 6 7 8 9 10 
T.., - Free .. Air Temperature - °C 1Vc 8 I - Collector-Base Voltage -v 
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N-P-N TYPES 2N1302, 2N1304, 2N1306, AND 2N1308 
P-N-P TYPES 2N1303, 2Nl305, 2N1307, AND 2N1309 
COMPLEMENTARY ALLOY-JUNCTION GERMANIUM TRANSISTORS 

9212 

TYPICAL CHARACTERISTICS 

NORMALIZED SMALL-SIGNAL CHARACTERISTICS NORMALIZED SMALL-SIGNAL CHARACTERISTICS 
vs 

EMITTER CURRENT 

14 

12 

.g 10 

I 

l 
I 4 

u.. z 
2 

~ 

~ t 
~~1' "-tl -19 

0 
100c 

vs 
COLLECTOR-BASE VOLTAGE 

IOi=:::==i:::=::+=:::i=+=i:=i:::ir:+t=-7"-:----:::i 
l=====t:==:t==t=+=t=l=1f:+l:=h .I= 1 ma, ~ 
i------+--+-~T-t---t-1r-t--T- F = 1 kc, ""'. 

T,=25°C ., 

h,. ---+--+--+--t--ir-r-t-H----;-h_ •• --1 

0.1 .__ _ _.... _ _..__._~......_ ........... __ _.____. 

1 10 
IVc1 !-Collector-Base Voltage -v 

30 

SPOT NOISE FIGURE 
vs 

FREQUENCY 

Tv~~Sv, IJ 11ml11 
RG= 1 KO , f = 1 kc 

T, =25°C 

""'~~ r---,..., f'-: i- . 

1 kc 10kc 100kc 
F - Frequency 

TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 



2N1377 
TYPES 2N1372 THRU 2N1381 

P-N-P ALLOY -JUNCTION GERMANIUM TRANSISTORS 

environmental tests 

LINEAR BETA, LOW DISTORTION, HIGH POWER GAIN 

Specifically designed for low-frequency 
general-purpose industrial applications 

• switching • pagers 
• servo amplifiers • intercoms 
• audio amplifiers • motor controls 

To ensure maximum integrity, stability, and long life, finished devices are subjected to the following tests 
and conditions prior to thorough testing for rigid adherence to specified characteristics. 

• Continuous Quality Control checks on in-process assembly are maintained. 
• All devices are heat aged at 100°C for l 00 hours minimum. 
• The hermetic seal is verified for all devices by gross-leak tests. 

Production samples are life tested at regularly scheduled periods to ensure maximum reliability under 
extreme operating conditions. 

mechanical data 

The transistors are in a JEDEC T0-5* hermetically sealed welded package with glass-to-metal seal 
between case and leads. Approximate weight is one gram. 

*ALL LEADS INSULATED FROM CASE 

DIMENSIONS ARE IN INCHES UNLESS OTHERWISE SPECIFIED 

*absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 

Collector-Base Voltage . . . . . 
Collector-Emitter Voltage (See Note l) . 
Emitter-Base Voltage . 
Continuous Collector Current . 
Continuous Device Dissipation at (or below) 25°C 

Free-Air Temperature (See Note 2) . 
Storage Temperature Range . . . . . . . . 
Lead Temperature ){, Inch from Case for 12 Seconds 

NOTES: 1. This value applies when base-emitter resistance RBE S 2.2 W. 
2. Derate linearly lo l00°C free-air temperature at the role of 3.33 mW/deg. 

*lnditates JEDEC regislered data. 

2Nl372 
2Nl374 
2Nl376 

-25 v 
-25 v 
-15 v 

2Nl373 
2Nl375 
2Nl377 

2Nl378 2Nl379 
2Nl380 2Nl381 

-45 v -12 v -25 v 
-45 v -12 v -25 v 
-25 v - 7 v -15 v 

200 mA,----~ 

'-----250 mW----~ 
55°C to 100°C----':. 

+------235°C•------'• 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 50l2 • DALLAS, TEXAS 75222 
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TYPES 2N1372 THRU 2N1381 
P-N-P ALLOY-JUNCTION GERMANIUM TRANSISTORS 

*electrical characteristics at 25 °C free-air temperature 

PARAMETER TEST CONDITIONS 
2N1372 2N1373 2N1374 2N1375 2N1376 

UNIT 
MIN MAX MIN MAX MIN MAX MIN MAX MIN MAX 

VIBR)eeo 
Collector-Rose le= -100 p.A, le= 0 -25 -45 -25 -45 -25 v 
Breakdown Voltage 

VIBR)eeo 
Collector-Emitter le= -100 p.A, Ree = 2.2 k!1 -25 -45 -25 -45 -25 v 
Breakdown Voltage 

VIBR)eBO 
Emitter-Bose le = -100 p.A, le = 0 -15 -25 -15 -25 -15 v 
Breakdown Voltage 

- ---- -
leeo Collector Cutoff Current Yea= -20 V, 1. = 0 -7 -7 -7 -7 -7 µA 

leeo Emitter Cutoff Current v., = -4.5 v. le= 0 -15 -15 -15 -15 -15 µA 

hFE 
Static Forward Current Ve,= -1 V, le= -50mA 27 105 27 105 45 165 45 165 67 165 
Transfer Ratio 

Vee Base-Emitter Voltage Vo,= -1 V, le= -lOOmA -0.2 -0.7 -0.2 -0.7 -0.2 -0.7 -0.2 -0.7 -0.2 -0.7 v 
la= -5mA, le= -lOOmA -I -1 

VeE{sat) 
Collector-Emitter la= -3mA, le= -lOOmA -1 

_, v 
Saturation Voltage 

la= -2.5 mA, le= -lOOmA -1 
Small-Signal Common-

h1e Emitter Forward Current Vee= -5 V, le= 1 mA, f = 1 kHz 18 127 18 127 36 187 36 187 54 187 
Transfer Rotio 

TEST CONDITIONS 
2N1377 2N1378 2N1379 2N1380 2N1381 

UNIT PARAMETER t-=---C-
MIN MAX MIN MAX MIN MAX MIN MAX MIN MAX 

V1ao1eso 
Collector-Bose le = -100 µA, le = 0 -45 -12 -25 -12 -25 v 
Breakdown Voltage 

--

V1so1eeo 
Collector-Emifter le = -100 p.A, Rae= 2.2 kfl -45 -12 -25 -12 -25 v 
Breakdown Voltage 

Y1BR1eao 
Emitter-Base le = -100 p.A, le = 0 -25 -7 -15 -7 -15 v 
Breakdown Voltage 

Collecter Cutoff Current 
Yes= -12 V, le= 0 -7 -14 

p.A leao Vea= -20 V, le= 0 -7 -7 -14 

luo Emitter Cutoff Current Vea= -4.5 V, le= 0 -15 -15 -15 -15 -15 µA 

hFE 
Stalk Forward Current 

Yee= -1 V, le= -50mA 67 165 85 330 85 330 27 330 27 330 
Tran sf er Ratio 

Vee Base-Emitter Voltage Yee= -1 V, le= -lOOmA -0.2 -0.7 -0.2 -0.7 -0.2 -0.7 -0.2 -0.7 -0.2 -0.7 v 
la= -5mA, le= -lOOmA -1 -1 

Voe1sat) 
Collector-Emitter le= -2.5mA, le= -lOOmA -1 v 
Saturation Voltage 

la= -1.5mA, le= -lOOmA -1 -1 
Small-Signal Common-

h,. Emitter Forward Current Yee= -5 V, le= l mA, f = 1 kHz 54 187 67 385 67 385 18 385 18 385 
Transfer latio 

*Indicates JEDEC registered data. 
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TYPES 2N1372 THRU 2N1381 
P-N-P ALLOY-JUNCTION GERMANIUM TRANSISTORS 

TYPICAL CHARACTERISTICS 

-100 
-70 

-40 

-20 

-10 

-7 

-4 

-2 

-1 
-0. 7 

-0.4 

-0. 2 

COLLECTOR CUTOFF CURRENT 
vs 

FREE-AIR TEMPERATURE 

Ve 8 =-20V I~ 
All Types Exce;\// 

~~E~E~2N1378 ond~~~~~~§f 
~ 2N1380 _.,,.,_..,,.Z__,r--___,r--__, 

_£-L.£ 

..£ \ Ves=-12Y 

All Types = 
,__+,;oz~z---z_-+-·-t---- ·!----

-0.1 ~-~-~-~-~-~-~-~~ 
0 10 20 30 40 50 60 70 80 

n 
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~ 4 
;;; 
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2 
0 2 
0 
g 
Ol 

;;; 
I 

=ij 0.7 
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"' 
] 0.4 

l 
~ 0.2 

0. l 

TA - Free-Air Temperature - °C 

FIGURE l 

NORMALIZED SMALL-SIGNAL CHARACTERISTICS 
vs 

EMITTER CURRENT 

~ Yes= -5 V 

h;~ ..L 
f = l kHz ~u,;~~ K TA = 25°C 

'\ .l7 
I' ]"-... z 

1\ L h1. 

h,b ~ 
h,b 

~ 
kh;. .12' ~ y 

.L ........ _.... ~ 
hob !')._ 

h;b 

..il 
-0. 1 -0.2 -0.4 -0.7 -1 -2 -4 -7 -10 

le - Emitter Current - mA 

FIGURE 3 

~ 

"' E 

BASE-EMITTER VOLT AGE 

COLLECTOR CURRENT 

~ -0. 3 t---+--+-+-i-H~l---+--+-~-+t-++t----1 

~ ~~ 
~ -O. 2 L..r---r--r I s = -0. 5 mA -+---1---t-t-t-+t-tt-----t 
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I 
w 

> -0. 1 t--+--+-+-i-H~l---+--+-~-+t-++t----1 

0_~1-~__.~....._. .......... ....__ _ __,___.._.__.._.....u......__~ 

-2 -4 -7 -10 -20 -40 -70-100 -200 
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FIGURE 2 
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TYPES 2N1372 THRU 2N1381 
P-N-P ALLOY-JUNCTION GERMANIUM TRANSISTORS 

TYPICAL CHARACTERISTICS 

NORMALIZED STATIC FORWARD CURRENT TRANSFER RATIO 
vs 

COLLECTOR CURRENT 

-~ 1.2 
- Vee= -1 v 
I 

1~TA~-~2=5~°C'.:..!-~~~-!-~~~.J..J.,i~:::::::::~::::t:~~.LJ--l-l--l--l--~~~~ ~ 1.0 I-
~ ~ ~ 
i vr1 ~ 
,g 0.8 v- "' 
! ' d0.6t--~~~t-~-;-~t--+--+--+--t-t-+-~~~-+-~-t~-+--t-t--t-+-T-t~~~--t 

l 
~0.4t--~~~1--~-+-~l---+--+--+-+-1--+-~~~--+-~-+~--+--+-+-+-+-+-1~~~--i 
.~ 
1; 
.;; 
]o.2t--~~~1--~-+-~1---+---+--+-+-1--+-~~~--+-~-+~--+--+-+-+-+-+-1~~~--i 

0 Normalized to unity l 0 ._at_l_c_=_~_o_1_A __ ..... __ _. ..... __ ._....., ...... .._ ______ .._ __ .._...,..._.._..._,._....,.._ ______ ~ 
-1 -2 

_} 1.6 

I 
,g 1.4 
.l1 
;;; 

"@ 1. 2 
!! 
I-

C 1.0 

~ 
~ 0.8 
0 
~ 

.2 0.6 
u 

~ 
v; 0. 4 

1l 
N i 0.2 
0 z 

0 

VeE=-1v 

f- le = -50 mA 

-75 -50 -25 

-7 -10 -20 
le - Collector Current - mA 

FIGURE 5 

NORMALIZED STATIC FORWARD 
CURRENT TRANSFER RATIO 

vs 

FREE-AIR TEMPERATURE 

-40 

I" _,./ ---
0 25 50 

TA -Free-Air Temperature -°C 

FIGURE 6 
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lL 
/ 

75 100 

TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CllANGES AT ANY TIME 
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 



TYPES 2N1997, 2N1998, and 2N1999 
P .. N .. P ALLOY-JUNOION GERMANIUM TRANSISTORS 

For Medium-Power Switching and General Purpose Applications 
• High Current Gain 
• High Cutoff frequency 
• Guaranteed Switching Times 
• leads Isolated From Case 

environmental tests 

To ensure maximum reliability, stability, and long life, all units are aged at 100°C for 100 hours mini­
mum prior to electrical charqcterizotion. All transistors are thoroughly tested for complete adherence 
to specified design charocteristics. In addition, continuous ql!alification tests are made comprising tem­
perature-humidity cycling, shock, and vacuum leak testing under rigid in-process control procedures. 

mechanical data 

Metal case with glass-lo-metal hermetic seal between cose and leads. Unit weight is approximately 
one grom. These units meet JEDEC outline T0-5. 

All LEA~S INSULATED FROM CASE 

~:~!~ ---+--+--u MINJ 3 COLLECTOR 

I EMITTER ALl DIMENSIONS ARE 

UNJ;i ~fH~~WISE 
SPECIFIED 

absolute maximum ratings at 25°C ambient temperature (unless otherwise noted) 

2N1997 2N199B 2Nl999 

Collector-Base Voltage 45 v 35 v 30 v 

Collector-Emitter Voltage (see note 1) 40 v 35 v 20 v 

Emitter-Base Voltage 45 v 30 v 20 v 

Collector Current 500 ma 500 ma 500 ma 

Base Current 50 ma 50 ma 50 ma 

Total Device Dissipation (see note 2) . 250 mw 250 mw 250mw 

Total Device Dissipation at 25°C Case (see note 3) . 500 mw 500 mw .SQOmw 

Collector Junction Temperature 100°c 100°c 100°c 

Storage Temperature Range -:-65°C to -:-65°C to -:-65°C to 
+ioo•c +ioo•c +ioo•c 

NOTES, I. V BE = 0.3v 

2. Derate 3.3 mw/°C above ambient temperature of 25°C. 

3. Derate 6.6 mw/°C above case temperature of 2S 0 C. 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 5012 • DALLAS, TEXAS 75222 
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TYPES 2N1997, 2N1998, and 2N1999 
P-N·P ALLOY -JUNalON GERMANIUM TRANSISTORS 

electrical characteristics at 25 °C ambient temperature 

2Nl997 2N1998 
parameter test conditions min typ max min typ max min 

lew Collector reverse current Yea = -1.S v, I, = 0 -1.5 -5 -1.5 -5 
leao Collector reverse current Yes= -15 v, I, =O -2.S -6 -2.5 -6 
BYeao Collector-base 

breakdown voltage le= -2Sp.o, I, =O -45 -35 -30 
BYeEX Collector-emitter 

breakdown voltage le = -100 p.o, Y .. = 0.3 v -40 -35 -20 
BYEIO Emitter-base 

breakdown voltage IE= -50 µ,a, le= 0 -45 -30 -20 
hFE DC forward current 

transfer ratio Ye,= -1 v, le= -100ma 40 70 200 70 95 225 100 
hFE DC forward current 

transfer ratio Ve•= -1 v, le= -200 mo 50 70 160 75 
v .. Bose-emitter voltage 18 = --0.33 mo, le = -10 mo 8;26 --0.34 -0.15 -0.25 -0.34 -0.15 
Yae Bose-emitter voltage 18 = -6.6 ma, le= -200ma -0.30 -0.56 -0.65 -0.30 
YeE(sot) Collector-emitter 

saturation voltage 11 = --0.33 mo, le = -10 mo --0.10 -0.20 --0.07 -0.20 
V ce1so11 Collector-emitter 

saturation voltage la= -6.6 mo, le= -200mo --0.23 --0.35 

lh1ol AC common-emitter forward 
current transfer ratio Ve•= -5 v, I, = 3 ma, f = 4 me 1.4 2.0 2.5 

c... Common-base output 
capacitance Yea= -5 v, 1, =O, I= 1 me 10 20 10 20 

f.,. Common-base alpha 
cutoff frequency Yc1 = -5v, I,= 3mo 3 6 10 

switching characteristics at 25°C ambient temperature 
2N1997 2N1998 

parameter test conditions min typ max min typ max min 

Id 
I, 

t, 
11 
ty 

Deloy time See Circuit A 
Rise lime See Circuit A 
Storage time See Circuit B 
Fall time See Circuit B 
Total switching lime 

100• 
'1% 

Circuit A 

Scope 
Trigger 

·~-----10% "11 .. w ..... .r-1 
atPoi"'"A" I 

-lOv--t-

"cE (oat) -IL.7-r=-t-----1 ---- 90% 
l/o I I 

0.040 
0.250 
0.440 
0.200 
0.930 

0.060 0.040 
0.300 0.180 
0.750 0.430 
0.400 0.150 

0.800 

1014l ~ii 

0.060 
0.240 
0.750 
0.330 

•~ .. 
Trigger 

Circuit 

""·-~-----1'1.tl .. Wav•form 
at Point "A" 

-lOv -----10% 

: 
' ' 

2N1999 
typ max 

-1.S -5 
-2.5 -6 

150 350 

120 250 
~24 -0.34 
--0.52 -0.65 

--0.06 -0.20 

--0.20 --0.35 

4.0 

10 20 

17 

2Nl999 
type max 
0.030 0.060 
0.110 0.175 
0.390 0.750 
0.090 0.185 
0.620 

•8v : :--t---- IO% __. 
Id Ir 

11CEhotl~-10% 
V0 I 1 

•8v . .i---'-----..l- ----90% 
o I 0 .......___..._. 

'• . 
*Tektronix 541 scope with type CA plug-in, or equivalent. Maximum probe capacitance 15 pf. 
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me 

unit 

p.sec 
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TYPES 2N1997, 2N1998, and 2N1999 
P-N-P ALLOY-JUNCTION GERMANIUM TRANSISTORS 

TYPICAL COMMON-EMITTER COLLECTOR CHARACTERISTICS 
MEASURED ON TEKTRONIX 575 CURVE TRACER, TA • 25°C 

2N1997 

z 
::! 
~ 
u 

e 
~ 
0 
u 
I 

HIGH ·CURRENT REGION 

_u 

2N1998 

i 
::J 
u 

2 
~ 
0 
u 
I 

VCE - COLLECTOR -EMITTER VOLTAGE- v 

HIGH ·CURRENT REGION 

_u 0 '-'"'=.b..""=""=="=.'6CJ''L:-.::'L__.L.J 
0 -2 -4 -6 -8 -10 

2N1999 

~ 
'.:\ 
u 

e 
~ 
0 
u 
I 

_u 

V CE - COLLECTOR ·EMITTER VOLTAGE - v 

HIGH - CURRENT REGION 

VCE-COLLECTOR -EMITTER VOLTAGE - v 

LOW ·CURRENT REGION 

• 50 

~ 
::J • 30 u 

"' 2 • 20 

~ 
0 u 
I 
_u 

·2 -4 -6 -8 -10 

VCE - COLLECTOR ·EMITTER VOLTAGE-v 

LOW - CURRENT REGION 

·50 

~ 
-40 

'.:\ -30 
u 

2 -20 

~ 
0 -10 
u 

_u 
·2 -4 -6 -8 -10 

VCE - COLLECTOR· EMITTER VOLTAGE - v 

LOW - CURRENT REGION 

- 50 
~ 
I 

- 40 

i - 30 ::J 
u 

e - 20 

~ 
0 - 10 
u 

_u -2 -4 -6 -8 -10 

VCE - COLLECTOR ·EMITTER VOLTAGE- v 
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TYPES 2N1997, 2N1998, and 2N1999 
P-N·P ALLOY -JUNCTION GERMANIUM TRANSISTORS 

TYPICAL COMMON-EMITTER COLLECTOR CHARACTERISTICS 

2N1997 
. MEASURED ON TEKTRONIX 575 CURVE TRACER, TA • 25°C 

9304 

HIGH -CURRENT SATURATION REGION 

e 
~ 
0 
u 
I 
_u 

-500 

-400 

-300 

-200 

- 100 

0 

~y=250mw-

' la=-14111i:i 

~ 
IB -12~ 

" - IOmo 

~ Y' Ti'f .. -amo 

l~ 
•e-:l_..:. 
la•-411111 

f; I. 
1.41 
~ l 

l.l 19=0 

0 -0.2 -0.4 -0.6 -0.8 -1.0 

Vee - COLLECTOR - EMITTER VOLTAGE- v 

2N1998 
HIGH - CURRENT SATURATION REGION 

-500 
l1 
I -wo 
~ 
~ -300 
u 

e -200 

ill g -100 
u 
I o I~ 

i"'l.'··,,.- ... I 
~ ... -•-· 

~ 
s=-Bm~ 

~ .... 
e=::.!_mi::i 

~ Jii•-5mo 
~ 11= -4m!:a. 

I~ fl"' le=-3""' 

~ la= -2 mo 

--i~ 18 = -1 mo 

,p II 
18 =0 J 

_u o -0.2 -0.4 -0.6 -0.8 -1.0 

V CE - COLLECTOR - EMITTER VOLTAGE - v 

2N1999 
HIGH - CURR.ENT SATURATION REGION 
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~ -400 

~ u -300 

!5 
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0 
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•• - -0.45 !11111 
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,, ... 0.10-

-10 j ~ ........ 
01• la=O I 
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LON - CURRENT SATURATION REGION 

-50,......,--,--,--,--~~~~~ 
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,.)_,},.! 
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o~ 1•· 0 l 
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TYPES 2N1997, 2N1998, and 2N1999 
P-N-P ALLOY-JUNCTION GERMANIUM TRANSISTORS 

TYPICAL CHARACTERISTICS 
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TYPES 2N1997, 2N1998, and 2N1999 
P-N-P ALLOY-JUNCTION GERMANIUM TRANSISTORS 

9306 

TYPICAL CHARACTERISTlcS 

NORMALIZED COLLECTOR VOLTAGE 

:ii 
N 0. 4 t---t--+----lvcfo +----+--i 

~ ~ o.2 1.L1 
~ z 

0 
0 -200 -400 -600 

le-COLLECTOR CURRENT-I"' 

NORMALIZED COLLECTOR - EMITTER 

BREAKDOWN VOLTAGE CHARACTERISTICS 

Vse-BASE - EMITTER VOLTAGE-v 

10 100 lK lOK 
Rae-BASE - EMITTER RESISTANCE- .J)_ 

DISSIPATION DERATI NG CURVE 

-' ~ 250 ~--t--+-...__~--r--t- --+------T--+-----t---t 

~ I 1'.. 
0 z 200 l-----t--+---+~-"k--t---+-+----1--r---l 
.... o N 
~ ~ 1501-----+--+---+--+--rD-~+---+--+--t--1 
~ ~ ~ 
~~100 ~ 
I 501---+--t---+~1---+--t---+1 _____, ""t-.,,__,_,_+-~ 
"' "bJ o~~--+-----+-~-~~--+--~-~~ 

0 10 20 30 40 50 60 70 80 90 100 

TA-AMBIENT TEMPERATURE-°C 

TflAS lllSTIUllEllTS amms THE llGHT TO MAKE CHANGES AT AMY TIME 
IN OlllH TO IMPIOYE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 



2N2000 
P-N-P ALLOY-JUNCTION GERMANIUM TRANSISTORS 

environmental tests 

High-Frequency Transistors for Computer 
ancl Switching Applications 

• High Beta 

e 1 Amp Collector Current 

• Guaranteed Switching Times 

To ensure maximum reliability, stability, and long life, all units are aged at 100°C for 100 hours mini­
mum prior to electrical characterization. In addition, the hermetic seal is checked by a helium leak test 
to detect 50 x 1 o·• standard cubic centimeters/second of helium. All transistors are thoroughly tested 

for complete adherence to specified electrical characteristics. 

mechanical data 

Metal case with glass-ta-metal hermetic seal between case and leads. Unit weight is approximately 1 
gram. These units meet JEDEC outline T0-5. 

All LEADS INSULATED FROM CASE 

absolute maximum ratings at 25°C ambient temperature (unless otherwise noted) 

2N2000 2N2001 unit 

Collector-Base Voltage 50 30 v 

Emitter-Base Voltage 20 20 v 

Collector Current 1 amp 

Total Device Dissipation (see note) 300 300 mw 

Collector Junction Temperature 1oo•c 

Storage Temperature Range -65°C to 1 oo•c 

NOTE: Derate 4.0 mw/ 0 ( ahove ambient temperature of 25°(. This is equivalent to a maximum power rating of 600 mw al o rnse temperature of 25°(. 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 5012 • DALLAS, TEXAS 75222 
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TYPES 2N2000 and 2N2001 
P-N-P ALLOY-JUNCTION GERMANIUM TRANSISTORS 

9308 

electrical characteristics at 25°C ambient temperature (unless otherwise noted) 

te5t conditions 
2N2000 2N2001 

parameter min max min max unit 

leeo Collector reverse current Ve•= -30 v, le= 0 -10 µo 
Ve8 = -15 v, 1, = 0 -6 µo 

BVe•o Collector-base breakdown voltage le= -100 µo, 1, = 0 -50 -30 v 
BVeEx Collector-emitter breakdown voltage le= -100 µo, v,, = 0.5 v -SO -30 v 

BVe•o Emitter-hose breakdown voltage I, = -100 µo, le= 0 -20 -20 v 
h,. OC forward current transfer ratio Ve, = -0.3 v, le= -100 ma 50 300 100 
hFE DC forward current transfer ratio Ve, = -0.5 v, le= -500 mo 50 300 60 

v., Bose-emitter voltage 18 = -2 mo, le= -lOOma -0.2 -0.4 -0.2 -0.4 v 
18 = -20mo, le= -500 mo -0.4 -0.7 -0.4 -0.7 v 

VeE(sotl Collector-emitter saturation voltage 18 = -2 ma, le= -100 mo -0.25 -0.20 v 
18 = -20mo, le = -500 mo -0.35 -0.35 v 

Cob Common-base output 
capacitance Ve8 = -10 v, I, = 0, f = 1 me 35 35 pf 

fhfb Common-base alpha cutoff frequency Yeo= -5 v, I,= 3 mo 2 6 me 

switching characteristics (measured in switching test circuit shown below at 25°C ambient temp.) 

~-
t, 
t, 

11 

parameter 

Deloy time 
Rise time 
Storage time 
Fall time 

Pulse Generator 
HP212Aor 
Equivalent 
500 PPS 

2N2000 
min max min 

0.12 
0.70 
0.65 
0.75 

SWITCHING CIRCUIT 

~-----.----OUTPUT 

+ lOv - IOv 

0 

10%):-10 J<>•c__(INPUT 

- IOv--~~ 90% 
I I 

90%--~------
, I I I 

10%--~ j------:-: OUTPUT 
td--t ~ ~ ............... tf 

I I I I I I 
--'"1 ~tr '•-1 t+--

2N2001 
max unit 

0.10 µsec 
0.60 µsec 
0.65 µsec 
0.65 µsec 

541 Tektronix 
Osc i I !Oscope and CA Plug-In Unit, 
Equivalent, Probe 
Capacitance 15 pf 
Maximum 
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TYPES 2N2000 and 2N2001 
P-N-P ALLOY-JUNCTION GERMANIUM TRANSISTORS 

TYPICAL COMMON-EMITTER COLLECTOR CHARACTERISTICS AT 2s°C 

AMBIENT TEMPERATURE AS MEASURED ON TEKTRONIX 575 CURVE TRACER 

2N2000 

HIGH - CURRENT REGION 

Pr = 300 mw max 

-800 1---tt--+---t--+--t--+-+-__,--+---l 
L 18 =-4.0ma 

~ V-- 18 =-3.5mo 

= -600 ~-b""""I=-=- I B = - 3. 0 ma --t--+--t--+--1 
[l ~ 18 =-:_2.5ma 

,. ~1 --t-18 --2.0ma e r-- I I I 
~ -400 18 = -1.Sma 

""\ I I 0 I =-I.Oma~ 
u '-I 8 J 
I -200 t-.-+--~~~,,.,...-+-t--+-+--+-+---t 
_u IS: 18 = - 0.5 ma 

[".... _j_ _j_ 

0 
-I -2 -3 -5 

V CE - COLLECTOR - EMITTER VOLTAGE- v 

2N2001 

- 1000 

- 800 

~ 
1:1 
:::> - 600 u 

2 
~ -400 
0 
u 
I 
_u -200 

0 
0 

HIGH - CURRENT REGION 

Pr = 300 mw max 

18 =-2.2mo 18=-2.0ma 

r+l?of"-1~ ia=-1.6 ma 

l----WF=-.+--""'1f-l-"B = - I. 4 ma I 
I B = - I. 2 ma -t--+--1-__, 

f--a"'--:b~f-~IB = - 1.0 ma-+--+--+---t 
t8 =-0.8mo 

l--9!:~'!""=-j--+--=-1 8 =-0.6ma-+--+---I 

HP'f=='.ts;;::j::::f;=F-18 = - 0.4 ma 

I t 
18 = -0.2 ma 

-1 -2 -3 -5 

VcE - COLLECTOR - EMITTER VOLTAGE -v 

LOW - CURRENT REGION 

I = 10 
O O~:::t:==-~1==:!:::::::!;--2==:t::::_~3==::l:::=L~~BL___J~ 

Yee-COLLECTOR - EMITTER VOLTAGE-v 

LOW - CURRENT REGION 

- 100 

- 80 

>-

&:i - 60 1:1 
:::> 
u 

2 -40 

~ 
0 
u 
I -20 

_y 

0 
-2 -3 -5 

Yee-COLLECTOR - EMITTER VOLTAGE-v 
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TYPES 2N2000 and 2N2001 
P-N-P ALLOY-JUNCTION GERMANIUM TRANSISTORS 

TYPICAL COMMON-EMITTER COLLECTOR CHARACTERISTICS AT 2s°C 

2N2000 

- 1000 

- 800 

~ - 600 

:J 
u 

2 - 400 
~ 
0 
u -200 
!,) 

2N2001 

~ 

I 
~ 
'5 
u 

2 
~ 
0 
u 

I 
_u 

AMBIENT TEMPERATURE AS MEASURED ON TEKTRONIX 575 CURVE TRACER 

HIGH - CURRENT SATURATION REGION 

VCE - COLLECTOR - EMITTER VOLTAGE -v 

HIGH - CURRENT SATURATION REGION 

-0.2 -0.4 -0.6 -0.8 -1.0 

VCE-COLLECTOR -EMITTER VOLTAGE-v 

a 
E 

I 

~ 
:J 
u 

() 
g 
0 
u 

I 
_u 

~ 
'5 
u 

2 
~ 
0 
u 

I 

LOW - CURRENT SATURATION REGION 

-1oor--.---r--.--rr-r::;;:o-;1-8~=--'o'.0300::m-a'"-, 

t---+--+--t--...,....,,_+-_I B = - 0. 25 mo 

18 = - 0.05 ma 

-201--t-#IJ'-T-t-::;;;P--!~-f-o-+~t----t---l 

-0. I -0.2 -o. 3 -0.4 -0.5 

VcE- COLLECTOR - EMITTER VOLTAGE -v 

LOW - CURRENT SATURATIOM REGION 

- 100 

- 80 

18 = - 0.06 ma 
- 60 Lr I T T 

r----t----iltll'-1!-----t--1 B = - O. 04 ma +----l--1 

-40 V I I I 
l---+-l+--1---+- I B = - 0. 02 ma t---t--: 

_u -20 
If 11-+--+--t-1 --i1r--r--t--r--1 

l// 
olA- I I 

o -0.1 -0.2 -0. 3 -0.4 -0.5 

V CE- COLLECTOR - EMITTER VOLTAGE -v 
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TYPES 2N2000 and 2N2001 
P-N-P ALLOY -JUNOION GERMANIUM TRANSISTORS 

TYPICAL CHARACTERISTICS 

NORMALIZED DC FORWARD CURRENT TRANSFER RATIO 

COLLECTOR CURRENT 

1.2 
w 
"- 1.0 -" 
I 
2 0.8 
I- o. 6 <( 

L ~ 
VcE=-0.5v, TA=25'C 

"' 
"' 0.4 w 
"-.,, 

0.2 z 
<( 

~ 
0 - 100 - 200 - 300 - 400 - 500 

le - COLLECTOR CURRENT - ma 

BASE-EMITTER VOLTAGE 

COLLECTOR CURRENT 

w -0.50 c.:> 
<( 

g -0.45 
> 

~ 
I- -0.35 
~ 
' -0.30 

w 

~ 
I 
~ -0.20 

> 
-0. 15 

0 -100 -200 -300 -400 -500 -600 
le-COLLECTOR CURRENT-ma 

COMMON-BASE INPUT AND OUTPUT CAPACITANCE 

0 REVERSE BIAS VOLTAGE 
z -
<( I so .--..--,---r-.....,.--I.--..----. 
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REVERSE BIAS VOLTAGE-v 

NORMALIZED DC FORWARD CURRENT TRANSFER RATIO 
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TYPES 2N2000 and 2N2001 
P-N-P ALLOY-JUNCTION GERMANIUM TRANSISTORS 

TYPICAL CHARACTERISTICS 

NORMALIZED COLLECTOR VOLTAGE CHARACTERISTICS 

9312 

-600 1------t~-+--+--~-+---1 
!i 
,!. - 500 1------t--<-t---+t-+--+---I 

~ 

~ -400 1----1 ~ !-+--++-+~ r--

8 -300 t----i ~~ ~ ~ 
~ ~ 
0 - 2001----1 >tj f-+-~ 
u 
I 

_u _ JOO 1------t-J+--+--ff-+---t--l 

- 0 L...,i;;;;./~v:::±::.A:r:.!=l-"1_J__J 
0 0.25 0.50 0.75 1.0 1.2 

NORMALIZED COLLECTOR VOLTAGE 

NORMALIZED COLLECTOR - EMITTER BR~KDOWN VOLTAGE CHARACTERISITCS 

ffi 1.2 
:::: 
~ 1.0 
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""(.'.) g § 0.8 

g > 0.6 
u z 
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N ~ 
~ ;'.5 0.2 ::;: gs 
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TA=25°C lil 
Il 
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100 lK JOK 

RsE -BASE - EMITTER RESISTANCE -ohms 

DISSIPATION DERATING CURVE 

...J ~ 400 

:! I 
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JOOK 

TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 
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TYPE 2N797 
N-P-N DIFFUSED-BASE MESA GERMANIUM TRANSISTOR 

*mechanical data 

VERY-HIGH-SPEED SWITCHING TRANSISTOR 
Guaranteed Total Switching Time -120 nsec Maximum at 10 ma 
Guaranteed V "l•••l - 0.14 v Maximum at 10 ma 
Guaranteed V cE1,.,1- 0.35 v Maximum at SO ma 
Guaranteed f r - 600 me Minimum 
Complementary to Ultra-High-Speed P-N-P Germanium Switching Transistors 

THE COLLECTOR IS IN ELECTRICAL 
CONTACT WITH THE CASE. 

ALL JEDEC T0·18 DIMENSIONS 
AND NOTES ARE APPLICABLE. 

*absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 
Collector-Bose Voltage 
Collector-Emitter Voltage (See nate l) 
Emitter-Base Voltage . 
Collector Current 
Total Device Dissipation at 25°C Free-Air Temperature (5ee note 2) . 
Collector Junction Operating Temperature . 

20v 
7v 
4v 

150ma 
150 mw 

l00°C 
Storage Temperature Range . -65°C to + 100°c 

electrical characteristics at 25°C free-air temperature 

parameter test conditions *min typ *max unit 

lcao Collector Cutoff Current Yea= JO v, IE= 0 0.1 1.0 µ.a 
leao Emitter Cutoff Current VEa = 1 v, le= 0 0.1 1.0 µ.a 
leeo Emitter Cutoff Current VEB = 4 v, le= 0 100 µ.a 
BYcao Collector-Base Breakdown Voltage le = 100 µ.a, le= 0 20 v 

BVeeo Collector-Emitter Breakdown Voltage le= S ma, la= 0 7.0 v 
hFe DC Forward Current Transfer Ratio Vee= 0.2S v, le=lOma 40 7S 

hFe DC Forward Current Transfer Ratio Vee= O.S v, le= SO mo 40 SS 

Vae Base-Emitter Voltage I,= O.S ma, le=lOma 0.30 0.38 0.44 v 
Vee Base-Emitter Voltage 18 = 2.Sma, le= SO ma 0.40 0.58 0.72 v 
VcE{sat) Collector-Emitter Saturation Voltage 18 = O.S ma, le=lOma 0.10 0.14 v 

Ve•f••+l Collector-Emitter Saturation Voltage I,= 2.S ma, le= SO ma 0.26 0.35 v 

!h1.1 
AC Common-Emi1Jer Forward Vee= 5 v, 

le= 30ma 6.0 10 Current Transfer Ratio f = lOOmc 

Ccb Collector-Base Capacitance t Vea= S v, 
le= 0 3.0 4.0 pf f = 1 me 

NOTES: 1. This value applies when the emitter-base diode is open-circuited. This value can be exceeded in applications where the de circuil resistance (Rael between base 

and emitter is a finite value. 

2. Derate linearly to lOOQC free-air temperature at the rate of 2 mw/ 0 C. 
* Indicates JEDEC registered dota. 

t Collector-Base Capacitance is measured using three-terminal measurement techniques with the emitter guarded. 

The device is capable of 300mw dissipation at 25°C case temperature. Derole linearly lo 100°C case temperature at the rate of 4 mw/°C. 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 5012 • DALLAS, TEXAS 75222 
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TYPE 2N797 
N-P-N DIFFUSED-BASE MESA GERMANIUM TRANSISTOR 

12102 

switching characteristics at 25°C free-air temperature 

INPUT 

OUTPUT 

parameter *test approximate circuit cenditions typ *max canditions 

t.., Turn-on Time See 
VIE(DI = -1.25 Y, 11111 =1 ma, 

27 40 le= lOma (See note 3) 
Rgure 

11111 =lma, 18121 = -0.33 ma, 
toff Turn-off Time l 

le= !Oma (See note 3) 60 110 

SWITCHING CIRCUIT 

.::~::v ~~~J-------~---
1 I 
I I 

~~~, I 
I 110% 
I I 
I 90% I 
I ----r- I 
I I 
I I -It i.!.. 

--I Ion i-- I 1 I I 
I .......,,,14-

--t toff 1--

FIGURE I 

+3.1 v 

Input pulse rise time~ I nsec 
Input pulse foll time ~I nsec 

_..,___-<!,__-~ Input pulse width ~ 200 nsec 
i 
' I 
' I 

-'-T CT 
' I 

J. 

Oscilloscope rise time ::=I nsec 
Total collector shunt capacitance 

(CT) ~6 pf 

unit 

nsec 

nsec 

For accurate measurement of switching speed of this transistor, a mercury relay input pulse and sampling scope are required. Oscilloscope 
input resistance is approximately lOOK; the input capacitance is approximately 3 pf. 

50 

40 

u 

~ 30 
I .... 
! 20 ... 

10 

0 

TYPICAL CHARACTERISTICS 

SWITCHING CHARACTERISTICS 
vs 

COLLECTOR CURRENT 
I 

Yee= +3.1 v 
I e = 10 x 18 Ul= -30 x le<2J 

1-44...--+---+--+--~TA=25"C 

0 

SEE NOTE 3 

20 40 60 80 100 120 140 160 
le -COLLECTOR CURRENT-ma 

SWITCHING CHARACTERISTICS 
vs 

FREE-AIR TEMPERATURE 

MEASURED IN 

10 1----+---+----t---+--SWITCHING 
CIRCUIT -

o ........ ~...._~..._~_._~_._~o-l~F-IG_UR_l~E-1~ 
-75 -50 -25 0 25 50 75 100 

TA- FkEE-AIR TEM~ERA TURE - °C 

NOTE 3: Currant calculations (181'1' lac21, anti le) Include the typical values of Yae or YcE(sat) for appropriate values of collecter current. 

lllndicatu JEDEC registered data. 



. TYPE 2N797 
N-P-N DIFFUSED-BASE MESA GERMANIUM TRANSISTOR 

TYPICAL CHARACTERISTICS 

0 
E 

l 120 
z 
w 

~ 
u 

COMMON-EMITTER COLLECTOR 
CHARACTERISTICS (SATURATION REGION) 

T & =25°C 

SEE NOTE 4 

0 801---+--+-+--~~"--t---+--+---11----1 
.... 
~ le=O.Bma 

o I I 
~ 401--f---bil!IJ4--t--!--+--+ le = 0.4 ma 

~ 

le =O 
Ol....:;;..&..,...j ____ _. __ .......... ==,i,,,,,.-.==*'=~ 

0 0,2 0.4 0.6 o.s 1.0 

VcE- COLLECTOR-EMITTER VOLTAGE-v 

CONTOURS OF CONSTANT 

GAIN-BANDWIDTH PRODUCT-h 
8rT"r-n---r--....... --...---.,.---.---,.---r----.---. 

~ 7 tt-t-ti---+--+---+--+--r----+-T A l 2J-
~ SEE NOTE 5 

0 6 
> 
~ 5t++-il---+--+---+--+--r------t----t---+-----t 
i= 
~ 4H--l-l+---+---+---+--+--r----+--+---+------< 

; 3 ~frJ.=4~mc 
g ~ ~fr =~Omc 
~ 2t++-l--T..+--+---+--+---1t------t----t---+-----t 
8 ~ kJ frl BOOJ_mc L t-t-...-1'...-+--"""""f'OOOJ:,---+-----t::r--r---+----r--- t--

~ o,___.. __ _._ __ ...._ __ _._ __ ..___,'--_.. __ _.__....___, 
0 5 10 15 20 25 30 35 40 

I c -COLLECTOR CURRENT - ma 
45 50 

~ 

COMMON-EMITTER COLLECTOR 
CHARACTERISTICS (ACTIVE REGION) 

l 120 1---.f-b"--fr-
TA =25°C 

SEE NOTE 4 
~ 
"" ~ 
u 
0 801-11'"'1'--;:;.-~;--+----+-~-;--t--;--; 
.... 
~ 
~ 

0 
u 401-+-+--l::=-..... ==+--+--+--*--+----1--j 
I le =0.2ma 

_u 

2 4 6 a 10 

V CE-COLLECTOR-EMITTER VOLTAGE-v 

COLLECTOR-BASE CAPACITANCE 
vs 

COLLECTOR-BASE VOLTAGE 

S:=:=:-=-:-=-:-=--:~-=-r---+r---+r---l-rA-=..,-15-0-rJ--, --1 
f =I me 

l'.J 41---~f'r--+--t---+--+--+--t---+--1 E = 0 ---! 

~ ......._ 
.... 1-4-
~ 
6 

~ 
I 

0 
~ 
~ 

0 
u 
I 
~ 

rJ 

O,__...._ __ ,___._ __ ,___,_ __ ,___,_ __ '---'-~'---'---' 
0 I 2 3 4 5 6 7 8 9 10 II 12 

Yea-COLLECTOR-BASE VOLTAGE-v 

NOTES: 4. These parameters were measured using pulse techniques. PW= 300 µsec, duty (ycle ~ 2"o· 

S. To obtain fr, the lhfe] response with frequency is extrapolated at --6 db/octave from t== 100 me to the 
!10queocy at which lhtol = 1. 
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TYPE 2N797 
N-P-N DIFFUSED-BASE MESA GERMANIUM TRANSISTOR 

TYPICAL CHARACTERISTICS 

"' w· 

BASE-EMITTER VOLTAGE 
YI 

BASE CURRENT 
> I. 0 ..-...--....--.--.---..--.1-.--.,......., 
lo. 9 i--+--+--+-T+--lTf--+T---+--1--1 
~0.8 le -IOOma r-t­
!:; 
~0.71--+--t--+--+-+-t-t--+-I 

lc=50ma 
~0.6r-:::t:,;;;:::;1=o01--Jr-l-r-~T~t--i-i 
~0.5 le= 10 ma-t--+--

!0.41-1_-1J~::j:::+=:J:J:+:U 
~0.31--+--t--+--+-+--!J-t--+-I 
I o. 2 1---+-+--1---1--+ TA = 2s0c-
,; o.1 SEE NOTE 4 -

0 J _l J 
0123456789 

le -BASE CURRENT-ma 

COLLECTOR-EMITTER SATURATION VOLTAGE 
vs 

BASE CURRENT 
1.0 

JT.':.21•cT 

i j 0.8 

'\' 0 r 

J I I 1-
sE:iNOTE 4 -

J l "'< 
0 !::; 0 6 tJ 0 . 
~ > .... z 
8 Q 0.4 
I ,_ 
-~ -:;) ! < 0.2 
., "' -;$? 

" '· =/11 1 ~ma 
~ 1 ] 1 

T"" 10 =50ma 

~ 10 =10ma1 

I _l_ 0 
0123456789 

la -BASE CURRENT-ma 

BASE-EMITTER VOLTAGE 
vs 

FREE-AIR TEMPERATURE 
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TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
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TYPES 2N960, 2N961 .. 2N962, 2N964, 2N965, 2N966 
P-N-P EPITAXIAL DIFFUSED-BASE MESA GERMANIUM TRANSISTORS 

FOR ULTRA-HIGH-SPEED SWITCHING APPLICATIONS 

• Epitaxiai Process 
• Rugged Mesa Construction 
• low V cE1sa11 - Guaranteed at 10 ma, 50 ma, and 100 ma 

Typically 0.11 v at 10 ma 
• Ulira-Fast-Switching Time - Guaranteed cit 10 ma and 100 ma 
• High ft - Guaranteed Minimum of 300 me, Typically 500 me 

*mechanical data 

THE COLLECTOR IS IN ELECTRICAL 
CONTACT WITH THE CASE. 

ALL JEDEC T0·18 DIMENSIONS 
AND NOTES ARE APPLICABLE. 

'absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 

Collector-Base Voltage . 
Collector-Emitter Voltage (See Note 1) 
Collector-Emitter Voltage (See Note 2) 
Emitter-Base Voltage 
Collector Current . . . . • • . . . • . . . . 
Total Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 3) 
Total Device Dissipation at (or below) 25°C Case Temperature (See Note 4) . 
Operating Collector Junction Temperature 
Storage Temperature Range 

quick-selection guide (for details see characteristics on pages 2 and 3) 

TYPE MINIMUM BVcJo MINIMUM hFE 
ISv 12v 40 20 

2N9~0 • • 
2N961 • • 
2N962 • • 
2N964 • • 
2N965 • • 
2N966 • • 

NOTES: 1. This value applies when the emiller-base diode Is short~circuited. 
2. This value applies when the emiller-base diode is open-<ircuited. 
3. Derate linearly to 100°c free-air temperature at the rate of 2 mw/c0 • 

4. Berate linearly to J00°C case temperature at the rate of 4 mw/C0 • 

~ndicates JEDEC registered data. 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 5012 • DALLAS, TEXAS 75222 

2N960 2N961 2N962 
2N964 2N965 2N966 

15 v 12 v 12 v 
15v 12v 12v 
7v 7v 7v 

2.5 v 2.0 v 1.25 v 
<E--lOOma ~ 
<E--150 mw --7 
<E--300 mw --7 
«------- 100°C _____,,. 
-65°C to + 100°c 

MAXIMUM to1t 

60 nsec 75 nsec 

• 
• 

• 
• 
• 

• 
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TYPES 2N960, 2N961, 2N962, 2N964, 2N965, 2N966 
P-N-P EPITAXIAL DIFFUSED-BASE MESA GERMANIUM TRANSISTORS 

electrical characteristics at 25°C free-air temperature 

PARAMETER TEST CONDITIONS 
2N960 2N961 2N962 

1~M~l~Nc-rcT=y=p~M""A~X+-co-Mo::l:-:N.--;;T~Y"'Pcr.;Mc:-A:-:X;;-t-;-;M'°"IN~-..TYPoMAXUNIT 

>-B_Ve=a~o~_c_ol_lec_t_or_-B_o_se_B_re_a_kd_ow_n_V_o_lt_og_e__,r-1e~=--_1_00 µ.a, le== 0 

1--B~VE,,,a~o~_E_m_i1_1e_r-_Ba_se_Br_eo_k_d•...,w_n_V_o1_1a_g•_+~IE~=--_1_00 _µa, le == o 
Ycex(L} Collector-Emitter latching Voltage Yee== -11.S v, RL == 220 n 

(See Figure 1, Page 3) 

- lS• -12• - 12• 

- 2.S• - 2.0• - 1.2S• 

-11.S -11.S 11.l 

lcao Collector Cutoff Current 

1cEs Collector Cutoff Current 

Emitter Cutoff Current 

hFe Static Forward Current 
Transfer Ratio 

Y8e Base-Emitter Voltage 

-3.0• -3.0• 3.0 µa 

VcE == -15v, YaE = 0 -100• µ.o 

YeE = -12v, VBE = 0 -100• -100• µ.a 

~::2.S v~__l_e~=-O __ --t ---+----lf---l_O_O•-+---l---l-----iC---t----r----;-µ_a-1 
v,8 = -2.0v. le= 0 -100• µo 

YES - -1.2S v, le = o -100• µa 

Yee== -0.3v, le== -10 ma 20• 20• 

YcE == -1 v, le== -soma 20• 20• 20• 

Yee== -1 v, le == -100 ma 20• 20• 20• 

18 == -1 ma, le == -10 ma - 0.30• -0.40 -0.50• - 0.30• - 0.40 - O.SO• - 0.30• - 0.40 -0.SO• ·--;-

la = - S ma, le = - SO ma - U.40• - 0.51 - 0.75• - 0.40• - 0.51 -0.75• -0.40• - 0.51 -0.7S• 

la = -10 ma, le = -100 ma - 0.40• - 0.60 - 1.00• - 0.40• - 0.60 -1.00• -0.40• -0.60 -1.25• v 

la=-lmo, le=-10mo -0.12 -0.20• -0.12 -0.20• -0.12 -0.20}-;-

Yce(satj Collactor~Emitter Saturation Voltage: 1--1,,_a _=_-_s_m_o_, __ 1_,,ec.=_-_50_ma_!-----i---o_.1_1-+--0_.4,--0_• +---f---O.cc17,-+--0._40,..·;----r---:0-:.1::-7-t---:o-:.4::-0-i• r----i 
la = -10 ma, le = -100 ma -0.27 - 0.70• -0.27 - 0.70• - 0.27 -0.70• 

!htel Small-Signal Common-Emitter 
Forward Current Transfer Ratio 

Cob Common-Base Open-Circuit 
Output Capacitance 

Common-Base Open-Circuit 
Input Capacitance 

Vea = -1 v, 1, = 20 mo 3.0• l.O 3.0• 5.0 3.0• 5.0 
I= 100 me (See Nole 5) 

Vea = -10 '· IE = 0 
f= 1mc 

VEB = -1 v, 
f = 100 kc 

le= o 

3.0 

2.0 

3.0 4.0• 3.0 

2.0 3.S• 2.0 

pl 

3.l• pf 

~e_l_e_c_tr_i_c_a_l_c_h_a_ra_ct_e_r_i_s_t_ic_s_a_t~2_5_0_C_f_r_e_e_-air temperature 

PARAMETER 

BY CBO Collector-Base Breakdown Voltage 

Emitter-Base Breakdown Voltage 

Collector-Emitter Latching Voltage 

Collector Cutoff Current 

Collector Cutoff Current 

Emitter Cutoff Current 

Stalic Forward Current 
Transfer Ratio 

Base-Emitter Voltage 

TEST CONDITIONS 

le = -100 µa, IE = o 
1, = -100 µa, le = o 
Yee =-11.Sv, Rt= 22on 
{See Figure 1, Page 3) 

Vea= -6 '· 1, = o 

Ve, = - IS'· YaE = 0 

VeE = -12 '· VaE = 0 

VEB = - 2.S v, le = 0 

Yea = - 2.0 v, le = o 
Vea = - us'· le = o 

Yee == - 0.3 v, le == -10 ma 

Yee == -1 v, le == - so ma 

2N964 
MIN TYP MAX 

-11.S 

-3.0• 

-100• 

40o 

40o 

Vee_ -1 v, le == - 100 ma 4(lilo 

2N965 
MIN TYP MAX 

2N966 
MIN TYP MAX UNIT 

-2.0• -1.2S• 

-11.5 -11.5 

-3.0• I -3.0• µ.a 

µa 

-100• - 100. µa 

,,_. 
-100• µa 

-100. µo 

40. 

40. 40. 

40. 40. 

la= -1 mo, le= -10 mo -0.30o -0.40 -0.50o -0.30. -0.40 -0.SOo -0.30o -0.40 
1 
-0.SOo 

18 = - S ma, le = - SO ma -D.40o -0.ll -0.7So -0.40o - O.Sl -0.7So - 0.40o - O.SI - 0.7So 

la = -10 mo, le = -100 mo -0.40o -0.60 -1.0llo - 0.40o -0.60 -1.00o - 0.40> - 0.60 -1.2So 

la--lma, le=-10mo -0.11 -0.lOo -0.11 -0.lOo -0.11 -0.lllo 

Y CE(~at) Collector-Emitter Saturation Vollager---1~8 _=_-_s_m_o_, __ l~e'-=--_50_m•_,r---+--_o_.1_6-r----o_.3_So-+---+---0._16-+--o_.3So-;--+--_-0o-c .• 
2
1_
6
6+-_--c

0
0 __ .

6
3:-:-r---""1 

la = -10 ma, le = -100 mo I - 0.26 -o.60. - 0.26 - 0.60. ~ 

lh10I Small-Signal Common-Emitter Vea= -1 v, IE= 20 ma 3.0o 1 5.0 3.0o S.O 3.0o 5.0 
Forward Current Transfer Ratio f = 100 me (See Note SJ l 

Common-Base Open-Circuit 
Output Capacitance 

Common-Base Open-Circuit 
Input Capacitance 

Vea- -10v, le_ O 
f == 1 me 

v,a = -1 v, le = o 
I= 100 kc 

3.0 4.0o 3.0 4.0o 3.0 

2,0 3.So 2.0 3.So 2.0 

4.0o pl 

3.So pl 

NOTE 5= This is equivalent to fr =:: 300 me minimum. To obtain fr, the 1hfe,: response with frequency is extrapolated at the rate of -6 db/octave from f == 100 me to the 
frequency of which :hfe: == 1. 

• Indicates JEDEC regisltred data. 
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TYPES 2N960, 2N961, 2N962, 2N964, 2N965, 2N966 
P-N-P EPITAXIAL DIFFUSED-BASE MESA GERMANIUM TRANSISTORS 

switching characteristics at 25°C free-air temperature 

2N960 
2N961 2N962 

PARAMETER TEST CONDITIONSt 2N964 2N966 UNIT 
2N965 

TYP MAX TYP MAX 
le= -10ma, 11111 = -1 ma See Figure 3 22 30 22 30 nsec 

Turn-On Time Vlfil9111 = + us'· Rt=300n See figure 4 so. so. nsec 
1.., 

le =-100 ma .. 11111 = -S ma See Figura 5 1S 30 1S 30 RSI( 

V8fuill_ = + 1.2S v, RL =SO n See Figure 6 so. so. nset 

le= -10ma, 11111=-lma See Figure 3 48 60 SS 7S nsec 

l!!Ltl_ = + 0.25 ma, Rt=3oon See Figure 4 es. 100. nsec 
toff Turn-Off Time 

le= -100 ma, 11111 = -5 ma See Figure 5 40 60 42 7S nsec 

l@OO_ = + 1.25 ma, Rt=50fi See Figure 6 as. 100, nsec 

Total Control Charge 
le= -10ma, 18111 =-1 mo See Figure 7 eo. 90~ pcb 

QT 
le= -100 ma, l!J!.I =-Sma See Figure 8 m. lS~ pcb 

tYoltage and current values shown are nominal; exact values vary slighlly with transistor parameters. 

PARAMETER MEASUREMENT INFORMATION 

+O.Jv]_f 

-2.5v --

INPUT 0--'VV'v-H 

PW~500 nsec 
Duty Cycle ::5 50% 

-11.Sv 

OUTPUT TO 
OSCILLOSCOPE 

(Rin ~l meg Q) 

FIGURE 1 - COLLECTOR-EMITTER LATCHING 
VOLTAGE TEST CIRCUIT 

+l .25v +1.25vl 

·5.40v --
_[ 

-5.40v 

INPUT O--'\N\r---H 

(See Note a and 
waveform detai Is 
in Figure 2) 

-3.10 v 

RL • 300 Q 

...--~-o OUTPUT 
(See Note b) I 

I 
I 

::*:: CT::S 6 pf 

I 
~ 

FIGURE 3 - 10 ma (le) SWITCHING CIRCUIT 

NOTES: a. The input waveforms in figures 3 and S hove the following character­
istics: tr :::5: 1 nsec, ff 5 1 nsec, PW ~ 200 nsec. 

b. Waveforms in Figures 3 and 5 are monitored on an oscilloscope with 
the following characteristics: tr :::; 1 nsec, Rin ~ 100 K 0. Cin :5 
3 pf. The input impedance of the oscilloscope is included in the values 
shown for RL, Total Collector Load Resistance, and c1, Total Collector 
Shunt Capacitance . 

• Indicates JEDEC registered data. 

INPUT s 
OUTPUT 

FIGURE 2 -VOLTAGE WAVEFORM DETAILS FOR 10 ma 

AND 100 ma (le) SWITCHING CIRCUITS 

+l .25v 

-5.40v 

200 (l 4.8KQ 
INPUTo--"'l/V'.,.-~'V\J"v-+-t 

(See Note c ond 
waveform detoi Is 
in Figure 2) 

-3. lOv 

280 Q 
20 Q 

r--'VV'.,_ ..... _-0 OUTPUT 
(See Nate d) 

.FIGURE 4 - 10 ma (le) SWITCHING CIRCUIT 

c. The input waveforms in Figures 4 and 6 are supplied by a generator 
with the following characteristics: tr ~ 2 nset, t1 ~ 2 nsec, 
z..,, =son 

d. Waveforms in Figures 4 and 6 are monitored on an oscilloscope with the 
following characteristics: Ir~ 10 nsec, Rin21 meg 0, C1n :5; 20 pf, 

e. All resi~tors ± 1% tolerance, 

12107 
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TYPES 2N960, 2N961, 2N962, 2N964, 2N965, 2N966 
P-N-P EPITAXIAL DIFFUSED-BASE MESA GERMANIUM TRANSISTORS 

PARAMETER MEASUREMENT INFORMATION 

-5.20v +1.25v l I +1.25v 

-5.70v -- - -5.70v RL = 50 0 

INPUT 

(See Note a and 
waveform detai Is 
in Figure 2) 

I 
I 
I 

_l_ 
-r 

I 
...J.... .... 

OUTPUT 
(See Note b) 

FIGURE 5 - I 00 ma (le) SWITCHING CIRCUIT 

C = 16 pf for 2N960, 2N961, 2N964, 2N965 

C = 18 pf for 2N962, 2N966 

100 0 

100 0 

-3.10 v 

-10. 90 v 

[ Hg RELAY 

•FIGURE 7 -10 ma lie! TOTAL CONTROL 
CHARGE TEST CIRCUIT 

+i.25v I I 
-5.70v--L_J 

IN PUT 0---"llV\,.--"llV\,.--+-I 

(See Note c and 
waveform detai Is 
in Figure 2) 

-5.20v 

20 
480 

,.......~,......~-o OUTPUT 
(See Noted) 

•FIGURE 6 - 100 ma (le) SWITCHING CIRCUIT 

C = 25 pf for 2N960, 2N961, 2N964, 2N965 

C = 30 pf for 2N962, 2N966 

100 0 

100 0 

-11.90v 

[ Hg RELAY 

-5.20 v 

---OOUTPUT 
(See Figure 9) 

•FIGURE 8 -100 ma (le) TOTAL CONTROL 
CHARGE TEST CIRCUIT 

-J 1-- 11 = 10 nsec max 

Vc~(sat)---I I 

The output waveform is viewed 
on an oscilloscope with the 
following characteristics: - --j- - 90% 

I I 
I , l 

10%-- 1- -- 20mvmax 
----Vee I - --f 

tr~ 3.5 nsec, Rin?: lOOKO, Cin~ 10 pf 

FIGURE 9- OUTPUT VOLTAGE WAVEFORM DETAILS FOR TOTAL CONTROL CHARGE CIRCUITS 

•Indicates JEDEC registered data. 
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2N2635 
P-N-P EPITAXIAL DIFFUSED-BASE MESA GERMANIUM TRANSISTOR 

FOR HIGH-VOLTAGE, HIGH-SPEED SWITCHING APPLICATIONS 
• EPITAXIAL PROCESS 
• RUGGED MESA CONSTRUCTION 
• BVceo - GUARANTEED 30 v 
• HIGH SPEED - GUARANTEED t 1 OF 300 nsec 

THE COLLECTOR IS IN ELECTRICAL 
CONTACT WITH THE CASE. 

All JEDEC T0-18 dimensions 
and notes are applicabl1. 

ALL DIMENSIONS ARE IN INCHES 
UNLESS OTHERWISE SPECIFIED. 

absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 
* Collector-Base Voltage . 30 v 
* Collector-Emitter Voltage (See Note 1) 15 v 
* Emitter-Base Voltage 2.5 v 
*Collector Current . 100 ma 
* Total Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 2) 150 mw 

Total Device Dissipation at (or below) 25°C Case Temperature (See Note 3). 300 mw 
*Storage Temperature Range . - 65°C to + 100°C 

electrical characteristics at 25°C free-air temperature (unless otherwise noted) 

PARAMETER TEST CONDITIONS *MIN *MAX UNIT 

BYcro Collector-Base Breakdown Voltage le = -100 /La, le= 0 -30 y 

BYcEO Collector-Emitler Breakdown Voltage le= -2ma, la= 0 -15 y 

BVeoo Emilter-Base Breakdown Voltage le = - 100 /LO, le= 0 -2.5 y 

lero Collector Cutoff Current Yeo= -2Sv, 1, = 0 -S /LO 
Yea=-25v, 1, = 0, TA= + ss•c -20 /LO 

leao Emitler Cutoff Current Yeo= -1 Y, le= 0 -20 /LO 
Yee= -0.Sv, le=-10ma 30 
Yee - -1 v, le - -SO ma 45 300 

hFE Static Forward Current Transfer Ratio Ve,= -1 v, le= -SO mo, TA= -ss•c 25 
Ve,= -1 v, le=-lOOma 30 

v,. Bose·Emilter Voltage la= -0.5 ma, le=-lOma -0.45 y 

18 = -2.S ma, le=-SOma -0.70 y 

la - -2.S ma, le - -soma, TA - -5s 0 c -0.85 y 

18 - -lOma, le--100ma -0.90 y 

Vce(s•tl Collector-Emiller Saturation Voltage la= -0.Sma, le=-lOma -0.20 y 

I,= -2.lma, le= -SO ma -0.40 y 

18 = -2.5 ma, le= -SO ma, TA= + s5•c -0.4S y 

la= -lOma, le= -100ma -OJS y 

[h,,I Small-Signal Common-Emitter Yee - -2 v, le - -30ma, f-lOOmc 1.5 
Forward Current Transfer Ratio 

c., Cammon-Bose Open·Circuit Yea= -5 v, '· = 0, f = 1 me 5.0 pf 
Output Capacitance 

C;, Common-Bose Open-Circuit Yu= -1 v, 
Input Capacitance 

le= 0, f = 1 me 4.0 pf 

•indicates JEDEC registered data. 

NOTES: 1. This value 111pplits when the emitter-base diode is open-circuited. 

2. Dtrat• ll111arly to 100°C free-air temperature at the rale of 2 mw/C0 • 
TEXAS INSTRUMENTS 

INCORPORATED 

3. Dtrate linearly to 100°C cast temperature at the rate of 4 mw/C0 • F'"OST OFFICE BOX 5012 • DALLAS, TEXAS 75222 

.... ,.. 
z 
c: ,.. 
"' -< 
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TYPE 2N2635 
P-N-P EPITAXIAL DIFFUSED-BASE MESA GERMANIUM TRANSISTOR 

switchin9 characteristics at 2s•c free-air temperature 

PARAMETER TEST CONDITIONS t MIN TYP *MAX UNIT 

Id Delay Time le= -11 ma, 11111 = -1 ma 20 nsec 
I, Rise lime IB121 = + 0.25 ma 30 nsec 

'· Storage Time VBEl•ffl = 1.25 Y, RL = 3000 185 nsec 
t, Foll Time ( See Figure 1) 65 nsec 
1 .. Turn-an Time le= -40ma, 11111 = -2.S ma 25 

Y1e1o1ij = 1.8v (See Figure 2) 
nsec 

'·" Tum-elf Time le= -14ma, IB111 = - 2.5 ma 80 11121=1.5 ma (See Figure 3) 
nsec 

tVoltage and cerrent values shewn are nemiaal; uact velues vary slithtly with device parameters. 

-7.0v 

"HG 
RELAY (See Note C) 

,,.-,_..-ai-4--4:l0UTPUT 

+1.25vU 

-5.4 v 

(See Note B) 
:S 6 pf 

*FIGURE 1 SWITCHING CIRCUIT 

-7 .o v 

422 Q 422 Q 

INPUT ,,-.,......,.,_....,__uOUTPUT 

MONITOR ING o--e-'V\i..,_-41---+-I :j.. (See Note B) 
I Cy:S6pf POINT 

1N914 4.32 
KQ 

HG 
\RELAY 
.J,. (See 

Note +7 .O v 
C) 

__ J 

FIGURE 3 TDL NANO TURN-OFF SWITCHING CIRCUIT 
SIMULA TED FOR M = N = 3 

+7.0 v 

FIGURE 2 TDL NANO TURN-ON SWITCHING CIRCUIT 
SIMULATED FOR M = N = 3 

INPUT 

OUTPUT 

FIGURE 4 VOLTAGE WAVEFORM DETAILS FOR 
SWITCHING MEASUREMENTS 

NOTES, A. Tht input woveform of figure 1 hos follewlng characteristics. t, and t1 ~ 1 nstc; PW ;::::: 0.5 µstc; Duty cydt ~ Sfl%. 
I. W1Veferms ere menitered en 111uipment with fellewing characteristics: tr ~ 3.5 nsec; Rin ~ 100k O; (in ~ 3pf; C1, total output shunt capacitance, includes Cirr 

C. Ope11tlng frequmy Is 60 cps. 

*IMlcales JEDEC registtretl data. 

12302 
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2N5043, 
P-N-P EPITAXIAL PLANAR GERMANIUM TRANSISTORS 

FOR APPLICATIONS REQUIRING LOW NOISE FIGURE AND SUPERIOR 
SMALL-SIGNAL PERFORMANCE FROM VHF TO 1 GIGAHERTZ 

(Improved Versions of TIXM101) 

*mechanical data 

2N5043 Features 

• Guaranteed Noise Figure •• - 2.5 dB Max at 400 MHz 
• Guaranteed fr ••• 1.5 GHz Min 
• Guaranteed SO-Ohm Insertion Power Gain S21e 2 

••• 8.5 dB Min at 400 MHz 
• Operation over the Entire Military Temperature 

Range ••• -65°C to 125°C 

THE ACTIVE ELEMENTS ARE ELECTRICALLY INSULATED FROM THE CASE 

rCl.100 

0.050~ ~ I/ 3 ~ou~~r5~11 DIMENSIONS ARE IN INCHES 
UNLESS OTHERWISE SPECIFIED 

All JEDEC T0-72 DIMENSIONS 

AND NOTES ARE APPLICABLE 

*absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 

Collector-Base Voltage . . 
Collector-Emitter Voltage (See Note 1) 
Emitter-Base Voltage . . . . . 
Continuous Collector Current . . 

1 ' 
' 
' 

-15 v 
-7V 

-0.3 v 
-30 mA 

Continuous Device Dissipation at (or below) 100°C Free-Air Temperature (See Note 2). 
Storage Temperature Range . . . . . . . . . 
Lead Temperature ){, Inch from Case for 10 Seconds . 

30 mW 
-65°C to 125°C 

230°C 

NOTES: 1. This value applies between O and 3 mA collector current when the emifter-base diode is open-circuited. 

2. Derate linearly to 125°( free-air temperature at the rate of 1.2 mW/deg. 

*Indicates JEDEC registered data 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 5012 • DALLAS, TEXAS 75222 
14401 
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TYPES 2N5043, 2N5044 
P-N-P EPITAXIAL PLANAR GERMANIUM TRANSISTORS 

*electrical characteristics at 25°C free-air temperature (unless otherwise noted) 

PARAMETER TEST CONDITIONS 2N5043 2N5044 UNIT MIN MAX MIN MAX 
V1 .. 1eeo Collector-Base Breakdown Voltage le - -100 µ,A, 1. - 0 -15 -15 v 
V1e~eEO Collector-Emitter Breakdown Voltage le= -3 mA, 1, = 0 -7 -7 v 
\l_BR!EBO Emitter-Base Breakdown Voltage IE = -100 µA, le = 0 -0.3 -0.3 v 
leeo Collector Cutoff Current Yes= -10 V, '· = 0 -6 -6 µ,A 
hFE Static Forward Current Transfer Ratio YeE = -5 V, le= -3 mA 15 150 15 150 

lh,.I 
Small-Signal CommoncEmitter VcE = -5 V, le= -3 mA, 

3.75 7.5 2.5 6.25 Forward Current Transfer Ratio f = 400 MHz 

Unneutralized Small-Signal 
VeE = -5 V, le= -3 mA, 

js,,,j' Zs = ZL = 50 n + jO, 8.5 12.5 6.5 10.5 dB 
Common-Emitter Insertion Power Gain f = 400 MHz 

Cob Collector-Base Capacitance 
Vea= -5 V, '· = 0, 0.2 1 0.2 1 pf f=lMHz, See Note 3 

*operating characteristics at 25°C free-air temperature 

PARAMETER TEST CONDITIONS 
2N5043 2NS044 

UNIT 
MIN MAX MIN MAX 

Yea = -5 Y, '• = 3 mA, 
NF Common-Emitter Spot Noise Figure Rs= 50 0, I= 400 MHz, 1 2.5 1 3.5 dB 

See Note 4 

NOTES: 3. Ccb is measured using three-terminal measurement techniques with the case and emitter guarded. 

4. This noise figure measurement is mode using a temperature-limited noise diode (Hewlett-Packard VHF Noise Source, Type 343A, or equivalent) operated according 

14402 

to the manufacturer's specification. 

* lndicales JED EC registered data 

PARAMETER MEASUREMENT INFORMATION 

VECTOR VOLTMETER 
HP 8405A 

SIGNAL SOURCE 

LINE 
STRETCHER 

HP 11063A 
TEE 

TRANSISTOR JIG 
DETAIL 

FIGURE 1-BLOCK DIAGRAM OF A TYPICAL S·PARAMETER MEASUREMENT SYSTEM 

LOAD 

56! 
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TYPES 2N5043, 2N5044 
P-N-P EPITAXIAL PLANAR GERMANIUM TRANSISTORS 

TYPICAL CHARACTERISTICS 

SMALL-SIGNAL COMMON-EMITTER S PARAMETERS 

Vee = -5 V, le = -3 mA, ZG = ZL = 50 ohms + jO, TA= 25°C 

INPUT IMPEDANCE and 
INPUT REFLECTION COEFFICIENT, S1 le 

j50 

-j50 

Coordinates in ohms 

FIGURE 2 

FORWARD TRANSFER COEFFICIENT, S21 e 

90° 

_900 

FIGURE 4 

150° 

-150° 

OUTPlfT IMPEDANCE ond 
OUTPUT REFLECTION COEFFICIENT, s22 .. 

j50 

Cuordinates in ohms 

FIGURE 3 

REVERSE TRANSFER COEFFICIENT, S12e 

90' 

120" 

-120° 

-90' 

FIGURE S 

60° 

-<ID' 

14403 
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TYPES 2N5043, 2N5044 
P-N-P EPITAXIAL PLANAR GERMANIUM TRANSISTORS 

14404 

TYPICAL CHARACTERISTICS 

28 

24 

20 

; 16 
I 
c 

;3 12 

8 

K. 

~· 
""" !'::: 

I--~ 

~(max) 

GAIN 
vs 

FREQUENCY 

.......... 
)'.... -- ""'}.... 
~ 

f---- Gl(max) 

...,___ 4 

0 
100 200 400 

Yee= -5 V 

le= -3 mA 

TA= 2s•c 

...,....., 
r....... f""-... ....... 

" 
700 

f - Frequency - MHz 

FIGURE 6 

t--H 

I-H 
I-H 

t---.. 
i-..J 

1000 

G,.., is the gain equal to the sum of G0, G11ma•I• and Gz(max)· Gm., is achieved when the input and output of the transis­
tor are terminated in the complex conjugates of S,,. and 5220 respectively. G,... is calculated using the expression: 

_ 1s,,.1• 
Gm .. - 10 log O - [S.,.['l {1- [S,,.['l 

G, is the forward power gain with the input and output terminated in 50 ohms. G0 is calculated using the expression: 

G0 = 10 log [S.,.I' 

G,1.,..,1 is the additional power gain resulting from conjugately matching the generator to S11e· G11max1 is calculated using 
the expression: 

Gq.,.,1 = 10 log--~~-1 -[S,,.[' 

G,1,,,.,1 is the additional power gain resulting from conjugately matching the load to S,, •. Gz1mu1 is calculated using the 
expression: 

1 
G,1,..,1 = 10 lag --1 -_-1~S,-,. 1 , 

These expressions assume that the value of [S,,.I is so small that its effect is negligible. 
In general, gain is the sum of G0, G,. and G2 and can be calculated from the data given in figures 6 through 14 when 
generator and load impedances are known. 
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8 

jSO 

-jSO 

100 MHz 

FIGURE 7 

-jSO 

400 MHz 

FIGURE 9 

TYPES 2N5043, 2N5044 
P-N-P EPITAXIAL PLANAR GERMANIUM TRANSISTORS 

TYPICAL CHARACTERISTICS 

CIRCLES OF CONSTANT G1 

VcE = -5 V, le= -3 mA, TA= 25°C 

Generator Impedances in Ohms 

-jSO 

200 MHz 

FIGURE 8 

800 MHz. 

FIGURE 10 

14405 
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TYPES 2N5043, 2N5044 
P-N-P EPITAXIAL PLANAR GERMANIUM TRANSISTORS 

14406 

·j50 

100 MH:z: 

FIGURE 11 

400 MHz 

FIGURE 13 

TYPICAL CHARACTERISTICS 

CIRCLES OF CONSTANT G2 

Vee= -5 V, le = -3 mA, TA = 25°C 
Load Impedances in Ohms 

150 

·150 

200 MHz 

FIGURE 12 

·j\O 

800 MHz 

FIGURE 14 

56 



TYPES 2N5043, 2N5044 
P-N-P EPITAXIAL PLANAR GERMANIUM TRANSISTORS 

TYPICAL CHARACTERISTICS 

CONTOURS OF CONSTANT SMALL-SIGNAL COMMON-EMITTER 
FORWARD CURRENT TRANSFER RATIO, J hfe J 

-10 
6 dB teak value 

8dB oflh1.I 

> -8 l-+l-++-+--...._-+------f---t--+~-t-1 
I 10 dB I 
1 12dB I 
~ 
~ ·e 
"t 

-6 t-t-+-t-t-+-r--t----t----j'"-f"""-_,...----t-t--r---j 

~ -4 ............................ --+---t-~---t---+-........ ~----1 
...!! 

~ 
I 
.... -2 t-IH--+-+-t----.M----r-r. _ _,.--t-----1 

;;' 

... .,, 
I 

... z 
<l 

f = 400 MHz 

TA= 25•c 0 .__ __ .._ __ _._ __ __.._ __ _,_ __ __. 

0 -2 -4 -6 -8 

le - Collector Current - mA 

FIGURE 15 

-10 

COMMON-EMITTER SPOT NOISE FIGURE DEVIATION 
vs 

FREE-AIR TEMPERATURE 

1.0 r---...---..---.r----.----r------.---. 

Yee =-5V 

le= 3 mA 
0.5 RG = 50 Q -t----r-----ir---+---;lf"----; 

-1.0 --~-_._ _ ___._ __ ..._ _ _,__ _ _._ _ __. 
-75 -50 -25 0 25 50 75 100 

TA - Free-Air Temperature - •c 

FIGURE 17 

TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
IN OROER TO IMPROVE OESIGN AND TD SUPPLY THE BEST PRODUCT POSSIBLE. 

... 
z 

COMMON-EMITTER SPOT NOISE FIGURE 
vs 

FREQUENCY 

0 '-----~'----'----'---'--'--'--'--'-I 
100 200 400 

f - Frequency - MHz 

FIGURE 16 

700 

COMMON-EMITTER SPOT NOISE FIGURE 
vs 

EMITTER CURRENT 

1000 

6.--~~l~~..--~-.-~--r-~---. 

Yee = -5 v 

RG= 50 0 

0 ---~---'----'------'---~ 
0 2 4 5 

le - Emitter Current - mA 

FIGURE 18 

14407 
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TRANSISTOR CIRCUIT DESIGN 

Shipping Weight 3-lb 4 oz • $15.00 

FIELD-EFFECT TRANSISTORS • L. J. SEVIN 

Shipping Weight 1-lb 10-oz • $10.00 

MOSFET IN CIRCUIT DESIGN • ROBERT H. CRAWFORD 

Shipping Weight 1-lb 10-oz • $10.00 

CIRCUIT DESIGN FOR AUDIO, AM/FM AND TV 

Shipping Weight 2-lb 8-oz • $14.50 

SILICON SEMICONDUCTOR TECHNOLOGY • 
W.R. RUNYAN 

Shipping Weight 2-lb 9-oz • $16.50 

DESIGN AND APPLICATION OF TRANSISTOR 
SWITCHING CIRCUITS • LOUIS DELHOM 

Shipping Weight 2-lb • $14.50 

SOLID STATE COMMUNICATIONS 

Shipping Weight 2-lb 9-oz • $12.50 

SOLID STATE ELECTRONICS • ROBERT G. HIBBERD 

Shipping Weight 1-lb 12-oz • $8.95 



STANDARD MOUNTING. HARDWARE FOR SILICON POWER TRANSISTORS 

This data sheet identifies those standard hardware kits which are supplied with each device. At additional 
cost, nonstandard hardware items will be supplied. 

The mounting hardware assembly drawings of Section A (Figures l through 8) specify the individual hard­
ware items that are included in each mounting hardware kit. Section A also references the package 
outlines for which each kit is designed and shows the typical thermal resistance associated with the 
mounting hardware. 

Section B contains mechanical .drawings of the individual hardware items that ore referenced in Figures 1 
through II. 

SILICON POWER TRANSISTORS 

DEVICE TYPES KIT l}EYICE TYPES KIT 
TIP29, A - TIP36, A NONE 2N3418 - 2N3421 1 
2N389 4 2N3SS1 - 2N35S2 NONE 
2N424 4 2N3713 - 2N3716 7 
Tl486 1• 2N3771 - 2N3772 7 
Tl487 2 2N3789 - 2N3792 7 
2N497, A - 2N498, A 1• 2N3846 - 2N3847 6 
2N656, A - 2N657, A 1• 2N3996 - 2N3997 8 
2N1047, A, 8 - 2N1050, A,B 3 2N3998 - 2N3999 2 
Tl1121 -T11126 4 2N4000- 2N4001 1 
Tl1131-Tl1136 5 2N4002 - 2N4003 6 
Tl1141 -T11146 4 2N4004 · 2N400S NONE 
m rn -m m 5 2N4300 1 
2N1690- 2N1691 3 2N4301 5 
2N1714- 2N1717 1 2N4398 - 2N4399 7 
2N1718- 2N1721 2 2N4901 - 2N4906 7 
2N1722, A 4 2N4913 - 2N491 S 7 
2N1723 4 2N5301 - 2NS303 7 

·2N1724,A 5 2N5333 1 
2N1725 5 2NS384 8 
2N21 SO- 2N2151 2 2NS38S 2 
2N2987 - 2N2990 1 2N5386 - 2N5389 s 
2N2991 - 2N2994 2 2NS390 1 
2N30SS 7 

*Hardware supplied enly upon request. 

Texas lnstrumenh: reserves the right to substitute similar parts al any time in order to expedite delivery or improve design. 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 5012 • DALLAS. TEXAS 75222 

-

1'001 



STANDARD MOUNTING HARDWARE FOR SILICON POWER TRANSISTORS 

16002 

SECTION A - MOUNTING HARDWARE ASSEMBLY DRAWINGS 
Item 1 -Cadmium-Plated, Beryllium-Copper 
Al-loy-25 Mounting Clamp, Owg. 10-31-052-007 

MOUNTING KIT 1 
for 

T0-5 AND T0-33 
PACKAGE OUTLINES 

MOUNTING KIT 2 
for 

T0-59, T0-60, T0-111, AND OTHER 
7/16-INCH STUD PACKAGE OUTLINES 

(INSULATION REQUIRED) 

FIGURE 1 

Item 17 -Cadmium-Plated, Chromate-Treated, 
Carbon-Steel Flat Washer, Dwg. 10-31-188-040 

Cha55is or Heat Sink 

ttem 20 -Cadmium-Plated, Chromate-Treated, 
Carbon-Steel Internal-Tooth Lock Washer, 
Dwg. 10-31-152-006 TYPICAL THERMAL RESISTANCEt 

Item 25 -Cadmium-Plated, Chromate-Treated, 
Carbon-Steel Hex Nut, Owg. 10-31-036-009 

FIGURE 2 

9c.Hs 3.8 

t8c.HS is the thermal resistance from the mounting base of the semiconductor-device case to the mounting surface of the heat sink. The heat sink used to 
determine this value was a smooth, flat, copper plate, wilh the tbermor:ouple mounted O.OS inch below the mounting surface in an area beneath the device. 
The device was mounted diredly to a clean, dry, heat-sink surface, without the use of a thermal compound and a torque of ten inch-pounds was applied to 
the stud or each of the mounting screws. 
:f: Trademark of E. I. duPont 

deg/W 



STANDARD MOUNTING HARDWARE FOR SILICON POWER TRANSISTORS 

SECTION A - MOUNTING HARDWARE ASSEMBLY DRAWINGS 

MOUNTING KIT 3 
for 

T0-57 PACKAGE OUTLINE 

.... , .. , .. ~~. ~ ~ 

' ~ ~::;;.';;;';:-,:;.~:;.~ 
Heat Sink 

\
~ ~::.l~0=~\b.'.',;~ly0~ylon G-3 lnsulaHng Sleeve 

~ f \ Item Sa-Mica Insulator Dwg. 10-31-188-108 

\ 

Item 16 -Cadmium-Plated, Chromate-Treated, 
Brass Flat Washer, Dwg. 10-31-159-001 

Item 21 -Cadmium-Plated, Chromate-Treated, 
Carbon-Steel Internal - T oath Lock Wosher, 

MOUNTING KIT 4 
for 

T0-53 PACKAGE OUTLINE 

Item 4-Mica Insulator, Dwg. 

Dwg. 10-31-155-001 

Item 26 -Cadmium-Plated, Chromate-Treated, 
Brass Hex Nut, Dwg. 10-31-041-001 

FIGURE 3 

Item 13-Fiberfil§ Nylon G-3 Insulating Shoulder Washer, Dwg. 10-31-188-019 
FIGURE 4 

t(;IC-HS is the thermal resistance from the mounting base of the semiconductor-device case to the mounting surface of the heat sink. The heat sink used to deter­

mine this value was a smoolh, flat, copper plate, with the thermocouple mounted 0.05 inch below the mounting surfQce in an area beneath the device. The 

device was mounted directly to a clean, dry, heat-sink surface, without the use of a thermal compound and a torque of ten inch-pounds was applied to fhe stud 

or each of the mounting screws. 

§Trademark of Cedar Plastics 

16003 
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STANDARD MOUNTING HARDWARE FOR SILICON POWER TRANSISTORS 

16004 

SECTION A - MOUNTING HARDWARE ASSEMBLY DRAWINGS 

MOUNTING KIT S 

for 
T0-61 PACKAGE OUTLINE 

Item 9 -Fiberf;I § Nylon 

G-3 Insulator Sleeve, 
Dwg. 10-31-116-00 l 

~~ 
!tern 7 - Mica Insulating Washer 
Dwg. 10-31-199-001 

Item 18 - Bright-Nickel-Plated, Carbon-Steel 
Flat Washer, Dwg. 10-31-150-035 

Item 22 - Bright-Nickel-Plated, Carbon-Steel 
Internal-Tooth Lock Washer, Dwg. 10-31-152-017 

Item 27 - Bright-Nickel-Plated, Bross 
Hex Nut, Dwg. 10-31-036-016 FIGURE 5 

MOUNTING KIT 6 

for 

T0-63 PACKAGE OUTLINE 

Item 11 - Fiberfil§ Nylon 

G-3 lns~lator Sleeve, 
Dwg. 10-31-116-003 

~~,)@ ©~~>J ~~\\ Item 8 -Mica Insulating Washer, 
Dwg. I 0-31-199-002 

Item 19 - Bright-Nickel-Plated, Carbon-Steel 
Flat Washer, Dwg. 10-31-150-034 

Item 23 - Bright-Nickel-Plated, Carbon-Steel 
Internal-Tooth Lock Washer, Dwg. 10-31-152-016 

Item 28 - Bright-Nickel-Plated, Brass 
Hex Nut, Dwg. 10-31-036-015 

FIGURE 6 

Item 7 - Mica Insulating Washer 
Dwg. 10-31-199-001 

Chassis or Heat Sink 

TYPICAL THERMAL RESISTANCEt 

Oc.Hs 1 1.3 1 deg/W 

Item 8 - Mica Insulating Wosher, 
Dwg. 10-31-199-002 

Chassis or Heat Sink 

TYPICAL THERMAL RESISTANCEt 

lie.HS 1.7 deg/W 

tee.HS is the lhermol resistance from !he mounting base of the semiconductor-device case to the mounting surface of the heat sink. The heat sink used to 
determine this value was a smooth, flat, copper plate, with the thermocouple mounted O.OS inch below the mounting surface in an orea beneath the device. 
The device was mounted directly to a clean, dry, heat-sink surface, without the use of a thermal compound and a torque of ten inch-pounds was applied to 
the stud or each of the mounting screws. 

§Trademark of Cedar Plastics 
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STANDARD MOUNTING HARDWARE FOR SILICON POWER TRANSISTORS 

SECTION A - MOUNTING HARDWARE ASSEMBLY DRAWINGS 

MOUNTING KIT 7 

for 

T0-3 PACKAGE OUTLINE 

~ 
Item 5 -Mica Insulator, Dwg. 10-21-024-008 

TYPICAL THERMAL RESISTANCEt 

lie.HS 1.5 deg/W 

Chassis or Heat Sink 

Item 15 - Vulcanized-Fiber, Insulating Shoulder Washer, D.vg. 10-31-188-122 

FIGURE 7 

Chassis or Heat Sink 

Item 25 -Cadmium-Plated, Chromate-Treated, 
Carbon-Steel Hex Nut, Dwg. 10-31-036-009 

FIGURE 8 

MOUNTING KIT 8 
for 

T0-59, T0-60, T0-111, AND OTHER 
7/16-INCH STUD PACKAGE OUTLINES 

(NO INSULATION REQUIRED) 

tOc-Hs is lhe thermal resistance from the mounting base of the semiconductor-device case to the mounting surface of the heat sink. The heat sink used to 
determine this value was a smooth, flat, copper plate, with the thermocouple mounted 0.05 inch below the mounting surface in an area beneath the device. 
The device was mounted directly lo a clean, dry, heat-sink surface, without the use of a lhermal compound ond a torque of ten inch-pounds was opplied to 
the stud or egch of the mounting screws. 

16005 
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STANDARD MOUNTING HARDWARE FOR SILICON POWER TRANSISTORS 

SECTION B-MECHANICAL DRAWINGS OF HARDWARE ITEMSt 

>\'.::; 

I o.33m;t Qr-1~ 0 315 0. 105 
0.415 . 70" TYP 0. 110 0.090 
0.400 0.090 _J 
l ~ ,_ L 

0. 089 L J f 0.051_.) [1 
0.079 0.355 0.041 

0.232 TYP 
RAD 

0.335 

0.098 l_ 
0.0881 

~J o. 141 

MOUNTING CLAMP 

Item 1 

0. 148 DIA 
0. 145 0.531 TYP 

RAD 

1.064 
1.060 

0.007 
'1-+~----'----''-----L0.002 

16006 

0.597 
0.593 

g;JJ·~ I 
1.192 _J 

---- 1.188 
1.657 
r:m 

INSULATOR 

Item 5 

t All dimensions are in inches unless otherwise specified. 

0.410 
0.390 

0.184 DIA 
0. 180 
3 Hole> 

0. 105 RAD 
0.085 

·l---1---~ 0. 210 

+---1---...L 0. 190 

INSULATOR 

Item 4 

0.0025 
0.0015- -

0. 112 DIA 
0. 109 
4 Hole> 

r-0.555 DIA I 0.545 0.095 
0. 085 

0.003 -IL.... 
0.001 ....,r-

0. 155 DIA --........_, 
o. 145 

0.083 
0.073 o. 105 

0.095 

INSULATING WASHER 

Item 5a 

0.297 
0.287 
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STANDARD MOUNTING HARDWARE FOR SILICON POWER TRANSISTORS 

SECTION I-MECHANICAL DRAWINGS OF HARDWARE ITEMSt 

A 
DIA 

Item 

6 

7 

8 

Item A 
--

D.100 
13 

0.080 

IS 
0.105 
0.075 

l 
8 

DIA 

l 
c~~ 

A B 
0.205 0.536 --
0.195 0.526 
0.270 0.885 

-
0.260 0.865 
0.333 1.055 -
0.323 1.035 

INSULATING WASHER 
Item 6 thru 8 

B c 
0.040 0.200 

-
0.020 0.190 
0.045 0.250 

-
0.015 0.230 

c 
DIA 

D 
0.344 
-
0.280 
0.391 --
0.359 

c 
0.005 -
0.001 

0.0025 --
0.0015 
0.0035 
0.0015 

E 
O.llS 
--
O.lll 
0.172 -
0.140 

INSULATING SHOULDER WASHER 
Items 13 and 15 

F 

E 
DIA 

0.016 MAX 

NA 

t All dimensions are in inches unless otherwise specified. 

A 
DIA 

A 
DIA 

Item 

9 

10 

II 

12 

Item 

16 

17 

18 

19 

B 
DIA 

A B 
0.340 0.270 - --
0.330 0.260 
0.271 0.203 
- --
0.251 0.191 
D.405 0.333 
- -
0.395 0.323 
0.209 0.145 
- -
0.199 0.135 

INSULATING SLEEVE 
Item 9 thru 12 

A B 
0.150 0.285 

-
0.142 0.275 
0.208 0.505 -- -
0.198 0.495 
0.276 0.635 -- -
0.255 0.615 
0.323 0.760 -
0.302 0.740 

FLAT WASHER 
Item 16 thru 19 

/cJ 

~ -

c -·-
0.072 
--
0.052 
0.050 
--
0.035 
0.072 
--
0.052 
0.036 -
0.026 

f 
B 

DIA 

l 
c--H-

c 
0.014 
0.009 
0.051 
0.041 
0.069 
0.034 
0.080 -
0.051 

16007 

• 



STANDARD MOUNTING HARDWARE FOR SILICON POWER TRANSISTORS 

16008 

SECTION B- MECHANICAL DRAWINGS OF HARDWARE ITEMS t 

B 
DIA cir 

Item 

20 

21 

22 

23 

A 
DIA 

A 8 ( 

0.204 0.381 0.02""51 -- -
0.195 0.365 0.020 
0.150 1---0.03"1"1 0.295 
0.142 0.275 O.Gl 5 
0.267 0.478 0.027 

- --
0.256 0.466 0.023 
0.332 0.607 0.032-1 
-
0.320 0.594 0.028 

INTERNAL TOOTH LOCK WASHER 
Item 20 thru 23 

t All dimensions are in inches unless otherwise specified. 

Item Thread 

25 
10·32 

UNf.28 

26 
6·32 

UNC·2B 

27 
l/4·28 
UNF·2B 

28 
5/16·24 
UNF-28 

t 
8 

l 

A B 
0.375 0.433 
0.362 0.413 
0.250 0.289 
- -
0.241 0.275 
0.438 0.506 
- -
0.423 0.488 
0.563 0.650 
- -
0.545 0.629 

HEXAGONAL NUT 
Item 25 thru 28 

l'I 
g 
y{~ 

2 SIDES 

c D 
0.130 
0.117 

30° 

0.098 
30° --

0.087 
0.193 
0.178 

30° 

0.225 
30° -

0.208 

12 



TYPES TIP29, TIP29A 
N-P-N SINGLE-DIFFUSED SILICON POWER TRANSISTORS 

FOR POWER-AMPLIFIER AND HIGH-SPEED-SWITCHING APPLICATIONS 
DESIGNED FOR COMPLEMENTARY USE WITH TIP30, TIP30A 

• 30 Watts at 25°C Case Temperature 
• 1 A Rated Collector Current 

• Min f, of 3 MHz at 10 V, 200 mA 

mechanical data 

THE COLLECTOR IS IN ELECTRICAL CONTACT WITH THE MOUNTING TAB 

MECHANICAL INTERCHANGEABILITY OF TIP29 

PLASTIC PACKAGE WITH T0-66 OUTLINE 
THIS l"OOION OFLEADSFIHTl 

Of RASH 

...,_ 
0.070 
0.050 

COllKTOll~~~:r_: ....... , 

o""f.j 
0.570 

(To.66 OIMINSION) 
~:~DIA 

All OIMENSIONS All:E IN INCHES 

absolute maximum ratings at 25°C case temperature (unless otherwise noted) 

Collector-Base Voltage 

Collector-Emitter Voltage (See Note l) 

Emitter-Base Voltage 

Continuous Collector Current . 

Continuous Base Current . 

Safe Operating Region at (or below) 25°C Case Temperature 

Continuous Device Dissipation at (ar below) 25°C Case Temperature (See Note 2) . 

TIP29 

40V 

TIP29A 

60V 

40V 60V 

·+-- 5V-+ 

·+-- lA-+ 

·+--0.4A-+ 

See Figure 2 

·+--30W-+ 
Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 3) +-- 2 W -+ 

Operating Collector Junction Temperature Range . -65°C to 150°C 

Storage Temperature Range . -65°C to l 50°C 

Lead Temperature% Inch from Case for 10 Seconds . +--260°C-+ 

NOTES: 1. These values apply when the base-emitter diode is open-circuited. 

2. Berate linearly to 150°( case temperature at the rate of 0.24 W/deg. 
3. Derate linearly ta 150°C free-air temperature at the rate of 16 mW/deg. 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 5012 • DALLAS, TEXAS 75222 
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TYPES TIP29, TIP29A 
N-P-N SINGLE-DIFFUSED SILICON POWER TRANSISTORS 

electrical characteristics at 25°C case temperature 

PARAMETER TEST CONDITIONS 
TIP29 TIP29A 

MIN MAX MIN MAX UNIT 

y(BR)CEO Collector-Emitter Breakdown Voltage le= 30mA, 1, = 0, See Note 4 40 60 v 
leeo Collector Cutoff Current Yee= 30 V, 1, = 0 0.3 0.3 mA 

le ES Collector Cutoff Current 
VCE = 40V, VBE = 0 0.2 
Vee= 60 V, v,., = 0 0.2 

mA 

leao Emitter Cutoff Current V,. = 5 V, le= 0 1 1 mA 

h., 
Static Forward Current Vee= 4 V, le = 0.2 A, See Notes 4 and S 40 200 40 200 
Transfer Ratio Yee - 4 V, le -1 A, See Notes 4 and S 10 10 

v,., Base-Emitter Voltage Yee= 4 V, le= 1 A, See Notes 4 and S 1.3 1.3 v 
Ve,1 .. 11 Collector-Emitter Saturation Voltage 18 = 125 mA, le = 1 A, See Notes 4 and 5 0.7 0.7 v 

h,. 
Small-Signal Common-Emitter 

Vce=lOV, le=0.2A,f= lkHz 20 20 Forward Current Transfer Ratio 

!hi.I 
Small-Signal Common-Emitter 

Vee= 10 V, le = 0.2 A, I = 1 MHz 3 3 Forward Current Transfer Ratio 

NOTES: 4. These parameters must be measured using pulse techniques. tp :::;; 300 µ,s, duty cycle ::; r{... 

Pulse width must be such that halving or doubling does not cause a change grealer than the required accuracy of the measurement. 

5. These parameters are measured with voltage-sensing contacts separate from the current-carrying contacts. 

thermal characteristics 

PARAMETER MAX UNIT 
(he Junction-to-Case Thermal Resistance 4.17 

deg/W 8 J-A Junction-to-Free-Air Thermal Resistance 62.5 

switching characteristics at 25°C case temperature 

PARAMETER TEST CONDITIONSt TYP UNIT 
I.., Tum-On Time le = 200 mA, 18111 = 20 mA, 

VIE(off) = -3.4 v, R,. = 150 n, 
1,121 = -20 mA, ,........_o_.3_5---i 
See Figure 1 1.10 

p.S Turn-Off nme 

iVoltage and currant values shown are nominal, exact values vary slightly with transistor parameters. 
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TYPES TIP29 I TIP29A 
N-P-N SINGLE-DIFFUSED SILICON POWER TRANSISTORS 

PARAMETER ft\EASUREMENT INFORMATION 

51 Q 

+37.3 v 

-0.1 v 

..... ------<>OUTPUT 

150 Q 

30V 

TEST CIRCUIT 

~90% 
I I 

10% 1 INPUT 
I I 

-'on~ .i off ~ 

~~ 10% f(;;°'pUT 

90%L__J 

VOLTAGE WAVEFORMS 

FIGURE I 

NOTES: a. The input waveform is supplied by a generator with the following characteristicsi t, ~ 15 ns, t1 :s; 15 ns, lout = 50 0, IP = 10 µ,s, duty cycle ~ 2%. 

b. Waveforms are mGnilored on an oscilloscope with the following characteristics: t, :::; 1S ns, Rin ~ 10 MO, Cin ~ 11.S pF. 
c. Resistors must be noninductive types. 
d. The d-c power supplies may require addilional bypassing in order ta miniml11 ringing. 

MAXIMUM SAFE OPERATING REGION 

<( 

I 
c 
~ 
~ 
u 
2 
" ..!! 

8 
I 

..!::! 

1.5 

r!~l·c 
1.0 

~ 0.9 

o.s ~ 
0.7 

'\: 0.6 D-C OPERATION 

~ o.s 

' 0.4 

0.3 '~ 
MAXVceo TIP29~ !---
MAX Vceo 1TIP29AJ.---

0.2 ,__ ___ J...._ _ __,'----'--'---''--..___,__, 
20 30 40 50 60 70 80 90 100 

Vee - Collector-Emitter Voltage - V 

FIGURE 2 
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TYPES TIP29, TIP29A 
N-P-N SINGLE-DIFFUSED SILICON POWER TRANSISTORS 

16104 
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TYPICAL CHARACTERISTICS 

200 
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·o 

STATIC FORWARD CURRENT TRANSFER RATIO 

t--i.... 

vs 
COLLECTOR CURRENT 

V~ =':iJ I I I 

~ Tc = 25°C 

N See Notes 4 and 5 

~ 
~ 

~ 
~ 

't\ 
~ 

0.01 0.02 o.04 0.070.1 0.2 0.4 0.7 1 

le - Collector Current - A 

FIGURE 3 

BASE-EMITTER VOLT AGE COLLECTOR-EMITTER SATURATION VOLTAGE 
vs 

COLLECTOR CURRENT 

1.0 ..--v-C-E-rl-4-J,....--.-1.,....,. 1-.-.-.,.,.---.---,-.--.-.....,...rn > 
I 
m 

VS 

COLLECTOR CURRENT 

0,24 le T T TTT 

> Tc =2s 0 c ~ 
I 0.8 I-See Notes 4 and 5 tt-H+---t--t-;-:::i"'t-ttii 

E' 
0 
> 

o. 22 1--1; = 8 f-+-++1----+--+---+--+--+--<f+-< .. 

0.20 I-Tc = 25°C 
See Notes 4 and 5 

0.181----+--+--+--+-H-H-l----l--+-+-1-+-!.11-i-1 
j ~ 
~ o.6 1;;;;;_..+.-1"'"''fi.-::+l""'-tt"-tH+l-'ttj...-1---t-H-+-Hitt ! I"'" 
] 

I 

j 0.4 1----11---+-;-t--t--t-T-tt----t--1--T"-HH--t-11 

0.2 1----11---+-;-t--t--t-T-tt----t--1--T"-HH--t-11 

0 ._ _ __.. _ _.__.__._ ........ ~..__ _ __.. _ _.__.__._ ............... 

0.01 0.02 o.04 o.o7 o. 1 0.2 o.4 o.7 1 

le - Collector Current - A 

FIGURE 4 

.~ e 
j 

0.161----+--+--+--+-H-H-l----l--+-+-1-+#l-+-i-1 

0.141----+--+--+--+-H-H-l----l--+-+-1-#-44-l-I 

o. 12 1----+---+--+-+-++++t----+--+-+v+t-+++H 

o. 10 1---+--+--+-+-+++f+---+--+ ~17++---+-1-+++-1 

0.08 l----+--+--+-+-IH-H-l----1-~.L"-+--+-+-+-f+H 

f o.06 t---+---+-+-t-H-t-Hvl----1--+-+--+-+++H 

0.04 l----l--l--t-::l ..... 'l"F++----1--1--+-~~+I 
....i-+-1 

o. 02 1==:::'.:+:::+--l-WUW----l---4-__j_-l-l...U.U 
o~---'--'-~~~~...._ __ .._____,__.__......._ .............. 
0.01 0.02 0.04 0.07 o. 1 0.2 0.4 0.7 1 

I c - Collector Current - A 

FIGURE 5 

NOTES: 4. These parameters must be measured using pulse techniques. IP ::;; 300 p.s. duty cycle ::::; 2%. 
Pulse width must he such that halving or doubling does not cause a change greater than the raquired auur119cy of th1 rneasartmeat. 

5. These parameters are measured with vollage-s•nsing contacts separate from the c:Urrent-canying c:ontads. 

TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 



TYPES TIP30, TIP30A 
P-N-P SINGLE-DIFFUSED SILICON POWER TRANSISTORS 

FOR POWER-AMPLIFIER AND HIGH-SPEED-SWITCHING APPLICATIONS 
DESIGNED FOR COMPLEMENTARY USE WITH TIP29, TIP29A 

• 30 Watts at 25°C Case Temperature 
• 1 A Rated Collector Current 
• Min fr of 3 MHz at 10 V, 200 mA 

mechanical data 

THE COLLECTOR IS IN ELECTRICAL CONTACT WITH THE MOUNTING TAB 

MECHANICAL INTUCHANGEAllLITY OF Tll'30 
PLASTIC ,ACIU.CE WITH T0-66 OUTLINE 

!!.lll!,....., 
rio.MOM.,,2"-'Cll 

I IL_ 
:~: G,_ 

absolute maximum ratings at 25°C case temperature (unless otherwise noted) 

Collector-Base Voltage 

Collector-Emitter Voltage (See Note 1) 

Emitter-Base Voltage . 

Continuous Collector Current 

Continuous Base Current • • 

Safe Operating Region at (or below) 25°C Case TemperatuTe 

Continuous Device Dissipation at (or below) 25°C Case Temperature (See Note 2) 

Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 3) 

Operating Collector Junction Temperature Range . 

Storage Temperature Range. . 

Lead Temperature 141 Inch from Case for 10 Seconds 

NOTES: 1. Thase values apply when the base-emitter diode is open-circuited. 

2. Berate linearly to 1S0°C case temperature at the rate of 0.24 W/deg. 
3. terate linearly to t50°C free-air temperature at the rate of 16 mW/deg. 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 5012 • DALLAS, TEXAS 75222 

TIP30 

-40V 

TIP30A 

-60V 
~V -60V 

. +- -5V-+ 

. +--lA-+ 

. +-.-0.4A-+ 
See Figure 2 

. +-.30W-+ 

·+-2W ~ 
• -65°C to l 50°C 

• -65°C to l 50°C 

. +-.260°C~ 
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TYPES TIP30, TIP30A 
P-N-P SINGLE-DIFFUSED SILICON POWER TRANSISTORS 

electrical characteristics at 25°C ccrse temperature 

TEST CONDITIONS 
TIP30 TIP30A 

PARAMETER ji,\iN MAX MIN MAX UNIT 

v(BR)eroCollector-Emitter Breakdown Voltage le= -30mA, 1. = 0, See Note 4 -40 -60 v 
lc•o Collector Cutoff Current VCE = -30 V, 1. = 0 -0.3 -0.3 mA 

lcES Collector Cutoff Current 
Va - -40 V, v .. - 0 -0.2 

mA 
Yee - -60 V, v .. - 0 -0.2 

luo Emitter Cutoff Current Va= -5 V, le - 0 -I -I mA 

Static Forward Current VCE = -4 v, le = -0.2 A, See Notes 4 and 5 40 200 40 200 
hFE Transfer Ratio VeE = -4 V, le= -1 A, See Notes 4 and 5 10 10 

vf!E Bose-Emitter Voltage YeE = -4 V, le =-1 A, See Notes 4 and 5 -1.3 -1.3 v 
VeEt_sat) Collector-Emitter Saturation Voltage 18 = -125 mA, le = -1 A, See Notes 4 and 5 -0.7 -0.7 v 

h1e 
Small-Signal Common-Emitter 

Vee= -10 V, le =-0.2A, f = 1 kHz 20 20 Forward Current Transfer Ratio 

!h,.! 
Small-Signal Common-Emitter 

Vee= -10 V, le = -0.2 A, f = I MHz 3 3 Forward Current Transfer Ratio 

NOTES: 4. These parameters must be measured using pulse techniques. t9 ::::;_ 300 µ.s, duty cycle ~ 23. 
Pulse width must be such that halving or doubling does not cause a change greater than the required accuroty of the measurement. 

5. These parameters are measured with voltoge·sensing contads separate from the current-carrying conlads. 

thermal characteristics 

PARAMETER MAX UNIT 

1--0~,.c"'--~Ju_n_ct~io_n-_to_-Co~se_T~h~e~rrn~a~l~Re~s~ist~a~nc~e~~~~~~~~~~~~~~~~~~~~~-+~4·_11--ideg/W 
0 J-A Junction-to-Free-Air Thermal Resistance 62.5 

switching characteristics at. 25°C case temperature 

PARAMETER 
Tum-On Time 

to11 Turn-Off Time 
le= -200 mA, 
VBE ofij = 3.4 V, 

tYoltage and currant values shown are nominal; exact values vary slightly with transistor parameters. 
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TEST CONDITIONSt 
10111 = -20 mA, 
Rt= 150fi, 

10121 = 20 l"(IA. 
See Figure 1 



TYPES TIP30, TIP30A 
P-N-P SINGLE-DIFFUSED SILICON POWER TRANSISTORS 

PARAMETER MEASUREMENT INFORMATION 

TEST CIRCUIT 

+-0.lV~ 10% INPUT 

I 90% 
-37.3 V - - I 

I I I I 

+j toi -.i tr UTPUT 

VOLTAGE WAVEFORMS 

FIGURE 1 

NOTES: a. The input waveform is supplied by a generator with the following characteristics: tr ::::;; lS ns, t1 ~ 15 ns, Z00+ = SO fl, Ip = 10 µs, duty cycle S 2°/o. 
b. Waveforms ore monitored on an oscilloscope with the following characteristics: tr S 15 ns, R;n 2: 10 MO., (in ::::;; 11.S pf. 

c. Resistors must be noninductive types. 

d. The d-c power supplies may require additional bypassing in order to minimize ringing. 

MAXIMUM SAFE OPERATING REGION 

-0: 

I 

~ 
J 

-2 

-1 

-0.7 

~ -0.4 
..!! 

8 
I 

_u -0.2 

-0. l 
-10 

Tc ~25~ cl 

~ 
~ 

Cl 
D-C OPERATION -\ 

1--MAX Vceo.J_ TIP 30 -
\ 

MAA V'}'"°' 
-20 -40 -70 -100 

Yee Collector-Emitter Voltage - V 

FIGURE 2 
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TYPES TIP30, TIP30A 
P-N-P SINGLE-DIFFUSED SILICON POWER TRANSISTORS 
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TYPICAL CHARACTERISTICS 

STATIC FORWARD CURRENT TRANSFER RATIO 

COLLECTOR CURRENT 

VcE = -4V 
t---+---+-+-t-t-+-t++--- Tc = 25° C 

See Notes 4 and 5 

i--

-0.01 -0. 02 -0.04 -0. 1 -0. 2 -0.4 
le - Collector Current - A 

FIGURE 3 

-1 

BASE-EMITTER VOlT AGE COLLECTOR-EMITTER SATURATION VOLTAGE 
VS 

COLLECTOR CURRENT 

Vc,I= Jv I TT 
Tc = 25°C 
See Notes 4 and 5 

> -0.24 

I -0.22 . 
2 -0,20 
0 

t- le 

I; 
t- Tc 

VS 

COLLECTOR CURRENT 

T T II 

= 8 

= 25°C 
~ -0. 18 t-- See Notes 4 and 5 +-t+t+---+--+--+--+-+-f++-1 
.~ .i -0.16 

-· -0. 14 

~ -0.12 

~ 
~ 

-0. 10 

-0.08 

8 -0.06 
-;:' -0. 2 ~--t---t-f-'H-+-t+t---f-'-+-1-1-+--H-H 

~ -0.04 

0 

-0.01 -0.02 -0.04-0.07-0,1 -0.2 -0.4 -0.7-1 

le - Collector Current A 

FIGURE 4 

0 

:. -0. 02 
;;}' 

-0.01 

NOTES: 4. These parameters must be measured using pulse techniques. IP ~ 300 µs, duty cycle ~ 1."fo. 

-0.02 -0.04 -0. 1 -0.2 
le - Collector Current 

FIGURE 5 

-0.4 -0.7 -1 
A 

Pulse width must be such that halving or doubling d9es not cause a change greater than the required accuracy of the measurement. 

S. These parameters are measured with voltage-sensing contacts separate from the current-carrying contacts. 

TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 



TYPES TIP31, TIP31A 
N-P-N SINGLE-DIFFUSED SILICON POWER TRANSISTORS 

FOR POWER-AMPLIFIER AND HIGH-SPEED-SWITCHING APPLICATIONS 
DESIGNED FOR COMPLEMENTARY USE WITH TIP32, TIP32A 

• 49 Watts at 25°C Case Temperature 
• 3 A Rated Collector Current 
• Min fr of 3 MHz at 10 V, 500 mA 

mechanical data 

THE COLLECTOR IS IN ELECTRICAL CONTACT WITH THE MOUNTING TAB 

ME01ANICAL INTERCHANGEA51llTY OF T!P3T 

PLASTIC PACKAGE WITH T0-66 OUTLINE 

~==Jn, 
~j 

0.570 
(TCM6 DIMENSION) 

THIS PORTION 

OF LEADS FRH-r·1 
OF fLASH 

BASE --- 1 I 
COll.ECTOR ---

g::~; DIA 

absolute maximum ratings at 25°C case temperature (unless otherwise noted) 

Collector-Base Voltage 

Collector-Emitter Voltage (See Note l) 

Emitter-Base Voltage 

Continuous Collector Current . 

Continuous Base Current . 

Safe Operating Region at (or below) 25°C Case Temperature 

Continuous Device Dissipation at (or below) 25°C Case Temperature (See Note 2) 

Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 3) 

Operating Collector Junction Temperature Range . 

Storage Temperature Range . 

Lead Temperature Vs Inch from Case for 10 Seconds 

NOTES: 1. These values apply when the base-emitter diode is open-circuited. 

2. Berate linearly to 150°C case temperature al the rate of 0.32 W/deg. 

3. Derate linearly to 1S0°C free-air temperature at the rate of 16 mW/deg. 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 5012 • DALLAS. TEXAS 75222 

TIP31 TIP31A 

40V 60V 

40V 60V 

.-+- 5V-+ 

.-+- 3A-+ 

.-+- lA-+ 

See Figure 2 

-+-40W-+ 

-+- 2W--+-

. --65°C to 150°C 

. -65°C to l 50°C 

.-+-260°C-+ 
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TYPES TIP31, TIP31A 
N-P-N SINGLE-DIFFUSED SILICON POWER TRANSISTORS 

electrical characteristics at 25°C case temperature 

PARAMETER TEST CONDITIONS TIP31 TIP31A 
UNIT MIN MAX MIN MAX 

Y1BRJCEO Collector-Emitter Breakdown Voltage le= 50mA, la= 0, See Note 4 40 60 v 
lcco Collector Cutoff Current VCE = 30 V, la= 0 0.5 0.5 mA 

lc•s Collector Cutoff Current 
Va= 40V, v .. = 0 0.3 

mA 
VCE - 60 V, VBE = 0 0.3 

luo Emiller Cutoff Current v .. = 5 v, le= 0 1 1 mA 

hFE 
Static Forward Current VeE = 4 V, le= 1 A, See Notes 4 and 5 20 100 20 100 
Transfer Ratio Va - 4 V, le - 3A, See Notes 4 and 5 8 8 

v .. Base-Emiller Voltage 
VCE = 4 V, le= 1 A, See Notes 4 and 5 1.3 1.3 v 
Yee= 4 V, le= 3A, See Notes 4 and 5 1.8 1.8 

YcEfsatl Collector·Emiller Saturation Voltage 
la= 100 mA, le= 1 A, See Notes 4 and 5 0.6 0.6 y 
la= 375 mA, le= 3A, See Notes 4 and 5 1.2 1.2 

h1. 
Small-Signal Common-Emitter 

Va= lOV, le= 0.5 A, f = lkHz 20 20 Forward Current Transfer Ratio 

ih1.I 
Small-Signal Common-Emitter 

Va= 10 V, le= 0.5 A, f = 1 MHz 3 3 Forward Current Transfer Ratio 

NOTES: 4. These poramefers must be measured using pulse techniq1,1es. tp S 300 µs, duty cycle S 2%. 

Pulse width must be such that halving or doubling does not cause a change greeter than the required accuracy of the measurement. 
5. These parameters are memured with VGltage-sensing contacts separate from the current·cartying contacts. 

thermal characteristics 

PARAMETER MAX UNIT 
lhe Junction-lo-Cose Thermal Resistance 3.125 

Junction-lo-Free-Air Thermal Resistance 62.5 
deg/W 

switching characteristics at 25°C case temperature 

PARAMETER TEST CONDITIONS TYP UNIT 
Ion Tum-On Time le - 1 A, IBf•I - 100 mA, 

VIE(off) = -3.7 v, Rt. = 20 n, 
la121 - -100 mA,r--_o_.4_5_-; 
See Figure 1 0.65 Turn-Off Time 

tVollage and current values shown are nominal; exact values vary slightly with transistor parameters. 

16110 



TYPES TIP31, TIP31A 
N-P-N SINGLE-DIFFUSED SILICON POWER TRANSISTORS 

INPUT 

82 Q 

PARAMETER MEASUREMENT INFORMATION 

TEST CIRCUIT 

+16VIL---. II 90% 

-1 v 10% I 
I I 

-+l Ion f.- fc- I off -.I 
I I 

20 Q 

20.3 v 

INPUT 

~UTPUT 
VOLTAGE WAVEFORMS 

FIGURE I 

OUTPUT 

NOTES: o. The input waveform is supplied by a generator with the following characteristics: tr s;: 15 ns, ff :<:;; lS ns, lout = SO fl, IP= 10 µs, duty cycle ~2"/.. 

b. Waveforms are monitored on an oscilloscope with the following characteristics: tr ~ lS ns, Rin ~ 10 MO, (in S: 11.S pf. 

c. Resistors must be noninductive types. 

d. The d-c power supplies may require additional bypassing in order to minimize ringing. 

MAXIMUM SAFE OPERATING REGION 

4 
Tc 5 25°C 

~ 
~ D-C OPERATION 

~ 
is: 

<( 
I 

'E 

~ 
u 
5 0.7 
t 
..!! 
0 

MAX Vceo TIP31 -........ 

TJ31A _ 
......... 

MAX Vceo t-- ..____ 
t--e 

u 0.4 

J! 

0.2 

0.1 
10 20 40 70 100 

VcE - Collector-Emitter Voltage-V 

FIGURE 2 
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TYPES TIP31. TIP31A 
N-P-N SINGLE-DIFFUSED SILICON POWER TRANSISTORS 

TYPICAL CHARACTERISTICS 

STATIC FORWARD CURRENT TRANSFER RATIO 
vs 

COLLECTOR CURRENT 

120 

.~ 
o 100 "" 
J! 
~ 
!? 
I- 80 

J~I J 
1-'t;:);:~:;i:tn--i-tT c - 25 C -H 
I "" See Notes 4 ond 5 

c 
" t: 

" u 
60 1? 

0 

~ 
.f 
u 40 

& 
~ 20 

..c 

0 
0.02 0.04 0.070. l 0.2 0.4 0.7 1 4 

le - Collector Current - A 

FIGURE 3 

BASE-EMITTER VOLTAGE COLLECTOR-EMITTER SATURATION VOLTAGE 

> 
I 

" 

1.2 

1.0 

.E o.a 
0 
> 

vs 
COLLECTOR CURRENT 

> 0.6 

I 

j 0.5 
0 
> 
.2 o 0.4 

j 

11 nrr 
c 
-= 10 

1-le 
Tc ; 25°C 

vs 
COLLECTOR CURRENT 

See Notes 4 ond 5 

j_ 
~ 0.3 
] 

I 

6 v 
0.2 

0 

] 0.2 
0 
u 
I 

0.1 

0 

0.02 0.04 0.07 o. 1 0.2 0.4 0.7 1 2 4 0.02 0.04 0.07 o. 1 0.2 0.4 0.7 1 

I c - Col I ector Current - A 

FIGURE 4 

NOTES: 4. These parameters must be measured using pulse techniques. tP ~ 300 µs, duty cycle ~ 2%-

le - Collector Current - A 

FIGURE 5 

Pulse width must be such that halving or doubling doas not cause a change greater than the required a"uracy of Ille measurement. 
5. These paramete11 are measured with vcdlage-.sensing contacts separate from the current-canying contads. 

2 4 
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IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 



TYPES TIP32, TIP32A 
P-N-P SINGLE-DIFFUSED SILICON POWER TRANSISTORS 

FOR POWER-AMPLIFIER AND HIGH-SPEED-SWITCHING APPLICATIONS 
DESIGNED FOR COMPLEMENTARY USE WITH TIP31, TIP31A 

• 40 Watts at 25°C Case Temperature 
• 3 A Rated Collector Current 
• Min fr of 3 MHz at 10 V, 500 mA 

mechanical data 

THE COLLECTOR IS IN ELECTRICAL CONTACT WITH THE MOUNTING TAB 

MECHAN!CAt INHRCHANGEABILITY Of TIP32 

PLASTIC PACKAGE WITH T0-66 OUTLINE 

===~ 
~-··~J O.S7D 

(T0-66 DIMENSION) 

absolute maximum ratings at 25°C case temperature (unless otherwise noted) 

Collector-Base Voltage 

Collector-Emitter Voltage (See Note 1) 

Emitter-Base Voltage 

Continuous Collector Current . 

Continuous Base Current . 

Safe Operating Region at (or below) 25°C Case Temperature 

Continuous Device Dissipation at (or below) 25°C Case Temperature (See Note 2) 

Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 3) 

Operating Collector Junction Temperature Range . 

Storage Temperature Range . 

Lead Temperature Ya Inch from Case for 10 Seconds 

NOTES: 1. These valves apply when the base-emitter diode is open-circuited, 

2. Derate linearly to 1S0°C case temperature al the rate of 0.32 W/deg. 

3. Derate linearly to 150°C free-air temperature at the rate of 16 mW/deg. 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 5012 • DALLAS. TEXAS 75222 

TIP32 TIP32A 
-40V -60V 

--40V -60V 

.~-5V-+ 

.~-3A-+ 

.~-lA-+ 

See Figure 2 

~40W-+ 

~2W-+ 

-65°C to 1 so0 c 
-65°C to 1 so0 c 
.~260°C-+ 
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TYPES TIP32, TIP32A 
P-N-P SINGLE-DIFFUSED SILICON POWER TRANSISTORS 

electrical characteristics at 25°C case temperature 

PARAMETER TEST CONDITIONS 
TIP32 TIP32A 

UNIT 
MIN MAX MIN MAX 

\'l_IRJ_e&o Collectiir-Eniitter Breakdown Voltage le = -SO mA, la = 0, See Note 4 -40 -60 v 
le&o Collector Cutoff Current VCE = -30V, la= 0 --0.5 --0.S mA 

leES Collector Cutoff Current 
VCE = -40V, Vae = 0 --0.3 

mA 
Ve&= -60V, v .. = 0 --0.3 

loo Emitter Cutoff Current Vu= -SV, le= 0 -1 -1 mA 

hFE Static Forward Current VCE = -4V, le =-1 A, See Notes 4 and S 20 100 20 100 
Transfer Ratio Va - -4 V, le - -3A, See Notes 4 and S 8 8 

v. Bose-Emitter Voltage 
VCE = -4 v. le =-IA, See Notes 4 and S -1.3 -1.3 v 
Vct = -4V, le= -3A, See Notes 4 and 5 -1.8 -1.8 

vCE1 .. 11 Collectar-Emitter Saturation Voltage 
la = -100 mA, le = -1 A, See Notes 4 and S --0.6 --0.6 v 
11 = -375 mA, le = -3 A, See Notes 4 and S -1.2 -1.2 

hi. 
Small-Signal Common-Emitter 

Ye•= -lOV, le= -0.5A,I = 1 kHz 20 20 Forward Current Transfer Ratio 

!hi.I 
Small-Signal Common-Emitter 

Ve&= -lOV, le= -0.5A,I = 1 MHz 3 3 Forward Current Transfer Ratio 

NOTE~ 4. These parameters must be measured using pulse techniques. IP ~ 300 µ.s, duty cycle S 2%. 
Pulse width must be such that halving or doubling does not caust a change gr111ter than the required accuracy of the measurement, 

5. These parameters are measured with voltagt-iensing contacts separate from the current-carrying contacts. 

thermal characteristics 

PARAMETER MAX UNIT 
fhe Junction-to-Case Thermal Resistance 3.125 

Junction-to-Free-Air Thermal Resistance 62.5 
deg/W 

switching characteristics at 25°C case temperature 
PARAMETER I TEST CONDITIONli_ TYP J UNIT ] Ian Tum-On Time J le= -1 A, 11111 = -lOOmA, 11121 = 100 mA, 0.17 

1.,, Tum-Off Time l VIEloff) = 3.7V, Iii.= 20.n, See Figure 1 0.5 l p.S 

fYollage •• a1r1111t 'tGIHS shown are nominal; 11ar.t values wary slightly with transistor parameters. 
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TYPES TIP32, TIP32A 
P-N-P SINGLE-DIFFUSED SILICON POWER TRANSISTORS 

BHl 

PARAMETER MEASUREMENT INFORMATION 

82 Cl 

t 
.:. 6.4 v 

TEST CIRCUIT 

+lV ~ f INPUT 

l~o/~!\.________f. 90% 
-16V--1 I 

I I I 
-+i 1on I+ +I 1off 14-

~PUT 
I 

VOLTAGE WAVEFORMS 

FIGURE 1 

NOTES: a. The input waveform is supplied by a generator with the following characteristics: tr ~ 15 ns, tf ~ 15 ns, lout = SO 0, IP = 10 µs, duty cycle ~ 2% • 
b. Waveforms are monitored on an oscilloscope with the following charaderistits: tr ~ 15 ns, Rin ~ 10 MO, Cin ~ 11.5 pf. 

c. Resistors must be nonindudifl types. 
d. The 11-c power supplies may require additional bypassing in order to minimize ringing. 

MAXIMUM SAFE OPERATING REGION 

-4 

-2 
< 
I 
c 

-1 ~ 
:> 

u -0.7 
.2 ... 
.! 

~ T ~2sic c-

D-C OPERATIO~ 
~ 
~ 

~ 
0 

-0.4 u 
I 

h.. 
~ 

~ 

-0.2 
MAXV_'.l° TIP31----1 -
MAX Vro TI P31A --1 

-0.1 
-10 -20 -40 -70 -100 

Vee - Collector-Emitter Voltage - V 

FIGURE 2 
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TYPES TIP32, TIP32A 
P-N-P SINGLE-DIFFUSED SILICON POWER TRANSISTORS 

0 

TYPICAL CHARACTERISTICS 

STATIC FORWARD CURRENT TRANSFER RATIO 
vs 

COLLECTOR CURRENT 

VcE =-4 V 
Tc = 25°C 

~ 100 
r--.,. See Notes 4 and 5 

~ 
5 
.= 80 
c 
" \:; 
u 
~ 

~ 
0 
"-

60 

u 40 

& 
20 

0 
-0.02 -0.04 

N 

-0. 1 -0.2 -0.4 -1 -2 -4 

le - Collector Current - A 

FIGURE 3 

BASE-EMITTER VOLTAGE COLLECTOR-EMITTER SATURATION VOLT AGE 

COLLECTOR CURRENT 

-1.2 

JCEIJ}VIT 
Tc = 25°C 

> -1.0 I-See Notes 4 and 5 

I 

F -a.a 
0 
> 

~ -0 .. 6 

~ 
Ji -0.4 

-0. 2 l--+--+-+-1++-l-l----+-+-+-+-!-H++---+---+--+ 

> 
I 

" 

-0.6 

2 0 -0.4 
> 
c 
.2 

~ -0.3 :g 
~ 

~ -0.2 
6 
v 
~ 
0 
u 
I 

-0. l 

COLLECTOR CURRENT 

TcTTTTITT 
- = 10 
Is 

1--Tc = 25°C 
See Notes 4 and 5 

I 
7 

v 
0 '---'--'--'-'-'-J...1..J'----...1....-'--'--'-.L...LJ...1..JL----'---'~ 0 L-....L-l.....L...L...1..Ll.'-----'--'---'....L.L.l..Ll.L...-....L..--+--' 
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-0.02 -0.04 -0. l -0.2 -0.4 -1 

le - Collector Current - A 

FIGURE 4 

-2 -4 -0.02 -0.04 

NOTES: 4. These parameters must be measured using pulse techniques. f P ~ 300 µs, duty cycle ~ 2%. 

-0. l -0.2 -0.4 -1 

le - Collector Current - A 

FIGURE 5 

Pulse width must he such that halving or doubling does not cause a change greater than the required accuracy of the measurement. 

S. These parameters are measured with voltage-sensing contacts separate from the current-carrying c;ontads. 

-2 -4 

TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 



TYPES TIP33, TIP33A 
N-P-N SINGLE-DIFFUSED SILICON POWER TRANSISTORS 

FOR POWER-AMPLIFIER AND HIGH-SPEED-SWITCHING APPLICATIONS 
DESIGNED FOR COMPLEMENTARY USE WITH TIP34, TIP34A 

• 80 Watts at 25°C Case Temperature 
• 10 A Rated Collector Current 
• Min fr of 3 MHz at 10 V, 500 mA 

mechaniccd data 

THE COLLECTOR IS IN ELECTRICAL CONTACT WITH THE MOUNTING TAB 

MECHANICAi. INTERCHANGEAB1LtTY Of TIP33 

PLASTIC PACKAGE WITH T0-3 OUTLINE 

ALL OIWNSIONS ARE IN INCHES 

absolute maximum ratings at 25°C case temperature (unless otherwise noted) 

Collector-Base Voltage 

Collector-Emitter Voltage (See Note 1) 

Emitter-Base Voltage . . 

Continuous Collector Current 

Continuous Base Current . 

Safe Operating Region at (or below) 25°C Case Temperature 

Continuous Device Dissipation at (or below) 25°C Case Temperature (See Note 2) 

Continuous Device Dissipation at (or below) 25°C Free-Air Tem·perature (See Note 3) 

Operating Collector Junction Temperature Range . 

Storage Temperature Range. 

Lead Temperature% Inch from Case for 10 Seconds 

NOTES: 1. These values apply when the base-emitter diode is open-circuited. 

2. Derate linearly to uo0 c case temperature at the rate of 0.64 W/dag. 
3. Darate linearly to 150°C free-i;rir temperature at the rate of 28 mW/deg. 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 5012 • DALLAS, TEXAS 75222 

TIP33 

40V 

TIP33A 

60V 

40V 60V 

+-- 5V--+ 
.+--lOA--+ 

+-- 3A--+ 
See Figure 2 

.+-SOW-+ 

.+--3.5W-+ 
-65°Cto 150°c 
-65°C to l 50°C 

. .+--260°C--+ 

16117 

• 



TYPES TIP33, TIP33A 
N-P-N SINGLE-DIFFUSED SILICON POWER TRANSISTORS 

electrical characteristics at 25°C case temperature 

PARAMETER TEST CONDITIONS 
TIP33 

MIN MAX 
VIBRJCEO Collector-Emitter Breakdown Voltage le = 200 mA,11 = 0, See Note 4 40 

lceo Collector Cutoff Current Yee= 30 V, la= 0 0.7 

Ices Collector Cutoff Current 
Ya = 40 V, Y .. = 0 0.4 
Yee= 60 Y, Y ... = 0 

luo Emitter Cutoff Current Yu= 5 V, le= 0 1 
Yee= 4 Y, le= 1 A, See Notes 4 and 5 25 125 

h., 
Static Forward Current Yee= 4 V, le= 3A, See Notes 4 and 5 12 
Transfer Ratio 

Yee= 4 V, le = 10 A, See Notes 4 and 5 4 

Y .. Base-Emitter Voltage 
Va= 4 V, le= 3A, See Notes 4 and 5 1.6 
Va;= 4 V, le = 10 A, See Notes 4 and 5 3 

Ya1 .. +1 Collector-Emitter Saturation Voltage 
11 = 300 mA, le = 3 A, See Notes 4 and 5 1 
la= 2.5 A. le = 10 A, See Notes 4 and 5 4 

hr. 
Small-Signal Common-Emitter 

Va= lOV, le = 0.5 A, f = 1 kHz 20 Forward Current Transfer Ratio 

lhr.I 
Small-Signal Common-Emitter 

Vee= 10 V, le = 0.SA, f = 1 MHz 3 Forward Current Transfer Ratio 

NOTES: 4. These parameters must be measured using pulse techniques. IP :S 300 µs, duty cycle ~ 2°.,{,. 

Pulse width must be such that halving or doubling does not cause a change greater than the required accuracy of the measurement. 

S. These parameters are measured with voltagMensing contacts separate from the current-carrying contacts. 

thermal characteristics 

PARAMETER 
Junction-to-Case Thennal Resistance 
Junction-to-Free-Air Thermal Resistance 

switching characteristics at 25°C case temperature 

PARAMETER TEST CONDITIONSt 
Turn-On Time le = 1 A, 11111 = 100 mA, 11121 = -100 mA, 
Turn-Off Time VBE(ot = -3. 7 Y, Ri_ = 20 !1, See Figure 1 

tYoltage and current values shown are nominal; exact valites vary slightly with transistor parameters. 
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TIP33A 
UNIT MIN MAX 

60 

25 
12 
4 

20 

3 

y 

0.7 mA 

0.4 
mA 

1 mA 
125 

1.6 v 
3 
1 y 
4 

MAX UNIT 

1.56 I 
35.7 deg W 



TYPES TIP33, TIP33A 
N-P-N SINGLE-DIFFUSED SILICON POWER TRANSISTORS 

PARAMETER MEASUREMENT INFORMATION 

OUTPUT 

82 Q 
INPUT n----+----'\1\1',---.~--IH 20 Q 

82 Q 

4V 20.3 v 

TEST CIRCUIT 

+16V~---: 90% 
INPUT 

_1 v 10% I 
I I 
~ ton f4- ~ I off -..J 

I I 

~UT PUT 

VOLTAGE WAVEFORMS 

FIGURE 1 

NOTES: a. The input waveform is supplied by a generator with the following characteristics: tr ~ 15 ns, ff :S: 15 ns, Z01.1t = SO 0, tP = 10 µ,s, duty cyde ~ 2%. 

b. Waveforms are monitored on an oscilloscope with !he following characteristics: tr :S: 15 ns, Rin 2: 10 MO, (in :S: 11.5 pF. 
c. Resistors must be noninductive types. 

d. The d-c power supplies may require additional bypassing in order to minimize ringing. 

MAXIMUM SAFE OPERATING REGION 

20 

10 

7 

...: 
I 4 

c 
~ 
3 
u 
6 u 

..!!. 
0 0.7 u 

_u 0.4 

0.2 

o. 1 

l 

Tch5JC 

~ 
D-C OPERATION ~ 

~ 

' 
MAX VcEO TIP33 - l 
MAX VcEO TIP33A 

lltt l H 1-t-ti 

2 4 7 10 20 40 

Yee - Collector-Emitter Voltage - V 

FIGURE 2 

70 100 
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TYPES TIP33, TIP33A 
N-P-N SINGLE-DIFFUSED SILICON POWER TRANSISTORS 

16120 
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1.B 
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0 

.!! 

~ 
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,!: 
1: 
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~ 
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~ 
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~ 
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TYPICAL CHARACTERISTICS 

STATIC FORWARD CURRENT TRANSFER RATIO 

100 

BO 

60 ~ 

40 

20 

0 
0.1 0.2 

vs 
COLLECTOR CURRENT 

Ve)= 1) 1111 
Te = 25°C 
See Notes 4 and 5 

r-,... 
1' 

~ 
~ 
~ 

0.4 0.7 1 2 

I e - Collector Current - A 

FIGURE 3 

,..,... 
~ 

4 7 10 

BASE-EMITTER VOLTAGE COLLECTOR-EMITTER SATURATION VOLTAGE 
VS 

COLLECTOR CURRENT 

Vee =T4V TT 

Tc = 25°C 
See Notes 4 and 5 

IJ 

t' 
v Ii"'" v 

0.1 0.2 

Hi--

0.4 0.7 1 2 

le - Collector Current - A 

FIGURE 4 

4 7 10 

> 
I 
~ 

E' 
o O.B 
> 
6 
·~ 

le 
- = 4 
I B 
Tc = 2s0 c 

vs 

COLLECTOR CURRENT 

See Notes 4 and 5 

j 0,6 t--~--ii---+-+-+-+-t+t+-~~+---i~l--l-++.-H 

0.1 0.2 0.4 0.7 1 2 

le - Collector Current - A 

FIGURE S 

4 7 10 

NOTES: 4. These parameters must be measured using pulse techniques. IP ~ 300 µs, duty cycle S 2%-
Pulst width must be such that halving or doubling does not cause a change greater than Iha required accuracy of the measurement. 

S. These parameters are measured with voltage-sensing contacts separate from the current-carrying contacts. 

TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 



TYPES TIP34, TIP34A 
P-N-P SINGLE-DIFFUSED SILICON POWER TRANSISTORS 

FOR POWER-AMPLIFIER AND HIGH-SPEED-SWITCHING APPLICATIONS 
DESIGNED FOR COMPLEMENT ARY USE WITH TIP33, TIP33A 

• 80 Watts at 25°C Case Temperature 
• 10 A Rated Collector Current 
• Min fr of 3 MHz at 10 V, 500 mA 

mechanical data 

THE COLLECTOR IS IN ELECTRICAL CONTACT WITH THE MOUNTING TAB 

MECHANICAL INTERCHANGEABILITY OF Tim 

PLASTIC PACKAGE WITH T0-3 OUTLIN( 

c=~ 
~~~J 

0.655 
(TO.:I OIMENSK>N) 

absolute maximum ratings at 25°C case temperature (unless otherwise noted) 

Collector-Base Voltage 

Collector-Emitter Voltage (See Note l) 

Emitter-Base Voltage . 

Continuous Collector Current 

Continuous Base Current . 

Safe Operating Region at (or below) 25°C Case Temperature . 

Continuous Device Dissipation at (or below) 25°C Case Temperature (See Note 2) 

Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 3) 

Operating Collector Junction Temperature Range . 

Storage Temperature Range 

Lead Temperature \11 Inch from Case for l 0 Seconds . 

NOTES: 1. TP.ese values apply when the base-emitter diode is open-circuited. 

2. Derote linearly lo 150°( case temperature of the rate of 0.64 W/deg. 

3. berate linearly to 150°( free-air temperature at the rate of 28 mW/deg. 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 5012 • DALLAS, TEXAS 75222 

TIP34 TIP34A 

-40 v -60 v 
-40 v -60 v 

+--- -5V---+ 

+--JOA---+ 

+--- -3A---+ 

See Figure 2 

+---sow---+ 
+-3.5W-+ 

-65°C to iso•c 
--65°C to i so•c 
+-260°C-+ 
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TYPES TIP34, TIP34A 
P-N-P SINGLE-DIFFUSED SILICON POWER TRANSISTORS 

electrical characteristics at 25°C case temperature 

PARAMETER TEST CONDITIONS 
TIP34 TIP34A 

UNIT 
MIN MAX Ml"' MAX 

V(BRJeEO Collector-Emitter Breakdown Voltage le = -200 mA, 18 = 0, See Note 4 -40 -60 v 
lao Collector Cutoff Current Yee= -30 V, la= 0 --0.7 -0.7 mA 

Collector Cutoff Current 
Va= -40 V, VIE= 0 -0.4 

las Va= -60 V, VIE= 0 -0.4 
mA 

lno Emitter Cutoff Current Yes= -5 V, le= 0 -1 -1 mA 

Ya =-4V, le= -1 A, See Notes 4 and 5 25 125 25 125 

hFE 
Static Forward Current Ya= -4V, le= -3A, See Notes 4 and 5 12 12 Transfer Ratio 

Ya= -4 Y, le= -lOA, See Notes 4 and 5 4 4 

VIE Base·Emitter Voltage 
Yee= -4Y, le= -3A, See Notes 4 and 5 -1.6 -1.6 
Ya= -4V, le= -lOA, See Notes 4 and 5 -3 -3 

y 

Yce(s•tl Collector-Emitter Saturation Voltage 
18 = -300 mA, le = -3 A, See Notes 4 and 5 -1 -1 
11 = -2.5 A, le= -lOA, See Notes 4 and 5 -4 -4 

y 

hie 
Small-Signal Common-Emitter Va= -10 Y, le = -0.SA, I = l kHz 20 20 Forward Current Transfer Ratio 

lh1el 
Small-Signal Common-Emitter Ya= -lOV, le=-0.SA, f=JMHz 3 3 Forward Current Transfer Ratio 

NOTES: .C. These parameters must be measured using pulse techniques. tp ::;; 300 µ.s, duty cycle ~ 2%. Pulse width must be such that halving ar doubling does not cause 
a change greater than the required accuracy of the measurement. 

5. Thes1 parameters are measured with voltage-sensing cantacts separate from the current-carrying ontach • 

thermal characteristics 

PARAMETER MAX UNIT 

lhc Junction-to-Case Thermal Resistance 1.56 
deg/W 

fhA Junction-to-Free-Air Thennal Resistance 35.7 

switching characteristics at 25°C case temperature 

PARAMETER TEST CONDITIONSt TYP UNIT 
!.., Tum-On Time le= -J A, 111,1 =-JOO mA, IB(•I = JOO mA, 0.35 

'off Tum-Off Time Yae1offl = 3.7 V, Iii. = 20 0, See Figure J 0.80 
µ,s 

tYolta9e and curr•t val• shown are nominal; exact valuK vary slightly with translsttr parameters. 
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TYPES TIP34, TIP34A 
P-N-P SINGLE-DIFFUSED SILICON POWER TRANSISTORS 

INPUT 

82 Q 

PARAMETER MEASUREMENT INFORMATION 

20 Q 

-::- 20.3 v 

TEST CIRCUIT 

VOLTAGE WAVEFORMS 

FIGURE I 

OUTPUT 

NOTES: a. The input waveform is supplied by a generator with the following characteristics: tr :::-;; 15 ns, ff S 15 ns, Zou+ = SO 0, IP = 10 µs, duly cycle ~ 2% . 

b. Waveforms are monitored on an oscilloscope with the following characteristics: tr ~ JS ns, Rin ?:'.:_ 10 MU, (in ~ 11.5 pf. 

c. Resistors must be noninductive types. 

d. The d-c power supplies may require additional bypassing in order to minimize ringing. 

MAXIMUM SAFE OPERATING REGION 

-100 
-70 

-40 Tc525°C 

-20 

<( -10 
./; -7 
~ 
:; -4 
v 

1--D-C OPERATION ~ .:.... 

~ -2 
..! 

;§ - 1 
I -0.7 

-0.4 

-0.2 

-0.1 
-1 

JJ. ~ 

""' Ml:x VCEO TIP34 -
_L...LLI.u..1_ ~ 

MAX VcEO TIP34A _L _L411 
-2 -4 -7 -10 -20 -40 -70-100 

VcE-Collector--Emitter Voltoge-V 

FIGURE 2 
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TYPES TIP34, TIP34A 
P-N-P SINGLE-DIFFUSED SILICON POWER TRANSISTORS 

16124 
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-1.B 

> -1.6 
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~ -1.0 
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0 
-0. 1 

TYPICAL CHARACTERISTICS 

STATIC FORWARD CURRENT TRANSFER RATIO 
vs 

COLLECTOR CURRENT 

-0.2 -0.4 -0.7 -1 -2 

le - Collector Current - A 
FIGURE 3 

-4 -7 -10 

BASE-EMITTER VOLT AGE COLLECTOR-EMITTER SATURATION VOLT AGE 

COLLECTOR CURRENT 

I TT 
f--VCE = -4V 

f-- Tc = 2s•c 
See Notes 4 ond 5 

v 
y 

~ v 
HI-" 

> 
I 
~ 

E' 
0 
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0 

.9 
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-1 

-0.B 

] -0.6 

0 
u 

COLLECTOR CURRENT 

T 

I le 
- = 4 
1, 

f- Tc = 25°C 

See Notes 4 and 5 

>~ -0.4 -0.2 

-0.2 

0 
-0. l -0.2 -0.4 -0.7-1 -2 

le - Collector Current - A 

FIGURE 4 

0 

-4 -7 -10 -0. 1 -0.2 

NOTES, 4. These poromet"' must be measured ,,;ng pulse techn;ques. tp ~ 300 µs, duty <yde ~ 1"/o. 

-0.4 -0.7 -1 -2 

le - Collector Current 

FIGURE 5 

Pulse width must be such that halving or doubling does not cause a change greater than the required accuracy of the measurement. 
5. These parameters are measured with voltage-sensing contacU separate from the currenHarrying contacts. 

-4 -7 -10 

A 

TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
IN ORDER TO IMPROVE DESIGN ANO TO SUPPLY THE BEST PRODUCT POSSIBLE. 



TIP35, TIP35A 
N-P-N SINGLE-DIFFUSED SILICON POWER TRANSISTORS 

FOR POWER-AMPLIFIER AND HIGH-SPEED-SWITCHING APPLICATIONS 
DESIGNED FOR COMPLEMENTARY USE WITH TIP36, TIP36A 

• 90 Watts at 25°C Case Temperature 
• 25 A Rated Collector Current 
• Min fr of 3 MHz at 10 V, 1 A 

mechanical data 

THE COLLECTOR IS IN ELECTRICAL CONTACT WITH THE MOUNTING TAB 

MKHANICAl INTERCHANG£ABILITY Of TIP35 
PLASTIC PACKAGE WITH T0-3 OUTLINE 

c=~ 
1-- •• ,, J 

0.655 
(T0.3 DIMENSION) 

All DIMENSIONS ARE IN INCHES 

absolute maximum ratings at 25°C case temperature (unless otherwise noted) 

Collector-Base Voltage 

Collector-Emitter Voltage (See Note 1) 

Emitter-Base Voltage . 

Continuous Collector Current 

Continuous Base Current . 

Safe Operating Region at (or below) 25°C Case Temperature . 

Continuous Device Dissipation at (or below) 25°C Case Temperature (See Note 2) 

Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 3) 

Operating Collector Junction Temperature Range . 

Storage Temperature Range 

Lead Temperature Mi Inch from Case for 10 Seconds . 

NOTES: l. These values apply when the base-emitter diode is open-circuited. 

2. Derate linearly to 1S0°C case temperature at the rote of 0.72 W/deg. 

3. Derate linearly to 150°( free-air temperature at the rate of 28 mW/deg. 

• 
TIP35 

40 v 
40V 

TIP35A 

60 v 
60 v 

~sv--+ 

~ 25A--+ 

~SA--+ 

See Figure 2 

~90W--+ 

~3.5W--+ 

-65°C to 1so0 c 

-65°C to 1so0 c 
~260°C--+ 
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TEXAS INSTRUMENTS 16125 
INCORPORATED 

POST OFFICE BOX 5012 • DALLAS, TEXAS 75222 



TYPES TIP35, TIP35A 
N-P-N SINGLE-DIFFUSED SILICON POWER TRANSISTORS 

electrical characteristics at 25°C case temperature 

PARAMETER TEST CONDITIONS 
TIP35 TIP35A 

UNIT 
MIN MAX MIN MAX 

VIBR)CEO Collector-Emitter Breakdown Voltage le= 200mA, la= 0, See Note 4 40 60 v 
lceo Collector Cutoff Current Ya= 30 V, la= 0 l l mA 

Ya= 40V, Vae = 0 0.7 
Ices Collector Cutoff Current 

Ya= 60V, Yae = 0 0.7 
mA 

lao Emitter Cutoff Current .Yea= 5 V, le= 0 l 1 mA 
Yee= 4 V, le= 5 A, See Notes 4 and 5 20 100 20 100 

hFE Static Forward Current Transfer Ratio Va= 4V, le = 15 A, See Notes 4 and 5 10 10 
Va= 4V, le = 25 A, See Notes 4 and 5 s 5 
Ya= 4 V, le = 15 A, See Notes 4 and 5 2 2 

Vae Bose-Emitter Voltage 
Va= 4V, le = 25 A, See Notes 4 and 5 4 4 

v 

Collector-Emitter Saturation Voltage 
la= 1.5 A, le = 15 A, See Notes 4 and 5 1.8 1.8 

Va1sotl la= 5 A, le = 25 A, See Notes 4 and 5 4 4 
v 

hte 
Small-Signal Common-Emitter 

Yee= lOV, le= l A, f=lkHz 25 25 Forward Current Transfer Ratio 

lh1el Small-Signal Common-Emitter Yee= lOV, lc=lA, f=lMHz 3 3 Forward Current Transfer Ratio 

NOTES: 4. These parameters must be measured using pulse techniques. tp ~ 300 µs, duty cycle ~ 23. 
Pulse width must be such that halving or doubling does not cause a change greater than the required accuracy af tlle measurtm1nt. 

S. These parameters aft measured with voltage-sensing contacts separate from the current-canying contacts. 

thermal characteristics 

PARAMETER MAX UNIT 
8J-c Junction-to-Case Thermal Resistance 1.39 
BJ.A Jundlon-to-Free-Air Thermal Resistance 35.7 

deg/W 

switching characteristics at 25°C case temperature 

PARAMETER TEST CONDITIONSt TYP UNIT 
Ion Turn-On Time le= 5 A, la 111 = 500 mA, la121 = -500 mA, 0.6 
lo11 Tum-Off Time Vae(off) = -5 V, It,_ = 5 fi, See Figure l 0.8 P-5 

tVoltage and current values shown are nominal; exact values vary slightly with transistor parameters. 
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TYPES TIP35, TIP35A 
N-P-N SINGLE-DIFFUSED SILICON POWER TRANSISTORS 

PARAMETER MEASUREMENT INFORMATION 

...... ------oOUTPUT 

son 

TEST CIRCUIT 

+30Y---~90% 

-2 3 v J 10% :L 
. I 

INPUT 

---+tton a... ~ toff ~ 
I I 

~~ 10%r-
90%~ OUTPUT 

VOLTAGE WAVEFORMS 

FIGURE 1 

NOTES: a. The input wavefonn is supplied by a generator with the following characteristics: tr S 1S ns, t1 :::; 1S ns, lout = SO 0., IP = S µs, duty cycle ~ 2%, • 
b, Waveforms are monitored on an oscilloscope with the following characteristics: tr ::;; 15 ns, Rin ~ 10 MO, (in ::::; 11.5 pf. 

c. Resistors must be noninductive types. 

d. The d-c power supplies may require additional bypassing in order to minimize ringing. 

MAXIMUM SAFE OPERATING REGION 

100 
70 Tc< 2s•c:: 
40 

20 
< 

10 ~ 
c 

7 " ~ t---D-C OPERATION :"ii. 
u 4 
2 
u 2 ~ 

0 

"""-J 
f'_, 

" u 

~ 0.7 MAX Yem TIP35 = 
0.4 !----MAX Yem TIP35A :---..., 

-.......i 
0.2 

~ 

0. I 
2 4 7 10 20 40 70 100 

VcE - Collector-Emitter Voltage -V 

FIGURE 2 
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TYPES TIP35, TIP35A 
N-P-N SINGLE-DIFFUSED SILICON POWER TRANSISTORS 

> 
I .. 
f 
0 
> 
! 
] 

I 

5 
"" 
ii: 

> 

w 

-" 

TYPICAL CHARACTERISTICS 
STATIC FORWARD CURRENT TRANSFER RATIO 

vs 
COLLECTOR CURRENT 

20 1-----+-4--+++++l------l---+-1-1-1-1-1-1-1-~-3'.-""-+---+-I 
't'-. 

0 L-....L.....L....l...J...l...U..L--~~-'-.L..-1....1....L.J..U~~~..J......J 

0.2 0.4 0.7 1 2 4 7 10 

le - Collector Current - A 

FIGURE 3 

20 40 

BASE-EMITTER VOLTAGE COLLECTOR-EMITTER SATURATION VOLTAGE 

VS vs 
COLLECTOR CURRENT COLLECTOR CURRENT 

2.0 

1.8 v7ETW111 
1--Te = 25°C • 

> 
I 

1.2 
11 TTTTTTT 
e 

f -=s 

1.6 

1.4 

1.2 

1.0 

0.8 

0.6 

0.4 

0.2 

0 
0.2 

See Notes 4 and 5 7 
) 

7 
~ 

1--1 ~ 

o.4 o.7 1 4 7 10 20 

le _; Collector Current - A 

FIGURE 4 

40 

la 
1.0 1--Te = 2s•c 

See Notes 4 and 5 

0.8 

0.6 

o.4 

0.2 

__;.Y 
_.L~.++H"f"'-

0 -
0.2 0.4 0.7 l 2 4 

I v 
7 10 20 

le - Collector Current - A 

FIGURE 5 

NOTES: 4. These parameters must be measured using pulse techniques. tp S 300 µ.s, duty cycle S 2%. 
Pulse width must be such that halving or doubling daes not cause a change greater than the required accuracy of the measurem811. 

5. These parameters are measured with voltage-sensing contacts separate from the current-canying cantads. 

TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 



TYPES TIP36, TIP36A 
P-N-P SINGLE-DIFFUSED SILICON POWER TRANSISTORS 

FOR POWER-AMPLIFIER AND HIGH-SPEED-SWITCHING APPLICATIONS 
DESIGNED FOR COMPLEMENTARY USE WITH TIP35, TIP35A 

• 90 Watts at 25°( Case Temperature 
• 25 A Rated Collector Current 
• Min fr of 3 MHz at 10 V, 1 A 

mechanical data 

THE COLLECTOR IS IN ELECTRICAL CONTACT WITH THE MOUNTING TAB 

MECHANICAi. INTERCHANGEABILITY OF TJl'36 

l'LASTIC PACKAGE WITH T0-3 OUTLINE 

_,,,--;;;::.-.. ... 
/1'~\ : .. -, r' '1 0 

,.,:-~ \\ I/ 

......... ~~=.::....-

AU DIMENSIONS ME IN INCHES 

absolute maximum ratings crt 25°C case temperature (unless otherwise noted) 

Colledor-Base Voltage 

Collector-Emitter Voltage (See Note 1) 

Emitter-Base Voltage . 

Continuous Collector Current . 

Continuous Base Current • 

Safe Operating Region at (or below) 25°C Case Temperature 

Continuous Device Dissipation at (or below) 25°C Case Temperature (See Note 2) 

TIP36 

-40V 
TIP36A 

-60V 

-40V -60V 

·+- -5V --+ 

·+- -25A--+ 

·+- -5A --+ 
See Figure 2 

+- 90W--+ 
Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 3) +- 3.5 W --+ 

Operating Collector Junction Temperature Range . -65°C to 150°C 

Storage Temperature Range . 

Lead Temperature l4i Inch from Case for 10 Seconds 

NOTES: 1. These valuas apply when the base-emitter diode is open--c:ircuitad. 
2. Otrate linearly to 150°C case temperature at the rate of 0.72 W/deg. 
3. Darata linearly to uo0 c frat-air temperature at the rate of 28 mW/deg. 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 5012 • DALLAS, TEXAS 75222 

• -65°C to 150°C 

. +- 260°C --+ 
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TYPES TIP36, TIP36A 
P-N-P SINGLE-DIFFUSED SILICON POWER TRANSISTORS 

electrical characteristics at 25 °C case temperature 

TIP36 TIP36A 
UNIT PARAMETER TEST CONDITIONS MIN MAX MIN MAX 

YiBRICEO Collector-Emitter Breakdown Voltage le = -200 mA, la = 0, See Nate 4 -40 -60 y 

lao Collector Cutoff Current Yee= -30 V, '· = 0 -1 -1 mA 

Collector Cutoff Current 
Yee= -40Y, Yse = 0 --0.7 

mA Ices Ya--60Y, Yse - 0 --0.7 
luo Emitter Cutoff Current YEI = -5 v. le= 0 -1 -1 mA 

Static Forward Current 
Ya= -4 Y, le= -SA, See Notes 4 and 5 20 100 20 100 

hFE Transfer Ratio 
Yee= -4V, le = -15 A, See Notes 4 and 5 10 10 
Ya- -4V, le - -25 A, See Notes 4 and 5 5 5 

Bose-Emitter Voltage 
Ya =-4V, le = -15 A. See Notes 4 and 5 -2 -2 v Yse Yee= -4 V, le = -25 A, See Notes 4 and 5 -4 -4 

Collector-Emitter Soturotion Voltage 
1, =-I.SA, le= -15 A, See Notes 4 ond 5 -1.8 -1.8 y Yee(satl 11 - -SA, le - -25 A, See Notes 4 ond 5 -4 -4 

h1e 
Small-Signal Common-Emitter 

YeE = -lOV, le= -1 A, f = l kHz 25 25 Forward Current Transfer Ratio 

lh1.I 
Small-Signol Common-Emitter 

Yee= -JOY, le =-1 A, f =I MHz 3 3 Forward Current Transfer Rotio 

NOTES: 4. These parameters must be measured using pulse techniques. tp ~ 300 µs, duly cycle ~ 2%. 
Pulse width must be such that halving or doubling does not cause a change greater than the required accuracy of the measurement. 

S. These parometers are measured with voltage-sensing contacts separate from the current-carrying contacts. 

thermal characteristics 

PARAMETER MAX UNIT 
fhe Junction-to-Cose Thermal Resistance 1.39 

deg/W Junction-to-Free-Air Thermal Resislonce 35.7 

switching characteristics at 25°C case temperature 

PARAMETER TEST CONDITIONSt TYP UNIT 
Tum-On Time le - -5 A, 11111 - -500 mA, 11121 - 500 mA, 0.45 

Iott Turn-Off Time Yse o = 5 Y, Ri. = S !l, See Figure l 0.55 

tVoltagt and current values shown are nominal; exact values vary slightly with transistor parame11rs. 
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TYPES TIP36, TIP36A 
P-N-P SINGLE-DIFFUSED SILICON POWER TRANSISTORS 

PARAMETER MEASUREMENT INFORMATION 

.--.-----oOUTPUT 

50 

50 0 

+ 

TEST Cl RCUI T 

VOLTAGE WAVEFORMS 

FIGURE 1 

NOTES: a. The input waveform is supplied by a generator wilh the fallowing choracterislics: tr S. 15 ns, 1, ~ 15 ns, Zou+ = 50 0, tp = 10 µs, duty cycle :$ 2'°/o. 
b. Waveforms ore monitored on an oscilloscope with the following chorocteristics: tr~ 15 ns, Rin ~ 10 MO, (in:$ 11.S pf. 

c. Resistors must be noninductive types. 
d. The d-c power supplies may require additional bypassing in order to minimize ringing. 

<( 

I 
c 
~ 
u 
.2 
0 
.! 
0 
u 
I 

..Y 

MAXIMUM SAFE OPERATING REGION 

-100 
-70 

-40 

-20 

-10 
-7 

-4 

-2 

-1 
-0.7 

-0.4 

-0.2 

-0. 1 

Tc< 25°C 

r-,... 
t:-= D-C OPERATION 

:x 

~ 
' MAX Vern TIP36 

MAX Vern TIP36A =;; :SE r-- ~ 

-1 

1 ~ 

u ~ 
-2 -4 -7 -10 -20 -40 -70 -100 

VCE - Collector-Emitter Voltage - V 

FIGURE 2 
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TYPES TIP36, TIP36A 
P-N-P SINGLE-DIFFUSED SILICON POWER TRANSISTORS 

16132 
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TYPICAL CHARACTERISTICS 

STATIC FORWARD CURRENT TRANSFER RATIO 
Y1 

COLLECTOR CURRENT 

1
: =========T..-J. ........ }..,...,-rr ....... ~1J...--...,....T-. -H....., 

Tc = 25°C 
See Nolet 4 and S +..., 

70 1--:::i-f-+++!tt--+-t-++++Hr+--+--+-t 
~ 

W~+-H~~.--+-+-++H++1f--+-I~ 

so l-+-+-+-+4-l-~-~f\J-.i.--1-+""'"'f+++---+---+--+ 

40 l---1--1-1-1-.j..j..1-!---lo--'....,_-1-1_.j.-_-l--+--I 

I\. 30 l---l--l-l-l-.j..j..1-!---lo-1--l-'l.-1-14+.i.--+--+--I 

I\ 
20 l-+-+-+-+4-l-~--+-.i.--1-+""'"'~~~---1~+-~ 

10 1--4.-.j.....j~>.+.j..j...__4"---l--i-.j...j.~1+---'::!ll...,.~-l 

0 L-J.-L...L..U. ........ _ __._..__ ....................... _ __._ ........ 

-0.2 -0.4 -1 -2 -4 -7 -10 -20 -40 

le - Collector Current - A 

FIGURE 3 

BASE-EMITTER VOLT AGE COLLECTOR-EMITTER SATURATION VOLTAGE 
vs 

COLLECTOR CURRENT 

Vee = -4V 
Tc = 2s•c 
See Notes 4 and 5 

-1.8 

~ -1.6 

.t -1.4 t-+-+-t+-++---+-t--++4++--L~1--+-l 
~ -1.2 y ~ ·e -1.0 
w 

I l -o.s 

.. 
>"' 

-0.6 

-0.4 1---+-+-+-+-++++---+-+--+-+""'"'f+++---+---+--I 

-o. 2 t--t--+-+-t++++----+-+-+-i-+-i-ti+---+--11-1 

0 ...................... .u. ....... _ __._.._ ........ ...._ ............... _ _,___, ..... 

-0.2 -0.4 -1 -2 -4 -7 -10 -20 --'O 

le - Collector Current - A 

FIGURE 4 

> -1.2 
I 

t 
~ 
!i 
~ 
j 

-1.0 

-0.8 

~ -0,6 
w 

i 
~ -0.4 

~ 
I 

-0.2 

0 

VS 

COLLECTOR CURRENT 

~ TTTTTTT 
c 

-=5 
la 

f- Tc= 25°C 
See Notes 4 and 5 T 

T 

I 

7 
-0.2 -0.4 -1 -2 -4 -7 -10 -20 -40 

le - Collector Current - A 

FIGURE 5 

NOTES: 4. These pmameten must be measured using pulse techniques. Ip 5 300 µ.s, duty cycle ~ 7%. 
Pulse width must be sudr that halving or doubling does not cause a change greater than the required accuracy of the measurement. 

5. These parameten art measured with voltage-sensing contacts separate from the anrent-carrying contacts. 

TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIMI 
IN ORDER TO IMPROVE DESIGN AND TO .SUPPLY THE BEST PRODUCT POSSIBLE 



2N1724 
N-P-N TRIPLE-DIFFUSED MESA SILICON TRANSISTORS 

HIGH-FREQUENCY POWER TRANSISTORS 
• 50 Watts at 100°( Case Temperature • Minimum fr of 10 Megacyles 

• Maximum Res of 0.5 Ohm at 2 Amperes le • Maximum VBE of 2 Volts at 2 Amperes le 

mechanical data 

*THE COLLECTOR IS IN ELECTRICAL CONTACT WITH THE CASE 

0.105 

[ __ 0015 .. ·- r 
IT i 

- ~ 0.1°70 
' 0.670 0850 

ALL DIMENSIONS ARE IN INCHES 

2Nl722 

*ALL JEOEC T0-53 
DIMENSIONS AND 

NOTES AAE 
APPLICABLE 

2N1724 

CASE TEMPERA JURE 
MEASUREMENT POINT 
IS UNDERSIDE OF 
FLAT SURFACE WITHIN 
0.125" FROM STUD 

*ALL JEOEC T0-61 
DIMENSIONS ANO 
NOTES ARE 
APPLICABLE 

absolute maximum ratings at 25°C ambient temperature (unless otherwise noted) 

Collector-Emitter Voltage (See Note l) 
Emitter-Base Voltage 
Collector Current, Continuous 
Collector Current, Peak (See Note 2) 
Total Device Dissipation at l 00°C Case Temperature (See Note 3) 
Total Device Dissipation ot 25°C Ambient Temperature (See Note 4) 
Collector Junction Operating Temperature 
Storage Temperature Range 

80 v 
10 v 

5 a 
7.5 a 
sow 
3w 

+ 175°C 
- 65°C to + 200°c 

Note 1 This is the voltage at which [hFal approaches one when the emitter-bose diode is open-drcuited. Maximum allow­
able collector-emitter voltage shall be dercted with increasing collector current as shown in the maximum V CE curve 
which appears with the collector characteristics. Average power dissipation shall not exceed the maximum ratings 

for this device. 
Note Maximum peak collector current may be allowed if maximum junction temperature is not exceeded. See Figure 2, 

"Junction Temperature Response vs Pulse Width and Duty Cycle." 
Nole Derate linearly to 175°C case temperature at the rate of 0.67 w/C 0 • 

Note 4 Derote linearly to 175°C ambient temperature at the rate of 20 mw/C 0 • 

Note 5 For correct measurement of lcES• the base must be shorted to the emitter. The current meter must not be placed in 
the base-emitter short- circuit loop. ICES may be used in place of ICBO for circuit-stability calculations. 

Note 6 For typical BVcER at finite values of RBE• refer to BVcER vs R8e curve. Peak collector-emitter voltage of 120 v may be 
allowed in the cutoff-current region if the emitter-base diode is short-circuited. 

Note 7 Heat- sinking sufficient to limit case temperature to 40°C or less over a 10-second me.osurement period must be 
used for this test. 

Note DC collector current should not be applied longer than .5 seconds to maintain c.ose temperature less than 40°C 
without o h.eat sink. 

Note 9 To obtain fp the lhfe! response with frequency is extrapolated at 6 db/octave to ihtel = 1 from f = 10 me. The 
product of fr x l has been referred to as the gain-bandwidth product. 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 5012 • DALLAS, TEXAS 75222 
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TYPES 2N1722, 2N1724 
N~P-N TRIPLE-DIFFUSED MESA SILICON TRANSISTORS 

16302 

electrical characteristics at 25°C ambient temperature (unless otherwise noted) 

0 

lcES 

IEeo 

•Vc•(sot) 

Parameter 

Collector Reverse Current 

Collector Reverse Current 

Collector Reverse Current 

Emitter Reverse Current 
Collector-Emitter Breakdown 

Voltage 
DC Forward Current Transfer 

Ratio 
DC Forward Current Transfer 

Ratio 
DC Forward Current Transfer 

Ratio 
Bose-Emitter Voltage 
Collector-Emitter Saturation 

Voltage 
AC Common-E.mitter Forward Current 

Transfer Ratio 
Common-Bose Output Capacitance 

Test Conditions 

Ve• = 60 v,.v,. = 0 
(See note 5) 

Vee = 60v, V,. = 0, 
Tc = + 150°C (See note 5) 

Ve• = 120v, V,. = 0, 
Tc = + 150°C(See note 5) 

v., = 10v,lc=O 
le = 200 mo, 18 = 0 
(See notes 6 & 7) 

Ve•= 1Sv,lc=2o 

Yee = 15v, le - 2a, 
T,. = -SS°C. 

Ve•= 15v, le= 100mo 

18 = 200mo, le= 2o 
18 = 200mo, le= 2o 

Ve• = 15 v, le - SOO mo, 
I = 10 me (See note 8) 

Vee = 15 v, IE= 0, f = 1 me 

Min. Max. Unit 

mo 

mo 

10 mo 

10 mo 
80 v 

20 90 

12 

20 

2.0 v 
1.0 v 

1.0 

550 pf 

Thermal Characteristics 
() J-C Thennol Resistance, Junction lo Cose (Bottom, Center of Cose) 1.5 I C0 /w I 
·---------------------------~---~--~-~ 

•Semi·outomolic testing is facilitated by using pulse techniques to measure these parameters. A 300 µ,sec pulse (approxi­
mately 2% duty cycle) is utilized. 

TYPICAL CHARACTERISTICS 

COMMON-EMITTER COLLECTOR CHARACTERISTICS 

Pulse Measurement 
l+-114-~i--'"1--f--+--+ 2% Duty Cycle 

300 I'' Pulse Width 
H--.o<-++-i'.~~.::::1-1--r TA = 25°C 

40 60 BO 
VcE · - Collector-Emitter Voltage - v 

100 

4 

COMMON-EMITTER COLLECTOR CHARACTERISTICS 
(low - Voltoge} 

Pulse Measurement 
2% Duty Cycle --t--bf?.'f_:;.,....'f', 
300 ps Pulse Width 
TA = 25°C --+~"l-::7"'F----l~~=-i 

o ........... _.....,_....__...__.___..._ .... __ 1a_=_o _ _. 
0 0.4 O.B 1.2 1.6 2.0 

VcE - Collector-Emitter Voltage - v 
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TYPES 2N1722, 2N1724 
N-P-N TRIPLE-DIFFUSED MESA SILICON TRANSISTORS 

TYPICAL CHARACTERISTICS 

DC FORWARD CURRENT TRANSFER 
RATIO vs COLLECTOR CURRENT 

le - Collector Current - a 

BASE-EMITTER VOLTAGE vs AMBIENT TEMPERATURE 
3.o~~r--.,..---..--.--....--...-~P-u~~-M~e-~-u-re-m-en....,..,t 

le ,; 5 a, la : 2% Duty Cycle 
300 µs Pulse Width 

I 

u 

BASE-EMITTER VOLTAGE vs COLLECTOR CURRENT 

r 
~ 1.2~-+~~--S."f-"7'-F'--t---t--+--+--+---t 

~ 
~ Pulse Measurement 
u 0 8 F--+--+--+--+-- 2% Duty Cycle 
! . 300 µs Pulse Width 

1--+--+--+--+--TA = 25°C 
ill 
~ 0.41--+--+--+--+--+--+--+--+---+---t 

2 3 4 
le - Collector Current - a 

COLLECTOR-EMITTER SATURATION 
VOLTAGE vs AMBIENT TEMPERATURE 

3 .0r--P~u-lse-MT.e-~-u~~~me-n-t..--r---T-~-..-~--. 

2% Duty Cycle 
300 µs Pulse Width 

5 

~ 2 .0 l----+--+--1---....--t 

le = 500 ma, la= SO ma 

"' 
-:: 0'----'---1.--'---'--..__...___.. _ _.__.....___, 

-75 -25 25 75 125 175 
TA - Ambient Temperature - °C TA - Ambient Temperature - °C 
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TYPES 2N1722, 2N1724 
N-P-N TRIPLE-DIFFUSED MESA SILICON TRANSISTORS 

TYPICAL CHARACTERISTICS 

' 
COLLECTOR-EMITTER BREAKDOWN 

VOLTAGE vs BASE-EMITTER RESISTANCE TRANSITION CAPACITANCE vs REVERSE VOLTAGE 

~200~~~~~--~~~--~~~~-~~ 
F 
~ 
c 160 l--+-+++H+!l---l--H-+l-H++-+-l-l-H+ll!---l-1--1-+-++l+l 
~ 

] 
~12ot::=r=rffirntt==f=t11t~t---~:t'-ff:ij!lli=~T~y~p~ic~a~liillii I ~ 
~ 10th Percentile 

l, so rnr ~ 
le = 200 ma TA = 25°C Minimum BVcER 1}{ 

~ f--+-Pulse Measureme~t-++',.._--l-1-at ~~~.= <1> 0(BJV~E,o,~ 
..! 40t--+-2%DutyCycle 11111 J Lill_ 
(l 300 ~· Pulse Width mr 1T 

ffi o '----'--..._._.J u.J.J.JJ.1 m'---L...1..-L..Ul .J.J.1.L._J_.....LLLLJ.mrl.l1-...J_.1_U1TLJ.ilLI 
~ l 10 100 1000 

ReE - Bose-Emitter Resistance - ohms 

CONTOURS OF CONSTANT 
GAIN-BANDWIDTH PRODUCT, fr 

10000 

~60r----ir-----r--r--.---.--~-fr-=-Fr-e-qu_e_n_cy~~ 

-W ..._,..--.<>--+--+--+---I---'- at which !htel = 1 
(see notes 8 and 9) 

~ 40 11+-~-"-""l-- TA = 25°C 

~ 

~ 
a 
u 20 H--t--il---t--+"'=· 
..! 
;§ 

2500 
~ CrE - Emitter Transition 

Capacitance (C 1b, le = O) 

""' Q_ 2000 

~ 
c 
;> 1500 
·c; 
a g. 
~ 1000 

~ 
·~ 
0 500 ,.:: 

0 
I 

---

\ 
~ 

r...., 
~ 

f = 1 me 

TA= 25°C 
I I I I 
CTc - Collector Transition 

1-t-t-
Capacitance (Cob, IE = 0) 

- I 111 

--+-~ti"i J0i 
3 5 10 30 50 

Reverse Voltage - v 

CONTOURS OF CONST ANT 
TRANSADMITTANCE, !Ytel 

f = 5 me TA= 25°C 
(see note 8) 

1 I 
pYiel V 0.83 mho 

..LJ 
~ v !Yiel = 0.72 mho 

nJ 1-1 
FYiel - 0.5i_mho 

l l 

100 

0.4 0.8 1.2 1.6 2.0 0.4 0.8 1.2 1.6 2.0 

le - Collector Current - a le .. Collector Current - a 
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TYPES 2N1722, 2N1724 
N-P-N TRIPLE-DIFFUSED MESA SILICON TRANSISTORS 

TYPICAL CHARACTERISTICS 

DISSIPATION DERATING CURVES 

I 

§ ~ 

40 ·g_ ~ .. 
:~ ~ 
': ~ 
~ ~ 

""i"""""--1--t--'<t--t--t--t--i20 ~ ~ 

T emperoture - °C 
FIGURE l 

TYPICAL HEAT-SINK THERMAL 
RESISTANCE vs POWER DISSIPATION 

This curve is independent of 
ambient temperature within 
the ,ange of 25°C - 100°C 

0 0 

i£ u 

TYPICAL JUNCTION TEMPERATURE RESPONSE vs 
PULSE WIDTH AND DUTY CYCLE 

l.Om;sn~· t--+-- 0.75 (75%) ~ 

t--+-- 0.50 (50%) ..... 

0.01 0.1 1.0 

t0 - Pulse Width - msec 
FIGURE 2 

10 

TYPICAL HEAT-SINK THERMAL 
RESISTANCE vs COOLING AIR VELOCITY 

Fo<eed-Ai' Co""J;I ing: 

~ l .61--1--+--+--+--+ Heat Sink, -1 
U 'l Modine IE 11558, 

1--1--t-D..-....-+--+---+ Delbe,t Blinn #113, ---1 
m ~ or Equivalent 
g 1".._ (Unfinished o' Anodized) 
.; 1.21--1--+--+-'"< ......... -+1'..---+ Centrally Positioned in 
~ I ............_ 6 11 Diameter Duct 

1 ~ /j. o.al---1---+--+---1---+--+-~-1--=::i::== ... ~-1 
I 

z :r This curve is independent of 
<:b 0.4 t---+-ombient temperature within -+--+---+---! 

th"1.'angl of 21_"C -:ioo•c 

100 

0'---''----'-----'-----'-----'--'-~-'-~-'-~--1...~~ 
0 10 20 30 

Pr - Power Dissipation - watts 
FIGURE 3 

40 50 200 400 600 800 

Cooling-Air Velocity - FPM at Sea Level 
FIGURE 4 

1000 
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TYPES 2N1722, 2N1724 
N-P-N TRIPLE-DIFFUSED MESA SILICON TRANSISTORS 

16306 

THERMAL INFORMATION 

TABLE I 

2Nl722 mounted with four 2-56 screws at 4 in-lb torque 
Mounting 2Nl 724 mounted at 30 in.-lb. torque 
Conditions Unfinished Alum. Alum. or Copper with Anodized Anodized Alum. 

or Copper .0025" mica ins. Aluminum with DC-200 Oil 

Oe.Hs - contact 
thermal resistance 0.15 

C0 /w 

Symbol Definition Unit 

Pr DC or overage total power dissipation w 

PToeak Peak lotol power dissipation (pulsed operation) 

OHS·A Heat-sink-to-ambient thermal resistance t 0 /w 
Be-HS (ase-to-heot·sink (<ontocl) thermal resislond C0 /w 
OJ-e Junction-to·<ose thermal resistance c0 /w 
BJ-A Junction-to-ambient thermal resistance (no heat sink) c• /w 

Oe-A Case-to-ambient thermal resistance {no heat sink) c• /w 
TA Ambient temperature •c 
!HS Heat-sink mounting surlac;e temperature •c 
Te Case temperature {lronsislor mounting surface} •c 
1Jmax Maximum jun<lion temperature •c 
1. Pulse width msec 

For steady-stole power dissipation or pulsed dissipation with 
t0 < 100 µsec, maximum junction temperature may be consid­
ered equal to the ambient temperature plus the product of 
average power dissipation and total junction-to-ambient thermal 
resistance. Under these pulse conditions, the junction-to-case 
temperature gradient varies so dightly with instantaneous power 
diuipation that average dissipation may be used in thermal 
calculations. When a heat sink is used, junctio·n-to-ambient 
thermal resistance may be broken down into three quantities: 
8J.c• Be-HS• and OHS-A· Thermal performance can then be cal­
culated using the following equation: 

I Jma• = TA + Pr!O J-e + Be-HS + BHs-AI 
Or, if no heat sink is used, 

TJmH = TA + Pr8J.A 
8J.c- (JJ-A• and 8c.A are shown in Figure 1. To min1m12:e 

contact thermal resistance, 8c-HS• the heat sink mounting sur­
face should be as smooth as possible. Be-HS for several surface 
and mounting conditions is given in Table 1. These figurH rep­
resent maximum values encountered on surfaces equivalent to 
those of most commen;ially available heat sinks. Note that in 
some cases, as with the anodized aluminum finish, Oc-HS can be 
reduced substantially by the application of a film of silicone 
grease between transistor and heat sink. 

As t0 exceeds 100 µsec: during pulsed operation, the instan­
taneous variation of the iunction-to-ca$e temperoture gradient 
increases sharply. Therefore, maximum rather than average junction 
temperature must be considered. Figure 2 shows the ratio of 
maximum instantaneous case-to-junction temperature rise at any 
pulse width and duty cycle to the rise which would occur at 
100% duty cycle. Use of this curve is best explained by the 
equations below ond by the example problems. Provided the 
other operating conditions ore known, T Jmax or Proeak may be 
found using the relation 

T Jm..- = TA + PT Peak x duly cyde X {8e-HS + 8Hs-A) + 

[ !Jm .. -Te l 0 
PTpeak {JJ-C plpeak J-C 

Or, if no heot sink is used, 

0.45 0.40 

TJmH =TA+ Plpeak x duly cycle x Be-A+ 

[ !Jma,-lc l 0 
PTDllillk (} J-C Plpeak J-C 

0.28 

Note that the ambient-to-transistor case temperature rise remains 
constant at o value proportional to average power dissipation 
throughout the pulse width and duty cycle range shown in 
Figure 2. Values for OHS-A taken from Figures 3 and 4 ar!! used 
in the example problems. However, the curves in Figures :1 and 
2 may be used for any heat sink provided its thermal resistance 
is known. Under no circumstances should peak power dissipation 
exceed the value indicated by the maximum VcE curve on the 
collector characteristics. 

Exomph! l, Find TJmax 

Operating Conditions 

Heat sink = Modine 1E11SSB, Delberl Blinn 113, or equivalent, anodized 
finish, conve<lion cooling 

10 = 1 msec 
duly cycle = 0.10 (10%) 

=sow 
= 5o 0 c 

TJmax = TA + Proeak x .duly cycle x !BeH-S + BHs-AI + 

~Jma.-Tc J p a 
,---,,- Tpeak UJ.e 

Tpeak UJ-C 

FromFigurel,fJJ.C =LS C0 /w 
From Figure 3, OHS-A = 3.15 C 0 /w (Pr = PToeak x duty cycle) 
From Table 1, Be-HS = 0.40 c• /w 
From Figure 2,[ ;Jmax-Tc J= 0_20 

lhen Toeak B J-e 

I J~• = 50°C + 50w x 0.10 x (l. lS + 0.40JC 0/w + 0.20 x 50w x 
uc• /w 

= 50 + 17-7 + ll 
= sv•c 

Example 2; Find Proeak 

Operating Conditions 

then 

heal sink 

1. 
duty cycle 

T Jmax (design limit) 
TA 

= none 
= 10 mse< 
= 0.01 (1%} 
= 115•c 
= 25•c 

TJmax =TA+ Pfoeak X duty cycle x Oc.A + 
[ 

IJ.,,.,-lc ] 
PTDeak fJJ.c 

'Pro .. k BJ-e 
From Figure 1, Be.A = 48.S C0 /w 
From Figure 1, 8J.c = 1.S c0 /w 
from Figure 2, ~Jmax - Tc]-- 0.lO 

Proeak 8J.c 

17l°C = 2S°C + Prooak x 0.01x48.lC0 /w + 0.50 x 
PTpeak x 1.sco/w 

p - 150 
Tpeak: - 0.4BS + 0-7S ::::: 121 waits 



TYPES 2N1722, 2N1724 
N-P-N TRIPLE-DIFFUSED MESA SILICON TRANSISTORS 

400 cps 
Input 

_c~ 

RI 

" 

TYPICAL APPLICATION DATA, TA =-55°C TO 125°C. 
35 watt, 400 cps SERVO AMPLIFIER 

+12v -40v +40" 

R4 

Circuit Characteristics ot 35 w 

Power Output: 

Power Goin - 45 db min. 
Voltage Amplification -

,, 36.5±1.5db 
Circuit Input Resistance - 700 0 

min. 
Total Harmonic Distortion - 5% 

RL - 68, 35 w 
Rl - 4.32 K, 1/2 w 
R2 - 3.32 K, 1/2 w 
R3 - 1 .00 K, 1 w 
R4 - 33.2, 1/2 w 

R5 - 2.21 K, 1/2 w 

R6 - 390, 1/2 w 

Cl - 40 µf, 25 v 
C2 - 500 pf, 100 v 

C3 - 1000 µf, 25 v 

C4 - 2.0 µf, 100 v 
DI & D2 - Tl 1N538 

Tl: NI= 755 T, #:y:i AWG; N2 = N3 = 330T, 
N2a AWG Bifilar Wound. 

R7 & RB - 2.00 K, 1 w 

R9 & RIO - I .00, 2 w 
Rll - 1.00 K, 1/2 w 

Core - Magnetic Metals 75EI Sll 4 or 
equivalent - 1 x I interleaved. 

Ql, Q2, & Q3 -Tl 2Nl716 
OR Tl 2Nl720 

T2: NI= N2 =JOO T, #2Q AWG Bifilar 
Wound; N3 = 67 T, *28 AWG. 
Core - Magnetic Metals 100 El SL14 or 
equivalent - Butt Joint. 

Q4 & Q5 - Tl 2Nl722 
OR Tl 2Nl724 

NOTES: 1. All Resistance Values in ohms - 5% Tolerance 
2. Resistor Wattage Ratings at 125°C Ambient 
3. Capacitor Voltage Ratings at 125°C Ambient 
4. Ql on Heat Sink with 9c-HS + 9HS-A ~40 C'/w 
5. 02 and 03 on same Heat Sink. (} c-HS + 9 HS-A~ 40C 0 /w each· hFE's matched within 10%. 
6. Q4 and Q5 on Heat Sinks with 9c-HS + 9HS-A !<I ,5C 0/w. hFE's matched within 10%, 

DJ 120 watt 10 Kc DC-DC CONVERTER 

Rl Tl 

CJ 

R3 
Ns (4 

C2 

C7 

Ql & Q2 - ti 2N1722 C5 - 0.1 µf, 500 v 
OR Tl 2N1724 C6 -3 µf, 500 v 
Dl - D3 - Tl 1N645 C7 -0.01 µf, 500 v 
D4-D7-Tl1NI096 L1 -15µh 
Cl & C2 - 22 µf, 15 v Rl - 2.74, 2 w 
C3 - 100 µf, 35 v R2 - 3.32, 2 w 
C4 - 510 pf, 500 v R3 - 511, 2 w 

NOTES: 1. All Resistance Values in ohms 1 5% Tolerance. 
2. All Resistor Wattage Ratirlgs at l25°C Ambient. 
3. Capacitor Voltage Ratings at l25°C Ambient. 

Tl: 

Circuit Characteristics at 120 w Power Ovtput: 

Input Current - So 
Total Efficiency - 85% 
Self.Starting and Short ... (ircuit Protected 
Output Ripple - 0.6 v max. 

ll 

400v, 120w 

NP= 18 T 1]6 AWG 
Ns = 290 T H25 AWG 
NF = 3 T H22 AWG 
Core: Toroid, Magnetic Metals Inc. 51026-ID 

or equivalent. 

4. QI and Q2 an Same Heat Sink, 9c-HS + 9Hs-A !< 4 C'/w each. 
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TYPES 2N1722, 2N1724 
N-P-N TRIPLE-DIFFUSED MESA SILICON TRANSISTORS 

16308 

TYPICAL APPLICATION DATA, TA =-55°C TO 125°C. 

30 volt, 0 - 2.5 a VOLTAGE REGULATOR 
Circuit Chorocteristics: 

6VouT J ~rou;=-- 6. VIN= O =Output Resistance~ 0.007 ohm 

IOOX ~~~~T J 6 louT= 0 =Input Regulation$ 0.05% at louT= 2.0 o 

6VouT; 61ouT = O 

IOOX 6 TA VouT 16 ViN = O =Output Vol toge Temperature Coefficient$ 0.007%/°Cat louT= 2.0 a, VIN= 45 v 

Input Ripple 
Output Ripple =Ripple Reduction <? 10,000 

r C2 

R9 

Ql - Tl 2N726 
Q2 - Tl 2Nl 722 OR 
Tl 2N1724 

Q4 - Tl 2N343B 
Q5 & Q6 - Tl 2N338 
01 - Tl IN746 

Cl - 0.01 µf, 50 v 
C2 - 100 µf, 50 v 

R4 - 2.43 K, l/4w (Wirewound) 
R5 - 35.7 K, 1/4 w 

Q3 - Tl 2N1714 OR 
Tl 2N1718 

02 & 03 -Tl 1N751 
04 - 06 - Tl 1 N752A 

RI -5.11 K, l/2w 
R2 -681, 1/4 w 
R3 - 2.00 K, 1/4 w 

R6 - 35.7 K, 1/4 w 
R7 & R9 - 3.57 K, 1/4 w (Wirewound) 
RB - 200, 1/4 w (Wirewound) 

NOTES: l. All Resistor Values in ohms, 5% Tolerance. 
2. Resistor Wattage Ratings at 125°C Ambient. 
3. Capacitor Voltage Ratings at 125°( Ambient. 
4. Q2 ond Q3 on Some Heot Sink: Q2: 8c-HS + 8HS-A S2 C0 /w 

03: t'J C-HS + t'J HS-A $ 22 C 0 /w 
5. Q5 ond Q6 on Some Heat Sink: Eoch, 8c-Hs + 8Hs-A $ 80 C 0 /w 

*See Voltage - Current Deroting Curves Below 

MAXIMUM ALLOWABLE INPUT VOLTAGE vs OUTPUT 
CURRENT - 0-2.5 a VOLTAGE REGULATOR 

f 501---;~--t~-'d-~-+ ..... -+-"""'""~""' 
~ 

30'--~~~~~~~~~~~~~~~~~~ 

0 0.5 1.5 2.5 

Output Current - a 

TEXAS INSTRUMENTS mERVES THE RIGHT TO MAKE CHANGES U ANY TIME 
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 

o* 



2N2987 THRU 2N2994 
N-P-N TRIPLE-DIFFUSED PLANAR SILICON POWER TRANSISTORS 

• mechanical data 

2N2987 
THRU 

2N2990 

HIGH-FREQUENCY INTERMEDIATE-POWER TRANSISTORS 

• 15 Watts at 100°C Case Temperature 
• Typ V CE(satl of 0.2 V at 200 mA 
• Typ V8E of 0.8 V at 200 mA 
• Typ fr of 50 MHz at 10 V, 100 mA 

3 COLLECTOR 

THE COLLECTOR IS IN ELECTRICAL 
CONTACT WITH THE CASE 

ALL JEDEC T0-5 DIMENSIONS 
AND NOTES ARE APPLICABLE 

CASE TEMPERATURE IS MEASURED 0.144 INCH ± 0.010 INCH DOWN FROM TOP OF CAN 

All OIMENSIONS ARE 

IN INCHES 
UNLESS OTHERWISE 

SPECIFIED 

2N2991 
THRU 
2N2994 

THE COLLECTOR IS IN ELECTRICAL 
CONTACT WITH THE CASE 

POSITION OF THE LEADS IN RELATION 
TO THE HEX IS NOT CONTROLLED 

MAXIMUM RECOMMENDED MOUNTING 
TORQUE, 1S I N.-LB. 

AU DIMENSIONS AltE 
IN INCHES 

UNLESS OTHERWISE 

absolute maximum ratings at 25°C case temperature (unless otherwise noted) 

* Collector-Base Voltage 
* Collector-Emitter Voltage (See Note l) 
* Emitter-Base Voltage . 
* Continuous Collector Current 

Peak Collector Current (See Note 2) 
* Continuous Base Current . 

Safe Operating Region at (or below) 100°C Case Temperature . • 
* Continuous Device Dissipation at (or below) 100°C Case Temperature 

(See Note 3) . 
* Continuous Device Dissipation at (or below) 25°C Free-Air Temperature 

2N2987 2N2988 2N2991 2N2992 
2N2989 2N2990 2N2993 2N2994 

95V 155V 95V 155V 
80 v 100 v 80 v 100 v 

7V 
l A 

-<E----- L5 A ----~ 
-+----0.2A 

See Figure l 0 

15W----~ 

(See Note 4) . +- l W --+ +- 2 W --+ 
*Operating Case Temperature Range . ·+---- -65°C to 200°C -----+-
* Storage Temperature Range . . +---- -65°C to 200°c -----+-
*Lead Temperature J{, Jnch from Case for 10 Seconds 230°c 

NOTES: 1. This value applies between 1 mA and 30 mA collector current when the base-emitter diode is open-circuited. 

2. This value applies for Ip ~ 0.3 ms, duty cycle :::;:. 100/... 
3. Derate linearly to 200°C case temperature at the rate of 150 mW/deg. 

4. Derate linearly to 200°C free-air temperature at the rate af 5.7 mW/deg for the 2N2987 through 2N2990 and 11.4 mW/deg for the 2N2991 through 2N2994. 

•Indicates JEDEC registered data 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 5012 • DALLAS, TEXAS 75222 

.,. "' wm .,. n 

.. m 

... 3: 
~ g: 
l>,. 

~ :0 c.,. ..... .... 

: .. 
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TYPES 2N2987 THRU 2N2994 
N-P-N TRIPLE-DIFFUSED PLANAR SILICON POWER TRANSISTORS 

*electrical characteristics at 25°C case temperature (unless otherwise noted) 

2N2987 2N2988 2N2989 2N2990 
PARAMETER TEST CONDITIONS 2N2991 2N2992 2N2993 2N2994 ~Nil 

MIN MAX MIN MAX MIN MAX MIN MAX 
Collector-Emitter le = 30 mA, la = 0, 

v(BR(CEO Breokdown Voltage See Nole 5 80 100 80 100 v 

lcEO Collector Culoff Current 
Ye•= 50 V, la= 0 0.1 0.1 

Ye• = 90 V, 1, = 0 0.1 0.1 
µA 

Ye• = 90 V, v .. = -1.5 v 25 25 nA 
Ve• = 150 V, V,. = -1.5 V 25 2S 

lcEv Collector Cutoff Current Ve•= 90 V, v .. = -1.5 v, 
Tc = 175°C 15 15 µA 
Ve• = 150 V, V,. = -1.S V, 
Tc = 175°C 15 15 

IEBo Emiller Cutoff Current v., = 7 v, le= 0 25 25 25 25 nA 

Ye•= S V, le= 1 mA 20 20 40 40 

Ye•= S V, le= 200mA, 
See Notes 5 and 6 25 75 25 75 60 120 60 120 

hFE Slalic Forward Current Ve•= 5 V, le= SOOmA, 

T ronsfer Ratio 
See Noles S and 6 20 20 40 40 

Ye•= 10 V, le= lOOmA, 
See Noles 5 and 6 25 25 50 50 

Ye•= 5 V, le= 200mA, 
Tc= -55°C, 

See Noles 5 and 6 10 10 20 20 

Ye•= 5 V, le= 200 mA, 
See Noles 5 and 6 0.9 0.9 0.9 0.9 

v .. Ba$e-Emitter Voltage 
la= 20 mA, le= 200mA, v See Notes 5 and 6 1 1 1 1 
la= 50 mA, le= 500mA, 
See Notes 5 and 6 1.4 1.4 1.4 1.4 

la= 20 mA, le= 200mA, 
Collector-Emitter See Noles S and 6 0.8 o_s 0.8 0.8 v Yc•1 .. •1 Soturotion Voltage le= 50 mA, le= 500mA, 

See Noles 5 and 6 3 3 3 3 

h,. 
Small-Signal Common-Emitter Ye• = 10 V, le - lOOmA, 
Forward Current Transfer Ratio f = 1 kHz 2S 8S 2S 8S so 170 50 170 

lh1.I 
Small-Signal Common-Emitter Ye• = 10 V, le= lOOmA, 
Forward Current Tronsfer Ratio f=JOMHz l l l l 

c..,., Common-Bose Open-Circuit Yea - 10 V, IE - 0, 
Output Capacitance f = 1 MHz 50 soi 50 50 pf 

NOTES: S. These parameters must be measured using pulse techniques. IP = 300 µs, duty cycle _:S"; 2%. 

6. These parameters ore measured with voltage-sensing contacts separate from the currenHarrying contacts. 

*Indicates JEDEC registered data 

thermal characteristics 

2N2987 2N2991 

PARAMETER 
THRU THRU 

2N2990 2N2994 UNIT 
MAX MAX 

fhc Junction-to-Case Thermal Resistance 6.67 6.67 
deg/W 

8J-A Junclion-to-Free-Air Thermal Resistance 175 87.5 
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TYPES 2N2987 THRU 2N2994 
N-P-N TRIPLE-DIFFUSED PLANAR SILICON POWER TRANSISTORS 

switching characteristics at 25°C case temperature 

TEST CONDITIONSt 
le =\ 200 mA, 18111 = 20 mA, 18121 = -20 mA, 
Yeefofij = -3.4 V. R, = 150 .QSee Figure 1 

tvoltage and current values shown are nominal; exact val1tes vary slightly with transistor parameters. 

PARAMETER MEASUREMENT INFORMATION 

INPUT 

TEST CIRCUIT 

+37.3 v 

-0.1 v 
---~90% INPUT 

_:J.10% !L 
I I 

--J'•n f----j loff 1-
---'\1 10%..y--

90%L.____/ OUTPUT 

VOLTAGE WAVEFORMS 

FIGURE I 

TYP UNIT 
0.14 

2.6 
µ,s 

NOTES: a. The input waveform is supplied by a generator with the following characteristics: tr S 15 ns, ff S 15 ns, z001 = 50 n, tp = 10 µs, duty cycle S 23. 

b. Waveforms ore monitored on an oscilloscope with the following characteristics: t, ~ 15 ns, Rin ~ 10 MO, (in S 11.S pf. 

c. Resistors must be noninductive lypes. 

d. The d-c power supplies may require additional bypassing in order to minimize ringing. 
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TYPES 2N2987 THRU 2N2994 
N-P-N TRIPLE-DIFFUSED PLANAR SILICON POWER TRANSISTORS 

16404 

TYPICAL CHARACTERISTICS 

100 

2N2987, 2N2988 
2N2991, 2N2992 

STATIC FORWARD CURRENT TRANSFER RATIO 
vs 

COLLECTOR CURRENT 

VCE = 5V 
See Notes 5 and 6 

0 

~ 80 

i e 
I-

~ 60 

v 
"!! 
0 

~ 40 
~ 
.~ 

~ 
20 

-
~T_:ci....'o-25+-°Crtlt--+--~ 

Tc = -55° 

__..+-+-+-" 

0 .__ _ _.__..c___,___L_L..W..LL. __ L_....L....L...l...Ll..LJ.J 

0.01 0.02 0.04 0. I 0. 2 0.4 0.7 I 

le - Collector Current - A 

FIGURE 2 

BASE-EMITTER VOLT AGE 
vs 

CASE TEMPERATURE 
1.0 ~---;~--.---.-~---.-~---..---..-----. 
~ 18 =50 mA, IC =500 mA 

O. 9 l---.;~l::---'lN"""'-.jo;;--..,=--tr-----tt---1---±~-.--:cN+ot:-e-s ""5.L-a-nd-;--;-6-I 

> o.a f---+-+--1"".....,.f'-l---t--t--=,,..-~-=--l 

! 0.7 f----+f'-....-"""*-t--+--jr--l-""l'"-..;;;:::1---l---t 
F ~ lLJ'-+-_ 
0 o. 6 f----,f----t---t-""'1-... ,......._::--i.-/-7.'"---+--+---::i 
> 18 = 1 mA, IC= 10 mA ~;;>" ............ 
~ o. 5 f--f----t---t--+--7!"---"'t""C-+--+--I 
] 18 =20mA, lc=200mA/ ~ 
i 0.4 f---'f----t---l--+---1--+--+--'1" ............ ~ 
,g 

o. 3 1-----<l----<---t--+---t--+--+--+----t 
w 

"' > 0.2 

0.1 

0 
-75 -50 -25 0 25 50 75 100 125 150 

TC - Case Temperature - 0 ( 

FIGURE 4 

> 
I 

~ 
t 

2N2989, 2N2990 
2N2993, 2N2994 

STATIC FORWARD CURRENT TRANSFER RATIO 
VS 

140 1-------<--1Tc IJ~JJ ::._ 1' I 
120 1----t-+--t-+--H-+-H-____...,---f"~...-''f--+-+-t-+1-H 

100 r-----t---tTc '= ~\0 ~ ~ 
-+4 

so l----+---1--+--14++++------+-+--11~N-+-N ++H 

60 

40 
Tc= -55°C ~ 

20 

0.01 0.02 0.04 0.1 0.2 0.4 0.7 l 

le ~ Collector Current - A 

FIGURE 3 

COLLECTOR-EMITTER SATURATION VOLTAGE 

CASE TEMPERATURE 
4 ~~-I~~I~I~~-T~~-I~~ 

See Notes 5 and 6 
2t--+T~Tt--~T~}+---+---.----,~.--4 

J8 =50mA, IC=500mA ~ 

0.7 

0.4 1-----t----tl-----'l-----il----!---!--t--+--l 

t-- 18 = 20 mA, IC= 200mA1-1__,-:::::t::::;~="i 
0.2 

~ r I 1 I 
2 O. 1 I=_ 18 = 1 mA, IC= 10 mA 

~ 0.07 
0 

1---;--;1-----,1---;1----1---t--+--+----< 

u o. 04 1-----t----il-----il-----il----!----t--+--+--l 
I 

Jo.02 

ti 
> 

0.01 
-75 -50 -25 0 25 50 75 100 125 150 

TC - Case Temperature - 0 ( 

FIGURE 5 

NOTES: 5. These parameters must be measured using pulse techniques. tp = 300 µs, duty cycle S 2%. 

6. These parameters are measured with voltage-sensing contacts separate from the current-carrying contacts. 
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TYPES 2N2987 THRU 2N2994 
N-P-N TRIPLE-DIFFUSED PLANAR SILICON POWER TRANSISTORS 

TYPICAL CHARACTERISTICS 

NORMALIZED COLLECTOR-EMITTER BREAKDOWN VOLTAGE 
VS 

BASE-EMITTER RESISTANCE 

j 1. 2 ~~~~~r~-rrrm~J~ )~A11~: 
I Tc = 25°C ~ l. 0 1-T+tttttll-+H+!Wl!:l!'...~-j £ II 1' See Note 5 

J ~ 

' )\. 0. 6 t--t-+t+ttfit--+-t-+ttHtl--+-+++m-11--~'N+t+l+ll--+-H+lfffl 

I Ji 
' 0. 4 t-- \i(BRJCER 

~ 
~ 
0 
U 0 • 2 f--+-t-t+Httt--+-H+l+ffi.-+-++++++l+-+-+++H+ll---+-H+H#I 

~ 
-~ 
0 
E 
l5 z 

"' " I 
0 

~ 40 
\l 

't; 
c 
~ 35 
1; 

~ 30 
u 

~ 25 
J 
\l 20 

] 
§ 15 
E 
E 
(j JO 

g 
Ol 

;;; 

1 0 
I 
f_ 

-""-

0. J 

JO 100 J k 10 k 
Rae - Base-Emitter Resistance - Q 

FIGURE 6 

2N2987, 2N2988 
2N2991, 2N2992 

SMALL-SIGNAL COMMON-EMITTER 
FORWARD CURRENT TRANSFER RATIO 

vs 
FREQUENCY 

'N ~~LJ 
~ 

le= JOO mA 

Tc= 25°C 

~ 

~ 

~ 
l\ 

i\ 
0.4 4 JO 40 

f-Frequency- MHz 

FIGURE 8 

100 k 

100 

200 

180 

160 

140 
u.. 
Q. 

I 120 

~ 
·~ 100 

0 
Q. 
0 
u 

"' " I 

80 

60 

40 

20 

0 

COMMON-BASE OPEN-CIRCUIT 
INPUT AND OUTPUT CAPACITANCE 

vs 

REVERSE BIAS VOLT AGE 

T 
P...--+--+--+--+--+-l-+++- f = 1 MHz +--1 
~ Tc=25°C 

4 7 10 20 

Reverse Bias Voltage - V 

FIGURE 1 

2N2989, 2N2990 
2N2993, 2N2994 

SMALL-SIGNAL COMMON-EMITTER 
FORWARD CURRENT TRANSFER RATIO 

VS 

40 

.z 
~ 40 c:::=r--r-r-rTT.,.,,..-F,R_Eo,u_E~NTC~Yrn"T~-.--.-...... .,..,..,~ 

135'--~N~N_N~'N-"'-'""---"--.J-<....11ffil:]l H 
CE 

O.J 0.4 4 JO 40 JOO 

f- Frequency-MHz 

FIGURE 9 

NOTE 5: This parameter must be measured using pulse techniques. tp = 300 µs, duty cycle :::;; 2"/0 • 
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TYPES 2N2987 THRU 2N2994 
N-P-N TRIPLE-DIFFUSED PLANAR SILICON POWER TRANSISTORS 

MAXIMUM SAFE OPERATING REGION 

---1---1-_., ----~-1-1-1 
-J 

~ 0.4 1-D-C OPERATION~1--__,J7::---7-IK~-1-!~-1+-----1 
~ I- Ip= 1 ms; d = 0.5 (50%)7--µ' ~ 
~ 0.2 I- Ip= 0.3 ms; d = 0.1 (10%)/' ?'I 
u 

Tc ~ 100°c 
~ 
~ 0.1 

8 0.07 
I 

_u 0.04 1--MAX Vceo 2N2987, 2N2989 ,___.---+-_............_ _ ___, 
1--- 2N2991, 2N2993 tt:t::eti!JL---1 

0.02 1---MAX Vceo 2N2988, 2N2990J:::l:::±:i±;W----j 
2N2992, 2N2994 
See Note 7 

0.01 
2 4 7 10 20 40 70 100 200 

V CE - Collector-Emitter Vol toge - V 

FIGURE 10 

NOTE 17: Operation above maximum Yceo is permissible if the b05e is reverse-voltage biased with respect to the emitter and the collector-base-voltage rating is not exceeded. 

16406 

THERMAL INFORMATION 

3 

2N2987 THRU 2N2990 
FREE-AIR TEMPERATURE 

DISSIPATION DERATING CURVE 
1.2 ----~-~-~-~-~---

I 1. o --1.-f\::---1----1----1---+--+---+----1 
8 

i ~ 
~ o. 8 0-----~+-"""'l---+-~-+--+--+---+-___. 

d o. 6 l---l---l---+-~+--+--+--l-------1 

] ~ 
~ 0.4 ~-+---!---!---!---l',--+---1---1 

j ~ 
~o.2~--+----l---+----4----1----l-'""""~f\...-~ 

o,___.._ _ _._ _ _._ _ _._ _ _.__...___.~ _ __,, 
0 25 50 75 100 125 150 175 200 

TA - Free-Air Temperature -°C 

FIGURE 11 

2N2Hl THRU 2N2994 
FREE-AIR TEMPERATURE 

DISSIPATION DERATING CURVE 

2.2 ----------------

3 2. 0 --1.-rs:--1----1----1----1----1-----1------l 

~ 1. 8 ,_____....__""'l_,___._---1-____, _ _,__--L---I J 1. 6 ~---+l\.....,."'l.---lf----1---+--1----1------l 
1.4 1---1---1---!'l.1 '\:--1----1----1-----1------1 .. 

v 

~ 
·:;: 1.2 
~ 
0 1.0 
'li 
I- ~ ~ 0.8 ~-l---l---l---l---~s:-l-----.1...-__J 

l o. 6 ,___...__..__..__,___,_____,.._f\:: _ __,_ _ _, 

1 o.4 ~--+--+--+----+--+--l---',~\.----1 
"' o. 2 ~-l---l---l---l---l---l------1-'"-"-'""--' 

0 L-_......__......__..___J...__J...__J...__J..._ .. --Jil ~ 
0 25 50 75 100 125 150 175 200 

TA - Free-Air Temperature - °C 

FIGURE 12 
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TYPES 2N2987 THRU 2N2994 
N-P-N TRIPLE-DIFFUSED PLANAR SILICON POWER TRANSISTORS 

THERMAL INFORMATION 

16 

CASE TEMPERATURE 
DISSIPATION DERATING CURVE 

~ 
~ =s: 
~ 
~ 
~ 

100 125 150 175 

Tc - Case Temperature - •c 

FIGURE 13 

SYMBOL DEFINITION 

SYMBOL DEFINITION 

Prfav) Average Power Dissipation 

PT( max} Peak Power Dissipation 

OJ.A Junction-to-Free-Air Thermal Resistance 

OJ.c Junction-to-Case Thermal Resistance 

Oc.A Case-to-Free-Air Thermal Resistance 

Oc-Hs Case-to-Heat-Sink Thermal Resistance 

(}HS-A Heat-Sink-to-Free-Air Thermal Resistance 

TA Free-Air Temperature 

Tc Cose Temperature 

1J(av) Average Junction Temperature 

TJfmaxJ Peak Junction Temperature 

K Peak-Power Coefficient 

IP Pulse Width 

1, Pulse Period 

d Duty-Cycle Ratio !!~!.xJ 

Example - Find PT{max} {design limit) 

OPERATING CONDITIONS, 

VALUE 
2N2987 2N2991 
THRU THRU 

2N2990 2N2994 

175 87.S 

6.67 6.67 

168 81 

<'.'. 200 

<'.'. 200 

See Figure 14 

Be.HS + (}HS-A = 7 deg/W ('.from information supplied 

with heal sink J 

TJ(avj (design limit) = 200°C 

TA= so•c 
d = 10% (0.1) 

IP= 0.1 ms 

~ 
200 

UNIT 

w 
w 

deg/W 

deg/W 

deg/W 

deg/W 

deg/W 

•c 
•c 
•c 
•c 

ms 

ms 

TEXAS INSTRUMENTS RESERVES THE RIGHT JO MAKE CHANGES AT ANY TIME 
IN ORDER JO IMPROVE DESIGN ANO JO SUPPLY THE BEST PRODUCT POSSIBLE. 

0.7 

0.4 

~ 
] 0.2 
;; 
0 
u 
<; 
~ 0. l 
d' 
~ 0.07 
0 
~ 

Q. 

I o.04 

"' 
0.02 

PEAK-POWER COEFFICIENT CURVE 

t-0.50 (50% Duty Cycle J.; 
lJ. ill ~ 

t-o'J ls1Jo) vv 
11 lllJJ l/ 
01J<1WJ,i_ ~ !--" 

t-0. 07 
~ 

o~ 1-e-tp/T t-----1 

~ 1...-"': ~ K ~ 
1---1 

1-"'L l-e -tf/dr 1---1 

~ v 1---1 
tp =Pulse width in ms 

d =Duty cycle ratio 
,______.., 

8r T =Thermal time constant =5 ms 

0.01 ..l 
0,02 0.04 0. l 0.2 0.4 

tp - Pulse Width -ms 

FIGURE 14 

Equation No. l - Application: d-c power dissipation, 

heat sink used. 

J. 
4 7 10 20 

P ___ r_,1~"~'· - TA for 100°c ~ Tc ~ 200°c 
T{av) == 6J-C + Oc.HS + tJHS-~- as in figure 13 

Equation No. 2 - Application: d-c power diHipation, 

no heat sink used. 

Equation No. 3 - Application: Peak power dissipation, 

heat sink used. 

Equation No. 4 - Application: Peak power dissipation, 

no heat sink used. 

PT{max) = 

Solution: 

From Figure 14, Peak-Power Coefficient 

K = 0.11 and by use of equation No. 

200 - so 
PT(m"I = 0.1 (7) + 0.11 (6.67) = 105 W 
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Designing with integrated circuits? 

The choice is 

Series 54/7 4 TTL 
The most complete IC logic family in the 
industry ... and the first choice for new 
designs. Here's why: 
• Over 90 distinct functions to 

select from ... including 35 MSI circuits 
• Three compatible performance ranges 

• Series 54/7 4 standard 
• Series 54H/7 4H high speed 
• Series 54L/7 4L low power 

• Three package configurations 
• Plastic dual-in-line 
• Ceramic dual-in-line 
• Metal ftatpack 

• Two temperature ranges 
•Series 54 ... -55°C to+ 125°C 
•Series 74 ... 0°C to 70°C 



TYPES 2N3418, 2N3419, 2N3420, 2N3421 
N-P-N EPITAXIAL PLANAR SILICON MEDIUM-POWER TRANSISTORS 

HIGH-FREQUENCY MEDIUM-POWER TRANSISTORS 

formerly TIX3033, TIX3034, TIX3035, TIX3036 

• High-Power Dissipation in T0-5 Package: 
• Low-Leakage Current: 

15 watts at Tc= 100°( 
0.5 µ,a at max voltage 

• Low-Saturation Voltage: 
• High f,: 

V CE(sat)= 0.25 V max at le= 1 a 
40 Mc min at 10 v, 100 ma 

mechanical data 

These transistors are in precision welded, hermetically sealed enclosures. Extreme cleanliness during the 
assembly process prevents sealed-in contamination. The approximate unit weight is 1.8 grams. 

0.034 
0.028 

All DIMENSIO"IS ARf 
IN 1NCllU 

UNLESS OIHEIWISE 
SPECIFIED 

*THE COLLECTOR JS IN ELECTRICAL 
CONTACT WITH THE CASE. 

*ALL JED EC TO·S DIMENSIONS 
AND NOTES ARE APPLICABLE. 

*absolute maximum ratings at 25°C case temperature (unless otherwise noted) 

Collector-Base Voltage . 
Collector-Emitter Voltage (See Note 1) 
Emitter-Base Voltage 
Collector Current, Continuous • • • 
Collector Current, Peak (See Note 2) 
Base Current . 
Safe Operating Region . 
Total Device Dissipation at (or below) 100°C Case Temperature (See Note 3) 
Total Device Dissipation ot (or below) 25°C Free-Air Temperature (See Note 4) 

Operating Case Temperature Range . 
Storage Temperature Range . 
Lead Temperature y,, Inch from Case for 10 Seconds 

NOTES: 1. These valun apply when the base-emitter diode is open-circuited. 

2. This value applies for PW~ 1 msec, Duty Cycle~ 50%. 

3. Derate linearly to 200°( case temperature at the rate of O.lS w/C0 • 

4. Derote linearly to 200°( free-air temperature al the rate of 5.72 mw/C0 • 

*Indicates JEDEC registered data. 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 5012 • DALLAS, TEXAS 75222 

2N3418 2N3419 

2N3420 2N3421 

85v 125v 
60v 80v 
~ Bv ----+ 
~ 3a ----+-
~ 5a ----+-
~ I a ----+ 
See Figures 8 and 9 

~ 15w ----+ 
~ 1 w ----+ 
-65°C to 200°C 
-65°C to 200°C 
~ 230°C ----+-

16501 
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TYPES 2N3418, 2N3419 I 2N3420, 2N3421 
N-P·N EPITAXIAL PLANAR SILICON MEDIUM-POWER TRANSISTORS 

*electrical characteristics at 25°C case temperature (unless otherwise noted) 

Ml~N34~:X 2N34J9 2N3420 2N342J 
PARAMETER TEST CONDITIONS 

MIN MAX MIN MAX MIN MAX 
UNIT 

BVcEO 
Collector-Emitter 

Breakdown Volrage 
lc=lOmo, 18=0, See Note S 60 80 60 80 v 

VcE=BOv, v,.=-0.lv o.s 0.5 
µ.o 

Collector Cutoff VcE=J20v, Y8e=-0.5v 0.5 o.s 
1eex Current 

Vee=80v, V9e=-0.5v, Te=ll0°C 50 50 

Yee= 120 V, v,.= - 0.5 '· Tc= 150°( 50 50 
µ.a 

Emitter Cutoff VEB=6v, le=O 500 500 500 500 no 
1EBO Current VEa==Bv, le=O 10 10 10 10 µ.o 

Yce==2v, le= 100 mo, See Notes S and 6 20 20 40 40 

Vce=2v, lc=Jo, See Notes S and 6 20 60 20 60 40 J20 40 J20 

Static Forward 
YcE= 2 v, lc=2o, See Notes S and 6 J5 15 30 30 hFE Current Transfer 

Ratio VcE=5v, le=5o, See Notes S and 6 JO JO 15 15 

YcE==2v, lc=la, Tc =-55°c 10 10 JO JO 
See Notes S ond 6 

Base-Emitter 
18=10oma, lc=l a, See Notes 5 and 6 0.6 1.2 0.6 1.2 0.6 1.2 0.6 1.2 

Vee v 
Voltage 18 =200mo, le=2o, See Notes S and 6 0.7 1.4 0.7 1.4 0.7 1.4 0.7 1.4 

V Collector-Emitter 
18 ::----:-:1ooma, lc==la, See Notes S and 6 0.25 0.25 0.25 0.25 

y 
CEfsat1 Saturation Voltage 18 = 200 ma, le== 2 a, See Noles Sand 6 0.5 0.5 0.5 0.5 

Small-Signal 

lh1.I Common -Emitter 
YcE= 10 v, lc=lOOmo, 1=20Mc 2 2 2 2 

Forward Current 
Transfer Ratio 

Common" Bose 

cob Open· Circuit Vc8=10v, 1,e=O, l=lMc 150 ISO 150 150 pf 
Output Capacitance 

NOTES: 5. These parameters must be measured using pulse techniques.PW == 300 µsec, Duty Cycle :::=:; 23. 
6. These parameters are measured with voltoge·sensing contacts located 0.25 in. from the header of the transistor. Voltage-sensing contacts are 

separate from current· carrying contacts. 

*switching characteristics at 25°C free-air temperature 

PARAMETER TEST CONDITIONSt TYP MAX UNIT 

Ion Turn-On Time le= la, le111 = 100 ma, l•i21 = -100 ma, 165 300 

foff Turn-Off Time Vse{offl = -3] v, RL = 20 !1, See Figure 10 540 1200 
nsec 

Ion Turn-On Time le = 2 a, la111 = 200 ma, le121 = -200 ma, 200 

foff Turn-Off Time Yee101~ = -4.7 v, RL = 20 !1, See Figure 10 350 

tVoltage and current values shown are nominal; exact values vary slightly with transistor parameters. 

*Indicates JEDEC registered data (typical values excluded). 
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TYPES 2N3418, 2N3419 I 2N3420, 2N3421 
N-P-N EPITAXIAL PLANAR SILICON MEDIUM-POWER TRANSISTORS 

TYPICAL CHARACTERISTICS 

STATIC FORWARD CURRENT TRANSFER RATIO 

COLLECTOR CURRENT 
125.----,.-,.--,-,...,...,,..,.-...,-...,........,..,..,..,.,..,...-.,.-,.........,.....,..,.,., 

~ TcJJ~ 
2N3418, 2N3419 
VCE = 2 v 

See Notes 7 and 8 

~100t----+-t--+-t-Httt---t--t-+-t-i-f'l.tt--+-t--+-+-t+ttt 

L J]iH+Ht--t--t-i,..,-iNrtt1~~~\-l-+-+-t+t+tt 
Max hFE 

1' at Tc = 25°C 
0 

U5 f\\ 
1 50 t---+-+-t-t--t-t+tt---t--t-+-+++t-++--~1-+-+-t+ttt 

,g !:::--JI\~ 2 Tc= 25~ H 
"' I I I Min hFE 
I 25 I-Minh,, t-at Tc= 25°cm~~Nct-"'tt+H-tt 

at Tc= 25°C t::-.J N 
..t:. I c~ MinhFE- ~N 

0 Tc J.-ru at Tc= -55°C N 
0.01 0.03 0.1 0.3 1.0 3.0 

le -Collector Current -a 

FIGURE l 

COLLECTOR-EMITTER SATURATION VOLTAGE 
vs 

CASE TEMPERATURE 
> l.0 

I 2N3418, 2N3419 

j t--1s-=-'-30-0-'m'-a-,-1"""c-=-3-'a'--+---+-5ee Notes 7 and 8 

~ 0.8 

.g 
E! \ 
.2 ~ Jl 0.6 t--ls = 200 ma, 'I _...j---
- le = 2 a 1'----f---+--i--
£ 

10 

~ Is = 100 m~ !'Max VcEl•atl at 

5 0.4 H le= l a-..;; Is= 200 ma, le= 2 a~ 

] ~ t'- l 1--+=t=: 
8 \. I Mox Vee {sat) at J 

f---t--~~l"'\::=::t:~~ls+=:=lO~O=m~a~,flc--"=,l_a_,,i----J I 0.2 I 

Is= 3 ma, le"'- 30 ma--+--+--+--+---+---< 

o I 
-75 -50 -25 0 25 50 75 100 125 150 175 

Tc - Case Temperature - °C 

FIGURE 3 

STATIC FORWARD CURRENT TRANSFER RATIO 
vs 

COLLECTOR CURRENT 
200r--1-11rrr-rrrr--r-r-rTT.,..,..,r----r--..-.-,...,..,,..,.,., 

2N3420, 2N3421. I 
T = 150°C t--t-t+<+---+---+-+++++ VcE = 2 v 

~ C J ~ See Notes 7 and 8 

~160t----+-..Ll.J+-l-+-H+H--t--r...t-+'ld-+ffif---t-t-t-l-Hl+tt 
i Tc 71~~ 1\ 

E! 
~ ~ r-.. 
j 120 t----+--+-t-t-H+t+- Max hFE 

(l at Tc= 25°C ~ 
~ ~ 
~ 80 Tc= 25°c tttJ:t:!;;;;;::;::j;~;;:tmttt--"i~t\lttttttl 
u I K°1 ru 
~ t- Min hFE '1 

~ 

"' 

I- at Tc= 25°C 'l >\ 
40 t---+-+--+-t-+++..~ Min h FE ~ .\\ 

Tc = -55°C at Tc= 25°C J---+ N 
Min hFE J f""-
at Tc= -55°C p ~ o.__ .................. -'-._.... ....... _ _,_-'-.......... _...._...__...._...._....._ ........... 

0.01 0.03 0.1 0.3 1.0 3.0 10 
le - Collector Current - a 

FIGURE 2 

COLLECTOR-EMITTER SATURATiON VOLTAGE 
vs 

l.Or--r--,--,c_A_STE_T_EM-,-PE_R_A,TU_R_E,.---,,--,.-----, 

I I I I 2 N3420, 2N3421 
18 = 300 ma, fc = 3 0 --+-->-See Notes 7 and 8 --j 

2 
~ 0.Bi---r\r--;--+---t--t--+---+--+--+--4 

1 -\--
2 '\ 
j 0. 6 i----i----tt'-..._,,_-t---t--1f--t---l--f--t----J 

Is = 200 ma,~ j..---1--1 
£ le= 2 a 
E .. 'b.. '-.Max VcE l•ot) at 
't 0 .41---+..../'-.---+ ;-+--4-18 = 200 ma, le= 2 a -+--1 

] f-. _I, 1---. l l ~ 
o le - l 00 ma, r--tAax VcE lsatl at 
u lc=lal ls~IOOma,lc=la 
~ 0.2 r :r 
~ Is - 3 ma, le== 30 ma 

~=15=--_~50=---~2~5-~o-~25--5'-o-1"""5-1~0-0-12~5-1~50-1~15 
Tc - Case Temperature ~ °C 

FIGURE 4 

NOTES: 7. These purameters were meusured using pulse techniques. PW == 300 µsec. Duty Cycle :::::; 23. 

8. Separate voltage-sensing and current-carrying contacts were used. 
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TYPES 2N3418, 2N3419, 2N3420, 2N3421 
N-P-N EPITAXIAL PLANAR SILICON MEDIUM-POWER TRANSISTORS 

16504 

SASE-EMITTER VOLTAGE 

f--+--+-tttls °' 1300 mo, le"' 3 o_+--+--j 

-- JJ l lo=200mo, lc=2o
1
-

l.2 _---t-LI 7t -- -- --1_-
; 1.0 l-<bdt--=1----+-::O-=+:l'-.t.'.L l~-==-+t--1--tt--:c=F=+--I J ,~-·-- -r---: __ , __ 
' ~--
> o.a f-'--~h-~1---fiz:n~..;;-~-r.~~-+-_+---i 

~ 0.6 f--+-1¥-[l-17'.11_'7'--~t-=--"'t'' -~-+-+---+----! 
.l '"L v ~--

1 0 .4 l----l-l][_'--+_-Z~1 ''-=-1_oo_"_'"c_' -'1,T=_1 _"+-_r-.:.;,_---'-"f--1 
TTts"' 3 mo, le"' 30 mo 

> 
0.2 - 1 Se~Not~s7ond8 1 

f--+--+-1--Solid Line is Value 
----Dashed line ;~Percentile 

-75 -50 -25 0 25 50 75 100 125 150 175 
Tc - Cose T ernperoture - 0 ( 

FIGURE 5 

TYPICAL CHARACTERISTICS 

COMMON-BASE OPEN-CIRCUIT INPUT AND OUTPUT CAPACITANCE 

1000 
REVERSE BIAS VOLTAGE 

f"' 1 Mc 
Tc"' 25~c 

-Solid Line is Typical Value 

800 ----Dashed line is 90th Percentile 

~ ill I 

± 
11' I 

C,o (le"' ,o) I I 

~ I 
I 600 

'fi I 
I 

., 
! 400 

~- C0 0 (IE""' OJ LMo,cI 

~ r" I 
:EB 

200 

10 30 100 
NORM.11.llZED COLLECTOR-EMITTER BREAKDOWN VOLTAGE Reverse Bias Vol toge - v 

BASE-EMITTER RESISfAl'lCE 
FIGURE 6 

0.8 

!i 

j 0.6 

~ o. 4 H-+Hf!llf-Htljffll-++IJillli-t-HtillH-t 
6 

] 
0 
] 0.2 

g H-+Hf !llf-Htl'iitlt-++Hltlll-t-HtillH-+t 

~ lk IM 
RsE - Bose-Emitter Resistonc"' - ohm 

FIGURE 7 

MAXIMUM SAFE OPERATING REGION 

10 
2N34 l8, 2N3420 
Se., Note 9 

3.0 

1.0 

i 
j 

0.3 

j 
0.1 

I 

, I 
_,, 

0.03 

0.01 \ 3 10 30 100 
Vc:E - Collector-Emitter Voltage - v 

FIGURE 8 

0 

3.0 

1.0 

j 
3 0.3 

: s I 0.1 

_u 

0.()) 

0.01 

2N3419, 2N3"421 
See Note 9 

~ 

0-C Operation, 
Tc.: lOO&C 

J:"°'J J'i 
10 30 

YcE - Collector-Emitter Voltage -v 

FIGURE 9 

100 

NOTE 9: Operation above maximum VCEO is permissible if the base is reverse-volroge-biosed with respect to the emitter and the collector-base voltage roting is not 
exceeded. 
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TYPES 2N3418, 2N3419, 2N3420, 2N3421 
N-P-N EPITAXIAL PLANAR SILICON MEDIUM-POWER TRANSISTORS 

PARAMETER MEASUREMENT INFORMATION 

r--------------U OUTPUT 

20 Q 

82 Q 

10 µf 2 µf 

TEST CIRCUIT 

v,o(l)~---90% 

: INPUT 

v 10% I 
'"121 I I 

-+-J too k- f4- I off -+I 
I I 

~UT PUT 

VOLTAGE WAVEFORMS 

Nominal le Rl Vee V1n(l) V;o/21 

1 Q 82 Q 20.3 v +16.0 v -1 .0 v 

2 Q 41 Q 40.5 v +32 .0 v -1 .3 v 

CIRCUIT CONDITIONS 

FIGURE 10 

NOTES: The input waveform is supplied by o generator with the following characteristics: tr ::s;l5 nsec, tf ~15 nsec, 
Zout= 50 0, PW= 2 µsec, Duty Cycle ~2%. 

b. Waveforms are monitored on an oscilloscope with the following characteristics: tr Sl5 nsec, R1n 2:10 00, C,n Sll .5 pf. 
Resistors must be non-inductive types. 
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TYPES 2N3418, 2N3419, 2N3420, 2N3421 
N-P-N EPITAXIAL PLANAR SILICON MEDIUM-POWER TRANSISTORS 

THERMAL INFORMATION 

CASE TEMPERATURE 
and 

FREE-AIR TEMPERATURE 
DISSIPATION DERATING CURVES 

16 ~~-~-~~1-1~-,~ 

l----+---!----+---~~~P1vsTc 
c 0 14 ~J-C :<:; 6. 7 C0 /w ---I 

.!2 ~ 
0 .g-::::: ~ 12 1---+---+---+---+--'1..+--+---+---< 

5~i \ 
~ I ~ w --..i..---+--+--r--+l~\.--1r--+---1 
.; 1' I f'..... \ 
~H I 'b, __i 

E ~ 0J-A:'0175 C0 /w 
~!} :r-PrvsTA ~N ~_i 
)( '3 :i 
~ > ~ 4 I---+---+---+---+--_.,..__+-_....,.. _ __. 

~~ ~ 
00 25 50 75 100 125 150 175 200 

TA -or Tc - T emperoture - 0 ( 

FIGURE 11 

SYMBOL DEFINITION 

YMBOL DEFINITION VALUE UNIT 

PT[avg) Average Power Dissipation w 

Pnmaxl Peak Power Dissipation w 
- - ____ ,, ------

OJ-A Junction-to-Free-Air Thermal Resistance 175 C0 /w 
---------+----+-

(JJ-C Junction-to-Cose Thermal Resistance 6.67 C0 /w 
f-----+ ·---------------!------+-----. 

Oc-A Case-to-Free-Air Thermal Resistance 168.33 C0 /w 
1----+--·--~---~----+---

0c.Hs Case-to-Heat Sink Thermal Resistance ( 0 /w 
(}HS-A Heat-Sink-to-Free-Air Thermal Resistance 

Free-Air Temperature 

Tc Case Temperature 
-----------+-----

T J{avg) Average Junction Temperature 

T Jlmaxl Peak Junction Temperature 

Peak-Power Coefficient 

~ 200 

:s: 200 

See Figure 12 
--~ -----~--~··----+---

tp Pulse Width 

c• /w 
•c 
•c 
•c 

•c 

msec 
----------+----+-----! 

Pulse Period 

Example - Find Prrmaxl (design limit) 
OPERATING CONDITIONS, 
Oc-HS + OHS-A= 7 C0 /w (From information supplied 

with heat sink.) 

T J(avg I (design limit)=::: 200° C 

TA= 50°c 
d = 10% (0.1) 
tp == 0.1 msec 

msec 

PEAK-POWER COEFFICIENT CURVE 
1.0 

0.25 (25%) J.-1 c 
-~ 
u 
E 
" (l mr 01 

l-----+-t=-C0_,.. . ..,.10 (10%) :z:JL 
TJ (max) - Tc 

1----+--++-l+.l'l+!---!--+-H-l K = "Pr_l_m_o,-1""0-J--C-

(1%) puty Cycle= 0.01 

0.01 P7 ]~ 
0.01 0.1 1.0 

tp - Pulse Width - msec 

FIGURE 12 

Equation No. 1 - Application: d-c power dissipation, 
heat sink used. 

___ TJ(avgJ -TA for 100°C :::=::;Tc:::; 200°(, 
Pr(.,g) -- lhc + lie.HS+ OHS-A as in Figure 11 

Equation No. 2 - Application: d-c power dissipation, 
no heat sink used. 

P ~ TJfavg}-TA for 25°C :::=::;TA :S 200°C, 
T(avg) - (} J-A as in Figure 11 

Equation No. 3 - Application: Peak power dissipation, 
heat sink used. 

Pnmaxl 
TJfmaxl-TA 

d !lie.HS + llHs-Ai+ K OJ.c for ioo•c::::; Tc::::; 2oo•c 

Equation No. 4 - Application: Peak power dissipation, 
no heat sink used. 

Solution: 

From Figure 12, Peak-Power Coefficient 

K = O. HS and by use of equation Ho. 3 

_ TJfmaxl-TA 

Prlmad - d Ille.HS + llHs-AI + K liJ.c 

200-50 
Pnmaxl = 0.1 (7) + 0.155(6.67) =B!w 

10 
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2N3551, 2N3552 
N-P-N TRIPLE-DIFFUSED MESA SILICON TRANSISTORS 

mechanical data 

T/-7//V-F>..4C t 
HIGH-SPEED POWER SWITCH, ISOLATED COLLECTOR 
FORMERLY TIX210, TIX211 
• 40 Watts at l00°C Case Temperature 
• Maximum r cs of 0.1 Ohm at 10 Amperes le 
• Maximum VaE of 1.4 Volts at 10 Amperes le 
• Maximum ton of 300 nsec 

These transistors are in prec1s1on welded, hermetically sealed enclosures. Extreme cleanliness during the 
assembly process prevents sealed-in contamination. The approximate unit weight is 3.8 grams. 

*OUTLINE DRAWING 

*ALL LEADS INSULATED FROM CASE 
COLLECTOR 

/~~ 
90· :1: s· 90•:1: s· 

g:g:~ l LEADS 

~~ ~ 
l LEADS 

~:~2! l LEADS 

DIMENSIONS ARE IN INCHES UNLESS OTHERWISE SPECIFIED 

*absolute maximum ratings at 25°C case temperature 

Collector-Base Voltage . 
Collector-Emitter Voltage (See Note 1) . 
Emitter-Base Voltage 

(unless otherwise noted) 
2N3551 

115 v 
60v 

2N3552 
140 v 
80v 

Continuous Collector Current • 
Cantin uous Base Current 
Continuous Emitter Current . 
Safe Operating Region at 100°C 

Case Temperature . 
Continuous Device Dissipation at (or below) 25°C 

Free-Air Temperature (See Note 2) • 
Continuous Device Dissipation at (or below) 100°C 

Case Temperature (See Note 3) . 
Operating Collector Junction Temperature 
Operating Case Temperature Range 
Storage Temperature Range . 
Lead Temperature 1/16 Inch from Case for 12 Seconds 

NOTES: 1. These valuH opply when the base-emitter diode is open-circuited. 
2. Derate linearly to 17S°C free-air temperature at the rate of 8 mw/C0 • 

3. Derate linearly to 175°C case temperature at the rate of 0.53 w/c 0 • 

tTrademark of Texas Instruments. 
*Indicates JEDEC registered data. 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 5012 • DALLAS, TEXAS 75222 

7v 
12 a 
5a 

12 a 

See Figures 3 and 4 

1.2 w 

40w 
175°C 

·+- -65°C to + 175°C-+ 
·+- -65°C to + 200°C-+ 

235°C -----,,.. 

16507 
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TYPES 2N3551, 2N3552 
N-P-N TRIPLE-DIFFUSED MESA SILICON TRANSISTORS 

*electrical characteristics at 25°C case temperature (unless otherwise noted) 
2Nl552 2N3551 

PARAMETER TEST CONDITIONS MIN MAX MIN MAX UNIT 
1--B-Vc-80--ccCo~ll~ec-to-r~-B~as-e---t-l-c-=-l~O-m_a_, __ le_=_'o~,---~~-e--N-o-le-4--+~115 140 v 

Breakdown Voltage 
f-----

BV ceo Collector-Emitter 
Breakdown Voltage 

le = 200 ma, la = 0, See Note 4 

Yee= llOv, Vee= -1.5 v 

60 80 v 

10 

lcev Collector Cutoff 
Current 

Yee= 135_~v,_~V~ae_=_-_~l~.5~v-~-~~-+-----=-c--+----10--! 
~~ = 60 Y, Yae = -1.5 v, Tc= 150°C 10 

Emitter Cutoff 
Current 

Static Forward 

Yee = 80 v, Yae = - 1.5 v, Tc = 150°C 
Yea = 5 v, le = 0 
Yea = 7 v, le = 0 
Yee - 2 v, le - 5 a, See Note 4 25 
Yee= 2 v, le= 10 a, See Note 4 20 

10 
0.1 0.1 

25 
90 20 90 

Current Transfer Ratio Yee = 2 v, le= 10 a, Tc = -55°C, 10 
See Note 4 

10 

Yae Bose-Emiller 
Voltage 

Yee1 .. +1 Collector-Emitter 

la= 0.5 a, 
1, =lo, 
18 = 0.5 a, 

le= 5 a, ~e Note 4 1.2 1.2 
le = 10 a, See Note 4 1.4 1.4 
le = 5 a, ~e Note 4 0.5 0.5 

ma 

ma 

v 

v 
Saturation Voltage I, _=_l _a_. ___ l_c_=_l_O_a_, __ ~_e_N_ot_e_4_-+-___ 1_.0_-+-___ 1_.o__, ___ , 

I h1• I Small-Signal Common·-+v~e = 10 v, le = 3 a, f = 10 Mc 4 
Emiller Forward 
Current Transfer Rotio 
Common-Bose 
Open-Circuit Output 
Capocitance 

Yea= 10 v, f = l Mc 

NOTE 4: These parameters must be measured using pul~e techniques. PW = 300 µsec, Duty Cyde :::; 2%. 

thermal characteristics 

PARAMETER 

(he Junction-to-Cose Thermal Resistonce 

(),_A Junction-to-Free-Air Thermol Resistanrn 

*switching characteristics at 25°C case temperature 

PARAMETER TEST CONDITIONSt 

t.,, Turn-On Time le= 10 a, IB(1J = 1 a, IB(2J =-1 a 

tQff Turn-Off Time VBE(off) =-6 v, Rt.= 2.4!1, See Figure 1 

iVolta99 and current values shown are nominal; exact values vary slightly with device parameters. 

•Indicates JEDEC Registered Data. 

4 

850 850 pf 

MAX UNIT 

1.875 C0 /w 

125 C0 /w 

MAX UNIT 

0.3 µ.sec 

2.5 µ.sec 



TYPES 2N3551, 2N3552 
N-P-N TRIPLE-DIFFUSED MESA SILICON TRANSISTORS 

PARAMETER MEASUREMENT INFORMATION 

INPUT 

TEST CIRCUIT 

+60.5 v~---
1 

90% 
INPUT 

-6v 1 10% : 

~ loo i.- :+ loff -.j I I 

TPUT 
0 

VOLTAGE WAVEFORMS 

FIGURE 1 

NOTES: a. The input waveform is supplied by a generator with the following characteristics: tr ::::.=; 20 nm, ff ::; 20 nsec, Z00t = TSOO 0, PW = S ,usec, 

Duty Cycle :s; 0.53. 

b. Waveforms are monitored on on oscilloscope with the following characteristics: tr ~ S nsec, Rin ~ 1 Mfl, (in-:=:; S pf. 

c. Resistors must be noninductive types. 

16509 

• 



TYPES 2N3551, 2N3552 
N-P-N TRIPLE-DIFFUSED MESA SILICON TRANSISTORS 

16510 

c 

~ 
u 

~ 
..! 
0 
u 
I 

_y 

THERMAL INFORMATION 

l.4 

.2 l. 2 

.l 

.~ 1.0 
0 
~ 
u 
"> 
~ 0.8 

, 
0 

E o.6 
'.§ 
8 
E 0.4 , 
E 
·;; 

~ 0.2 

I 
o!' 0 

0 

FREE-AIR TEMPERATURE 
DISSIPATION DERATING CURVE 

l 1 
GJ-A $125 C 0 /w 

~ 
~ 
~ 

bJ 
~ 
~ 

25 50 75 100 125 150 175 
TA - Free-Air Temperature - (IC 

FIGURE 1 

~ 50 

I 
c 

.2 

.J40 
c; 
~ 
u 

·~ 30 
0 

0 
0 25 

CASE TEMPERATURE 
DISSIPATION DERATING CURVE 

e,_c }1.875 J0 /w 1 

~ 
' 
~ 
~ 

50 75 100 125 
Tc - Case Temperature - °C 

FIGURE 2 

~ 
~ 

150 175 

MAXIMUM SAFE OPERATING REGIONS 

2N355l 

100 

1 $ loo 0 c 
~ d = 0 05 ts~i' I II_ 1 ii ' 0 , tw - 50 µsec 

10 

Mox Vern 
r-., :..,,.. 

..l.'\."' ... j !! 
d = 0.5 (50%), lw = l mse;;r <;6~'\.. 

~~ 
<>I),. 

o., ": 

l.O 

~ 

I:::: d =Duty Cycle ts 
~ tw = Pulse Width 
F Tc= Case Temperature 
~See Note 5 

0.1 

0.01 
l.0 

l 
10 

VcE -Collector-Emitter Voltage -v 

FIGURE 3 

100 

2N3552 

0 10 

I 
c 
1! 
5 
u 

~ 
l.O 

..! 
0 

d = 0.5 (50%), tw = 1 msec' '- '<- g,',. I'. 
~~~o,~.~ ... ~l!i~ 

l'o.., . .., 

u 
I 

_y 0. l d = Duty Cycle 
~ tw = Pulse Width 
~ Tc = Cose Temperature 

See Note 5 

0.01 
l.O 

lL 
10 

Vee -Collector-Emitter Voltage -v 

FIGURE 4 

100 

NOTE S: Operation above maximum Yceo is permissible if the hose is reverse-voltage biased with respect to the emitter and the collector-base-voltage roting is not exceeded. 

TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT lll'I TIME 
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 



2N3713, 2N3714, 2N3715, 2N3716 
N-P-N SINGLE-DIFFUSED MESA SILICON POWER TRANSISTORS 

FOR POWER-AMPLIFIER AND SWITCHING APPLICATIONS 
• 150 W at 25°C Case Temperature 

*mechanical data 

• 10 A Rated Collector Current 

• Min f hie of 30 kHz 

• Min f, of 4 MHz 

ALL JEDEC T0-3 DIMENSIONS AND NOTES ARE APPLICABLE 

THE COLLECTOR IS IN ELECTRICAL CONTACT WITH THE CASE 

DIMENSIONS ARE IN INCHES 

absolute maximum ratings at 25°C case temperature (unless otherwise noted) 

*Collector-Base Voltage . 
*Collector-Emitter Voltage (See Note l) 
*Emitter-Base Voltoge . 
*Continuous Collector Current . 

Peak Collector Current (See Note 2) • 
*Continuous Bose Current . 
*Safe Operating Region at (or below) 25°C Cose Temperature . 
*Continuous Device Dissipation at (or below) 25°C Cose 

Temperature (See Nate 3) • 

2N3713 2N3714 2N3715 
SOY lOOV SOY 
60V SOY 6()V 

7V 
lOA 
15A 
4A 

See Figures S and 9 

+----150W 

2N3716 
lOOV 
sov 

Continuous Device Dissipation at (or below) 25°C Free-Air 
Temperature (See Note 4) 

*Operating Collector Junction Temperature Range . 
*Storage Temperature Range 

Lead Temperature Ji" Inch from Cose for 10 Seconds . 

4W 
+--65°C to 200°c--+ 
+--65°C to 200°C--+ 

235°C -----+-

~OTES: l. This value applies when the base-emitter diode is open-circuited. 

2. This value applies for tp = 0.3 ms, duty cycle S 103. 
3. Derate linearly to. 200°c case temperature al the rate of 0.855 W/deg. 

4. berate linearly t0200°c free-air temperature at the rate of 22.9 mW/deg. 

~rndic:atts JEDEC registered daia 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 9012 it t:>Al..L.AS, tll!XA9 75222 
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TYPES 2N3713, 2N3714, 2N3715, 2N3716 
N-P-N SINGLE-DIFFUSED MESA SILICON POWER TRANSISTORS 

*electrical characteristics at 25°C case temperature (unless otherwise noted) 

PARAMETER TEST CONDITIONS 
2N3713 2N3714 2N3715 2N3716 

UNIT MIN MAX MIN MAX MIN MAX MIN MAX 

Y1BRICEO 
Collector-Emitter 

le = 200 mA, 18 = 0, See Note S 60 80 60 80 v Breakdown Voltage 

lceo 
Collector Cutoff Vee= 30V, la= 0 0.7 0.7 
Current Vee=40V, la=O 0.7 0.7 

mA 

Vee = 80 V, VIE = -1.S V l l 
Collector Cutoff Vee = 100 V, V,. = -1.S V l l 

mA 
lcev Current Vee= 60 v, v. = -1.S V, Tc= 1S0°C 10 10 

Vee = 80 v, v. = -1.S v, Tc = JS0°C 10 10 
mA 

!EBO 
Emitter Cutoff VEB = 7 v, lc=O I l I I mA Current 

Stotic Forward Yee= 2V, le= IA, See Notes S and 6 2S 75 2S 75 so 150 so ISO 
hFE Current Transfer Vee= 2 V, le= 3A, See Notes S and 6 lS lS 30 30 

Ratio Ve•= 4V, le= JOA, See Notes S and 6 5 5 5 5 

Yae 
Base-Emitter Vee= 2V, le= SA, See Notes S and 6 2 2 1.8 1.8 v Voltage Vee= 4 V, le= JOA, See Notes 5 and 6 4 4 4 4 

Yceisatl 
Collector-Emitter la= 0.SA, le= SA, Sae Notes S and 6 J l 0.8 0.8 v Saturation Voltage la= 2A, le= JOA, See Notes 5 and 6 4 4 4 4 
Small-Signal 

h1e 
Common-Emitter Vci; = JOV, le= 0.SA, I= J kHz 25 2SO 25 250 25 250 25 250 Forward Current 
Transfer Ratio 
Small-Signal 

[h1e[ 
Common-Emitter Vci; = JO V, le = 0.S A, I= J MHz 4 4 4 Forward Current 4 

Transfer Ratio 
Small-Signal 
Common-Emitter 

Ihle Forward c~:rent Ve• = 10 V, le = O.S A 30 30 30 30 kHz 
Transfer Ratio 
Cutoff Frequency 
Common-Bose 

Cobo Open-Circuit Yea= JOY, IE= 0, f=JOOkHz 250 250 250 250 pF 
Output Capacitance 

llOTES: S. These parameters must be measuted using pulse techniques. IP = 300 µs, duty cycle ~ 2%. 
6. These parameters are measured with voltage-sensing contacts separate from the current-carrying contacts. 

thermal characteristics 

PARAMETER MAX UNIT 

fhc Junction-to-Cose Thermal Resistance 1.17 
deg/W 

OJ.A Junction-to-Free-Air Thermal Resistance 43.7 

•indicates JEDEC registered data 

165J2 
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TYPES 2N3713, 2N3714, 2N3715, 2N3716 
N-P-N SINGLE-DIFFUSED MESA SILICON POWER TRANSISTORS 

switching characteristics at 25°C case temperature 

PARAMETER TEST CONDITIONSt TYP UNIT 

350 
ns 

!off Turn-Off Time 
le = 1 A, 11111 = 100 mA, 11121 = -100 mA, 
YllEloff) = -3.7 Y, RL = 20 n. See Figure 1 

450 !.., Turn-On Time 

tYoltage and current values shown are nominal; 1xuc:t valuK vary slightly with transistor parameters. 

PARAMETER MEASUREMENT INFORMATION 

OUTPUT 

v 

TEST CIRCUIT 

+16VI.L--I 90% 
INPUT 

·l v 10% ) 
I I 

-.i Ion 14-- I*- I off ..+J 
I I 

~UT PUT 

VOLTAGE WAVEFORMS 

FIGURE I 

NOTES: a. The input waveform ls supplied by a generator with the following characteristir:s: tr ~ U ns, 11 S 15 ns, lout = SO 0, tp = 10 µ.s, duty cycle S 2%. 
b. Waveforms are monitored on an oscilloscopa with the following characteristin: t, :::;; 15 ns, Rin ~ 10 MO, Cin S 11.S pF. 

r:. Rtsiston must be nonindudlve typ1S. 

d. The d·c power supplies may require additional bypassing In order to minimize ringing. 

16513 
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TYPES 2N3713, 2N3714, 2N3715, 2N3716 
N-P-N SINGLE-DIFFUSED MESA SILICON POWER TRANSISTORS 

TYPICAL CHARACTERISTICS 

2N3713r 2N3714 
STATIC FORWARD CURRENT TRANSFER RATIO 

vs 
COLLECTOR CURRENT 

o'="_._.,,...., ......... ...,...~....,...,,.......,......,~~,...--~~~~~ 
0.01 0.04 0.1 0.2 0.4 2 4 7 10 

le - Collector Current -A 

FIGURE 2 

BASE-EMITIER VOLTAGE 
vs 

CASE TEMPERATURE 
3.5~-~------------.--1~~ VeE = 4 V 

See Notes 5 and ~ 
I 3. o t--+---+---+----+---+----+--+-L.--1--+--V___. 

t 2.51---11=10t ~ 

~ 2. o ,____::.r:T_,__-+-T--+-----<-+----+---+---+----+ 
.! 
~ le=5A .....-1 
m 1.5 f-- .l. J.r---+--t--+-+---1-f=...+£:_--l 
~ ,r = 1 l-

1. 0 1--~!----+--+----<---+--+---+-.......,--< 

.1~ 
0.5 r-- I = 100 mA t--t==r--1--f=::t;::::j 

l l O'---'----'~--'---'---'---'--'----'--' 
-75 -50 -25 0 25 50 75 

Tc - Case Temperature - °C 

FIGURE 4 

100 125 150 

> 

2N3715r 2N3716 
STATIC FORWARD CURRENT TRANSFER RATIO 

VS 

COLLECTOR CURRENT 
240r---r--r-rTTTTTr-----r--r-rTT",....,,...--~~....-,..,.., ...... 

VCE = 4 V 

0 See Notes 5 and 6 

! 200 

.: 
! 160i-. ..... -+--+-+++ttt---+---t-t'ot+H-H--+-+-t-H1111 

~ 
a 12ot---t-j;i'f"'titttt-J:;;1=j::j;;~~-11-ttt1litl 
1 

w 40 
..c 

00.01 0.04 0.1 0.2 0.4 4 7 10 
le - Collector Current - A 

FIGURE 3 

COLLECTOR-EMITTER SATURATION VOLT AGE 
vs 

CASE TEMPERATURE 

4 >------<-----<--+--+- See Notes 5 an~ 6 ~ 
I 
~ t-lsJJ_2_A_l.j....lc_=-\~-0-A-r---r1--1 ........-

J 1 ~~~18~~o~.5~A~, ~lc~-~5~A~~~~~~~~~~ § 0.7 I- :i_ 
-~ 
~ 

~ 
18 = 0. 1 A, le= 1 A 

_; o. 2 I- l l l 
t o. 1 I= 18 - 10 ~A,· lc1 

- 100 mA 

] 0.07 

d 0.04 1----!f----!f---J--+--+--+--+--+---l 

I 
~ o. 02 1----!f----!f---l--l--+--+--+--+---l 
w 

>u 0.01 '--'----''----'---'---'---'---'--'----' 
-75 -50 -25 0 25 50 75 100 125 150 

Tc - Case Temperature - °C 

FIGURE 5 

NOTES: 5. These parameters must be measured using pulse techniques. tP = 300 µs, duty cycle :s; 2%. 
6. Theie parameters are measured with vollag:e·sensing Cdnlacts separate from the current-carrying contacts. 

16514 
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TYPES 2N3713, 2N3714, 2N3715, 2N3716 
N-P-N SINGLE-DIFFUSED MESA SILICON POWER TRANSISTORS 

TYPICAL CHARACTERISTICS 

NORMALIZED COLLECTOR-EMITTER BREAKDOWN VOLTAGE COMMON-BASE OPEN-CIRCUIT OUTPUT CAPACITANCE 

!!. 
.I? 
~ 
~ O.B 

i 
!! .. 0.6 .. 
:t 
] 
~ 0.4 
u 

..! 
0 
u 0.2 .,, .. 
• !:! 

~ 
15 z 

<( 

I 
c .. 
t: a 
2 
u 

..! 
0 
u 
I 
_u 

0 

10 

7 

4 

2 

0.7 

0.4 

0.2 

0.1 

1 

vs 
BASE-EMITTER RESISTANCE 

'1~ = 30 mA 

Tc= 25•c 

f-o1.. See Note 5 

VIBRICBO ::oVIBRICeR at R8e = 1 Q 

10 100 1 k 10 k 100 k 
R8E - Base-Emitter Resistance - Q 

FIGURE 6 

vs 
COLLECTOR-BASE VOLTAGE 

0 

u~ 1oor----r-t-+-+-t-H-+t---+---i-+-1-t-+t-H 

Vee - Collector-Base Voltage - V 

FIGURE 7 

MAXIMUM SAFE OPERATING REGIONS 

2N3713, 2N3715 

::s ::x: 
t-- Tc" 25•c 

::il::S :I: 

1 

J. L ~J z 
D-C Operotlon V 1 
Ip= 1 ms, d " 0.5 (50%)" IL 
Ip= 0.5 ms, d " 0.3 (30%).i ' 

Ip= 0.25 ms, d s 0.25 (25%~ 
Ip = O. 05 ms, d " 0.2 (20%) 

MAX Vceo 

Ll_See Natl 7 

2 4 7 10 20 40 
VCE - Collector-Emitter Voltage -V 

FIGURE 8 

I 
I 
I 
I 
I 

I 
I 

70 100 

2N3714, 2N3716 

lO~!!!!!!!~~~~=i=!=R=~::s;:~:::=!iF=lrt:v:IR=FI 
7 1---~-+--+-+-1-+-..... --...... :A--<~~....++-............ 

1- Tc " 25•c f-+-+-+-H-++---:::s"'""'-\~II:,......++-H 

0-C Operation 1 L ~-
Ip = 1 ms, d " 0.5 (50%) v V1m 
Ip= 0.5 ms, d" 0.3 (30%)/ '1"'" 

5 i------1 i:ILJ~~JLJ~ll::ll:tl 
] IP = 0. 25 ms, d " 0. 25 (25% )~::t:+:"[lla:t:l 
;'.j o. 7 i------1 Ip= 0.05 ms, d" 0.2 (20%) 7 1-+-t--ttllllllLlm-H 

I 
_u 0.4 

0.2f---+-+-+-+-l-+-t+t--MAX~-V~c~e-o+·-~t-ir-tf-tl-HH1 

See Note 7 
0, 1 

2 4 7 10 20 40 70 100 
Vee - Collector-Emitter Voltage -V 

FIGURE 9 

NOTES: 5. This parameter must be measured using pulse lec:hniques. IP = 300 µs, duty cycle ::; 2%. 
1. Operation above maximum Yceo is permissible if the base is ravam1-valtag1 biased with rasped to the emitter and the collador·base-voltage rating 

ls not exceeded. 

16515 
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TYPES 2N3713, 2N3714, 2N3715, 2N3716 
N-P-N SINGLE-DIFFUSED MESA SILICON POWER TRANSISTORS 

THERMAL INFORMATION 

175 
3: 
I 
g J50 

l 5 J25 .. 
u 

~ JOO 

75 

§ 50 
E 

j 25 

DISSIPATION DERATING CURVE 

~ 

" ~ " ~ ' ~ ' ~ 
~ I 

0 

16516 

0 25 50 75 JOO J25 J50 175 200 

Tc - Case Temperature - °C 

FIGURE 10 

SYMBOL DEFINITION 

SYMBOL DEFINITION 

PT(av J Average Power Dissipation 

'•1rna•l Peak Power Dissipation 

OJ.A Junction-to-Free-Air Thermal Resistance 

OJ.c Junction-to-Case Thermal Resistance 

Be.A Case-to-Free-Air Thermal Resistance 

Oc.Hs Case-to-Heat-Sink Thennal Resistance 

OHS·A Heat-Sink-to-.Free-Air Thermal Resistance 

TA Free-Air Temperature 

Tc Case Temperature 

TJl••'l . Average Junction T emperalure 

TJ(rnax) Peak Junction Temperature 

K Peak-Power Coefficient 

tp Pulse Width 

t. Pulse Period 

d Duty Cycle Ratio (tp/lxl 

Example - Find Pr(max) (design limit) 
OPERATING CONDITIONS, 

VALUI< 

43.7 

1.17 

42 s 

~200 

~ 200 

See Figure. 11 

Be.HS + OHS·A = 2.25 deg/W (From information supplied 
with hoot sink.) 

T J(••l (design limit) = 200•c 
TA = su•c 
d = 10% (O.l) 

IP= 0.1 ms 

UNIT 

w 

w 

deg/W 

deg/W 

deg/W 

deg/W 

deg/W 

•c 

•c 

•c 

•c 

ms 

ms 

c 
" ·u 
E 
" 8 
ij 

~ .. 
-" 
" .. 

"-

"" 

PEAK-POWER COEFFICIENT CURVE 

0.7 
0,50 (50%) Duty Cycle 

0.4 II JIII 

0.2 

0. l 

ll lill 

o.UJUl)A 
0.07 

0.07 

0.04 

tp = Pulse width in ms 

0.02 d =Duty cycle ratio 

P1r 0.01 
0.02 0.04 0. J 0.2 0.4 2 4 7 10 20 

t p - Pulse Width - ms 

FIGURE 11 

Equation No. 1 - Application: d-c power dissipation 
heat sink used. 

TJ(ov)-TA 
Prfov) = for 25 •c :5: Tc :5: 200•c. 

OJ.c + Oc.Hs + OHs-A as in flg11re 10. 

Equation Na. 2- Applicallon: d-c power dissipation, 
no heat sink used. 

PT{avl = TJ(avJ-·TA for 2s•c < T < 200•c 
0 - A-

J·A 

Equation No. 3 - Application: Peak power dissipation, 
heat sink used. 

- TJlrna•)-TA 
Prfm"I - d <Oc.Hs + OHs-Al + K fh.c 

for 25°c ~ Tc ~ 200•c 

Equation No. 4 - Application: Peak power dissipation, 
no heat sink used. 

PT(max) = TJ(max)-TA 
tor 2s•c :5: TA :5: 200•c 

d Be.A+ KOJ.c 

Solution: 

From figure 11, Peak-Power Coefficient 
K = 0.11 and by use of equation No. 3 

TJ(mn)-TA 

PTfmaxJ = d !Oc.Hs + OHs.;.I + K 11J.c 

200-50 
PTlmoxJ = 0.1 (2.2S) + U.11 (l.171 - 424 W 

SE 

lEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 



2N3789 I 2N3790, 2N3791, 2N3792 
P-N-P SINGLE-DIFFUSED SILICON POWER TRANSISTORS 

FDR POWER-AMPLIFIER AND HIGH-SPEED-SWITCHING APPLICATIONS 
DESIGNED FOR COMPLEMENTARY USE WITH 2N3713 THRU 2N3716 

*mechanical data 

• 150 Watts at 25°C Case Temperature 
• 10 A Rated Collector Current 
• Min fT of 4 MHz at 10 V, 500 mA 
• Min fhte of 30 kHz at 10 V, 500 mA 

ALL JEDEC T0-3 DIMENSIONS AND NOTES ARE APPLICABLE 

THE COLLECTOR IS IN ELECTRICAL CONTACT WITH THE CASE 

absolute maximum ratings at 25°C case temperature (unless otherwise noted) 

*Collector-Base Voltage ........................................... . 
*Collector-Emitter Voltage (See Note 1) ................................. . 
*Emitter-Base Voltage ........................... - ............ - .... . 
*Continuous Collector Current ........................ ___ ............ . 

Peak Collector Current (See Note 2) ................................... . 
*Continuous Base Current ........................................... . 
*Safe Operating Region at (or below) 25°C Case Temperature ................... . 
"Continuous Device Dissipation at (or below) 25°C Case Temperature (See Note 3) ..... . 
Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 4) .. . 

"Operating Collector Junction Temperature Range .......................... . 
*Storage Temperature Range ......................... - ............ - . - . 

Lead Temperature 1/16 Inch from Case for 10 Seconds ...................... . 

NOTES: 1. This value applies when the base-emitter diode Is open-circuited. 

2. This value applies for tp = 0.3 ms, duty cycle ~10%. 

3. Derate linearly to 200°c case temperature at the rate of 0.855 W/deg. 

4. Oerata linearly to 200°c free.air temperature at the rate of 22.9 mW/deg. 

•1ndicatesJEDEC registered data 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 5012 • DALLAS, TEXAS 7!5222 

2N3789 2N3790 
2N3791 2N3792 

-60 v -80 v 
-60 v -80 v 

-+---- -7 v-+ 
.+---10A-+ 
-+---15A-+ 
+- -4A--+ 
See Figures 6 and 7 
.+--150W-+ 
-+---- 4W -+ 

-65°C to 200°C 
-65°C to 200°C 

.+--235°C-+ 
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TYPES 2N3789, 2N3790, 2N3791, 2N3792 
P-N-P SINGLE-DIFFUSED SILICON POWER TRANSISTORS 

*electrical characteristics at Z5°C case temperature (unless otherwise noted) 

2N3789 2N3790 2N3791 2N3792 
PARAMETER TEST CONDITIONS MIN MAX MIN MAX MIN MAX MIN MAX UNIT 

V(BR)CEO 
Collector-Emitter le =-200mA, le=O, -60 -80 -60 -80 v 
Breakdown Voltage See Note 5 

lcEO Collector Cutoff Current VcE =-30V, le=O -10 -10 

VcE=-40V, le=O -10 -10 mA 

VcE =-60V, VeE = 1.5V -1 -1 

VcE =-80V, VeE = 1.5 V -1 -1 

le Ev Collector Cutoff Current VcE =-60V, 

Tc= 150°C 

VeE = 1.5V, -5 -5 mA 

VcE =-80V, VeE = 1.5 V, -5 -5 
Tc= 150°C 

IEBO Emitter Cutoff Current VEB =-7V, lc=O -5 -5 -5 -5 mA 

VcE =-2V, lc=-1 A, 25 90 25 90 50 180 50 180 
See Notes 5 and 6 

hFE 
Static Forward Current VcE =-2V, le= -3 A, 15 15 30 30 
Transfer Ratio See Notes 5 and 6 

VcE =-4V, lc=-10A, 4 4 4 4 
See Notes 5 and 6 

VcE =-2V, le =-5 A, -2 -2 -1.8 -1.8 

Vee Base-Emitter Voltage 
See Notes 5 and 6 v 
VcE =-4V, lc=-10A, -4 -4 -4 -4 
See Notes 5 and 6 

le =-0.4A, lc=-4A, 

See Notes 5 and 6 -1 -1 

Vce1 ... tl Collector-Emitter le= -0.5A, lc=-5A, -1 -1 v 
Saturation Voltage See Notes 5 and 6 

18 =-2A, lc=-10A, -4 -4 -4 -4 
See Notes 5 and 6 

hte Small-Signal Common-Emitter VcE =-10V, le= -0.5A, 25 250 25 250 25 250 25 250 
Forward Current Transfer Ratio f = 1 kHz 

lhtal 
Small-Signal Common-Emitter VcE =-10V, lc=-0.5A, 4 4 4 4 
Forward Current Transfer Ratio f = 1 MHz 

Small-Signal Common-Emitter 

fhfe- •Forward Current Transfer Ratio VcE = -10 V, lc=-0.5A, 30 30 30 30 kHz 

Cutoff Frequency 
See Note 7 

Cobo Common-a- Open-Circuit Vee= -10 V, IE =0, 500 500 500 500 pF 
Output Capacitance f= 100kHz 

NOTES: 5. These parameters must be measured using pulse techniques. tp = 300 µ.s, duty cycle :S 2%. 

6. These parameters are measured with voltage-sensing contacts separate from the current-carrying contacts. 

7. fhte is the frequency at which the magnitude of the small-signal forward current transfer ratio is 0.707 of its low-frequency 

value. For this device, the reference measurement is made at 1 kHz. 

• 1 ndlcates JEDEC registered data 

thermal characteristics 

PARAMETER MAX UNIT 
(JJ·C Junction-to-Casa Thermal Resistance 1.17 

deg/W 
OJ-A Junction-to-Fr-Air Thermal Resistance 43.7 
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TYPES 2N3789, 2N3790, 2N3791, 2N3792 
P-N-P SINGLE-DIFFUSED SILICON POWER TRANSISTORS 

switching characteristics at 25°C case temperature 

PARAMETER TEST CONDITIONSt TYP UNIT 

ton Turn-On Time lc=-1 A. ls(1) = -100 mA, ls(2) = 100 mA. 0.35 

µs 

to ff Turn-Off Time VBE(off) = 3.7 V, RL = 2on. See Figure 1 0.8 

tVoltage and current values shown ere nominal; exact values vary slightly with transistor parameters. 

PARAMETER MEASUREMENT INFORMATION 

OUTPUT 

20 0 

820 

.4 v -=- 20.3 v 

TEST CIRCUIT 

VOLTAGE WAVEFORMS 

FIGURE 1 

NOTES: a. The input waveform is supplied by a generator with the following characteristics: tr :5; 15 ns, tt °$15 ns, Zout = 50 n. 
tp = 10 µ,s, duty cycle ~ 2%. 

b. Waveforms are monitored on an oscilloscope with the following characteristics: tr::; 15 ns, Rin ~ 10 M.fl, Cin ~ 11.5 pF. 

c. Resistors must be non inductive types. 

d. The d-c power supplies may require additional bypassing in order to minimize ringing. 
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TYPES 2N3789, 2N3790, 2N3791, 2N3792 
P-N-P SINGLE-DIFFUSED SILICON POWER TRANSISTORS 

TYPICAL CHARACTERISTICS 

2N3789, 2N3790 
STATIC FORWARD CURRENT TRANSFER RATIO 

VS 

COLLECTOR CURRENT 
100 

0 

"-5 
"" 80 
~ 
c 
!:? .... 

vI; i 2J t-..... 
~ Tc; 2s•c .... 
~ See Notes 5 and 6 

1' 
'E 6J) 
~ 
!:; 
u 
1! 
0 

i!: 40 
~ 
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~ 
"' 20 
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~ 
~ 

'N 
1)-. 
~ 

0 
-0. 1 -0.2 -0.4 -o. 7 -1 -2 -4 -7 -10 

le - Collector Current - A 

FIGURE 2 

BASE-EMITTER VOLTAGE 

COLLECTOR CURRENT 

-2.0 r--......--..--r--r-rTT~--.---.--,-...,,rrrn 

-1 .a 1-- V c!: _Jv l-+-+-+++1r----+-~r--t-t-+-t-t-H 
Tc: 2s•c 

> -l •6 1-- See Notes 5 and 6 
I 
.. -1.4 r---+-t-T--t-T"t"Ttt---r---;--r-t-11'"1"'.rt1 

1 y 
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] yY 
J. -o.8 1----+-t-+-H+ttl+-"f-c:::_."'F-l-H+t-tt! 

~ 1 ~~::±::::f:t:tIII1L--L--l-ll-llUJ -0.6 lo 

>~-0.4 ...... --+-+-+-+-+ ...... ++---i---;--;-....-,.......,..,.. 

-0.2 ....... --+--+---+--<,...... ............. _ __,,___...,_....,.....,....,,...,..,..,., 

0 '--~-'-~~~~~~-~~~~~~~ 
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FIGURE 4 
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2N3791, 2N3792 

STATIC FORWARD CURRENT TRANSFER RATIO 
vs 

COLLECTOR CURRENT 
120 

~E ,:r_2~ T I I 

100 

80 

... Tc• 25°C 

1'- See Nat• S and 6 

~ 
l\ 1' 

60 

40 

20 

]'I 

~ 
~ f'.., 
~ 

0 

-0.1 -0.2 -0.4 -0.7 -1 -2 -7-10 

-1 

-0.8 

-0.6 

-0.4 

-0.2 

le - Collector Current - A 

FIGURE 3 

COLLECTOR-EMITTER SATURATION VOLTAGE 

I I 
c 

VS 

COLLECTOR CURRENT 

1-- : 5 -+-++t-+ttt---t-+-H+1f.++I 
la ] 

1-- Tc : 25°C --t--t-++++t----t--1-H-++++I 
See Notes 5 and 6 

II 
Ii 

0 '--~-'-~,__...._._._...._.....__~__.~_,__.._.L..J....U..J.J 
-o. 1 -0.2 -0.4 -0.7 -1 -2 -4 -7 -10 

le - Collector Current - A 

FIGURE 5 

NOTES: 5. These parameters must be measured using pulse techniques. tp = 300 µ.s, duty cycle$ 2%. 

6. These parameters are measured with voltage-sensing contacts separate from the current-carrying contacts. 
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TYPES 2N3789 I 2N3790, 2N3791, 2N3792 
P-N-P SINGLE-DIFFUSED SILICON POWER TRANSISTORS 

MAXIMUM SAFE OPERATING REGIONS 

2N3789, 2N3791 

-10 --..;: :x 

-4 

I-- Tc" 25•c 

7 ~ " J. ' I 
L h_ I 

D-C OPERATION _Y\ I 
I 

t-- tp; 1 ms, d" O.S (50%)' IL'. I 

-7 

<( 

I 
t-- t•; 0.5 ms, d" 0.3 (30%) •'I 

1: -2 

~ a 
ls -1 
u 
..!! -0.7 

8 
I -o.4 

_u 

-0.2 

-0.1 

tp; 0.25 ms, d" 0,25 (25%>1 

tp; 0.05 ms, d" 0.2 (20%) 

I 

MAX VCEO 

~ I 
-1 -2 -4 -7 -10 -20 -40 -70 -\00 

VCE - Collector-Emitter Voltage - V 

FIGURE 6 

2N3790, 2N3792 

<( -4 r72 \ [) 
I _2 D-C OPERATION _L_ J)(i\'" i r--- tp ; 1 ""· d " 0.5 (50%) y ~ 

U tp; 0.5 ms, d" 0.3 (30%)/ ILk: 
~ua -1 I::::== 

t•; 0.25·ms, d" 0.25 (25%) i,..<'.- t-ttW-
~o -0.7 i--- "'~ +-u i--- tp; a.as ms, d" 0.2 (20%)- t-- t-
i 
_u-0.4 

-0.2 l---+--+-+-+-++H+---'----1--+-H,-++ .tt 
MAX VCEO -f-T, 

-0.1 .____.__.........._~.....,._-l~l~l~~ 
-1 -2 -4 -7 -10 -20 -40 -70-100 

VCE - Collector-Emitter Voltage - V 

FIGURE 7 
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TYPES 2N3789, 2N3790, 2N3791, 2N3792 
P-N-P SINGLE-DIFFUSED SILICON POWER TRANSISTORS 
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THERMAL INFORMATION 

175 

150 

125 

100 

75 

50 

25 

0 

CASE TEMPERATURE 
DISSIPATION DERATING CURVE 

0 25 50 75 100 125 150 175 200 

Tc - Case Temperature - °C 

FIGURE 8 

SYMBOL DEFINITION 

SYMBOL DEFINITION .. 
Pr(ov) Average Power Dissipation 

Prfmaxl Peak Power Dissipation 

(),_A Junction-to-Free-Air Thermal Resistance 

(JJ.c Junction-lo-Case Thermal Resistance 

Oc-A Case-to-Free-Air Thermal Resistance 

Oc.Hs Case-lo-Heat-Sink Thermal Resistance 

()HS-A He<it-Sink-to-Free-Air Thermal Resistance 

TA Free-Air Temperature 

Tc Cose Temperature 

TJlav) Average Junction Temperature 

TJ(max) Peak Junction Temperature 

K Peak-Power Coefficient 

Ip Pulse Width 

1, Pulse Period 

d Duly Cycle Ratio (tp/t,J 

Example - Find Prrmax) (design limit) 
OPERATING CONDITIONS, 

VALUE 

43.7 

1.17 

42.5 

::::;: 200 

::; 200 

See Figure 9 

Be-HS + (JHS-A = 2.25 deg/W (From information supplied 
with heat sink.) 

TJ!avJ (design limil) = 200°c 

TA= so•c 
d = 10%(0.lJ 

IP= 0.1 ms 

UNIT 

w 

w 

deg/W 

deg/W 

deg/W 

deg/W 

deg/W 

oc 

•c 

•c 

•c 

ms 

ms 

PEAK-POWER COEFFICIENT CURVE 

0.7 
0.50 (50%) Duty Cycle IL 

0. 4 Hl-tl+J.ttIIttITt--t-t-t-t+ttfb~"ll<-t-+++1-ttt---; 
o:25"TUU} ~ _L c 

~ 

] 
4i 

o. 2 t--+11+++J.tt1wr--+-t-++1~v--l-+-t-+tt+++---I 
o.UJm1 4 0 

u 

a..~ 0.1 ~-(§~~,·~ 0.07 
~ 0.07 ::ti 
~ o.05 rl 1-e -tp/'I" 

LLL ~ K= 
"'o.04 ~ VL 1_.-1p/d.,. 

Fµft::O:i;O'l,;;l·H;l.!'1'!-V7-:.+-t 0 =Pulse width in ms 

0. 02 ~ d = Duty·cycle ratio -H4+++---I 

J.iltllil til :Li'.W.Lti:4 ml 

0.01 
0.02 0.04 0. 1 0.2 0.4 

tp - Pulse Width - ms 

FIGURE 9 

Equation No. 1 - Application: d-c power dissipation 

heal sink used. 

7 10 

Pr(avJ = TJfav)-TA for 2s •c ::::;: Tc ::::;: 2oo•c, 
8J.c + 8c.Hs + l!HS-A OS in Figure 8. 

Equation No. 2- Application: d-c power dissipation, 
no heal sink used. 

Pr{av) = TJ(a11J-TA 
for 2s•c ::::;: TA :'.';'. 20o•c 

liJ.A 

Equation No. 3 - Application: Peak power dissipation, 
heat sink used. 

- TJ(ma•) -TA 

Prim") - d ({le.HS + l!Hs-A) + K Ii J·C 
for 2s •c ::::;: Tc ::::;: 20o•c 

Equation No. 4 - Application: Peak power dissipation, 
no heat sink used. 

PT{ma11) = 
TJ(max)-TA 

for 2s•c ::::;: TA ::::;: 200°c 
d 8c.A + K OJ.c 

Solution: 

From Figure 9, Peak-Power Coefficient 

K = 0.11 and by use of equation No. 3 

TJ(maxJ-TA 

Prim.,) = d !Oc.Hs + OHs-A) + K OJ.c 

p 200-SO 424 w 
11"'"1 = -0-.1-(2-.2-SJ-+--o.-11-(-1.171 

20 

TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAXE CHANGES AT ANY TIME 
IN ORDER TO IMPROVE DESIGN ANO TO SUPPLY THE BEST PRODUCT POSSIBLE. 
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2N3846, 2N3847 
N-P-N TRIPLE-DIFFUSED MESA SILICON POWER TRANSISTORS 

*mechanical data 

FOR POWER-AMPLIFIER APPLICATIONS 

• 150 Watts at 100°C Case Temperature 
• 200 V, 300 V Rated Collector-Emitter Voltages 
• Max VcE(sat) of 0.75 V at 10 A le 
• Max Thermal Resistance of 0.5 deg/W 
• Min fr of 10 MHz at 10 V, 1 A 

THE COLLECTOR IS IN ELECTRICAL CONTACT WITH THE CASE 

AlL DIMENSIONS ARE. IN INCHES 

ALL JEDEC T0-63 DIMENSIONS 
AND NOTES ARE APPLICABLE 

CASE TEMPERATURE MEA­
SUREMENT POINT IS UN­
DERSIDE OF FLAT SURFACE 
WITHIN 0.125" FROM STUD 

*absolute maximum ratings at 25°C case temperature (unless otherwise noted) 

Collector-Base Voltage . 

Collector-Emitter Voltage (See Note 1) . 

2N3846 2N3847 

300V 

200V 

400V 

300V 

Emitter-Base Voltage . +- l 0 V -+ 
Continuous Collector Current . +- 20 A -+ 
Continuous Base Current . . +- 10 A -+ 
Safe Operating Region at (or below) 100°C Case Temperature See Figure 7 

Continuous Device Dissipation at (or below) 100°C Case Temperature (See Note 2). . +-150 W-+ 

Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 3) • +- 4 W --+ 

Operating Case Temperature Range 

Storage Temperature Range . 

Terminal Temperature J{, Inch from Cose for l 0 Seconds 

NOTES: 1. These value5 apply when the base-emitter diode is open-circuited. 

2. Derate linearly to 175°C case temperature al the rate of 2 W/deg. 

3. Derate linearly to 175°C free-air temperature at the rate of 26.6 mW/deg. 

*Indicates JEDEC registered data 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 5012 • DALLAS, TEXAS 75222 

-65°C to 175°C 

-65°C to 200°c 

. +-260°C--+ 

Ill .... 
c: -< r- ... 
r- m 
m UI ....... -z z Isl 
z .. 
P!" 
0 ... 
r- z 
6o Isl 
m~ 

j 
0 

l'l 
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TYPES 2N3846, 2N3847 
N-P-N TRIPLE-DIFFUSED MESA SILICON POWER TRANSISTORS 

*electrical characteristics at 25°C case temperature (unless otherwise noted) 

PARAMETER TEST CONDITIONS 
2N3846 2N3847 

UNIT MIN MAX MIN MAX 

V(BR(CEO Collector-Emiller Breakdown Voltage le = 200 mA, la = 0, See Note 4 200 300 v 
lcrn Collector Cutoff Current 

VCE = 200 v, la= 0 5 
mA 

VOE= 300 v, 1. = 0 5 
VcE = 300 V, VBE = 0 2 

lcEs Collector Cutoff Current 
VCE = 400 v. VBE = 0 2 

mA 
Va;= 300 V, VBE = 0, Tc= 150°C 10 
VOE= 400 V, VBE = 0, Tc= 150°C 10 

luo Emitter Cutoff Current VEe = IOV, le= 0 250 250 µ.A 
VcE = 3 V, le= SA, See Notes 4 and 5 40 200 40 200 

h1t 
Static Forward Current VcE = 3 V, le = 10 A, See Notes 4 and 5 10 60 10 60 
Transfer Ratio VcE = 3 V, le= 10 A, Tc= -55°C, 

See Notes 4 and 5 10 10 

VBE Base-Emitter Voltage Va= 3 V, le = 10 A, See Notes 4 and 5 1.2 1.2 v 
VCE( .. tl Collector-Emitter Saturation Voltage la= 1.6 A, le= 10 A, See Notes 4 and 5 0.75 0.75 v 
h,. 

Small-Signal Common-Emitter 
VcE = 10 V, le= 5A, I= 1 kHz 50 250 50 250 Forward Current Transfer Ratio 

lh1el 
Small-Signal Common-Emitter 

Ve•= 10 V, le= I A, I= I MHz 10 10 Forward Current Transfer Ratio 

Cobo 
Common-Base Open-Circuit 

Vee= 10 V, IE= 0, I= I MHz 750 750 pF Output (OfJacitance 

NOTES: 4. These parameters must be measured using pulse techniques. IP = 300 µs, duty cycle _:::;; 2%. 

5. These parameters are measured with voltage-sensing contacts separate from the current-carrying conlods. 

thermal characteristics 

PARAMETER MAX UNIT 
eJ.c Junction-to-Case Thennal Resistance 0.5 

1--ce~J.-A~~J-u-nc-f-10-n--ro--F-re-e--A-ir-T=h_e_nn_a~l~Re-s~ist-a-nc-e~~~~~~~~~~~~~~~~~--+~-37-_-5~1 deg/W 

•indicates JEDEC re_gistered data 

869 
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TYPES 2N3846, 2N3847 
N-P-N TRIPLE-DIFFUSED MESA SILICON POWER TRANSISTORS 

*switching characteristics at 25°C case temperature 

PARAMETER TEST CONDITIONSt MAX UNIT 
I.., Turn-On Time lc-lOA, 11111 = 2 A, 11121 = -2 A, 4 
lo11 Turn-Off Time VllEio!ij """-7.5 V, Rt.= 150, See Figure 1 7 

pS 

t1ase-emitter woltage and collector current values shown are nominal; exact values vary slightly with transistor parameters. 

*PARAMETER MEASUREMENT INFORMATION 

r------t<>) OUTPUT 

Adjust INPUT trlOµF 

amplitude ~ Q'= 
of input 
pulse 
for lacn = 2 A 

15 Q 

TUT 
+ 

-=- 150 v 

~ 
L----------fO)POINT "A" 

TEST CIRCUIT 

POINT 11A11 

----i-
10% 1----

·~i ~:1 ~ 
VOLTAGE WAVEFORMS 

FIGURE 1 

NOTES: a. The waveform at point "A" has the following characteristics: tr :::;: 100 ns, t1 s; 100 ns, IP = 20 µs, duty cyde S O.f%. 

b. Waveforms are monitored on an oscillostope with the following characteristics: tr S 5 ns, Rin ~ 1 MO, (in S 5 pF. 

c. Resistors must be noninductive types. 

d. The d-c: power supplies may require additional bypassing in order to minimize ringing. 

*Indicates JEDEC registered data 
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TYPES 2N3846, 2N3847 
N-P-N TRIPLE-DIFFUSED MESA SILICON POWER TRANSISTORS 
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TYPICAL CHARACTERISTICS 

STATIC FORWARD CURRENT TRANSFER RATIO 

COLLECTOR CURRENT 
130~~~~~~~~~~~~~~~~~~-. 

1201------+---+--+-i-l--+++l--.+--1v~ 
See Notes 4 and 5 

0.2 0.4 0.7 l 4 7 10 20 

le- Collector Current - A 

FIGURE 2 

BASE-EMITTER VOLTAGE COLLECTOR-EMITTER SATURATION VOLTAGE 

CASE TEMPERATURE 

25 50 75 100 125 150 

Tc - Case Temperature - °C 

FIGURE 3 

CASE TEMPERATURE 

> 
I 

.~ 0.1 

~ 0.07 t==1 8 - 0. I A, le l A 
5 
u 
..!! 3 0.04 

I 
0.02 

0 

:F 0.01 
-75 -50 -25 0 25 50 75 100 125 150 

Tc - Cose Temperature - 0 ( 

FIGURE 4 

NOTES: 4. These parameters must be measured using pulse techniques. tp = 300 /H, duty cycle ::::.; 2%. 

S. These parameters are measured with voltage-sensing contacts separate from the current-carrying contacts. 
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TYPES 2N3846, 2N3847 
N-P-N TRIPLE-DIFFUSED MESA SILICON POWER TRANSISTORS 

TYPICAL CHARACTERISTICS 

NORMALIZED COLLECTOR-EMITTER BREAKDOWN VOLTAGE COMMON-BASE OPEN-CIRCUIT INPUT AND OUTPUT CAPACITANCE 
vs VS 

:l: BASE-EMITTER RESISTANCE REVERSE BIAS VOLTAGE 
~ 1.2 

.;. 
I 
g, 1.0 
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0 
> 
c 

0.8 ~ 
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"' 0.6 
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l5 0.4 
u 
..!! 
0 
u 
'ti 0.2 
G 
.~ 
0 
E 
l5 0 
z 

II)~= \olmlPI 
Tc = 2s•c 

~ 
See Note 4 
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1'I 

I 

3500 .---,--..-.,-,....,...,..,.'TT--...---.-r-r-,-TT""n 

I .......... .1 F= 1 MHz 
3000 ~sis -+-+ i-+++++---+~ 

~ ·~· Tc= 25°C 

.... 2500 >----+---~-MH-lrt---t-----i---r-t--t-t-t-H 
Q. 
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u 
c 
. .g 
~ 1500>----+--+-+-+-++-+-++---+---t-t-t-+-+-t--H 
(l 

"' ;... c 
~ V1BRICBO "'"'taRJCER ot Ra•= 1 n 

11111 fl II I LIJlllll Ulll 
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FIGURE 5 FIGURE 6 

MAXIMUM SAFE OPERATING REGION 

<( 

I 

D-C OPERATION___!? ~ 

2 l ~ I~~~~~~~~~~~~~ Jl 0.7 t tP = 1 ms, d = 0.5 (50%) 

0 0.4 Ip = 0.3 ms, d 0.1 (10%} 

I o. 2 t----+-t-+-tJ-HUl-ltllit---+-t---t-t-H-ttt~ ....... j..-.r+L\-r-rtttt11 
_u O.l ~mF~~~Bml 0.07 i= MAX Vceo 2N3846 

0.04 1----1--1-+-+ MAX Vceo 2N3847 ""~~c-t"""111C--t''1"1"tt'l1 

0.02 See Note 6 I,. 
0.01 '---''--................ ~~~~~~~~~~~~~ 

1 2 4 7 10 20 40 70 100 200 400 1000 
YcE - Collector-Emitter Voltage - V 

FIGURE 7 

NOTES: 4. This parameter must be measured using pulse techniques: Ip = 300 p.s, duty cycle ~ 2%. 

6. Operation above maximum YcEO is pennissible If the base is reverse-voltage biased with respect to the emitter and the collector-base-voltage rating 

is not exceeded. 
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TYPES 2N3846, 2N3847 
N-P-N TRIPLE-DIFFUSED MESA SILICON POWER TRANSISTORS 

THERMAL INFORMATION 
CASE TEMPERATURE 

DISSIPATION DERATING CURVE 
175 

:;: 
I 
c 150 

,Q 

.! 
;5 125 

-~ 
! 100 

~ g 
.: 75 
c 
0 
u 
E 50 
~ 
E 
·~ 
~ 25 
I 

a!"' 

16584 

0 
75 

Tc - Case Temperature - ac 

FIGURE 8 

SYMBOL DEFINITION 

SYMBOL DEFINITION 

P111v1 Average Power Dissipation 

Pr[mu) Peak Power Dissipation 

8u .. Junction-to-Free-Air Thermal Resistance 

fhc Junction-to-Case Thennal Resistance 

8t;.A, Case-to-Free-Air Thermal Re5istance 

Be.HS Case-to-Heat-Sink Thermal Resistance 

BHS-A Heat-Sink-to-Free-Air Thermal Resistance 

TA Free-Air Temperature 

Tc Case Temperature 

TJ[•vl Average Junction Temperature 

T.11mu1 Peak Junction Temperature 

K Peak-Power Coefficient 

'• PulSI Width 

'· Pulse Period 

d Duty·Cycla Ratio (Ip/I,) 

Example - Find P11-1 (design limit} 
OPERATING CONDITIONS: 

VALUE 

37.5 

0.5 

37 

sm 
s 175 

Ste Figure 9 

6c-Hs + BHS.A = 2.5 °C. /W (Frmn lnfonnation supplied 
with heat sink.) 

l•1n1 (design limit) = 175"C 
T .. = so•c 
d= 10%(0.1) 
Ip= 0.1 ms 

175 

UNIT 

w 

w 

deg/W 

dag/W 

deg/W 

deg/W 

deg/W 

•c 

•c 

•c 

•c 

ms 

ms 

PEAK-POWER COEFFICIENT CURVE 

0.7 0.51 (5~~o) 1 Duty Cycle 

o. 4 1--TH-1THT+Hl++---l'7'f'i...q.l!.+++t+--+--l-++++t+1 o.J JJJ .A" y c 
" 
] 0.2 

~ 

0.04 

tp = Pulse width in ms 

0.02 d .;::; Duty~cycle ratio 

0.01 
0. I 0.2 0.4 l 2 4 7 IO 20 

Ip - Pulse Width - ms 

FIGURE 9 

Equation No. 1 - Appllcallon: d·c power dissipation. 
heat sink used. 

1J1•·1- TA for 1oo•c s Tc s 175°c 

8J.c + 9c.Hs + 6HS·A as in Figure I 

Equation No. 2 - Application: d-c power dissipation, 
no heat sink used. 

TJ1n1 - TA for 25°C s TA s 175"C 
Pr(•v) = 

(lJ .... 

Equation No. 3 - Application: Peak power dissipation, 
heat sink used. 

40 

TJ1-1·-TA 
PrfN•I = --d-(9-c--H-.-+-9-HS--A-,-+--K-9-,.-c- for 1oo•c s Tc s m•c 

Equation No. 4 - Application: Peak power dissipation, 
no heat sink used. 

Pr1mu1 = --'-'~"""'-1---T_A __ for 25•c s TA S 11s•c 
d Be.A+ I 8,.c 

Solution: 

From Figure 9, Peak-Power Coefficient 

I = 0.105 and by use of equation Na. 3 

TJ(mu:J-TA 

175-50 --------= 413 w 
0.1(2.5) + 0.105 (0.5) 

100 

TEXAS INSTRUMENTS RESERVES mE RIGHT TO MAKE CHANGES AT ANY TIME 
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 
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2N3996, 2N3997, 2N3998, 2N3999 
N-P-N EPITAXIAL PLANAR SILICON POWER TRANSISTORS 

* mechcaniccal data 

FOR HIGH-SPEED POWER SWITCHING APPLICATIONS 

• 30 W at 100°C Case Temperature 
• Isolated-Stud Package (2N3996, 2N3997) 
• Max V CE(sat) of 0.25 V at 1 A I c 
•Max f 0nof 300 ns at 1 A le 
• Min fy of 40 MHz 

2N3996, 2N3997 
THE ACTIVE ELEMENTS ARE ELECTRICALLY INSULATED FROM THE CASE 

2N3998, 2N3999 
THE COLLECTOR IS IN ELECTRICAL CONTACT WITH THE CASE 

NOTES: A. Position of terminals with respect lo hexagon is not controlled. 
B. Terminals localed on true position within 0.030 inch relative to diameter of con. 

C. This dimension appliH to the locution of the center line of the terminals. 
D. The case temperature may be measured anywhere on the seating plane within 0.125 inch of the stud. 

E. All dimensions ore in inches unless otherwise specified. 

*absolute maximum ratings at 25°C case temperature (unless otherwise noted) 

Collector-Base Voltage 
Collector-Emitter Voltage (See Note l) 
Emitter-Base Voltage . 
Continuous Collector Current 
Peak Collector Current (See Note 2) . 
Continuous Base Current . 
Safe Operating Region at (or below) l00°C Case Temperature 
Continuous Device Dissipation at (or below) l00°C Case Temperature (See Note 3) 
Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 4) • 

Operating Collector Junction Temperature Range . 
Storage Temperature Range 
Lead Temperature Y,, Inch from Case for 10 Seconds . 

NOTES: 1. This value applies when the base-emitter diode is open-circuited. 

2. This value applies for tp s; 1 ms, duty cycle ~ 503. 
3. Derote linearly to 200°C case temperature at the rote of 0.3 W/deg. 

4. Derate linearly to 200°c free-air temperature al the rare of 11.4 mW/deg. 

*Indicates JEDEC registered data. 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 5012 • DALLAS, TEXAS 75222 

t 

lOOV 
aov 
av 
SA 

lOA 
l A 

See Figure 8 
• 30W 

2W 
-65°C to 200°c 
-65°C to 200°C 

230°C 
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TYPES 2N3996, 2N3997 I 2N3998, 2N3999 
N-P-N EPITAXIAL PLANAR SILICON POWER TRANSISTORS 

*electrical characteristics at 25°C case temperature (unless otherwise noted) 

16602 

PARAMETER TEST CONDITIONS 

V1e•1cro 
Collector-Emitter le= SO mA, le= 0, See Note S Breakdown Voltage 

lc•o 
Collector Cutoff 

Ve•= 60 V, le= 0 Current 

lcES 
Collector Cutoff Ve•= 90 V, Ve•= 0 
Current VCE = 90 V, Ve• = 0, Tc= 1S0°C 

IEBO 
Emitter Cutoff v.e = s v, le= 0 
Current v.e = 8 v, le= 0 

Ve•= 2 V, le= 50 mA 
Static Forward Ve•= 2 V, le= 1 A, See Note 5 

h .. Current Transfer 
Ve•= 5 V, le= 5 A, See Note 5 Ratio 
Ve•= 2 V, le = 1 A, Tc = -55°C, See Note 5 

v,. Base-Emitter le= 100 mA, le= 1 A, See Note 5 
Voltage 18 = 500 mA, le= 5 A, See Note 5 

VcE(wt) 
Collector-Emitter le= 100 mA, le= 1 A, See Note 5 
Saturation Voltage le= 500 mA, le= SA See Note 5 
Small-Signal 

lh,.I 
Common-Emitter 

Ve• = S V, lc=lA,f=lOMHz Forward Current 
Transfer Ratio 
Common-Bose 

Cobo Open-Circuit Vee= 10 V, 1. = 0, I= 1 MHz 
Output Capacitance 

NOTE S: This parameter must be measured using pulse techniques: Ip = 300 µ,s, duty cycle S 2%. 

* thermal characteristics 

PARAMETER 
Junction-to-Case Thermal Resistance 
Junction-to-Free-Air Thermal Resistance 

*switching characteristics at 25°C case temperature 

PARAMETER TEST CONDITIONSt 

Ion Turn·On Time le= 1 R, 181,1 = 100 mA, ls121 = -100 mA, 

'·" Turn-Off Time v •• 1.,~ = -3.7 v, RL = 20 n. See Figure 1 

tVoltage and current values shown cue nominal; exact values vary slightly with transistor parameters. 

*Indicates JEDEC registered data. 

2N3996 
2N3998 

MIN MAX 

80 

10 

s 
50 
0.5 
10 

30 
40 120 
15 
10 
0.6 1.2 

1.6 
0.25 

2 

4 

150 

MAX 
3.33 
87.5 

2N3996 
2N3998 
MAX 

0.3 
1.5 

2N3997 
2N3999 UNIT 

MIN MAX 

80 v 

10 µ,A 

5 
µ,A 

50 
0.5 

µ,A 
10 

60 
80 240 
20 
20 
0.6 1.2 

1.6 v 

0.25 
v 

2 

4 

150 pf 

UNIT 
de /W 
deg 

2N3997 
2N3999 UNIT 

MAX 
0.3 
2 

µ,s 
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TYPES 2N3996, 2N3997, 2N3998, 2N3999 
N-P-N EPITAXIAL PLANAR SILICON POWER TRANSISTORS 

*PARAMETER MEASUREMENT INFORMATION 

~-----<------o OUTPUT 

82 Q 

TEST CIRCUIT VOLT AGF WAVEFORMS 
FIGURE 1 

NOTES: a. The input waveform is supplied by a generator with the following characteristics: tr s;; 15 ns, ff :~ 15 ns. lout:-:::- 50 n, tp = 2 µs, 

duty cycle S 2%. 

b. Waveforms are monitored on an oscilloscope with the following characlerhtics: tr S 15 ns, Rin ?:: 10 MU, (in .:::. 11.5 pf. 

c. Resistors must be nor.inductive types. 

d. The d-c power supplies may require additional bypassing in order lo minimize ringing. 

TYPICAL CHARACTERISTICS 

2N3996, 2N3998 ;>N3997, 2N3999 
STATIC FORWARD CURRENT TRANSFER RATIO STATIC FORWARD CURRENT TRANSFER RATIO 

vs 
COLLECTOR CURRENT 

250 ~~ill ~CT=---r-~ 
VcE = 2 V 

>---<-+--+-++++-++---+---+-+-++++++See Note 5 _-1 

r-r= 12~C 

0 '---'--+--~~~-~~~~~'---~+--~ 
0.01 0.02 0.04 0. 1 0.2 0.4 0.7 I 5 

le -Collector Current -A 

FIGURE 2 

350 

i 300 

~ ,g 250 

c 
~ 200 
u 

" 0 
3 

.£ 
150 

u 

~ 100 

50 
~ 

NOTE 5: This parameter must be measured using pulse fechniques: IP = 300 µ,s, duty cycle ~ 2%. 

*Indicates JEDEC regisfered dala. 

COLLECTOR CURRENT 

FIGURE 3 

VCE = 2 V 

See Note 5 

5 
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TYPES 2N3996, 2N3997, 2N3998, 2N3999 
N-P-N EPITAXIAL PLANAR SILICON POWER TRANSISTORS 

16604 

TYPICAL CHARACTERISTICS 

BASE-EMITTER VOLTAGE 
vs 

CASE TEMPERATURE 
1.4 

1. 2 
> 
I 
w 

"' 2 
0 
> 0.8 
~ 
::: 

~ 
~ 

0.6 

s 
I 0.4 
w 

-:: 
0. 2 

0 
-75 -25 25 75 125 175 

Tc -- Cose Temperature - 0 ( 

FIGURE 4 

NORMALIZED COLLECTOR-EMITTER BREAKDOWN VOLT AGE 

"' 
~ 1 

> 
I 

vs 
BASE-EMITTER RESISTANCE 

le = 10 :;:;:i 
Tc = 25°C 
See Note 5 

~ i.ol--+++++.Hfl--+.j.;j;l:tttlt-+iitlH-ttt--i-Hittlllt--r-tttttttt 

~ ~ 
~ 0. 8 1-+++++Hll--+++ff++l!-+-l~klfft-l-H-IHiHt--t-t+tttttl 

] N 
~ ~ 
~ 0.6 l--t+tttltfl---t+tttttll-+iitlH-ttt--i-H'fl'l'~-4-~i4!11 

~ 
] 5 0.4 l--TV~1s~•l~C~BO,._~~V~(~BRtt)CttE~•--.Ot~R~sTE~=~l__,Q-+lftltHt---t-++ttttH 

] 
0 
~ 0.2 t--+++t+Htt--t+tttttft-+1,-+f-Hfll--1-+lftltHt---t-++ttttH 
~ 

-~ 
0 
E 5 0 L-.l...J..L.L.LWL----L...J..J.J..W.11.-...J...Ju.J..LW.l_..JLI..JUJJ."'--L..LI.l.W.U 
z l 10 100 lk 10k 100k 

RsE - Base-Emitter Resistance - Q 

FIGURE 6 

COLLECTOR-EMITTER SATURATION VOLT AGE 
vs 

CASE TEMPERATURE 
4 

> I See Note 5 

I 
~ 
O> 
2 
0 

Is 1500 mA, le= 5 A ___, p -> 
c 0.7 

-~ 
0.4 .2 

t------ls 300 mA, le 3 A 

~ 

~ 0.2 

] 
I 0.1 
\; 

0.07 u 

la=lOOmA,lc=lA ---i--

..!' 
0 

0.04 u 
I r---1'.'.i_-5mA, lc-50mA ~ 

~ 0.02 

u 
> 0.01 

-75 -25 25 75 125 175 
Tc - Case Temperature - "C 

FIGURE 5 

COMMON-BASE OPEN-CIRCUIT 
INPUT AND OUTPUT CAPACITANCE 

vs 
REVERSE BIAS VOLTAGE 

200 >---+--+--+-+-f-+-H-+---+--+-,__,>-+ ........... r-- Cobo(I, = O) 

~ 100 t---+--t-+'1""1 ....... '=t:t---t--t-HH-tt+l 

t--4- r-t-

o--~--~~~~--~--~~--
1 4 7 10 20 40 70 100 

Reverse Bias Voltage - V 

FIGURE 7 

NOTE 5: This parameter must be measured using pulse techniques: tp = 300 µs, duty cycle ~ 2% 



TYPES 2N3996, 2N3997, 2N3998, 2N3999 
N-P-N EPITAXIAL PLANAR SILICON POWER TRANSISTORS 

MAXIMUM SAFE OPERATING REGION 

2N3996-2N3999 
MAXIMUM SAFE OPERATING REGION 

2or--.,.-...,---,.-,....,...T""T'T-r---r--........,..~_,...,..,., 

Tc " 100°C 

0. 2 1----~-+--+-+-+-+-++-+- MAX Ve EO ,...,_~tt-H 

See Note 6 ~ 
0.1---~~~~---.l~..l.~~~~ 

l 4 7 10 20 40 70 100 
VcE -Collector-Emitter Voltage -V 

FIGURE 8 

NOTE 6: Operation above maximum Vceo is permissible if the hose is reverse.voltage-biased with respect to the emitter and the collector-base voltage 
ruling is not exceeded. 
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TYPES 2N3996, 2N3997, 2N3998, 2N3999 
N-P-N EPITAXIAL PLANAR SILICON POWER TRANSISTORS 

THERMAL INFORMATION 

~ 

I 
c 
.2 
0 
·~ 
0 
~ ·:; . 

0 

0 
0 

~ 
c 
0 

u 
E , 
E 

~ 
I 
~ 

a. 

35 

30 

25 

20 

15 

lO 

0 
50 75 

CASE TEMPERATURE 
DISSIPATION DERATING CURVE 

100 125 150 
Tc - Case Temperature -- °C 

FIGURE 9 

SYMBOL DEFINITION 

175 200 

SYMBOL DEFINITION VALUE UNIT ---- -----------

w 
-1 w -~ 

-- 87.5- --j degfW-

~'!L_+~~~~er Dissipation 

1-----~T{ma_~l~~~ower Dissipa~i~~--
8 J.A Junction-to-Free-Air Thermal Resistance 

16606 

~~ --~~ction-to-(~~~h~ Re~~lonce ____ _ 

Oc-A Cose-to-Free-Air Thermal Resistance ----l 

Be-HS Case-to-Heat-Sink Thermal Resistance __ .. __ 

r--9HS-A Heal-Sink-to-Free-Air Thermal Resistance 

3.33 deg/W 
--o-c-

84.17 deg/W 

deg/W 4 

deg/W 

Free-Air Temperature oc 
Case Temperature --- ---- --· 0c 
Average Junction Temperature -- - ---·~ 200 --j - °C-

Example - Find PT(max) {design limit) 
OPERATING CONDITIONS, 

~ 200 

See Figure 10 

Be.HS + eHS-A = 7 deg/W (From information supplied 

T J{avg} (design limit) = 200°( 

TA= 50°( 

d = 10%(0.l) 

tp = 0.1 ms 

with heat sink.) 

-I 
ms 

;~----l 

c 
ID 

u 

ID 
0 

u 
ID 
~ 

<? 
ii 
~ 

"' 

o_ 

0.4 

0. 2 

0. I 

0.07 

0.04 

0. 02 

PEAK-POWER COEFFICIENT CURVE 

0.25 (25%) 11 
11111: f Ti!~ 
u. 10 (10%).l-!-H tl I?' 
0.07 ;;;,, l!"[ 

tp - Pulse Width - ms 

FIGURE 10 

Equati<11• N'l. l - .6.pplirntion: rl-c power dissipalion, 

hi!al ink used. 

T J(e1vg) - TA for l00°C ~ Tc ::_:; 200°C 

(J J-C -+~c-~;-~j~ -()HS--;: as in Figure 9 

Equation No. 2 - Applicalion: d-c power dissipalion, 

nohe<:Jfsinkused. 

Equation No 3 - Application· Peok power dissipation, 

heal ~ink used. 

PT,rnaxJ 

Equation No. 4- Application: Peak power dissipation, 

110 hr·ntsink usd 

-- TJ{maxl_~~A ___ for 25°C < TA < 200°C 
d Be-A + K 8J-c - -

Solution: 

From Figure 10, Peak-Power Coefficient 

0 l 03 and by use of equation No. 3 

PT(rnax} = 

PT(rnax) = 
200-l-O 

------ 143W 
0.l (7) + (0.103! 3.33 

TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 



2N4000, 2N4001 
N-P-N EPITAXIAL PLANAR SILICON POWER TRANSISTORS 

FOR HIGH-SPEED POWER SWITCHING APPLICATIONS 

• 15 W at 100°C Case Temperature 
• Max V CE (satl of 0.3 V at 0.5 A le 
• Max t 0 n of 300 ns at 0.5 A le 
• Min fr of 40 MHz 

*mechanical data 

THE COLLECTOR IS IN ELECTRICAL 
CONTACT WITH THE CASE 

All JEDEC TO-S DIMENSIONS 

AND NOTES ARE APPLICABtE 

ALl DIMENSIONS ARE 
IN INCHES 

UNLESS OTHERWISE 

CASE TEMPERATURE IS MEASURED 0.144 INCH ±0.010 INCH DOWN FROM TOP OF CAN_ 

*absolute maximum ratings at 25°C case temperature (unless otherwise noted) 

Collector-Base Voltage 
Collector-Emitter Voltage (See Note l) 
Emitter-Base Voltage . 
Continuous Collector Current 
Peak Collector Current (See Note 2) 
Continuous Base Current . 
Safe Operating Region at (or below) l 00°C Case Temperature 

Continuous Device Dissipation at (or below) l00°C Case Temperature (See Note 3) 
Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 4) 
Operating Collector Junction Temperature Range. 
Storage Temperature Range . 
lead Temperature ){, Inch from Case for l 0 Seconds . 

NOTES: 1. These values apply when the base-emitter diode is open-circuited. 

2. This value applies for tp :S; 1 ms, duty cycle ~ 50%. 

3. Derate linearly to 200°( case temperature at the rate of 0.JS W/deg. 

4. 'oerate linearly to 200°C free-air temperature at the rate of 5.12 mW/deg. 

*Indicates JEDEC registered data. 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 5012 • DALLAS. TEXAS 75222 

2N4000 2N4001 

lOOV 120V 
80V 100 V 
+--av -+ 
+-IA-+ 
+-- 3A-+ 
+-0.5A-+ 
See Figure 8 

+-15W-+ 
+-- lW-+ 

-<i5°C to 200°c 
-65°C to 200°c 
+- 230°C-+ 
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TYPES 2N4000, 2N4001 
N-P-N EPITAXIAL PLANAR SILICON POWER TRANSISTORS 

*electrical characteristics at 25°C case temperature (unless otherwise noted) 

PARAMETER TEST CONDITIONS 
2N4000 2N4001 

UNIT 
MIN MAX MIN MAX 

V1ak)ceo 
Collector-Emitter 

le= 30 mA, 1, = 0, See Note 5 80 100 v Breakdown Voltage 

lcEO Collector Cutoff Current 
Vee= 60 V, '· = 0 10 

µ,A 
Vee= 80 V, 1, = 0 10 
Ve•= 90 V, Yee= 0 2 

Ices Collector Cutoff Current 
Ye• = 110 V, Yee = 0 2 

µ,A 
Yee = 90 V, Yae = 0, Tc = 1so0 c so 
Yee = 110 V, Vee= 0, Tc = 150°C 50 

leao Emitter Cutoff Current 
Yee= 5 V, le - 0 500 500 nA 
Yee= 8 v, le= 0 10 10 µ,A 
Yee= 2 V, le= 50 mA 10 20 

Static Forward Current Yee= 2 V, le= 0.5 A, See Note 5 30 120 40 120 
hFE Transfer Ratio Vee - SV, le - 1 A, See Note 5 10 20 

Yee= 2 V, le = 0.5 A, Tc = -55°C, 
10 15 

See Note 5 

v .. Base-Emitter Voltage 
le - 50 mA, le= 0.5 A, See Note 5 1 1 v 
le= 100 mA, le= 1 A, See Note 5 1.2 1.2 

Vee(sot) 
Collector-Emitter le= 50 mA, le= 0.5 A, See Note 5 0.3 0.3 v Saturation Voltage 18 = 100 mA, le =1 A, See Note 5 0.5 0.5 
Small-Signal 

lh1el 
Common-Emitter 

Ye, = 5 V, le = 0.5 A, I = 20 MHz 2 2 Forward Curren! 
Transfer Ratio 
Common-Bose 

Cobo Open-Circuit Yeo= lOV, le= 0, f = 1 MHz 60 60 pf 
Output Copacilance 

NOTE S: These parameters must be measured using pulse techniques. fp = 300 µs, duty cycle ~ 2°/o. 

*thermal characteristics 

PARAMETER MAX UNIT 

e,.c Junction-lo-Cose Thermal Resistance 6.67 
deg/W 

OJ.A Junction-lo-Free-Air Thermal Resistance 175 

*switching characteristics at 25°C case temperature 

PARAMETER TEST CONDITIONSt MAX UNIT 

t~ Turn-On Time le= 0.5 A, 1,111 = 50 mA, 1,1,1 = -50 mA, 0.3 
foll Turn-Off Time Vee101~ = --4 V, R, = 20 0, See Figure 1 2 

JLS 

tVoltage and current values shown are nominal; exact values vary slightly with transistor parameters. 

*Indicates JEDEC registered data. 
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TYPES 2N4000, 2N4001 
N-P-N EPITAXIAL PLANAR SILICON POWER TRANSISTORS 

PARAMETER MEASUREMENT INFORMATION 

r--+------oOUTPUT 

50 Q 

= TEST Cl RCUIT 

+20V--.~90% 

_j. lO% :\__ INPUT 
-0.4 V 1 I 

----.1ton ...... --..I toff ~ 
I I 

~~ 10%r-
90%.\.____J OUTPUT 

VOLTAGE WAVEFORMS 

FIGURE I 

NOTES: a. The input waveform is supplied by o generator with the following chorocterislics: tr :::;; 10 ns, If :::;:_ 10 ns, Z00+ = 50 f!, IP = 10 µs, 

duty cycle :::;:_ 23. 

b. Waveforms are monitored on an oscilloscope with the following characteristics: tr :::;:_ 15 ns, Rin ~ 10 MQ, C1n :::=;; 5 pf. 

c. Resistors must be noninductive types. 

d. The d-c power supplies may require additional bypassing in order to minimize ringing. 
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TYPES 2N4000, 2N4001 
N-P-N EPITAXIAL PLANAR SILICON POWER TRANSISTORS 

16610 

TYPICAL CHARACTERISTICS 

2N4000 
STATIC FORWARD CURRENT TRANSFER RATIO 

vs 
COLLECTOR CURRENT 

le - Collector Current - A 

FIGURE 2 

BASE-EMITTER VOLT AGE 
vs 

CASE TEMPERATURE 

> 
I . 
Eo.s1--....:::::i~o;:::J...:::"'"-io::::""--'°T~o:::f-~""t--::::t-~-+~-J 

g 
~0.61---"-1i---1::.....:.o:....,...::..:..:c;..:._..,q.~....i,-~ .... d---=! 
] 

I 

~ 
.l! 0 4 1----11----1'---!--+--+--+--+---+---+ I . 

0.__.__._--1'----'---'---'-_...-_... _ __. 
-75 -50 -25 0 25 50 75 100 125 150 

Tc -Case Temperature - 0 ( 

FIGURE 4 

2N400l 
STATIC FORWARD CURRENT TRANSFER RATIO 

vs 
COLLECTOR CURRENT 

0 

] 1001----+--+-+-+-~f+!.,,C...-l---l--+-~~~---l . 
c 

~ 80 1----+--;,<:c.++-f 

0.02 0.04 0. l 0.2 0.4 0.7 I 
le -Collector Current -A 

FIGURE 3 

COLLECTOR-EMITTER SATURATION VOLTAGE 

CASE TEMPERATURE 
> 0.9 T 

I See Note 5 
• 0.81---1---1---L---11----1---1--4--4---1 

E' 
g 0.71---1---1---1----11----1---!---!--+--+ 
c 

·~ o. 6 ~l.I,_-l----J...--+--4--+---+----1--'-----1 
~ 

Ji 
~ 0.5 \ 

] 0.41----11----1---1---!--+--+--+--+--l 
I \ 

~ -~ ---1 .! 0.3 ""')...._ IB l lOO_LA, IT= l A ..::,_.r;-

3 I T T l 
I 0.2 ""t-- IB J_ 50 mt, le 1 500 mA 

] O. 1 i-----..1 B = 20 mA, le - 200 mA 

01----11•~=_5_m_A~,_l~e-=_5_0_m_A _ _._ _ _.__.....__.....__~ 
u 
> 

-75 -50 -25 0 25 50 75 100 125 150 
Tc -Case Temperature - °C 

FIGURE 5 

NOTE 5: These parameters must be measured using pulse techniques. IP = 300 µs, duty cycle ~ 2%. 



TYPES 2N4000, 2N4001 
N-P-N EPITAXIAL PLANAR SILICON POWER TRANSISTORS 

TYPICAL CHARACTERISTICS 

NORMALIZED COLLECTOR-EMITTEI~ BREAKDOWN VOLTAGE 
COMMON-BASE OPEN-CIRCUIT INPUT 

AND OUTPUT CAPACITANCE 

u l.O 
Qi 

>'E. 

I 
8i 0.8 
i' 
0 
> 
c 
~ 

.g 0. 6 
-" 
0 

" d5 

~ 
·- 0.4 
~ 
~ 
0 0.2 
u 

" " N 

0 

E 
0 z 

0 
l 

BASE-EMITTER RESISTANCE _, 
le - 10 mA 

lb. Tc - 25°C: 
~ See Note .:5 

f' 

I 

~=~at~Q 

TI W IT fil [Il fil J 11 l1 
10 100 lk IOk 
R8E - Ba~e-Emitter Resistanc,-:> -- Q 

FIGURE 6 

100 k 

REVERSE BIAS VOLT AGE 

30G~+--
f = l MHz 
Tc= 25°C 

~ C,bo Oc O) 
~ 250t-----+---.~r--t--+-+-t-++t----+---1r--1--t--t-H-H 

o_ I~ 
~ 200 I----+- +--t-+--+-++++----+--+--+-+--+-t-++< 
v 
c 

~ 
u 150i----r--;--;--i-r-rrtt---;---r-r---r--r-r-r-M 
8. 
(l 

Reverse Bias Voltage -V 

FIGURE 7 

NOTE 5: These parameters must be measured using pulse tec~niq11es. t p :- - 300 /_.LS, duty cycle :.;, 2%. 

MAXIMUM SAFE OPERATING REGION 

4 
See Note 6 

' r\ Tc s 100°C 

f---- -
', 

<( 

I 
c 0-7 
~ 

u 

~ 
0.4 

" 0 0.2 
u 
E 

.~ 0.1 

i 0.0 

I 
7 

2 0.04 

2 0.0 
I 

~ j 
D-C Operation ::s; 

~ 
Ip - l ms, d - 0.5 l50%) 

J J_ JJJlill ~\ 
tp - o-:is ,;J, -;r::rd.11(Tii%J 

~ 

Max Vcm (2N4000) 
Max VcEO (2N400l) M 
l l 

4 7 10 20 40 70 100 200 
VCE -Collector-Emitter Voltage - V 

FIGURE 8 

NOTE 6: Operation above maximum VCEO is permissible if the base is reverse-voltage-biased with respect to the emitter and the callector-base voltage rating 
is not exceeded. 
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TYPES 2N4000, 2N4001 
N-P-N EPITAXIAL PLANAR SILICON POWER TRANSISTORS 

16612 

THERMAL INFORMATION 

CASE TEMPERATURE DISSIPATION DERATING CURVE 
16 

3: 
I 
c 14 
0 

"ij 
-a-12 ~ 

~ 
0 

"' u 
·:;: 
"' Cl 

"l 
0 

-~ c: 
(J 
E e 
~ 
I 
~ 

c.. 

10 

8 

~ 

~ 
6 

4 \ 
2 ~ 

25 50 75 100 125 150 175 
Tc -Case Temperature - °C 

FIGURE 9 

SYMBOL DEFINITION 

SYMBOL DEFINITION 

PT(avg) Average Power Dissipation 

PT( max) Peak Power Dissipation 

fhA Junttion-to-Free-Air Thermal Resistance 

lhc Junction-to-Case Thermal Resistance 

Oc.A Case-to-Free-Air Thermal Resistance 

Oc.Hs (ase-to-Heat·Sink Thermal Resistance 

(}HS·A Heat-Sink-to-Free-Air Thermal Resistance 

TA Free-Air Temperature 

Tc Cose Temperature 

~avg) Average Junction Temperature 

TJlma•I Peak Junction Temperature 

K Peak-Power Coefficient 
r,-

p Pulse Width 

t, Pulse Period 

d Duty Cycle Ratio (tp/t,J 

Example - Find PT(max) (design limit) 

OPERATING CONDITIONS, 

VALUE 

175 

6.67 

168.33 

~ 

:::; 200 

:::; 200 

See Figure 10 

Oc.HS + (}HS-A = 7 deg/W (From information wpplied 

T JlavgJ (d85ign limit) = 200°c 
TA = 50°C 
d = 103(0.1) 

tP = 1 ms 

with heat sink.) 

200 

UNIT 
w 
w 

deg/W 

deg/W 

deg/W 

deg/W 

deg/W 

oc 

•c 

•c 

oc 

ms 

m1 

PEAK-POWER COEFFICIENT CURVE 

[[]] 0.7 
0.50 (50%) Duty Cycle 

0.4 

c 
] 0.2 
'";; 
(3 

lill .1 
6W 25%i1 

lilill 

u 0.1 
~ 0.07 
~ 0.07 0.05. 
~ ~ 

"0.04~~ 
Hffr fL': tp = Pulse width in ms 

d =Duty cycle ratio o.02Hfilo.01 

T = Thul.ermal time constant 
1
= 6 ms 

0.01~~~~~~--~ .... --.............................. ..i. ...... ~--...... 
0.04 0. l 0.2 0.4 2 4 

tp - Pulse Width - ms 

FIGURE 10 

Equation No. 1 - Application: d-c power dissipation, 

heat sink used. 

7 10 20 

P _ TJl•vgJ - TA for 10o•c :::; Tc :::; 20o•c 
T(avgj - OJ.c + Oc-HS + (}HS.A as in Figure 9 

Equation No. 2 - Application: d-c power dissipation, 

no heal sink used. 

p _ TJlavgj-TAfor25°C:::; TA:::; 200°C 
Tlavgj - ----o;;:-

Equation No. 3 - Application: Peak power dissipation, 
heat sink used. 

Equation No. 4 - Application: Peak power dissipation, 

no heat sink used. 

P = TJlma•J-TA for 25°C < T < 200°C. 
Tlmax) d Oc.A + K 0 J.c - A -

Solution: 

From Figure 10, Peak-Power Coefficient 

K = 0.19 and by use of equation No. 3 

_ TJ(mu)-TA 

Prima•) - d !Oc.Hs + OHs-Al + K OJ-c 

200- 50 

Prima•) = 0.1 (7) + (0.19} (6.67} = 76 W 

40 

TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES Al ANY TIME 
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 



2N4002, 2N4003 
N-P-N EPITAXIAL PLANAR SILICON POWER TRANSISTORS 

FOR POWER-AMPLIFIER AND HIGH-SPEED-SWITCHING APPLICATIONS 

*mechanical data 

• 30-A Rated Continuous Collector Current 
• 100 Watts at 100°C Case Temperature 
• Maximum V CE(satl of 1.2 V at 30 A 
• Maximum V BE of 1.8 V at 30 A 
• Maximum t 0n of 1 µ,S at 15 A 

THE COLLECTOR IS IN ELECTRICAL CONTACT WITH THE CASE 

ALL DIMENSIONS ARE IN INCHES 

All JEDH T0-&3 DIMENSIONS 
AND NOTES ARE APPLICABLE 

CASE TEMPERATURE MEA­
SUREMENT POINT IS UN­
DERSIDE OF FLAT SURFACE 
WITHIN 0.125" FROM STUD 

*absolute maximum ratings at 25°C case temperature (unless otherwise noted) 

2N4002 2N4003 
Collector-Base Voltage 100 V 120 V 
Collector-Emitter Voltage (See Note l) 80 V l 00 V 
Emitter-Base Voltage • -+---8 V--+-
Continuous Collector Current . . -+--30 A~ 
Peak Collector Current (See Note 2) . -+--40 A-+-
Continuous Base Current . . -+--- l O A--+-
Continuous Emitter Current . . -+--- 30 A--+-
Safe Operating Region at (or below) 100°C Case Temperature . . . . See Figure 7 
Continuous Device Dissipation at (or below) l00°C Case Temperature (See Note 3) . +-100 W--+ 
Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 4). -+---4 W--+ 
Operating Collector Junction Temperature Range . . -65°C to 200°C 
Storage Temperature Range . . -65°C to 200°C 
Terminal Temperature){, Inch from Case for 10 Seconds . . +-230°C ____.,.. 

OTES: 1. These values apply when the base-emitter diode is open-circuited. 

2. This value applies for tp ::;; 0.3 ms, duty cycle ~ 10"/o. 

3. Derate linearly to 200°C case temperature at the rate of 1 W /deg. 

4. Derate linearly to 200°C free-air temperature al the rate of 22.9 mW/deg. 

ndicafei> JEDEC registered data. 

TEXAS INSTRUMENTS 
I NCORRORATED 

POST OFFICE BOX 5012 • DALLAS, TEXAS 75222 

,. .. ... 
m := ... 
~ :;; ~ 
m ... ., z .. z 
;i: z ... 
> !=> 

0 ... ~ 
; ~ ... ... z .. ... 
: 0 

0 .. ... 
0 _ ... 
;i: 
> ... 
; ... ... 
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TYPES 2N4002, 2N4003 
N-P-N EPITAXIAL PLANAR SILICON POWER TRANSISTORS 

*electrical characteristics at 25°C case temperature (unless otherwise noted) 

PARAMETER TEST CONDITIONS 
2N4002 

MIN MAX 
2N4003 

MIN MAX 
UNIT 

v(BR}CEO Collector-Emitter Breakdown Voltage le= 30 mA, 1. = o. See Note 5 80 100 v 
f--='- ---·-

Vee= 40 V, 18 = 0 2 
lceo Collector Cutoff Current 

Va= 50 Y, 1, = 0 2 
mA 

Yee= 90 V, Voe= 0 l 

Ices Collector Cutoff Current 
Vee = 110 V, v .. = 0 l 

mA 
Vee= 90 V, v .. = 0, Tc= 150°C 2 
Vee= 110 V, VBE = 0, Tc= 150°C 2 r-------------
V'" = 5 V, le= 0 100 100 p,A 

IEBo Emitter Cutoff Current 
Yeo= 8 v, le= 0 50 50 mA 

hFE Static Forward Current Vee= 4 V, le = 30 A, See Notes 5 and 6 10 10 
Transfer Ratio Vee= 4 V, le = 15 A, See Notes 5 and 6 20 80 20 80 

f--co--------v.. Base-Emitter Voltage Vee= 4 V, le = 30 A, See Notes 5 and 6 1.8 1.8 v 
Yce(satJ Collector-Emitter Saturation Voltage le= 4A, le = 30 A, See Notes 5 and 6 L2 1.2 v 
h,. 

Small-Signa'I Common-Emitter 
Vee = 4 V, le= l A, f = l kHz 30 30 Forward Current Transfer Ratio 

jh,.I 
Small-Signal Common-Emitter 

Vee = 10 V, le= l A, f = 10 MHz 3 3 Forward Current Transfer Ratio 
~-

NOTES: S. These parameters must be measured using pulse techniques. IP = 300 µs, duty cycle ~ Zo/o. 

6. These parameters are measured with voltage-sensing contacts separate from the current-carrying contacts. 

*thermal characteristics 

PARAMETER MAX UNIT 

~eJ-C Junction-to-Case Thermal Resistance l deg/W 
---··---

eJ-A Junction-to-Free-Air Thermal Resistance 43.7 deg/W 

*Indicates JEDEC registered data. 
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TYPES 2N4002, 2N4003 
N-P-N EPITAXIAL PLANAR SILICON POWER TRANSISTORS 

*switching characteristics at 25°C case temperature 

PARAMETER TEST CONDITIONSt MAX 
100 Turn-On Time le= 15 A, ls111 = 1.5 A, le121 = -1.5 A, 
1011 Turn-Off Time Vee 10111 = -2 V, Rt. = 3 fl, See Figure 1 3 

tVoltage and current values shown are nominal; exact values vary slightly with transistor parameters. 

*PARAMETER MEASUREMENT INFORMATION 

10 µF 
3 () 

INPUT tf Adjusr 

amplitude ~ ()-
of input 
pulse 
for l8 1n = l.5 A 

= -2 v 
Adjust for 
10121 = -l.5 A -= 

,.------J90% 
POINT "A" 

o- ----i-
10% I 

lon-l I- !+toff--j 
I 10% 

TUT 

UT 

90Yo 

VOLTAGE WAVEFORMS 

FIGURE I 

OUTPUT 

+ 
45 v 

POINT "A" 

-= 

NOTES: a. The input waveform at point "A" has the following characteristics: tr S 100 ns, t1 ::;: 100 ns, fp = 20 µs, duty cycle ::;; 0.2%. 

b. Waveforms are monito-red on an oscilloscope with the following choracteristies: tr S S ns, Rin ~ 1 MO, (in S S pf. 

c. Resistors must be norrinductive types. 

d. The d-c power supplies may require additional bypassing in order to minimize ringing. 

"'Indicates JEDEC registered data. 

UNIT 

µs 
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TYPES 2N4002, 2N4003 
N-P-N EPITAXIAL PLANAR SILICON POWER TRANSISTORS 
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20 

0 

TYPICAL CHARACTERISTICS 

STATIC FORWARD CURRENT TRANSFER RATIO 
vs 

COLLECTOR CURRENT 

Tc = 150°C 1 VcE = 4 V 

r111 [ I ! I ~ ; See Notes 5 ond 6 
r-..JTc = 1 106~~--+__,_.~-+-+++++-->---+--f 

N 

Tc = 25•c 

! i I 

Tc = -ss•c 

0.2 0.4 0.7 l 2 4 7 10 

IC - Collector Current - A 

FIGURE 2 

20 40 

BASE-EMITTER VOLTAGE COLLECTOR-EMITTER SATURATION VOLTAGE 
vs 

CASE TEMPERATURE 

See Notes 5 and 6 

18 - 3 A, le = 30 A 

> 
I 
v 
O> 

2 
~ 

vs 
CASE TEMPERATURE 

v 0. 2 t--+--+--+---+---+--+--+---+---l 

~ 0.1 ~~~~~~~~~~~~~~~~~~~~ 0 
~ 0.07 

3 o. 04 f----Jt--+---+--+--+---+---+--+--+---l 

1 ~ = 30 m1 le _l= 300 mA __...., 

"'0. 02 .-L-L--r--t----1-~l----t--t--+--+---l 
~ 

0 '--~'--~"'-~"-~.._~-'-~--'--~-'-~--'-~-' >:'0.01 "-~-'-~-'-~-'-~-'-~-'-~-'-~-"-~--l.~--1 
-75 -50 -25 0 25 50 75 100 125 150 -75 -50 -25 0 25 50 75 

Tc - Case Temperature - °C 

FIGURE 3 

NOTES: 5. These parameters must be measured using pulse techniques. tp = 300 µs, duty cycle ~ 2°/o. 

Tc - Case Temperature - °C 

FIGURE 4 

6. These parameters are measured wilh voltage-sensing contacts separate from the current-carrying contacts. 

100 125 150 
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TYPES 2N4002, 2N4003 
N-P-N EPITAXIAL PLANAR SILICON POWER TRANSISTORS 

0.8 

0.6 

0.4 

11 

02 

0 

TYPICAL CHARACTERISTICS 

10 

NORMALIZED COLLECTOR-EMITTER 
BREAKDOWN VOLTAGE 

I' I 

if 1 I 

100 l k 10 k 
R8E - Base-Emitter Resistance - Q 

FIGURE 5 

100 k 

COMMON-BASE OPEN-CIRCUIT INPUT 
AND OUTPUT CAPACITANCE 

vs 

3500 r-----r-....--R.-EV ...... ERr-ST'"E'T'"BT'"IAr-s_v_o_LT.,..A_G_E,......,....,.....,...,--rn 

Reverse Bias Voltage -V 

FIGURE 6 

f= 1 MHz 

Tc = 25°C 

NOTE s~ These parameters must be measured using pulse techniques. tp = 300 µs, duty cyde ::;: 2%. 

MAXIMUM SAFE OPERATING REGION 

-0: 

I 

1 
u 

~ 
~ 
0 
u 
I 

_u 

MAX Vcm (2N4002) 1-....1.~w-t-t!H 
l MAX Vcm (2N4003) 

0.7 

0.4 1--~1--t--+-t-t-ttt1---+--+-r-~111--r----r-rirnni 

0.2 1----l--+-+++-fH+--t--t-+-l-Hftt--+--t-+-+-+ttH 

o. 1 
4 7 10 20 40 70 100 200 400 700 1000 

VCE - Collector-Emitter Voltage - V 

FIGURE 7 

NOTE 7: Operation above maximum Yceo is permissible if the base is reverse·Yollage biased with respect to the emitter and the colleclor·base voltage 

rating is not exceeded. 

16617 

-



TYPES 2N4002, 2N4003 
N-P-N EPITAXIAL PLANAR SILICON POWER TRANSISTORS 
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THERMAL INFORMATION 

3: 
I 
c 
.2 
c a. 
·~ 

i5 
~ 
u 
·~ 
0 

!3 
0 

·~ 
0 

u 
~ 
E 

125 

100 

75 

50 

CASE TEMPERATURE 
DISSIPATION DERATING CURVE 

bJ 
[SJ 
~ ·;; 25 0 

::;;: 
I 
~ 

"- ~ 0 
so 75 100 125 150 

Tc - Case Temperature - 0 ( 

FIGURE 8 

SYMBOL DEFINITION 

SYMBOL DEFINITION 

PTlavgl Average Power Dissipation 

PT!max) Peak Power Dissipation 

(}j_A Junction-to-Free-Air Thermal Resistance 

fhc Junction-to-Case Thermal Resistance 

Oc-A Case-to-Free-Air Thermal Resistance 

lie-HS Case-to-Heat-Sink Thennal Resistance 

(JHS-A Heat-Sink-to-Free-Air Thermal Resistance 

TA Free-Air Temperature 

Tc Case Temperature 

TJla"9) Average Junction Temperature 

TJ[max) Peak Junction Temperature 

K Peak-Power Coefficient 

IP Pulse Width 

'• Pulse Period 

d Duty-Cycle Ratio (tp/t,) 

Example - Find Pr(max) (design limit) 
OPERATING CONDITIONS, 

VALUE 

43.7 

1 

42.7 

::; 200 

::; 200 

See Figure 9 

Oc-HS + (JHS-A = 2.l deg/W (From information supplied 
with heat sink.) 

TJ(•vg) (design limit) = 200°c 

TA = so•c 

d = 10% (0.1) 

IP= D.l ms 

175 200 

UNIT 

w 
w 

deg/W 

deg/W 

deg/W 

deg/W 

deg/W 

oc 

oc 

OC 

oc 

ms 

ms 

PEAK-POWER COEFFICIENT CURVE 

0.7 
0 .SO (50%) Duty Cycle 

0.4 

c 0.25 (25%) 
~ ." 0.2 ~ 
0 
u 
ij o. l ~ 

J. J. 

~I 
~ 0.07 -" 0 

~ 

0.04 

" 
0.02 

0.05 
t-- l-e -tp/T , 
0.03 ~ K =---,..,--

rl::-:::".':"-==""""i;;--71,i~ l -e - I p/dT 

~ I- 1; = Pulse width in ms 

~ d = Outy·cycle ratio 

i =Thermal time constant :;::;13 ms 

0. 01 ~ ............. ..,........~.ll~llL~..L~J.-J. .... J..L._.,J.L-W..,.._.,..L,........J.-...LL~..1~ 
0. l 0.2 0,4 4 7 10 20 40 100 

tp - Pulse Width - ms 

FIGURE 9 

Equation No. 1 - Application: d-c power dissipation, 

heat sink used. 

_ TJ(•vg) -TA lor 100°C ::<:; Tc ::<:; 200°C, 
PTl•vg) - (J J-C + Oc-HS + (JHS-A as in Figure 8 

Equation No. 2 - Application: d-c power dissipation, 
no heot sink used. 

P = T J(•vg) - TA for 2l°C < T < 200°C 
Tlavg) (J J-A - A -

Equation No. 3 - Application: Peak power dissipation, 
heat ·sink used. 

Pr(moxJ = d lOc.Hs _;i;~ls~:A+ K lhc for 1oooc ::; Tc ::::; zoooc 

Equation No. 4 - Application: Peak power dissipation, 
no heat sink used. 

Pr(moxl = 

Solution: 

From Figure 9, Peak-Power Coefficient 
K = 0.1 and by use of equation No. 3 

PrimoxJ = d ((Jc-HS + (JHS-Al + K (JJ.c 

200 -50 
Pr1mox) = -0-.1-(2-.5)-+-o-.l-(-1)- 428 w 

TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
IN ORDER TO IMPROVE DESIGN AND TO SUPPl Y THE BEST PRODUCT POSSIBLE. 



TYPE 2N4300 
N-P-N EPITAXIAL PLANAR SILICON POWER TRANSISTOR 

FOR POWER-AMPLIFIER AND HIGH-SPEED-SWITCHING APPLICATIONS 

• 15 W at 100°C Case Temperature 

• Max V CE(satl of 0.3 V at 1 A I c 

• Typ t 0nof 130 ns at 1 A le 

• Min f T of 30 MHz 

*mechanical data 

CASE TEMPERATURE tS MEASURED 0.144 IMCH ! 0.010 INCH DOWN FROM TOP OF CAN. 

THE COLLECTOR IS IN ELECTRICAL 
CONTACT WITH THE CASE. 

ALL JEDEC TO·S DIMENSIONS 
AND NOTES ARE APPLICABLE. 

ALL DIMENSIONS AIE 
IN INCHES 

UNLESS OTHERWISE 
SPECIFIED 

*absolute maximum ratings at 25°C case temperature (unless otherwise noted) 

Collector-Base Voltage 

Collector-Emitter Voltage (See Note 1) 

Emitter-Base Voltage 

Continuous Collector Current 

Peak Collector Current (See Note 2) . 

Continuous Base Current . 

Continuous Emitter Current 

Safe Operating Region at (or below) 100°C Case Temperature 

Continuous Device Dissipation cit (or below) 100°C Case Temperature (See Note 3). 

Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 4) 

Operating Collector Junction Temperature Range 

Storage Temperature Range . 

Lead Temperature ){, Inch from Case for 10 Seconds 

NOTES: 1. This Yalue applies when the base-emitter diode is open-circuited. 

2. This value applies for tp ~ 0.3 ms, duty cyde ~ 10%. 

3. Derale linearly to 200°C case temperature al the rate of 0.15 W/deg. 

4. Derate linearly to 200°C frae-air temperature at the rate of 5.72 mW/deg. 

•Indicates JEDEC registered data. 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 5012 • DALL.AS, TEXAS 7!5222 

lOOV 

aov 
av 
2A 

4A 

lA 

3A 

See Figure7 

15W 

lW 

-65°C to 200°c 

-65°C to 200°C 

230°C 
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TYPE 2N4300 
N-P-N EPITAXIAL PLANAR SILICON POWER TRANSISTOR 

*electrical charaderistics at 25°C case temperature (unless otherwise noted) 

PARAMETER TEST CONDITIONS MIN MAX UNIT 

Y11RJCEO Collector-Emitter Breakdown Voltage le= 30mA, 18 = 0, See Note 5 80 v 

lcEO Collector Cutoff Current Vee= 40 V, '· = 0 1 µA 

VcE = 90 V, VBE = 0 10 
las Collector Cutoff Current µA 

VeE = 90V, VIE= 0, Tc= 150°C 75 

VEB = 5 v, le= 0 0.5 
lilo Emitter Cutoff Current µA 

VEa = BV, k: = 0 10 

VCE = 2 v, le= 1 A, See Notes S and 6 30 120 
hFE Static Forward Current Transfer Ratio 

VcE = 2 V, le= 2A, See Notes 5 ond 6 15 

VIE Bose-Emitter Voltage VcE = 2 V, le= 2A, See Notes 5 and 6 1.2 v 

11 =lOOmA,lc=1 A, See Notes 5 and 6 0.3 
YcE1sotJ Collector-Emitter Saturation Voltage v 

11 = 200 mA, le = 2 A, See Notes 5 and 6 o.s 

h19 
Small-Signal Common-Emitter 

Yee= 5 V, le= 1 A, f = 1 kHz 30 Forward Current Transfer Ratio 

lh"'I 
Small-Signal Common-Emitter 

Vee = 10 V, le = 1 A, f=15MHz 2 Forward Current Tran sf er Ratio 

NOTES: S. These parameten mud be measured using pulse techniques. Ip = 300 µs 1 duty cycle S 73. 
6. These parameters are measured with voltage-sensing contacts separate from the current-carrying tonlads. 

*thermal characteristics 

PARAMETER MAX UNIT 

6J.e Junction-ta-Case Thermal Resistance 6.66 
6,_,, Junction-to-Free-Air Thermal Resistance 175 deg/W 

•1adical11 JEDEC registered data. 

16626 



TYPE 2N4300 
N-P-N EPITAXIAL PLANAR SILICON POWER TRANSISTOR 

switching characteristics at 25°C case temperature 

PARAMETER TEST CONDITIONSt 

t .. Tum-On nme le= 1 A, llf11 = 100 mA, llf•I = -100 mA, 
lo11 Tum-Off Time VllEloff) = -3.7V, ... = 200, See Figure 1 

tvollage and current Vtllues sltewn are nominal; exact nlues wary slightly with transistor parameters. 

PARAMETER MEASUREMENT INFORMATION 

82 Q 

.--------<C>OUTPUT 

TEST CIRCUIT 

+16V-~-90% 
1 I INPUT 

-1 V 1 10% I 
--..ton .... ~ toff ....... 

I I 

~UTPUT 
VOLT AGE WAVEFORMS 

FIGURE 1 

TYP 

0.13 
1.5 

NOTES: a. The input waveform 1s supplied ily a generator with the following chara<feristics: tr :5 15 ns, t1 :5 15 ns, Zaut = SO 0, Ip = 2 p.s, duty 
cycle~ 2%. 

b. Waveforms art monitored on an oscilloscope with the following characteristics: tr ~ 1S ns, Rin ~ 10 MO, Cin S' 11.5 pf, 
c. Resistors must be nanindadlve typts. 
d. The d-c pow11 supplies may require additional bypassing in order to minimize ringing. 

UNIT 

µs 
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TYPE 2N4300 
N-P-N EPITAXIAL PLANAR SILICON POWER TRANSISTOR 
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-75 -50 -25 

TYPICAL CHARACTERISTICS 

STATIC FORWARD CURRENT TRANSFER RATIO 
vs 

COLLECTOR CURRENT 

0 
20 40 70 100 200 400 700 1000 2000 

le- Collector Current - mA 

FIGURE 2 

BASE-EMITTER VOLTAGE COLLECTOR-EMITTER SATURATION VOLTAGE 

VS 

CASE TEMPERATURE 

VcE = 2 V 

25 50 75 100 125 150 

Tc- Case Temperature - °C 

FIGURE 3 

t 
"' Ol 
E 
0 
> 
c 
.2 

0 
u 

l 
::; 
> 

CASE TEMPERATURE 

0. 7 t----+---+--+--t--t--See Notes 5 and 6-

T 

0.4 t:=::t---==:t~la~J.b2~00~l:A~,~lc~==2=A:e::r::::t=::J 
1 T -+-

t--- la= 100 mA, le= l~i--1--=~--f=--f---l 0.2 

...,__ la= 2 mA, le= 20 mA 
o. 04 r--f:::,,,,..+==:....;:_-+-..:.._:;:--t--t-4-9 

0.02 

0.01 
-75 -50 -25 0 25 50 75 100 125 150 

Tc - Case Temperature-°C 

FIGURE 4 

NOTES: S. These parameters must be measured using pulse techniques. IP = 300 µs, duty cycle :'S: Zo/IJ, 
6. These parameters are measured with voltoge·sensing contacts separate from the c1,1rrent-carrying contacts. 



TYPE 2N4300 
N-P-N EPITAXIAL PLANAR SILICON POWER TRANSISTOR 

TYPICAL CHARACTERISTICS 

NORMALIZED COLLECTOR - EMITTER BREAKDOWN VOLTAGE 
COMMON-BASE OPEN-CIRCUIT INPUT 

AND OUTPUT CAPACITANCE 

~ .g 1.2 

e 
t 
" 1.0 m 
.!! 
0 
> 
c 0.8 

j 
il 

a;; 0.6 

;I 
·e 
w 
' 0.4 

.e 
u 

..!! 
0 
u 0.2 
1l 
.~ 

1 z 
0 

l 

vs 
BASE - EMITTER RESISTANCE 

~= 2s·cnnc 
le= lOmA 
See Note 5 

r-t--
~ 

~ 

''"''<'llil 
10 100 l k 10 k 

R6E-Base - Emitter Resistance - {} 

FIGURE 5 

100 k 

VS 

REVERSE BIAS VOLTAGE 

soo~-~-~~~~~--~~~~,~~ 

Tc= 2s·c · 
f = 1 MHz 

Reverse Bias Voltage -V 

FIGURE 6 

NOTE 5: These parameteri must be measured using pulse techniques. tp = 300 µs, duty cycle :::; 2%,. 

"!: 
" t: 

" u 

MAXIMUM SAFE OPERATING REGION 

10 E~~F@~~~~~~~~~~~~~~ I ,. 1oo·c 
7 I--. C I I I I 

r-tp= 0.3 ms, d = 0.1 (10%) _ _,__..,.see Note 7 

0.02 l---+-+-+-+-+-++++---+---1--1-+-+++H 

0.01 .___ ........ _.._.._ ....................... __ .._ .................................... 

1 2 4 7 10 20 40 70 100 

VCE - Collector-Emitter Voltage -V 

FIGURE 7 

NOTE 7: Oporallon abavo n111lllm1111 Yao Is pormlsslblo If lh1 HH Is rmno·voltago bla11d with rospoct lo lht amllter and the collt<IG1·b•so·volla91 rating 
h nol mt1d1d. 

16629 

• 



TYPE 2N4300 
N-P-N EPITAXIAL PLANAR SILICON POWER TRANSISTOR 

THERMAL INFORMATION 

f 
c 
.2 c 
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CASE TEMPERATURE 
DISSIPATION DERATING CURVE 
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~ 

E ·;; 
~ 5 
I ~ .: 

16630 

0 
0 25 50 75 100 125 150 

TC -Cose Temperature-°C 

FIGURE 8 

SYMBOL DEFINITION 

SYMBOL DEFINITION 

Pr1av9) Average Power Dissipation 

Pr{ma•I Peak Power Dissipation 

(lJ_A Junction-t ... Free-Air Thermal Resistance 

BJ-C Junction-to-Case Thermal Resistance 

Be-A Case-to-Fret-Air Thermal Resistance 

Be-HS Case-to-Heat-Sink Thermal Resistance 

BHS-A Heat-Sink-to-Free-Air Thermal Resistance 

TA Free-Air Temperature 

Tc Case Temperature 

TJ[avg) Average Junction Temperature 

TJ{ma•I Peak Junction Temperature 

K Peak-Power Coefficient 

Ip Pulse Width 

'• Pulse Period 

d Duty-Cycle Ratio (tp/t,) 

Example - Find Pr(mH) (design limit) 
OPERATING CONDITIONS, 

VALUE 

175 

'·" 
168 

::; 200 

::; 200 

See Figure 9 

Oc-HS + OHS·A = 1 dog/W (From lnlormallon supplied 
with heat sink.) 

T J(.w9) (des:ign limit) = 200°c 
TA= so0 c 
d = 10% (0.1) 
Ip= 0.1 ms 

~ 
175 200 

UNIT 

w 
w 

deg/W 

deg/W 

deg/W 

deg/W 

deg/W 

•c 
•c 
•c 
•c 

ms 

ms 

c 
u 

0.7 

0.4 

·o s 0.2 

" 0 
u 

0.04 

0.02 

0.01 

PEAK-POWER COEFFICIENT CURVE 

0.5~ (5~o/~2i_Duty Cycle 

I 1=tf 
0.25 (25%) 

~07 

1-e -tp/T 
K c ----..,.-

l -e -IP' dT 

tp =Pulse width in ms 

d = Duty-eye I e ratio 

0. 1 0.2 0.4 4 7 10 20 

Ip -Pulse Width -ms 

FIGURE 9 

Equation No. 1 - Application: d·c power dissipation, 

heat sink used. 

40 

_ TJ!•V<Jl-TA for 100°c ::::; Tc ::::; 200°c 

PT!•V<JI - B J-C + Oc-HS + BHS-A as in Figure 8 

Equation No. 2 - Application: d·c power dissipation, 

no heat sink used. 

Equation No. 3 - Application: l'eok power dissipation. 

heat sink used. 

- TJlmax)-TA 
Pr{mnl - d CBc.Hs + llHs-Al + K fhc for 1oo•c ::; Tc ::; 200°c 

Equation No. 4 - Application: Peak power dissipation, 
no heal sink used. 

Solution: 

From Figure 9, Peak-Power Coefficient 

K = O. lOS and by use of equation No. 3 

P11"'"1 = d !Be.HS + llHs-Al + K II J.c 

200-50 
Pr(ma•I = 0.1 (7) + 0.105 (6.66) = 107 W 

100 

TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 



TYPE 2N4301 
N-P-N EPITAXIAL PLANAR SILICON POWER TRANSISTOR 

*mechanical data 

FOR POWER-AMPLIFIER AND HIGH-SPEED-SWITCHING APPLICATIONS 

• 50 W at 100°( Case Temperature 

• Max V eECsatl of 0.4 V at 5 A le 

• Typ t 00 of 150 ns at 5 A le 

• Min fr of 40 MHz 

THE COLLECTOR IS IN ELECTRICAL CONTACT WITH THE CASE 

W' ~1:: -r.r. 
0.340 

- ------1 

~~JI 
1 EMITTER 
1 BASE 
l COLLECTOR 

AU DIM~NSfONS ARE IN INCHES 

170,-

0.667 
0.667 

All JEDEC T0-61 DIMENSIONS 
AND NOTES ARE APPLICABLE 

CASE TEMPERATURE MEA· 
SUREMENT POINT IS UN­
DERSIDE OF FLAT SURFACE 
WITHIN 0.125" FROM STUD 

-:: 

*absolute maximum ratings at 25°C case temperature (unless otherwise noted} • 

Collector-Base Voltage • 100 V 

Collector-Emitter Voltage (See Note 1) 80 V 

Emitter-Base Voltage . 8 V 

Continuous Collector Current 10 A 

Peak Collector Current (See Note 2) 20 A 

Continuous Base Current . 4 A 

Continuous Emitter Current l 0 A 

Safe Operating Region at (or below) 100°C Case Temperature . See Figure 7 

Continuous Device Dissipation at (or below) 100°C Case Temperature (See Note 3). • 50 W 

Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 4) • • 3.5 W 

Operating Collector Junction Temperature Range . -65°C to 200°C 

Storage Temperature Range . -65°C to 200°C 

Terminal Temperature J<. Inch from Case for 10 Seconds 230°C 

NOTES: 1. This value applies when the baH-emitter diode is open-circuited. 

2. This value applies for tp ~ 0.3 ms, duty cycle ~ 10%. 

3. Derate linearly to 200°C case temperature at the rate of 0.5 W/deg. 

4. Derate linearly to 200°C free-air temperature at the rate of 20 mW/deg. 

•Indicates JEOEC registered data. 

TEXAS INSTRUMENTS 
INCORPORATED 16631 

POST OFFICE BOX 5012 • DALLAS. TEXAS 75222 



TYPE 2N4301 
N-P-N EPITAXIAL PLANAR SILICON POWER TRANSISTOR 

*electrical characteristics at 25°C case temperature (unless otherwise noted) 

PARAMETER TEST CONDITIONS MIN MAX UNIT 

Y11•1e•o Collector-Emitter Breakdown Voltage le= 30mA, 11 = 0, See Note 5 80 v 

leEO Collector Cutoff Current Ve•= 40 V, 1. = 0 10 µA 

Ve•= 90 V, v •• = 0 10 
leES Collector Cutoff Current µA 

Ve•= 90 V, v .. = 0, Tc= 1S0°C 500 

v •• = 5V, le= 0 5 
luo Emitter Cutoff Current µA 

Yea= 8 v, le= 0 50 

Ve•= 4 V, le= SA, See Notes 5 and 6 30 120 
hFE Static Forward Current Transfer Ratio 

Vee =4 V, le= 10 A, See Notes 5 and 6 15 

v .. Base-Emitter Voltage Ve• =4 V, le = 10 A, See Notes 5 and 6 1.2 v 
11 = 0.5 A, le = 5 A, See Notes 5 and 6 0.4 

Ye11s1tJ Collector-Emitter Saturation Voltage v 
la= 1.3 A, le = 10 A, See Notes 5 and 6 1 

h,. Small-Signal Common-Emitter 
Yee= 5 V, le= 1 A, I= 1 kHz 30 Forward Current Transfer Ratio 

lh,.I Small-Signal Common-Emitter 
Yee= 5 V, le=lA, 1=20MHz 2 Forward Current Transfer Ratio 

NOTES: 5. These parameters must be measured using pulse techniques. IP = 300 µs, duty 1ycle ~ 2%. 
6. These parameters are mecnured with voltage-sensing contacts separate from the current-carrying contacts. 

*thermal characteristics 

PARAMETER MAX UNIT 

fJ,.c Junction-to-Cose Thermal Resistance 2 

(},_A Junction-to-Free-Air Thermal Resistance 50 
deg/W 

*Indicates JEDEC registered data. 
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TYPE 2N4301 
N-P-N EPITAXIAL PLANAR SILICON POWER TRANSISTOR 

switching characteristics at 25°C case temperature 

PARAMETER TEST CONDITIONSt TYP UNIT 
1--

t ... Tum-On Time le = 5 A, ls111 = 500 mA, IB!21 = - 500 mA, 0.15 

'·" Turn-Off Time VeE)offl = -5 V, RL = 5 n. See Figure l 1.5 
µs 

tVoltoge and current values shown are nominal; exact values vary slightly with transistor parameters. 

PARAMETER MEASUREMENT INFORMATION 

r-------oOUTPUT 

50 Q 

TEST CIRCUIT 

+30V---~90% 

J 10% :L INPUT 
-2.3 V 1 I 

--..tton t.. .....J toff ~ 
I I 

~~ l0%r-
90%L.__.J OUTPUT 

VOLTAGE WAVEFORMS 

FIGURE 1 

NOTES: a. The input waveform is supplied by a generator with the following characteristics: Ir S 15 ns, t1 S 15 ns, lout = SO D, IP = 10 µs, 

duty cycle~ 2"/.-

b. Waveforms ore monitored on an oscilloscope with the following characteristics: tr ::; lS ns, Rin 2: 10 MO, (in ::; 11.S pf. 

c. Resistors must be noninductive types. 

d. The d-c power supplies may require addilional bypassing in order to minimize ringing. 
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TYPE 2N4301 
N-P-N EPITAXIAL PLANAR SILICON POWER TRANSISTOR 

200 

0 

j 
Iii 160 

't; 

~ ,_ 
c 
1! 120 a 

40 

TYPICAL CHARACTERISTICS 

STATIC FORWARD CURRENT TRANSFER RATIO 

Tc= 1Jo0 c 

_:::::::[ 
Tc= 1oo•c -
Tc= 2;;.., -
Tc= Js•c -

V$ 

COLLECTOR CURRENT 

VcE = 4 V 

~ 
See Notes 5 and 6 

~ 
~ 

~ 
r.... ~ 

!"" ~1\.1 N 
N 

i-,... ~ 

00.1 0.2 0.4 0.7 1 4 7 10 
le - Collector Current - A 

FIGURE 2 

SASE-EMITTER VOLT AGE 
COLLECTOR-EMITTER SATURATION VOLTAGE 

vs 
vs 

1. 2 r--.---..------iC~A-S~E~T-EM_PE~R-A_TU_R~E-.....,._-r---. 
Vee = 4 V 

See Notes 5 and 6 

CASE TEMPERATURE 

t--t--t---1f---!---+- See Notes 5 and 6-:: > 
I 
" 0. 7 t--t--t---1f---!---+---+--+--+---I 

> 
1 
~ 0·4 1---+--I B = 1. 3 A, le= l o"'A--r--1---1----1 

I 

0. 2 t---1f---!---+---+---+--+--+--+---I 

0 ...___...___. _ _. _ _._ ....... _ ....... _ ...... _ ..... _ _, 
-75 -50 -25 0 25 50 75 100 125 150 

Tc - Case Temperoture - °C 

FIGURE 3 

5 
~ 
~ 

~ 
l--:!:::1:1~-=o=·~s~A~,~l~c;.;s~Ar-..-~:::::::f=:"""'=,:I---:_~ 0.2 I 

~ 0.1 1====1====1=====1f:::::::::::l==::::::l==::::::l===+===+==::::::l 
·e ~==i=:==i=:::::::it::=t===t===t===+===+===l ~ 0.07 t-o t--t--t---1'"--!---+---+--+--+---I 
ti 
~ 0.04 t--t-~l-a~-~l~O~m~A-,~l~c-=-l~OO~m-A--+--+--t-------1 
(l 
I 
10.02 

~ 0.01 ...__...__...___...__. _ _. _ _._ ....... _ _,_ _ __, 

-75 -50 -25 0 25 50 75 100 125 150 
Tc - Case Temperature - °C 

FIGURE 4 

NOTES: S. These parameters must be measured using pulse techniques. tp = 300 µs, duty cycle :::=; 2%. 

6. These parameters are measured with voltage-sensing contacts separate from tne current-carrying contacts. 



TYPE 2N4301 
N-P-N EPITAXIAL PLANAR SILICON POWER TRANSISTOR 

TYPICAL CHARACTERISTICS 

NORMALIZED COLLECTOR-EMITTER BREAKDOWN VOLTAGE 
COMMON-BASE OPEN-CIRCUIT 

INPUT AND OUTPUT CAPACITANCE 

~ 1.2 

~ 
I .. l.0 

£ 
~ 
c 0.8 
~ 

]1 
0 
~ 

.'a 0.6 
ij 

] 
l 0.4 
E 
.! 
d 0.2 
11 
-~ 

~ 
0 z 

0 l 

vs vs 
BASE-EMITTER RESISTANCE REVERSE BIAS VOLTAGE 

I 'j~ = 30 mA'l 
Tc= 25°C 

~ 
See Note 5 

~ 

N 

V(BR)CBO"' V(BR)CER at Roe = l Q 

10 100 l k 10 k 100 k 

3000~~~~~~~~..-.,...-~~~~~~~~ 

Tc= 25°C 

f = l MHz 
2500 t-~--t~-+--t--+-t+++t-----+-+--+-+-+-+++I 

~C;bo Oc=OJ 
~ 2000 t-----'11.-....-....... ....-t+t+tr---+~+-+-+-1-t-t-H 

~ "'N 
j 1500 t----t--+---1~f--'l'd-++t+---+--+--t--+-+-~H 
·;; "N 
&. 
0 

u 1000 t-----+--+--+--+-+-+++lt--~-+-+-+-+-11-+t-H 

500 r-... 

4 7 10 20 40 70 100 
RBE - Bose-Emitter Resistance - Q Reverse Bias Voltage - V 

FIGURE 5 FIGURE 6 

MAXIMUM SAFE OPERATING REGION 

<( 

I 
~ 
t: , 

u 

100~~~~00~~~~~ t= Tc ~ loo•c : 
40 l----+--+--+--+-+-++t1t-----+ See Note 7 

201--~--;~~~ ........... ~f--~ ..... ~-+--+--+-+-+-++I 
101----1--1--·-t+~ l'' 

4 .... 
D-C Operation ~ ~ 

~' ' l='P = l ms, d = 0.5 (50%)--=~~~l§~!i 
Ip= 0.3 ms, d = 0. l (10%) 

0.4t----+--+--t--+-t-++t!t-----t---t---1CS:~;.i-t+tt 

0.21----+-+-+-+-+-++++--·-+--+-+-+-~'l-H 

1----t---t--+---t-+-++t!C--'MAX Vceo -+-+-
0. 02 l l 
0.01~~~-~~~~~c-~~~~~~~~ 

1 4 7 10 20 40 70 100 
VcE - Collector-Emitter Voltage - V 

FIGURE 7 

NOTE 7: Operation above ma1imum Yceo is permissible if the base is reverse-voltage biased with respacr to the emitter and the collector-base--voltage rating 
is not exueded. 
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TYPE 2N4301 
N-P-N EPITAXIAL PLANAR SILICON POWER TRANSISTOR 

16636 

THERMAL INFORMATION 

:;: 60 

I 
5 so ·-a 
.!!-
::: 
~ 40 
u 
-; 
" 0 

"l 30 
0 
~ .: 
'E 
0 
u 20 
E 
~ 
E 
·~ 

lO :i: 
I 
~ 

0.. 

0 

CASE TEMPERATURE 
DISSIPATION DERATING CURVE 

0 25 so 75 100 125 150 175 200 
Tc - Cose Temperature - °C 

FIGURE 8 

SYM80l DEFINITION 

SYMBO~ DEFINITION 

PT(avg) Average Power Dissipation 

PT{max) Peak Power Dissipation 

IJJ-A Junction-to-Free-Air Thermal Resistance 

IJJ-C Junction-to-Case Thermal Resistance 

IJc-A Case-to-Free-Air Thermal Resistance 

Oc-Hs Case-to-Heat-Sink Thermal Resistance 

(IHS-A Heat-Sink-to-Free-Air Thermal Resistanu 

TA Free-Air Temperature 

Tc Case Temperature 

TJ{avg) Average Junction Temperature 

TJlma><J Peak Junction Temperature 

K Peak-Power Coefficient 

Ip Pulse Width 

Ix Pulse Period 

d Duty-Cycle Ratio (1,.ft,J 

Example - Find Pr(max) (design limit) 
OPERATING CONDITIONS, 

VALUE 

so 

2 

48 

.,; 200 

::::; 200 

See Figure 9 

Be-HS + OHS-A = 1.3 deg/W {From information supplied 

with heat sink.) 

T J(avol (design limit) = 200°c 
TA= S0°C 
d = 103 (0.1) 
IP= 0.1 ms 

UNIT 

w 
w 

deg/W 

deg/W 

deg/W 

deg/W 

deg/W 

oc 

oc 

oc 

oc 

ms 

ms 

c 
·~ 
E 
" 0 

u 
~ 
~ 
0 

0.. 

l 
0 

~ 

>< 

0.7 

0.4 

0. 2 

0. I 

0.07 

0.04 

0.02 

0.01 

PEAK-POWER COEFFICIENT CURVE 

II~ 
0.5~51o/i Duty Cycle 

I I 

l 
1. I.I 

0.10~ 
o.07 

tp = Pulse width in ms 

d = Duty-cycle ratio 

T =Thermal time constant= 12 ms 
ii.LL _Li_ LJ.i 

0. I 0.2 0.4 4 7 10 20 40 
tp - Pulse Width - ms 

FIGURE 9 

Equation No. 1 - Application: d-c power dissipation, 

heat sink used. 

P _ TJ(avgl - TA for 100°c ::::; Tc ::::; 200°c 
Tlavg) - (i J-C + Oc-HS + OHS-A as in Figure 8 

Equation No. 2 - Application: d-c power dissipation, 

no heat sink used. 

P _ TJ(avgJ-TA1or2s•c:::;TA~200°c 
T(•vg) - o;:;:-

Equation No. 3 - Application: Peak power dissipation, 

heat sink used. 

Equation No. 4 - Application: Peak power dissipation, 

no heal sink used. 

P - TJ[maxJ-TA for 25°C S TA S 200°c 
Tim••) - d Oc.A + K (} J-C 

Solution: 

From Figure 9, Peak-Power Coefficient 

K = 0.101 011d by use of equation No. 3 

TJ(max)-TA 

Primax) = d IOc.Hs + OHS·Al + K 9 J.c 

200-SO 
Pr(moxl = 0.1 (1.3) + 0.101 (2) = 450 W 

100 

TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 



TYPES 2N4398, 2N4399 
P-N-P SINGLE-DIFFUSED SILICON POWER TRANSISTORS 

FOR POWER-AMPLIFIER AND HIGH-SPEED-SWITCHING APPLICATIONS 
DESIGNED FOR COMPLEMENTARY USE WITH 2N5301, 2N5302 

• 200 Watts at 25°C Case Temperature 

• 30 A Rated Continuous Collector Current 

• Min fT of 4 MHz at 10 V, 1 A 

*mechanical data 

The case outline falls within JEDEC T0-3 except for lead diameter. 

THE COLLECTOR IS IN ELECTRICAL CONTACT WITH THE CASE 

1-IASE 

DIMENSIONS ARE IN INCHES 

absolute maximum ratings at 25° C case temperature (unless otherwise noted) 

*Collector-Base Voltage ......................................... . 
*Collector-Emitter Voltage (See Note 1) .............................. . 
*Collector-Emitter Voltage (See Note 2) .............................. . 
*Emitter-Base Voltage .......................................... . 
*Continuous Collector Current .................................... . 
*Peak Collector Current (See Note 3) ................................ . 
*Continuous Base Current. ....................................... . 
*Peak Base Current (See Note 3) ................................... . 
Safe Operating Region at (or below) 25°C Case Temperature ................ . 

*Continuous Device Dissipation at (or below) 25°C Case Temperature (See Note 4) .. . 
Continuous Device Dissipation at (or below) 25°C Free-Air Temperature(See Note 5) . 

*Operating Collector Junction Temperature Range ........................ . 
*Storage Temperature Range ..................................... . 
*Lead Temperature 1/16 Inch from Case for 10 Seconds ................... . 

NOTES: 1. TheSe values apply when the base-emitter voltage Vee= 1.5 V. 

2. These values apply when the base-emitter diode is open-circuited. 

3. This value applies for tp $0.3 ms. duty cycle:::;_ 10%. 

4. Cerate linear-ly to 200°c case temperature at the rate of 1.15 W/deg. 

5. Derate linearly to 200°c free-air temperature at the rate of 28.6 mW/deg. 

•1ndicatesJEDEC registered data 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 5012 • DALLAS, TEXAS 75222 

2N4398 
-40V 
-40V 
-40V 

2N4399 
-60 v 
-60 v 
-60 v 

+---5V~ 

+--30A--+ 
+--50A--+ 
+-- -7.5 A--+­
+--- -15 A--+-

See Figure 2 
+-200W--+ 
-+--- 5 w --+-

-650 C to 200° C 
-65° C to 200° C 

+- 235°c --+-

16645 
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TYPES 2N4398, 2N4399 
P-N-P SINGLE-DIFFUSED SILICON POWER TRANSISTORS 

*electrical characteristics at 25°C case temperature (unless otherwise noted) 

PARAMETER TEST CONDITIONS 2N4398 2N4399 UNIT 
~AX ~NM~ 

V(BR)CEO Collector-Emitter Breakdown Voltage le= -200 mA, Is= o See Note 6 -40 -60 v 

lcso Collector Cutoff Current Vcs=-40 v, IE -0 -1 mA 
Vea= -60V, IE= 0 -1 

lcEo Collector Cutoff Current VcE = -40 V, Is= 0 -5 
mA 

VcE = -60 V, Is= o -5 

VcE =-40V, VsE= 1.5V -5 

le EV Collector Cutoff Current VcE =-60V, VsE = 1.5 V -5 mA 

VcE =-30V, VsE = 1.5 V, Tc= 150°C -10 -10 

leso Emitter Cutoff Current VEs=-5V, lc-0 -5 -5 mA 

Static Forward Current Vee =-2 v, le= -1 A 40 40 
See Notes 

hFe Transfer Ratio Vee =-4V, le= -15 A 15 60 15 60 
6 and 7 

VcE = -4 V, le= -30A 5 5 

Is= -1.5 A, le= -15 A -1.85 -1.85 

VsE Base· Emitter Voltage VcE=-2V, lc=-15A 
See Notes 

-1.7 -1.7 v 
Sand 7 

Vee =-4V, lc=-30A -3 -3 

Is= -1 A, lc=-10A -0.75 -0.75 

VcE(sat) Collector·Emitter Saturation Voltage Is= -1.5 A, lc=-15A 
See Notes _, _, 

v 
6and ii' 

ls=-6A, le= -30A -4 -4 

hte 
Small-Signal Common-Emitter 

Forward Current Transfer Ratio 
Vee= -10 v, lc=-1 A, f = 1 kHz 40 40 

lhtel 
Small-Signal Common-Emitter 

Vee =-10 V, 
Forward Current Transfer Ratio 

le= -1 A, f = 1 MHz 4 4 

NOTES: 6. These parameters must be measured using pulse techniques. tp = 300 µ.s, duty cycle ~2%. 

7. These parameters are measured with voltage-sensing contacts separate from the current-carrying contacts. 

thermal characteristics 

PARAMETER MAX UNIT 
eJ.c Junction-to-Case Thermal Resistance 0.875 

deg/W 
OJ-A Junction-to-Free--Air Thermal Resistance 35 

*switching characteristics at 25° C case temperature 

PARAMETER TEST CONDITIONSt MAX UNIT 

t, Rise Time lc=-10A, 19(1) = ·1 A, VsE(off) = 2 V, 0.4 
RL =3S"!, See Figure 1 

Storage Time le= -10A, ls(1)=-1A, ls(2) ~ 1 A, 1.5 
µs 

t, 

lt Fall Time RL =3 S"!, See Figure 2 to:6 

tVoltage and current values shown are nominal; exact values vary slightly with transistor parameters. 

• 1 ndicates JEDEC registered data 

l& 
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TYPES 2N4398, 2N4399 
P-N-P SINGLE-DIFFUSED SILICON POWER TRANSISTORS 

*PARAMETER MEASUREMENT INFORMATION 

-30 v 

TEST CIRCUIT 

TEST CIRCUIT 

OUTPUT 

+2V\ ,-,, 

-llV -- L__/ INPUT 

~t, ... 

~UT PUT 

VOLTAGE WAVEFORMS 

FIGURE 1 - RISE TIME 

OUTPUT 

VOLTAGE WAVEFORMS 

FIGURE 2 - STORAGE AND FALL TIMES 

NOTES: a. The input waveforms have the following characteristics: tr::::; 20 ns, tf ::=::;20 ns, tp = 10 µ.s to 100 µ.s. duty cycle.$. 2%. 

b. Waveforms are monitored on an oscilloscope with the following characteris-rics: tr ::;20 ns, Rjn ~ 1 O k!l, Cin S.11.5 pF. 

c. Resistors must be noninductive types. 

d. The d-c power supplies may require additional bypassing in order to minimize ringing. 

• 1 ndicates JED EC registered data 

MAXIMUM SAFE OPERATING REGION 

<( 

I 

~ 
~ 

8 
I 

-100 
-70 

-40 

-20 

-10 
-7 

-4 

-2 

- I 
.Y -0. 7 

-0.4 

-0. 2 

-0. I 
- I 

~ 
Tc~ 25•c..., 

D-C OPERATION ~ 

ix: 
~ 
\ 

.l. 
2N4398,...i 

2N439~ I' t-+ 
-2 -4 -7-10 -20 -40 -70 -100 

VcE - Collector-Emitter Voltage - V 

FIGURE 3 
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TYPES 2N4398, 2N4399 
P-N-P SINGLE-DIFFUSED SILICON POWER TRANSISTORS 

-2.4 

-2.2 

-2.0 
> 
I -1.0 

" ~ -1.6 

~ -1.4 

~ -1.2 

~ 
j 
I 

-1.0 

-0.8 

: -0.6 
> 

-0.4 

-0.2 

0 

TYPICAL CHARACTERISTICS 

STATIC FORWARD CURRENT TRANSFER RATIO 
vs 

COLLECTOR CURRENT 
100 

VcE =-4V 

ri-. ~ 
Tc= 25°C 

~ 
See Notes 6 and 7 

~ 

' ' ~ 
~ 

hi.. 
~ ~ 

20 

0 
-0.2 -0.4 -0.7-1 -2 -4 -7 -10 -20 -40 

le - Collector Current - A 

FIGURE 4 

BASE-EMITTER VOLTAGE COLLECTOR-EMITTER SATURATION VOLTAGE 
vs 

COLLECTOR CURRENT 

IIIIIII 
I- Vce=-4V 

~Tc= 25°C 

I- See Notes 6 and 7 

.L.. 
L z 

lL. 

I"' _....... 

] 

-i 
lL 
'l 

-1.4 
> 
I 
!!. -1.2 
.l! 

~ 
-~ -1.0 

2 
;! 
~ -0.8 

~ 
] -0.6 

a 
] 
0 
u 
I 

-0.4 

1 -0.2 

~ 0 

vs 
COLLECTOR CURRENT 

11 I II II 

1-.£..= 5 
I B 

I- Tc= 25°C 

I- See Notes 6 and 7 1 
l 
L 

J_ 

f 
~ 

l"1 
1-1 --0.2 -0.4 -0.7-1 -2 -4 -7 -10 -20 -40 -0.2 -0.4 -0.7-1 -2 -4 -7 -10 -20 -40 

le - Collector Current - A le - Collector Current - A 

FIGURE 5 FIGURE 6 

NOTES: 6. These parameters must be measured using pulse techniques. tp = 300 µs, duty cycle :S2%. 

16648 

7. These parameters are measured with voltage-sensing contacts separate from the current-carrying contacts. 

TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 
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2N5301, 2N5302, 2N5303 
N-P-N SINGLE-DIFFUSED SILICON POWER TRANSISTORS 

FOR POWER-AMPLIFIER AND HIGH-SPEED-SWITCHING APPLICATIONS 

2N5301, 2N5302 DESIGNED FOR COMPLEMENTARY USE WITH 2N4398, 2N4399 

*mechanical data 

200 W at 25° C Case Temperature 

30-A Rated Continuous Collector Current (2N5301, 2N5302) 

20-A Rated Continuous Collector Current (2N5303) 

Min fT of 2 MHz at 10 V, 1 A 

*ALL JEDEC T0-3 DIMENSIONS AND NOTES ARE APPLICABLE 
*THE COLLECTOR IS IN ELECTRICAL CONTACT WITH THE CASE 

DIMENSIONS ARE IN INCHES 

absolute maximum ratings at 25°C case temperature (unless otherwise noted) 

*Collector-Base Voltage ..................... . 
*Collector-Emitter Voltage (See Note 1) .......... . 
*Emitter-Base Voltage ...................... . 
*Continuous Collector Current ................ . 
*Peak Collector Current (See Note 2) ............ . 

*Continuous Base Current ................................... . 
Safe Operating Region at (or below) 25°C Case Temperature ........... . 

*Continuous Device Dissipation at (or below) 25°C Case Temperature 
(See Note 3) ........................................ . 

Continuous Device Dissipation at (or below) 25°C Free-Air Temperature 
(See Note 4) ........................................ . 

*Operating Collector Junction Temperature Range ... . 
*Storage Temperature Range .................. . 

NOTES: 1. These values apply when the base-emitter diode is open-circuited. 

2. This value applies for tp ~0.3 ms, duty cycle :'.510%. 

3. Derate linearly to 200°C case temperature at the rate of 1. 14 W/deg. 

4. Oerate linearly to 200°c free-air temperature at the rate of 28.6 mW/deg. 

*lndicatesJEDEC registered data 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 5012 • CALLAS, TEXAS 75222 

2N5301 2N5302 2N5303 
40 v 
40V 

5V 

60 v 
60 v 
5V 

80V 
80 v 
5V 

30A 30A 20A 
+--- 50 A---+­
+----7 .5 A---+-

See Figures 7 and 8 

-+---- 200 w --+ 

-+----- 5 W---+-
-650C to 200°C 
-65°C to 200°C 

16687 

• 



TYPES 2N5301, 2N5302, 2N5303 
N-P-N SINGLE-DIFFUSED SILICON POWER TRANSISTORS 

*electrical characteristics at 25°C case temperature (unless otherwise noted) 

PARAMETER TEST CONDITIONS 
2N5301 2N5302 2N5303 UNIT 

MIN MAX MIN MAX MIN MAX 

VIBRICEO 
Collector-Emitter 

le= 200 mA, Is= 0, See Note 5 40 60 80 v 
Breakdown Voltage 

Ycs=40V, IE= 0 1 

lcso Collector Cutoff Current Yes= 60 v, IE= 0 1 mA 

Vcs=BOV, IE= 0 1 

VcE=40V, Is= 0 5 

lcEo Collector Cutoff Current VcE = 60 V, Is= 0 5 mA 

VeE - 80 V, Is= 0 5 

VeE=40V, VsE = -1.5 V 1 

VeE =GOV, VsE = -1.5 V 1 

I ICEV Collector Cutoff Current VeE = 80 V, VsE = -1.5 V 1 mA 

I 
VeE = 40 V, VsE = -1.5 V, Te= 150°C 10 

VeE = 60 V, VsE = -1.5 v, Te= 150°c 10 

VcE = 80 V, VsE =-1.5 V, Tc= 150°C 10 

1EBO Emitter Cutoff Current VEs-5V, le - o 5 5 5 mA 

VeE = 2 V, le= 1 A 40 40 40 

I hFE 

Static Forward Current VeE = 2 V, le= 10 A 15 60 

Transfer Ratio VcE = 2V, le= 15 A See Notes 5 and 6 15 60 15 60 t-

I VeE - 2 V, le - 20 A 5 

VeE = ZV, le= 30 A 5 5 

Is= 1 A, le= 10 A 1.7 1.7 1.7 I 
~= le= 15 A 1.8 1.8 Is= 1.5A, 21 

Is= 2A, le= 20 A 2.5 2.5 

VsE Base-Emitter Voltage Is= 4A, le= 20 A 2.5 v 
VeE = 2V, le= 10 A 

See Notes 5 and 6 
1.5 

VcE = 2V, le= 15 A 1.7 1.7 

VcE -4V, le - 20 A 2.5 

VeE =4V, le= 30 A 3 3 

18 = 1 A, le= 10A I 0.75 0.75 1 

Collector-Emitter Is= 1.5A, le= 15 A 1.5 

I VcE(satl Saturation Voltage Is= 2A, le= 20 A See Notes 5 and 6 2 2 v 

I 
Is= 4A, le= 20 A 2 

Is= GA, le= 30 A 3 3 

r Small-Signal Common-Emitter 
VeE = 10 V, le= 1 A, f = 1 kHz 40 I h,e Forward Current Transfer Ratio 

40 40 

[h1el 
Small-Signal Common-Emitter 

VeE = 10V, le= 1 A, f = 1 MHz 2 2 2 
Forward Current Transfer Ratio 

NOTES: 5. These parameters must be measured using pulse techniques. tp = 300 µs, duty cycle :$2%. 

6. These parameters are measured with voltage-sensing contacts separate from the current-carrying contacts. 

*Indicates J E DEC registered data 
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TYPES 2N5301, 2N5302, 2N5303 
N-P-N SINGLE-DIFFUSED SILICON POWER TRANSISTORS 

thermal characteristics 

PARAMETER MAX UNIT! 
e J.c Junction-to-Case Thermal Resistance 0.875 

de9JWI ·---------~- ----· 
BJ.A Junction-to-Free-Air Thermal Resistance 35 J 

*switching characteristics at 25°C case temperature 

PARAMETER TEST CONDITIONSt MAX UNIT 

t, Rise Time 
le= 10 A, !Bill= 1 A, VsE(offJ = -2 V, 

1 
RL = 3 n, See Figure 1 

µS 

I ts Storage Time lc=lOA, IB(l) = 1 A, ls121 = -1 A, 2 

t1 Fall Time RL=3!1, See Figure 2 t--;-

tVoltage and current values shown are nominal, exact values vary slightly with transistor parameters. 

*PARAMETER MEASUREMENT INFORMATION 

+11 v 
INPUT 

-2 v 
-+4 t, .. 

I I 

OUTPUT 

TEST CIRCUIT VOLTAGE WAVEFORMS 

FIGURE 1 - RISE TIME 

+30 v 

TEST CIRCUIT VOLTAGE WAVEFORMS 

FIGURE 2 - STORAGE AND FALL TIMES 

NOTES: a. The input waveforms are supplied by a generator with the following characteristics: tr::; 20 ns, tf _::; 20 ns, Zout = 50 n, 
tp "" 1 0 µs to 100 µs, duty cycle~ 2%. 

b. Waveforms are monitored on an oscilloscope with the following characteristics: tr:=:;; 20 ns, Rin ~ 10 kr2, Cin ~ 11.5 pF. 

c. Resistors must be noninductive types. 

d. The d-c power supplies may require additional bypassing in order to minimize ringing. 

*lndicatesJEDEC registered data 
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TYPES 2N5301, 2N5302, 2N5303 
N-P-N SINGLE-DIFFUSED SILICON POWER TRANSISTORS 

TYPICAL CHARACTERISTICS 

2N5301, 2N5302 
STATIC FORWARD CURRENT TRANSFER RATIO 

COLLECTOR CURRENT 
100 

~ ,.,... ~c~ ~Ii Iv 
I 

~ 
h 

Tc = 25°C 

See Notes 5 and 6 r-t. l 
c \ l 

b I I 
~ 60 

u 
~ 
0 
~ 

I 

' 

~ 40 ~ 
u 

·-s 
Vi I ~ 20 

I ~ 
0 
0.2 0.4 0.7 I 4 7 10 20 40 

le - Collector Current - A 

FIGURE 3 

BASE-EM! TTER VOLTAGE 

COLLECTOR CURRENT 
2' 2 r--r-"T-r" 11..,... I,.., II ITT II 1---.--.-r-r-r--rn..--~-.,......, 

2.01--- VcE= 4 V 

J ,8 1--- Tc = 25•c lif_J 
> See Notes 5 and 6 
I l.61--+--+-++++-1-t---+--+-+~-++-1+-----C>J'--1--1 

~ i i I. 4 1--+--+-H--++t+---+-t-f-+++++t--L-+-t--+-I 

> J.2~-+--+-++--rt-H----+--+-t--+-1c-1"1Tyt""#"---t--t-1 
~ 
~ 1.01--+-+-+++t++--+--+-~1~-~H./"~!t+--+--+-1 
a 0. 8 t--+-+-+++t-H---+-~4~-+--1-H-tt----+-H 
"' __.r-

0. 6 [.__~~~~=-+--+--l--1-H+-U--+--+.-j 

.} 0 .4 t---+--t-t+TH-t----+--+-++-t-tttt---+----1--1 

0.21---t--t-t+TH-t---+--+-++-t-tttt---+----1--1 

o..,_.......,,....._......,.....,,.....__-;-_.__.._._....._...._ _ _..~_. 

0.2 0.4 0.7 l 4 7 10 20 40 

le - Collector Current - A 

FIGURE5 

2N5303 
STATIC FORWARD CURRENT TRANSFER RATIO 

vs 
COLLECTOR CURRENT 

100 I I I I I II I 
VCE = 2 V -

0 
Tc = 25°C j 80 
See Notes 5 end 6 -

lL j 
c 60 . 
0 

u 
~ 
0 

1 40 

u 

~ 
~ 

I'\ 
~ 

~ 
i ~ 20 

~ 
~ 

0 
0.2 0.4 0.7 l 10 

le - Collector Current - A 

FIGURE 4 

COLLECTOR-EMITTER SATURATION VOLTAGE 

COLLECTOR CURRENT 

> u lTIT! 11 1 
l _t=5 
2 
~ Tc = 2s·c 

20 

"'1.2~ 1, l 
: l. 0 1--- See Notes 5 and 6 _,-+-+-+-+<-++--+v-+-+-1 

:g 0. 8 1---+--+-+-+++t+---+--+-++-t-t+++---t--t-1 

1 " . l---t--+-t+++t+---+--+-+-H-t+t-1Zl--J__t--t-1 

0 0.4 1---+--+-++++t+---+--+-++-t-+++l----+-+­
u 

yl" 
0,21-+--t-l-+l+l+---+--+-t.of"+-++++---+--r-t 

] ~ 
;; L_J::::f ::ttttrr::::_J_l__LlllllJ __ L_.l.J 

0 
0.2 0.4 0.7 l 4 7 10 20 40 

le -:___ Collector Current - A 

FIGURE 6 

NOTES: 5. These parameters must be measured using pulse techniques. tp = 300 µs, duty cycle ::;2%. 

6. These parameters are measured with voltage-sensing contacts separate from the current-carrying contacts. 
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TYPES 2N5301, 2N5302, 2N5303 
N-P-N SINGLE-DIFFUSED SILICON POWER TRANSISTORS 

MAXIMUM SAFE OPERATING REGIONS 

2N5301, 2N5302 

Tc "25 °C 

'N 

~ 
- .. 

D-C OPERATION 

~ 
i 

I " i 

2N5301 '.'.: 

t- 2N5302,-'. 

l 

1 4 7 10 20 40 70 100 

VcE - Collector-Emitter Voltage - V 

FIGURE 7 

2N5303 

Tc ~ 25°C 

... 

~ 

!---- D-C OPERATION 
~ 

' ri 

1 7 10 20 40 70 100 

VcE - Collector-Emitter Voltage - V 

FIGURE 8 
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TYPES 2N5301, 2N5302, 2N5303 
N-P-N SINGLE-DIFFUSED SILICON POWER TRANSISTORS 

THERMAL INFORMATION 

DISSIPATION DERATING CURVE 

220 
$: 

I 200 
c 

.2 180 

1 160 
0 

" 140 v 
-~ 
0 120 

a 
100 ~ 

-~ s 80 u 
E 
~ 60 E 
-~ 

40 ::;: 

I 20 
~ 

a.. 

~ T I T 
' ' 'b.. i i T I 

! 

" i ~I ! 
~ 

" :s: 
~I 

'l :s: 
25 50 75 100 125 150 175 200 

Tc - Cose T em perotu re - ° C 

FIGURE 9 

~L~ __ DEFINITION ______ __,l_v_A_L_U_E _ _,l" __ u~ 
1 I w ' 

PT(max) 

UJ.A 

OJ-C 

Re-A 

Cle-HS 

OHS-A 

TA 

Tc 

TJ(av) 

TJ(max) 

'K 

Average Power Dissipation 

T w l Peak Power Dissipation 

Juoction-to·F.ree-Air Thermal Resistance 1 35 J deg~j 
Junction-to-Case Thermal Resistance I 0.875 j deg/W j 

\Case-to-Free-Air Thermal Resistance ~~ : deg/W I 

Case-to-Heat-Sink Thermal Resistance I ~wj 
l Heat-Sink-to-Free-Air Thermai_R,;;stance : deg/W 1 

Free-Air Temperature i' i T 
1 Case Temperature __ . l c:-.~ 
Average Junction Temperatllre I ::;;200 i vC 

Peak Junction Temperature S200 1 _L 
Peak-Power Coefficient See Figure 10 1 

Pulse Width 1 ms 

Pulse Period i tll i 
1~d---~l-D_u_ty---C-yc_l_e_R_a_t1_o_lt_p_/t-~l---·~----+-~-----i-

ms --j 

Example - Find PT(maxl (design limit) 

OPERATING CONDITIONS: 

16692 

De.HS+ OHS-A= 2.25 deg/W (From information supplied 

T J(avl (design limit!= 200°C 

TA=50°C 

d= 10% !0.1) 

tp-0.lms 

with heat sink.) 

PEAK-POWER COEFFICIENT CURVE 

c . 
0.7 

0.4 

0 0. 2 . 
0 

u 

~ 0. l 
d? 
~ 0.07 
0 

~ 
I o. 04 

"" 
0.02 

t-0.50 (50% Duty Cycle 

ll JI v 

0.07 ~ 

o'."M. 
'J Z~K = 1-e-tl',IT 

~ ~ J-e-t/dT 

~ V tp = Pulse width in ms 

>-+-+-++h---+- d =Duty-cycle ratio 

1W 
0.01 [J_J_ 

0.020.04 

i ==Thermal time constant =5 ms 

cl ..l 
0. I 0.2 0.4 

tp - Pulse Width~ ms 

FIGURE 10 

Equation No. 1 - Application: d-c power dissipation. 

heat sink used. 

4 7 10 

p _ TJ(av) - TA for 100uC:::;; Tc :,S 200°C 

T(av) - tJ J·C + OC-HS + UHS-A as in Figure 9 

Equation No. 2 - Application: d-c power dissipation, 

no heat sink used. 

TJ(avl-TA w c 
PT(av) = ---- for 25 C $TA $ 200 C 

OJ.A 

Equation No. 3 - Application: Peak power dissipation, 

heat sink used. 

Equation No. 4 - Application: Peak power dissipation, 

no heat sink used. 

PT(max)"" TJ(ma:x)-TA for25°C~TA.:$200°C. 
d&c.A + Ku J-C 

Solution: 

From Figure 10, Peak-Power Coefficient 

K = 0.109 and by use of equation No. 3 

TJ(max) -TA 
PT( max) = ----~------­

d lee.HS+ (jHS A)+ KeJ.c 

PT( maxi - ____ 20_0_-_50 ___ -469W 
0.1 (2.25) + 0.109 (0.875) 

20 

TEXAS INSTRUMENTS RESERVES THE RIGHI TO MAKE CHANGES Al ANY TIME 
IN ORDER TO IMPROVE DESIGN ANO TO SUPPLY THE BEST PRODUCT POSSIBLE. 



2NS333 
P-N-P EPITAXIAL PLANAR SILICON POWER TRANSISTOR 

FOR POWER-AMPLIFIER AND HIGH-SPEED-SWITCHING APPLICATIONS 
DESIGNED FOR COMPLEMENT ARY USE WITH 2N4300 

• 15 W at 100°( Case Temperature 

• Max V c,1,,.1 of 0.45 V at l A le 

• Typ t •• of 150 ns at l A le 

• Min fr of 30 MHz 

*mechanical data 

0 100 - -
----I 5 MIN -

,- l 

0 33'> 
0 305 DIA' 

L _ _J.:=-::--=-: .-
0 100 M1N --' -·~ 

OFTAllS 0~ OUTLINE IN -; 
THIS ZONE OPTIONAL SEATING 

PlANE 

3 COLLECTOR 

.. _/: .:<""\' 

, ,:.D~'°~ :::,z~~~::~,: •U~ 
l ~M!TTH! 

THE COLLECTOR IS IN ELECTRICAL 
CONTACT WITH THE CASE 

All JEDEC T0-5 DIMENSIONS 
AND NOTES ARE APPLICABLE 

All OIMENSIONS ARE 
IN INCHES 

UNLESS OTHERWISE 
Sl>fClflfO 

*absolute maximum ratings at 25°C case temperature (unless otherwise noted) 

Collector-Base Voltage 

Collector-Emitter Voltage (See Note l) 

Emitter-Base Voltage 

C9ntinuous Collector Current 

Peak Collector Current (See Note 2) . 

Continuous Base Current . 

Continuous Emitter Current 

Safe Operating Region at (or below) 100°C Case Temperature 

Continuous Device Dissipation at (or below) 100°C Case Temperature (See Note 3). 

Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 4) 

Operating Collector Junction Temperature Range 

Storage Temperature Range . 

Lead Temperature Y,, Inch from Case for l 0 Seconds 

NOTES: 1. This value applies when the base-emitter diode is open-circuited. 

2. This value applies for tp ~ 0.3 nH, duty cycle ~ 10%. 

3. Derate linearly to 200e>C case temperature at !he rate of O.lS W/deg. 
4. Derate linearly ta 200°C free-air temperature at the rate of S.72 mW/deg. 

•indicates JEDEC registered data 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 5012 • DALLAS. TEXAS 75222 

W1'.· 
11 
i. 1.! I • l ~ f 

-lOOV 

-SOY 

-6V 

-2A 

-5A 

-lA 
-3A 

See Figure 7 

15W 

lW 

-65°C ta 200°c 

-65°C to 2oo•c 

260°c 

16701 

..... 
c: -< 
~~ 
'" ::! .. zz 

"' z .. 
pt 
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TYPE 2NS333 
P-N-P EPITAXIAL PLANAR SILICON POWER TRANSISTOR 

*electrical characteristics at 25°C case temperature (unless otherwise noted) 

,-------·-· 
PARAMETER TEST CONDITIONS MIN MAX UNIT 

V1••1eEO Collector-Emitter Breakdown Voltage le= -30 mA, 1, = 0, See Note 5 -80 v 

JeEO Collector Culoff Current Ve, = -40 V, 1, = 0 -50 µA 

Ve, = -90 V, VBE = 0 -10 
lcES Collector Cutoff Current µA 

Ve, = -50 V, v,, = 0, Tc = 150°C -500 

V,. = -4 V, le= 0 -1 
IEBo Emitter Cutoff Current µA 

V,. = -6 V, le= 0 -100 
t-----

Vee = -4 V, le= -1 A, See Notes 5 and 6 30 120 
hFE Static Forward Current Transfer Ratio 

Ve,= -4 V, le= -2 A, See Notes 5 and 6 10 

v .. Base-Emitter Voltage Vee= -4 V, le= -2 A, See Notes 5 and 6 -1.5 v 
la= -0.1 A, le= -1 A, See Notes 5 and 6 -0.45 

YcE{sat} Collector-Emitter Saturation Voltage v 
I,= -0.4 A, le= -2 A, See Notes 5 and 6 -1 

t-----

h1e 
Small-Signal Common-Emitter 

Ve, = -10 V, le= -1 A, f = 1 kHz 30 Forward Current Transfer Ratio 
t--------

lh1.I 
Smoll-Signal Common-Emitter 

Ve, = -10 V, le= -1 A, f = 15 MHz 2 Forward Current Transfer Ratio 

NOTES: 5. These parametm must be measured using pulse techniques. tp = 300 µs, duty cycle ~ 2%. 

6. These parameters are measured with voltage-sensing contacts separate from the current-carrying contacts. 

*thermal characteristics 

PARAMETER MAX UNIT 

I Resistance 
·--·---+-

6.66 
mal Resistance 175 

deg/W 
lhc Junction-to-Case. Thermo 
(}J-A Junction-to-Free-Air Ther 

--
*Indicate'> JEDEC registered data 
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TYPE 2N5333 
P-N-P EPITAXIAL PLANAR SILICON POWER TRANSISTOR 

switching characteristics at 25°C case temperature 

§-------§-- ··---------·-·---- -. 
_ ~ARAMETE_R_______ -··---- !Eg_c;_ONDITIONSL ___ _ 

on Turn-On Time . . le = -1 A, le11J = -0.l A,le111 = 0.1 A, 

off Turn-Off Time VBEfoffJ = 3.7 V, R, • • 20 f1, See Figure l 
---·------ - . ··--------------------

tvolfoge and current values shown are nominal; exact volues vary slightly with tronsislor parameten. 

PARAMETER MEASUREMENT INFORMATION 

INPUT 

OUTPUT 

82 Q 

20.45 v 

TEST CIRCUIT 

1V 11__/:% 
INPUT 

90% 
-16 V - -1 I 

I I I I 
'4-ton ...J j...toff...., 

~UT PUT 

I 

VOLTAGE WAVEFORMS 

FIGURE I 

---TY8- UNITj --- . -----· 
150 
450 ns 

-- ----

NOTES: a. The input waveform is supplied by a generator with the following characleristics: Ir ~ 15 ns, ff S_ 15 ns, lout = SO ii, tp = 2 µs, duty cycle ~ 2°/o. 

b. Waveforms ore monitored on an oscilloscope with the following characteristics: tr :S lS ns, R1n ~ 10 MU, (in S_ 11.5 pF. 

c. Resistors must be noninductive types. 

d. The d-c power supplies may require additional bypassing In order to minimize ringing. 
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TYPE 2NS333 
P-N-P EPITAXIAL PLANAR SILICON POWER TRANSISTOR 
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-0.4 

-0.2 

TYPICAL CHARACTERISTICS 

STATIC FORWARD CURRENT TRANSFER RATIO 
vs 

COLLECTOR CURRENT 

VcE = -2 J 
1----+--t--+--+-+-+-+-+-----+---+--+--+-+-+-+-H-See Notes 5 and 6 t---

0 .__ _ _.__....__.____.__.___.._......_ ___ __.___ _ _,_ _ __,__,___,__,___.___._.__ ___ _._ _ __,'--_. 

-0.02 -0.04 -0.07 -0. l -0.2 -0.4 -0.7 -1 -2 -4 
le - Collector Current - A 

FIGURE 2 

BASE-EMITTER VOLTAGE COLLECTOR-EMITTER SATURATION VOLT AGE 
VS vs 

CASE TEMPERATURE CASE TEMPERATURE 

VcE =-2 V 
> -4 
! I I See Notes 5 ond 6 -J 

See Notes 5 and 6 ~ -2 

0 
> -1 
c 

-0.7 .'? 

..!!, = -0.3 A, le = -3: -Is - -0.2 A, le - -2 A 

~ 
-0.4 3: ~ Is = -o. l A, le - -1 A . 
-0.2 

~ 
~ 

-0. l 

~ -0.07 
1:-. Is 

I 1. 
_120 ml -2 mA,lc 

0 
v -0.04 
I 
] - 0.02 

u -0.01 > ·O '--~-----'---'--~-~---''--~-----'--~ 
-75 -50 -25 0 25 50 75 100 125 150 -75 -50 -25 25 50 75 100 125 150 

Tc -Cose Temperature - 0 c Tc - Case T emperoture - 0 ( 

FIGURE 3 FIGURE 4 

NOTES: S. These parameters must be measured using pulsP, techniques. Ip = 300 µs, duty cycle S ?%. 
6. These parameters are measured with voltage-sensing contacts separate from the current-carrying contacts. 
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TYPE 2NS333 
P-N-P EPITAXIAL PLANAR SILICON POWER TRANSISTOR 

TYPICAL CHARACTERISTICS 

NORMALIZED COLLECTOR -EMITTER 
BREAKDOWN VOLTAGE 

BASE-EMITTER RESISTANCE 

le =-30 mA 

Tc = 25°C 

l-H'ttHltl--t-+tlM-ol;::H1ttlt-ti:ttsee Note 5 

V{BR)CBO"' V{BR)CER at RBE = l Q 

l 10 100 I k 10 k 
R BE - Base-Emitter Resistance - Q 

FIGURE 5 

100 k 

COMMON-BASE OPEN-CIRCUIT INPUT 
AND OUTPUT CAPACITANCE 

VS 

REVERSE BIAS VOLTAGE 

600,.---..,--,--...-..--. .... ...,..,---..--.--.. 
Tc= ~5°C 
f = l MHz 

soot----t--+--+--+-++-1-+t---+--l--l 

~~o(lc=O) 
~ 400 "'N 
j 300 t----1--+--+-N-P-.r+-1-+t---+--l--l 

~ r"··~~::(IE = 0) Ii-. 
u 200 t----tL---'-..,.."""lo..,-t-t-1-+-t-t+----+-+~ 

~ 
~ ioo1--~-1~-+--+-++-t-H+-==-.._~~~+--l 

o._ __ ....._ _ _.__,___.__,__._.. ....... ___ ..__L.........J 
-1 -2 -4 -7 -10 -20 -40 

Reverse Bias Voltage - V 

FIGURE 6 

NOTE 5: These parameters must be measured using pulse techniques. IP = 300 µs, duty cycle ,:;: 2"/o. 

MAXIMUM SAFE OPERATING REGION 

-41------+--- ---+--~--!--+.... 
<( 

-2 I 
c 

-I 
~ 
u -0.7 D-C Operation::::'.': ~ 

2 -0.4 u 
~ 
0 
u -0. 2 
E 
0 

.E 
-0. 1 ~ ::: -0. 07 

I 
.!:! -0.04 

f------f-----lf---f---t---1'--f--l-i-+------+---+ MAX VCEO---+--+-' 
See Note 7 

-0. 02 

-0. 01 
-1 -2 -4 -7 -10 -20 -40 -70 -100 

Vee -Collector-Emitter Voltage -V 

FIGURE 7 

NOTE 7: Operation above moximum VcEO is permissible if the base is reverse-voltage biased with respect to the emitter and the collector-ba~e-vol!age rating is not exceeded. 

16705 

• 



TYPE 2NS333 
P-N-P EPITAXIAL PLANAR SILICON POWER TRANSISTOR 
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THERMAL INFORMATION 

i 
.2 
0 
<l 

0 
0 
u 

> 
0 

0 

20 

10 

CASE TEMPERATURE 
DISSIPATION DERATING CURVE 

o~-~--~-~--~-~--~-~-~ 
0 2S 50 75 100 125 150 175 200 

TC -Case T empernture-"'C 

FIGURE 8 

SYMBOL DEFINITION 

SYMBOL DEFINITION VALUE UNIT 

PTlav) Average Power Dissipation 

PT(maxj Peak Power Dissipation 

0 J-A Junction-to-Free-Air Thermal Resistance 

OJ-C Junction-to-Casi! Thermal Resistance 

Oc-A 

Oc.Hs 

OHS-A 

Case-to-Free-Air Thermal Resistance 

Cose-lo-Heat-Sink Thermal Resistance 

Heat-Sink-to-Free-Air Thermal Resistance 

w 
w 

175 d•g/W 

6.66 d•g/W 

168 d•g/W 

d•g/W 

d•g/W 
>------+---------------+ •c 

-+------------·l------+--,cc---t 
TA Free-Air Temperature 

Case Temperature °C Tc 

TJ(av) A11erage Junction Temperature 
>-----+ 

T J(max) Peak Junttion Temperature 

Peak-Power Coefficient 

Pulse Width 

s: 200 

s: 200 

Seefigure9 

-----------t------+--

•c 
•c 

•, Pulse Period ms 

Duty-Cycle Ratio (tp/tx) 

Example - Find PT[max} (design limit) 

OPERATING CONDITIONS, 

Oc.HS + OHS-A = 1 deg/W (From information supplied 

with heat sink.) 

TJ(avJ {design limit) = 200°c 
TA= S0°C 

d = 10%(0.1) 

tp = 0.1 ms 

PEAK-POWER COEFFICIENT CURVE 

~ 
0 

u 

0. 7 

0.4 

0. 2 

~ 0. l 

~ 1 0. 07 

0. 04 

0. 02 

0.01 

T =Thermal time constant 

J..lill' J_ J_ lJ.il.lli 
0. I 0.2 0.4 7 10 

tp - Pulse Width - ms 

FIGURE 9 

Equation No. l - Application: d-c power dissipation, 

heat sink used 

·H 

20 40 

_ TJ(av; -TA for l00°C ~Tc ~ 200°c 

PT(av J -- 8 J-C + ec~~s + BHS-A as in Figure 8 

Equation No. 2 - Applirntion· d-c power dissipation, 

no heal sink used. 

Equation No. 3-App1icotion: Peak power dissipation, 

heat sink used. 

Equation No. 4 - Application: Peak power dissipation, 

no heal sink used. 

Solution: 

From Figure 9, Peak-Power Coefficient 

K = O.lOS and by use of equation No. 3 

_ TJ(maxJ -TA 

Prim"J - d l8c-~+-o;;;::;J + K OJ.c 

200-lO 

PTlmb} = 0.1 (71 + O.lOl (6.16) = 107 W 

100 

TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 



TYPES 2N5384, 2N5385 
P-N-P EPITAXIAL PLANAR SILICON POWER TRANSISTORS 

FOR POWER-AMPLIFIER AND HIGH-SPEED-SWITCHING APPLICATIONS 
DESIGNED FOR COMPLEMENTARY USE WITH 2N3996 AND 2N3998 

• 30 W at 100°C Case Temperature • Typ t •• of 160 ns at 2 A I c 

• Max VcE(sal) of 0.6 v at 2 A le • Min f, of 30 MHz 

*mechanical data 

THE ACTIVE ELEMENTS ARE ELECTRICALLY INSULATED FROM THE CASE 

1()..32 UNf·2A 
MAX 5TUD TOIQUE: 
15 IN-115 

2N53B4 

THE COLLECTOR IS IN ELECTRICAL CONTACT WITH THE CASE 

0.175NOM 

ALL JEDEC T0-111 
DIMENSIONS AND 
NOTES ARE 
APPLICABLE 

10-32 UNF-2A 
MAX §TUD TORQUE· 
1.S IN-LB$ 

rsn NOTES A& I) 

2N53B5 

NOTES, A. Posilion of terminals with respect to hexagon is not controlled. 

120° NOM 
3PLA(E5 

(SEE NOTE CJ ALL JEDEC T0-111 
DIMENSIONS AND 
NOTES ARE 
APPLICABLE 

B. 

c. 
Terminals located on true position within 0.030 inch relative to diameter of can. 

This dimen~ion applies lo the location of the center line of the terminals. 

D. 

E. 

The case temperature may be measured anywhere on !he seating plane within 0.125 inch of the stud. 

All dimensions ore in inches unless otherwise specified. 

*absolute maximum ratings at 25°C case temperature (unless otherwise noted) 

Collector-Base Voltage . 

Collector-Emitter Voltage (See Note 1) . 

Emitter-Base Voltage 

Continuous Collector Current 

Peak Collector Current (See Note 2) . 

Continuous Base Current 

Continuous Emitter Current 

Safe Operating Region at (or below) 100° C Case Temperature. 

Continuous Device Dissipation at (or below) 100°C Case Temperature (See Note 3) 

Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 4) 

Operating Collector Junction Temperature Range 

Storage Temperature Range . 

Terminal Temperature){, Inch from Case for 10 Seconds 

f 
t 

-lOOV 

-SOV 

-6V 

-5A 

-12A 

-1 A 

-6A 

See Figure 2 

30W 

2W 

-65°C to 200°c 

-65°C to 200°c 

260°C 

NOTES: 1. This value applies when the base-emitter diode is open-circuited. 

2. This value applies for tp :::;; 0.3 ms, duty cycle ::; 10%. 

3. Derate linearly to 200°C case temperature at the rote of 0.3 W/deg. 

4. Derate linearly to 200°C free-air temperature at the rate of 11.4 mW/deg. 

•Indicates JEDEC registered data 

TEXAS INSTRUMENTS 
INCORPORATED 

~OST OFFICE BOX 15012 • OAl.,LAS, TEXAS 75222 

Ill ... c -< 
~ ... 

m 
;:! "' z .. 
z z 
~ "' ... 
" "' z; 

_ .. .. .. z .. 
"' ... ... .. 

~ "' "' 
:i: 
J> 

"' n 
:c 

: .. 
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TYPES 2N5384, 2N5385 
P-N-P EPITAXIAL PLANAR SILICON POWER TRANSISTORS 

*electrical characteristics at 25°C case temperature (unless otherwise noted) 
.---------------------~-----------------~--------~--~ 

PARAMETER TEST CONDITIONS MIN MAX UNIT 
----- -----------------t---------------------·----1----------t------

V1BRJeEO Collector-Emitter Breakdown Voltage le = -30 mA, 18 = 0, See Note 5 -BO v 
j----------------

lc.o Collector Cutoff Current VeE = -40 V, I, = 0 -50 µA 
1----------------------------1------------

VeE '~ -90 V, V,E = 0 
----------+-------- ----

-10 
ICEs j--------

VeE "- -50 V, VaE ~ 0, 
-- µA 

-500 
Collector Cutoff Current 

J----------------------+-------------------------1------------- -----
v., = -4 V, le = 0 -1 

µA Emitter Cutoff Current 
VEa = -6 V, le = 0 -100 

----------------+--------
V cE =• -4 V, le = -2 A, See Notes 5 and 6 20 80 

hFE Static Forward Current Transfer Ratio ·----

Ve•=-4V, le=-5A, See Notes 5 and 6 10 
j-----------------------1-------------------t---------+-----i 

V,, Bose-Emitter Voltage VeE c~ -4 V, le = -5 A, See Notes 5 and 6 -1.5 v 
----------------------j--------- ----------------/----------!---~ 

v 
See Noles 5 and 6 -0.6 

See Notes 5 and 6 -1.4 

18 = -0.2 A, le = -2 A, 
Vee1 .. 11 Colleclor-Emitler Saturation Voltage j-------------------------+-----------1 

18 = -1 A, le = -5 A, 

hte ~~r~~~~g~;r;~~;:~~~~i~~t~o VcE ·• -10 V, le -" -1 A, f -- l kHz 20 
1--------------------------+----·------·-------

Small-Signal Common-Emitter 
,hto Forward Current Transfer Ratio Vee = -10 V, le - -1 A, f -= 15 MHz 

'--------·· --- -~------------··-----------~-----------~----~ 

NOTES: 5. These parameters mus! be measured using pulse techniques. IP =-= 300 JH, duty cyde ~ 2%. 

6. These parameters are measured with vo!t(lge-sensing confo(fS seporate from the current-carrying contacts. 

*Indicates JEDEC regi~tered datu 
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TYPES 2N5384, 2N5385 
P-N-P EPITAXIAL PLANAR SILICON POWER TRANSISTORS 

switching characteristics at 25°C case temperature 

PARAMETER TEST CONDITIONSt 
---------------

Turn-On Time le ~. -2 A, 111 = -150 mA, 18121 = 150 mA, 

t0 ff Turn-Off Time VBE/ofn = 2.8 V, RL = lsn, See Figure l 
·-------~--~ 

tVoltoge and current values shown are nominal; exact values vary slightly with transistor parameters. 

PARAMETER MEASUREMENT INFORMATION 

INPUT 

OUTPUT 

15 Q 

100 Q 

30 v 

TEST CIRCUIT 

0.7V~o% 
I INPUT 

-30 v - -1- 90% 
I I : I 

~UT PUT 

I 

VOLTAGE WAVEFORMS 

FIGURE l 

TYP UNIT 

160 
ns 

550 

NOTES: a. The input waveforrR is supplied by a generator with the following characteristics: tr ~ lS ns, If S: 15 ns, lout = 50 fl, IP = 5 µs, duty cycle :::;: 2%. 

b. Waveforms ore monitored on on oscilloscope with the following characteristics: tr _s; l5 ns, Rin ~ 10 MU, (in~ 11.S pf. 

c. Resistors must he noninduclive types. 

d. The d-c power supplies may require additional bypaning in order to minimize ringing. 
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TYeEs 2N5384, 2N5385 
P-N-P EPITAXIAL PLANAR SILICON POWER TRANSISTORS 
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MAXIMUM SAFE OPERATING REGION 

-20 Tc s loo•c 
-10 ~---~-~+-~ 

__ ...,....,_ 

-7 

...: -4 

I 

l 
t- D-C Operation 1'. i.... I'. 

-2 1-- . _:-.,.. u. 
tp= l ms, d=0.5 (50%)~~ r-1 

u -1 ~tp-0.3ms, d- 0.1 (10%) 
I! -0.7 

~ -0.4 

d 
I 

_u 
-0.2 

-0.02 

-o. l ~~~~!i~i~~~~ii~!I -0.07 

-o. 04 1----+----+---+--+-t--H ..... MAX Vceo r... 
J•• Note 7 +--+-Alkl-+i 

-1 -2 -4 -7 -10 -20 -40 -70 -100 
Vee - Collector-Emitter Voltage -V 

FIGURE 2 

NOTE 7: Operation above maximum YcEo is perminible if the hose is reverse-voltage-biased with respect to the emitter and the colledor-base~voltage 

roting is not exceeded. 

50 

THERMAL CHARACTERISTICS 

CASE TEMPERATURE 
DISSIPATION DERATING CURVE 

75 100 125 150 175 200 

Tc -Case Temperature-•c 

FIGURE 3 

2.5 

0 

FREE-AIR TEMPERATURE 
DISSIPATION DERATING CURVE 

f" 
~ 
~ 
~ 

"'\ 

N 

" ~ 
0 25 50 75 100 125 150 175 200 

T,.-Free-Alr Ternperoture-°C 

FIGURE 4 

TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
IH ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 



TYPE 2N5386 
P-N-P EPITAXIAL PLANAR SILICON POWER TRANSISTOR 

FOR POWER-AMPLIFIER AND HIGH-SPEED-SWITCHING APPLICATIONS 
DESIGNED FOR COMPLEMENTARY USE WITH 2N4301 

• SOW at 100°C Case Temperature 

• Max Vcusa11 of 0.6 V at 6 A le 

• Typ t •• of 230 ns at 6 A le 

• Min fr of 30 MHz at 10 V, 1 A 

*mechanical data 

THE COLLECTOR IS IN ELECTRICAL CONTACT WITH THE CASE 

AU DIMENSIQNS ARE IN INCHfS 

ALL JEDEC T0-61 DIMENSIONS 
AND NOTES ARE APPLICABLE 

CASE TEMPERATURE MEA­
SUREMENT POINT IS UN­
DERSIDE OF FLAT SURFACE 
WITH IN 0.125" FROM STUD 

*absolute maximum ratings at 25°C case temperature (unless otherwise noted) 

Collector-Base Voltage 

Collector-Emitter Voltage (See Note 1) 

Emitter-Base Voltage . 

Continuous Collector Current 

Peak Collector Current (See Note 2) 

Continuous Base Current . 

Continuous Emitter Current 

Safe Operating Region at (or below) 100°C Case Temperature 

Continuous Device Dissipation at (or below) 100°C Case Temperature (See Note 3) 

Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 4) 

Operating Collector Junction Temperature Range . 

Storage Temperature Range. 

Terminal Temperature Y,, Inch from Case for 10 Seconds . 

NOTES: 1. This value applies when the base-emitter diode is open-circuited. 

2. This value applies for Ip S: 0.3 ms, duty cycle :::; 10%. 

3. Derale linearly to 200°( case temperature at the rote of 0.5 W/deg. 

4. Derate linearly to 200°( flee-air temperature at the rate of 20 mW/deg. 

•indicates JEDEC registered data 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 5012 • CALLAS, TEXAS 75222 

-100 v 
-80 v 
-6 v 

-12 A 

-25 A 

-4A 

-13 A 

See Figure 2 

50W 

3.5W 

-65°C to 200°c 

-65°C to 200°C 

260°c 
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TYPE 2N5386 
P-N-P EPITAXIAL PLANAR SILICON POWER TRANSISTOR 

*electrical characteristics at 25°C case temperature (unless otherwise noted) 

PARAMETER TEST CONDITIONS MIN MAX UNIT 

V(BR)eEO Collector-Emitter Breakdown Voltage le= -30 mA, 1, = 0, See Note 5 -BO v 
·- ··---· . ·---- - ---

leeo Collector Cutoff Current Vee= -40 V, 1, = 0 -50 µA 

Yee = -90 V, v .. = 0 -10 
JeES Collector Cutoff Current µA 

Vee= -50 V, v .. = 0, Tc = 150°C -500 

V., = -4 V, le~ 0 -5 
l.,o Emitter Cutoff Current µA 

V., = -6 V, le= 0 -100 

Yee= -4 V, le= -6 A, See Notes 5 and 6 20 80 h., Static Forward Current Transfer Ratio 
Yee = -4 V, le= -12A, See Notes 5 and 6 10 

r------ -- -----·-·--
v .. Base-Emitter Voltage Yee= -4 V, le= -12A, See Notes 5 and 6 -1.5 v 

18 = -0.6 A, le= -6 A, See Notes 5 and 6 -0.6 
Vce1 .. 11 Collector-Emitter Saturation Voltage v 

18 = -2.4 A, le= -12A, See Notes 5 and 6 -1.4 

h,. Small-Signal Common-Emitter Vee =-10 V, le= -1 A, f = l kHz 20 
Forward Current Transfer Ratio 

lh1.I 
Small-Signal Common-Emitter Vce=-lOV, le= -1 A, f = 15 MHz 2 Forward Current Transfer Ratio 

NOTES: S. These parameters must be measured using pulse techniques. IP = 300 µs, duty cycle ::;; 2%. 

6. These parameters ore measured with voltage-sensing conlacts separate from the current-carrying contacts. 

*thermal characteristics 

PARAMETER MAX UNIT 

OJ-e Junction-to-Case Thermal Resistance 2 
-- deg/W 

OJ.A Junction-to-Free-Air Thermal Resistance 50 

*Indicates JEDEC registered data 
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TYPE 2N5386 
P-N-P EPITAXIAL PLANAR SILICON POWER TRANSISTOR 

switching chare1deristics Cit 25°C ce1se tempere1ture 

PARAMETER TEST CONDITIONSt TYP UNIT 

t.., Tum-On nme le= -6 A, IBf•I = -400 mA, 11121 = 400 mA, 230 
ns 

toff Tum-Off Time v,.1om = 3.6 v. Iii.= s.n. See Figure 1 750 

fYoltage and current values shown are nominal; exact valuu vary slightly with transistor Parameters. 

PARAMETER MEASUREMENT INFORMATION 

OUTPUT 

INPUT 

1000 

30 v 

TEST CIRCUIT 

VOLTAGE WAVEFORMS 

FIGURE 1 

NOTES: a. The input waveform is supplied by a generator with the following characteristics: t, ::; 1S ns, r, ~ 15 ns, lout = 1.S Hl, fp = S µs, duty cyde .:$: 2%. 

b. Waveforms are monitored on an osc:illoscope wilh the following characteristics: t, .::S: 15 ns, Rin ~ 10 M!'l, (in .::S: 11.5 pF. 
c. Resistors must be noninductive types. 
d. The d·c power supplies may require additional bypassing in order to minimize ringing. 
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TYPE 2N5386 
P-N-P EPITAXIAL PLANAR SILICON POWER TRANSISTOR 

16714 

MAXIMUM SAFE OPERATING REGION 

-40 

-20 

Tc ~ lOO"C 
~-- 1-- 1-·b l-·i-1 --"' F--

_ ___, 
-~,.. ' ' -10 

<( -7 
I 
1: -4 

" :: 
~ -2 v 

~ -1 ..!! 
0 -0.7 

:x 

D-C Operation ~ 
Ip = l ms, d = O.S (50%) 

z_ 

~ 
~ 

~ 
Ip= 0.3 ms, d = O. l (10%) - ' 

v 
I -0.4 

..!:! 
-0.2 

:Xi 
~ 

-0. l MAX Vceo I\ 
-0.07 See Note 7 

-0.04 
-1 -2 -4 -7 -10 -20 -40 -70 -100 

Vee -Collector-Emitter Voltage -V 

FIGURE 2 

NOTE 7: Operation above maximum VcEO is permissible if the base is reverse-voltage-biased with respect to the emitter and the colledor-base-voltage rating is not exceeded. 

3: 60 
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i5 so i 
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·~ c: 
0 20 u 
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THERMAL CHARACTERISTICS 

CASE TEMPERATURE 
DISSIPATION DERATING CURVE 

~ 
~ 

\ 
~ 

\ 
~ 

25 50 75 100 125 150 175 200 

Tc -Case Temperature - °C 

FIGURE 3 

3: 4 

I 
c 
0 

~ 
0.. 

·= 0 
" u ., 
" 0 

g 2 
c: 
~ 
0 

u 
E 
~ 

E 
·~ 
::< 
I 
~ 

0.. 0 

FREE-AIR TEMPERATURE 
DISSIPATION DERATING CURVE 

~ 
~ 
~ 
~ 
~ 
~ 
~ 

0 25 50 75 100 125 150 175 200 

TA -Free-Air Temperature-°C 

FIGURE 4 

TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 
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TYPES 2N5387, 2N5388, 2N5389 
N-P-N TRIPLE-DIFFUSED MESA SILICON POWER TRANSISTORS 

*mechanical data 

FOR POWER-AMPLIFIER APPLICATIONS 

• 200 V, 250 V, 300 V Rated Collector-Emitter Voltages 

• 100 Watts at 100°C Case Temperature 

• Typ t 0 • of 300 ns at .2 A le 

• Min fT of 15 MHz at 10 V, 1 A 

THE COLLECTOR IS IN ELECTRICAL CONTACT WITH THE CASE 

All JEDEC T0-61 DIMENSIONS 
AND NOTES ARE APPLICABLE 

CASE TEMPERATURE MEA­
SUREMENT POINT IS UN­
DERSIDE OF FLAT SURFACE 
WITHIN 0.125" FROM STUD 

*absolute maximum ratings at 25°C case temperature(unlessotherwise noted) 

2N5387 
200V 
200V 

2N5388 
250V 
250V 

2N5389 
300V 
300V 

Collector-Base Voltage 
Collector-Emitter Voltage (See Note l) 
Emitter-Base Voltage . 

---- 10 v ----
Continuous Collector Current . 
Peak Collector Current (See Note 2) 
Continuous Bose Current . 
Continuous Emitter Current 
Safe Operating Region at (or below) l00°C Case Temperature . 
Continuous Device Dissipation ot (or below) l00°C Case Temperature 

(See Note 3) . 
Continuous Device Dissipation ot (or below) 25°C Free-Air Temperature 

(See Note 4) . 
Operating Collector Junction Temperature Range . 
Storage Temperature Range . 
Terminal Temperature){, Inch from Case for 10 Seconds 

NOTES: 1. This value applies when the base-emitter diode is open-circuited. 

2. This valua applias for IP ::::; 0.3 ms, duty cyda ::::; 10%. 

3. Derate linearly lo 200°C case temperature at the rate of 1 W/deg. 

4. Derate linearly to 200°C fre•11ir temperature at the rale of 20 mW/deg. 

•indicates JEDEC roglstarod data 

----7.5 A----
...,_ ___ 10 A----+ 

+--- 3A 
+---SA 
+--See Figure 6~ 

-+----100 W----+-

-+----3.SW----+ 
~-65°C to 200°C~ 
~-65°C to 200°C~ 
-.----.260°C----o--

TEXAS)NSTRUMENTS 
INCORPORATED 

PDIT OPFIC• llOX l!IOU • CALLAS, TIXAS 71221 

1'715 
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TYPES 2N5387, 2N5388, 2N5389 
N-P-N TRIPLE-DIFFUSED MESA SILICON POWER TRANSISTORS 

*electrical characteristics at 25°C case temperature (unless otherwise noted) 

2N5387 2N5388 2N5389 
PARAMETER TEST CONDITIONS MIN MAX MIN MAX MIN MAX UNIT 

V1BRJCEO Collector-Emitter Breakdown Voltage le= 30 mA, Is= 0, See Note 5 200 250 300 v 
VcE = 180 V, Is = 0 30 

lcw Collector Cutoff Current VCE = 225 V, Is = 0 30 mA 

VcE = 270 V, Is = 0 30 

VcE = 180 V, VsE = 0 1 

YcE = 225 V, Vse = 0 1 

VcE = 270 V, Vse = 0 1 

le Es Collector Cutoff Current Ve, = 100 V, Vse = 0, Tc= 1S0°C 10 mA 

Ve,= 125 V, Vse = 0, Tc= 1so0 c 10 

Ve, = 150 V, V"' = 0, Tc= 1S0°C 10 
f-

v,. = 8 v, le= 0 0.1 0.1 0.1 
l,so Emitter Cutoff Current mA 

V,8 =10V, le= 0 1 1 1 

Ve,= 5 V, le= 2A, See Notes 5 and 6 25 100 25 100 25 100 

h., Static Forward Current Transfer Ratio VcE = 5 V, le= 5 A, See Notes 5 and 6 15 15 15 

Ve, = 5 V, le= 7 A, See Notes 5 and 6 5 5 5 

v .. Bose-Emitter Voltage Ve, = 5 V, le= 7A, See Notes 5 and 6 2.5 2.5 2.5 v 

VcE{sat) Collector-Emitter Saturation Voltage 
18 = 1 A, le= 5 A, See Notes 5 and 6 2 2 2 

v 
Is= 1.4A, le= 7A, See Noles 5 and 6 2.2 2.2 2.2 

h1. 
Small-Signal Common-Emiller 

Ve•= lOV, le = l A, I = 1 kHz 20 20 20 Forward Current Transfer Ratio 

lh1.I 
Small-Signal Common-Emitter 

Ve,'= 10 V, le= l A, I= 10 MHz 1.5 1.5 1.5 Forward Current Transfer Ratio 

NOTES: 5. These parameters must be measured using pulse techniques. IP = 300 µs, duty cyde ::::;; 23. 

6. These parameters are measured with voltage-sensing contacts separate from the rnrrent-corrying contacts. 

*thermal characteristics 

PARAMETER MAX UNIT 

lhc Junction-lo-Cose Thermal Resistance 1 
deg/W 

OJ.A Junction-lo-Free-Air Thermal Resistance 50 

*Indicates JEDEC registered data 

8, 
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TYPES 2N5387, 2N5388, 2N5389 
N-P-N TRIPLE-DIFFUSED MESA SILICON POWER TRANSISTORS 

switching characteristics at 25°C case temperature 

PARAMETER TEST CONDITIONSt TYP 

1--lon ___ Tu_r_n-_O_n_T_im_e ______ --<lc = 2 A, 18111 = 200 mA, le:21 = -200 mA, ,___0._3 __ , 
1011 Turn-Off Time v,Elof~ = -4.7 v, RL = 20 n, See Figure 1 1 

tYoltage and current values shown are nominal; exact values vary slightly with transistor parameters. 

PARAMETER MEASUREMENT INFORMATION 

.---~----0 OUTPUT 

INPUT 

82 Q 

TEST CIRCUIT 

+32 v - - ~~90% 
_)"10010 : \.__ INPUT 

-1.3 V I l 0% : 
_.,.ton~ ----t foff .,._ 

~! 10%r--
90%\j.____/ OUTPUT 

VOLTAGE WAVEFORMS 

FIGURE I 

NOTES: a. The input waveform is supplied by a generator with the following characteristics: tr S lS ns, If S 1S ns, Zout = SO 0, IP = 10 µs, 

duty cycle S 23. 

b. Waveforms are monitored on an oscilloscope with the following characteristics: tr S IS ns, Rin 2: 10 MQ, (in S 11.S pF. 

c. Resistors must be noninduttive types. 

d. The d-c power supplies may require additional bypassing in order to minimize ringing. 

UNIT 

p.S 

16717 
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TYPES 2N5387, 2N5388, 2N5389 
N-P-N TRIPLE-DIFFUSED MESA SILICON POWER TRANSISTORS 

TYPICAL CHARACTERISTICS 

STATIC FORWARD CURRENT TRANSFER RATIO 
vs 

COLLECTOR CURRENT 

0 L.L..l...._~ ...... ~'--L-L-'-'u..J.-'--~-'--'---'--'-.............. 
0.070.1 0.2 0.4 0.7 1 7 10 

BASE-EMITTER VOLTAGE 
vs 

CASE TEMPERATURE 

le - Collector Current - A 

FIGURE 2 

COLLECTOR-EMITTER SATURATION VOLT AGE 
vs 

CASE TEMPERATURE 

> 
I t----t---+--+--+---t-- See Notes 5 and 6 

21----t---+--+--+---t--+--+--t-----I y 
0.7 Pe -1.4 A, le = 7 A 
o. 4 f----l-....L-_..-"'f'-=-+--+-_..;--:;!;..-""'"1----1 

jf---~~11e~1~AE,~1~c~5~A~~~;::~::l...---1~~+--'":'.:~ 
0.2, 

le = o. 2 A, le= 2 A 

. 
~ 
~ 0.1 ~~~~~~~;f~~~!:::'.~~~~ 
~ 0.07 f---la=7mA, lc=70mA 
v 
I 

o.04t----t---+--+--+---+--+--+--t-----1 

~ 0. 02 f-----1---+--+--+---t--+--+--t----t 
w 

>u 
0.01 ~~-~~~~~~~~~~~~~~ 

-75 -50 -25 0 25 50 75 100 125 150 
Tc - Case Temperature - °C 

FIGURE 4 

NOTES: 5. These parameters must be measured using pulse techniques. IP = 300 µs, duty cycle ::::; 23. 

6. These parameters are measured with voltage-sensing contads separate from the current-carrying contacts. 

869 
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TYPES 2N5387, 2N5388, 2N5389 
N-P-N TRIPLE-DIFFUSED MESA SILICON POWER TRANSISTORS 

<( 

I 
c 
~ 
I: 
~ 
u 

.2 
v 

..!! 
0 
u 

TYPICAL CHARACTERISTICS 

COMMON-BASE OPEN-CIRCUIT 
OUTPUT CAPACITANCE 

COLLECTOR-BASE VOLTAGE 

500 1---t--+-+-++++H----i-t-i--+-t-H~ 

~400~ 
~c N"" - 0 Tc= 25•c i 300 1---t--+--l"o,n-"+++H----i-t-i--+-t-H~ 

() ~ 
I ·~ ~200 ~ 

u ['..,. 

1. = 0 

f = 1 MHz 

1001---t--+-+-++++H----i-t-i--+-t-H~ 

4 7 10 20 40 70 100 
Vcs -Collector-Base Voltage - V 

FIGURES • 

MAXIMUM SAFE OPERATING REGION 

20 
Tc " 100°c 

10 

:::'Iii: 
4 

I 

~ 

~ !IA 

t D-C Operation~ ]'I\ .. \ 

0.7 Ip= 1 ms, d = 0.5 (50%) 

0.4 Ip = 0.3 ms, d = 0. 1 (10%)- ~~ 

0. 2 

0.1 

l ~u 
I 
_u 0.07 

2N5387 

0.04 
2N5388 ::'ii; 

0.02 
2N5389 ..... 

ll ........, 
0.01 

I 4 7 10 20 40 70 100 200 400 1000 
Yee - Collector-Emitter Vol toge -V 

FIGURE 6 
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TYPES 2N5387 I 2N5388, 2N5389 
N-P-N TRIPLE-DIFFUSED MESA SILICON POWER TRANSISTORS 

THERMAL INFORMATION 

DISSIPATION DERATING CURVE 
120 

~ 

I 
c 
-~ 100 
0 
"" 
~ 

80 . 
u 

~ 
3 
0 

60 , 
.S 
1: 
0 

u 40 
E , 
E 
·~ 
~ 20 
I 

,J:;-

0 75 100 125 150 175 
Tc - Cas~ Temperature - °C 

FIGURE 7 

SYMBOL DEFINITION 

SYMBOL DEFINITION 

p!l!!I_ Average Power Dissipation 

Pr(ma!I_ Peak Power Dissipation 

fh,. Junction-to-Free-Air Thermal Resistance 

(JJ-c; Junction-to-Case Thermal Resistance 

8c;.,. Case-to-Free·Air Thermal Resistance 

(IC-HS Case-to-Heat-Sink Thermal Resistance 

(IHS-A Heat-Sink-to-Free-Air Thennal Resistance 

T,. Free-Air Temperature 

Tc; Case Temperature 

~ Average Junction Temperature 

T:!l_ma_!I_ Peak Junction Temperature 

K Peak-Power Coefficient 

i Pulse Width 

'· Pulse Period 

d Duty-Cycle Ralio l!i/t,) 

Example - Find P11.,.,1 (design lil!lit) 
OPERATING CONDITIONS, 

VALUE. 

so 
1 

49 

~ 2GO 

~ 2GO 

See Figure 8 

8c-HS + IJHS-A = 4 dog/W (From inlonnatian supplied 
with hoot sink.) 

16720 

T J(••I (design limit) = 2Go0 c 
TA = so•c 
d = 10% (0.1) 

IP= 0.1 ms 

200 

UNIT 

w 
w 

dog/W 

dog/W 

deg/W 

deg/W 

deg/W 

•c 
•c 
•c 
•c 

ms 

"'' 

PEAK-POWER COEFFICIENT CURVE 

0.4 

~ ·;; 
~ 0.2 

J 
~ 
~ 0.1 .z 
I 

1 
I o.04 

"" Ip = Pulse width in ms 
0.02 d =Duty-cycle ratio 

T ::: Thermal time constant =· 8 ms 

0.01 ..l..llW. .l ..1.1.llilll ..1 .l 
0. l 0.2 0.4 l 2 4 7 10 20 

Ip -Pulse Width -ms 

FIGURE 8 

Equation No. 1 - Appli<allon: d-< power dissipation, 
heat sink used. 

40 

P = TJl•vJ -TA for 1oo•c ~ le ~ 20o•c 
Tlovl 8 J-c; + 8c-Hs + 8HS-A os in Figure 7 

Equation Na. 2 - Application: d-< power dissipatl~n. 
no heat sink used. 

Equation No. 3 - Application: Peak power dissipation, 
heat sink usad. 

Equation Ho. 4 - Application: Peak power dlssipdian, 
no heat sink used. 

Solution: 
Fram Figure 8, Peak·Power Coefficient 

K = 0.105 and by use of equation No. 3 

- 1J, ... ,,-T,. 
Pr(moxl - d (8c;-Hs + 8Hs-Al + K 8J-c 

200-50 
PT(maxJ = 0.1 (4) + 0.105 (1) = 296 W 

TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CllANGES AT ANY TIME 
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST l'IODUCT POSSlllE. 

100 
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TYPES 2N456A, 2N457A, 2N458A, 2N1021AND2N1022 
P-N-P ALLOY-JUNCTION GERMANIUM POWER TRANSISTORS 

mechanical data 

CHOICE OF 40v, 60v, 80v, 100v, or 120v DEVICES 
LOW lco HIGH BETA LOW Res 

LOW THERMAL RESISTANCE 
150 WATTS DISSIPATION 

Designed specifically for High-Voltage Power Converters, High-Voltage 
Amplifiers and Switching Circuits. Featuring Low Distortion, 

Low Saturation Resistance and Fast Switching Times 

The use of silver alloy to assemble the mounting base and the use of resistance welding to seal the can, 
provide a hermetically sealed enclosure. During the assembly process the absence of flux, combined 
with extreme cleanliness, prevents sealed-in contamination. 
The mounting base provides an excellent heat path from the collector junction to a neat sink which 
must be in intimate contact to permit operation at maximum rated dissipation. 

The transistors are in a JEDEC T0-3 case. 

0.450 MAX --i 10.312 MIN 

0.350 t l JSj EMITTER 

~00.S25 ·:MAX l.OSO MAX
0

.
2
;f;IN Ffµ~:.:~:=-

~ ~wr 0.205 0.440 

0.188 RAD M~A~X----- I L 0.4 20 

BOTH ENDS 0.135 MAX -i I 
BASE SEAT 

THE COLLECTOR IS IN ELECTRICAL CONTACT WITH THE CASE 

tThe Tl guaranteed maximum value. DIMENSIONS ARE IN INCHES 

absolute maximum ratings at 25°C case temperature (unless otherwise noted) 

2N456A 2N457A ~ !fil.!!ll 2Nl022 

-120 v Collector-Base Voltage 
Collector-Emitter Voltage (see Nate 1) 
Emitter-Base Voltage 
Collector Current . 
Base Current 
Total Device Dissipation at (or below) 

25°C Case Temperature (see Note 2) 
Collector Junction Temperature 
Storage Temperoture Range 

NOTES: 1. This value applies when lhe base-emitter diode ls open drcuited. 
2. Berate linearly to + 100°c case temperature at the rate of 2w/OC. 

-40 v -60 v -80 v -100 v 
-30 v -40 v -45 v -50 v -55 v 

-30 v -------

-------- -7 a--------
-------- -3 a--------~ 

--------150 w-------• 
--------100°c-------4~ 

----- -55°C to + 100°c -----

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 5012 • DALLAS, TEXAS 75222 

17101 
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TYPES 2N456A, 2N457 A, 2N458A, 2N1021 AND 2N1022 
P-N-P AllOY-JUNOION GERMANIUM POWER TRANSISTORS 

electrical characteristics at 25°C case temperature (unless otherwise noted) 

PARAMETER TYPE TEST CONDITIONS MIN 

Yea = -40 v IE = o, 2s•c 
2N456A Yea= -20v IE = o, 2s•c 

Ye1 = -40 v IE = 0,71°c 
Ye,= -60v 1. = o, 2s 0 c 

2N457A Yea= -30v IE = o, 2s•c 
Yea= -60v IE = 0, 71°C 
Ye1 = -80v 1. = o, 2s•c 

lcao Collector Reverse Current 2N4S8A Yea= -40v 1. = o, zs•c 
Ye1 =-80v 1. = o, 11°c 
Yea = -lOOv 1. = o, 2s•c 

2N1021 Yea = -SOv IE = o, 2s•c 
Vea = -lOOv le = 0,71°( 
Yea =-120v le = o, 2s•c 

2N1022 Yea= -60v le = o, 25•c 
Yea =-120v 1. = o,71°c 

leao Emitter Reverse Current All Yea =-lOv le =O 

2N4S6A le =-2ma le =O -40 
2N457A le =-2mo 1. =O -60 

BYcao Collector-Bose Breakdown Voltage 2N45BA le =-2mo 1. =O -80 
2N1021 le =-2mo 1. =O -100 
2N1022 le =-2ma '· =O -120 

2N456A le = -SOOma la =O -30 
2N457A le = -500mo la =O -40 

BYeeo Collector-Emitter Breakdown Voltage 2N4S8A le = -SOOmo la =O -4S 
2N1021 le = -SOOma la =O -50 
2N1022 le = -SOOmo 1, =O -SS 

2N456A le = -200ma RBE = 330 
2N457A le = -200mo RBE = 330 

BYe•• Collector-Emitter Breakdown Voltage 2N458A le = -200mo RBE = 330 
2Nl021 le = -200mo R .. = 330 
2N1022 le = -200mo RBE = 330 

2N456A le = -200mo v .. =O -50 
2N4S7A le = -200mo v .. -0 -60 

BYees Collector-Emitter Breakdown Voltage 2N458A le = -200ma v .. = 0 -6S 
2Nl021 le = -200mo YaE = 0 -70 
2Nl022 le = -200ma v .. = 0 -7S 

BYEBo Emitter-Base Breakdown Voltage All le =-2mo le =O -30 

YeE = -1.5 Y le =-lo 22 

h •• DC Forward Current Transfer Ratio All Ve• = -1.5 v le =-Sa 3.0 
Ye• = -1.S v le =-3o 3S 
Ve• - -1.S v le --lo 4if 

17102 

TYP MAX UNIT 

-1.0 -2.0 ma 
-0.2 -0.S ma 
-6.0 -10.0 ma 
-1.0 -2.0 ma 
-0.2 -0.5 mo 
-6.0 -10.0 ·ma 
-1.0 -2.0 mo 
-0.2 -0.S mo 
--6.0 -10.0 ma 
-1.0 -2.0 ma 
-0.2 -0.S ma 
-6.0 -10.0 ma 
-1.0 -2.0 ma 
-0.2 -0.5 ma 
-6.0 -10.0 ma 

-0.2 ma 

v 
v 
v 
v 
v 

-40 v 
-50 y 

-SS v 
-60 v 
-60 v 

-so y 

-60 v 
-67 v 
-73 v 
-78 v 

--60 v 
-70 y 

-78 y 

-8S v 
-90 y 

v 

47 
60 90 
82 
120 

869 
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TYPES 2N456A, 2N457A, 2N458A, 2N1021 AND2N1022 
P-N-P ALLOY-JUNCTION GERMANIUM POWER TRANSISTORS 

electrical characteristics at 25°C case temperature 

PARAMETER TYPE TEST CONDITIONS MIN TYP MAX UNIT 

Ye•= -1.5 v le =-7o -1.2 v 

Yee= -1.5 v le =-So -0.9 -1.5 v 
VBE Bose-Emitter Voltage All 

-0.6 Yee= -1.S v le =-3o v 

Yee= -1.Sv le = -10 -0.35 v 

'· = -700mo le =-7o -0.3 v 

1. = -SOOmo le =-So -0.2 -0.5 v 
Yee1 .. t1 Collector-Emitter Saturation Voltage All 

= -300mo le =-3o -0.1 le v 

1. = -100mo le =-lo -.05 v 

Yee= -1.Sv le =-7o S.7 mhos 

DC Common-Emitter Forward Transfer Vee= -1.Sv le =-So 3.3 5.5 mhos Y•• All Admittance Yee= -1.Sv le =-3a 4.8 mhos 

Yee= -1.5 Y le =-Jo 3.0 mhos 

Vee= -1.5 v le =-7a 8 ohms 

Yee= -1.Sv le =-Sa 11 28 ohms 
h1e DC Common-Emitter Input Impedance All 

Yee= -1.Sv le =-3o 16 ohms 

Yee= -1.Sv le =-la 42 ohms 

fy Internal Cutoff Frequency All Vee= -2 v 
(where I h1• I = 1) 

le =-Jo A30 kc 

TYPICAL COMMON-EMITIER BREAKDOWN VOLTAGE CHARACTERISTICS 

i 1J]JJ 
w -120 l---+-t-tt-ttttt-:::::l:~+tttttt---i-;:::t:1i;;t;t'1t-~li-itttm-~i---i-itttt11 ~ i-- 2N1021 

~ +'. .- JJII g -100 ~ r- 2N458A 
Z 2N457A' ~ ~ BVeex 
~ r-- J 'j" Ll I)/ 

~ ~=~ ~ ~4~A 
~ ~J::::'..r N- it-
al 2N1022...../ f J/ 7' ~ tl!f::::::tt~~=t::t::t:l:tm 

2N102f7 X ,,Y V 
~N4ss~_, ,v V1 

.:.: -40 w 
~ 
~ 

-2,0 w 
J 
0 
I-

0 u 
~ 1 ..... 

2N457Al../'lJV I J 11111 

2N456A 

LBVeER 

100 lOOK 10 lK lOK 
0 u RBE - BASE-EMITIER RESISTANCE - ohms 

O.Ql 0.1 1.0 10 
V 1e - REVERSE BASE-EMITTER VOLTAGE - v 

17103 
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TYPES 2N456A, 2N457 A, 2N458A, 2N1021 AND 2N1022 
P-N-P ALLOY. JUNCTION GERMANIUM POWER TRANSISTORS 

17104 

TYPICAL CHARACTERISTICS 

COLLECTOR REVERSE-CURRENT 
CHARACTERISTICS 

Vc1 -COLLECTOR-IASE VOLTAGE-v 

COMMON-EMlnER DC FORWARD CURRENT 
TRANSFER RATIO, DC INPUT RESISTANCE,AND 

DC FORWARD TRANSFER ADMlnANCE 
VS COLLECTOR CURRENT 

''° c::;::,,...,...."""':rirrmr---.-rr.-rn 2ao 
l"'-j-.. 

BO 

40 

- 0.1 - o.3 -o.s - 1.0 - 3.0 -5.0 -7.0 

le - COLLECTOR CURRENT - a 

GUARANTEED COMMON-EMlnER DC 
FORWARD-CURRENT TRANSFER RATIO VS 

COLLECTOR CURRENT 

100 
GUARANTEED MAX hR 

80 

Vc1 = -1.S v 
60 

GUAflANTEeo MIN ~ .. 

~ 1--h 20 

_, -3 -5 -7 
le - COLLECTOR CURRENT - o 

DISSIPATION DERATING 

POWER DISSIPATION DERATING CURVE 
180 

160 

N Maximum Thermal Resistance = 0 .5°C/w 
' 140 c 
0 

"g_120 N 
g 100 
~ 
u 

~ 80 

0 60 
~ 

I 40 

~ 

l'J 
~ G" 

~ 
r":: 

1"' 20 

0 1"' 
25 30 40 50 60 70 80 90 100 

Te - Mounting-Bose Temperature - °C 

TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 

BE 



TYPES 2N1038, 2N1039, 2N1040, 2N1041 • 2N2S52, 2N2S53, 
2N2S54, 2N2SSS • 2N2556, 2N2SS7, 2N25S8, 2N2559 

P-N-P ALLOY-JUNCTION GERMANIUM MEDIUM-POWER TRANSISTORS 

40-, 60·, 80-, or 100-VOLT UNITS Guaranteed leEx at 85°( 
LOW res • LOW leao • LOW Vu 

for 

20 WATTS AT 25"( CASE TEMPERATURE 
Choice of T0-5, Stud, or Hex Package 

Guaranteed Beta at 1 amp and SO ma le RELAY DRIVERS • PULSE AMPLIFIERS 
SERVO AMPLIFIERS • AUDIO AMPLIFIERS 

mechanical data 

The transistors are in hermetically sealed, resistance-welded cases with glass-to-metal seals between case 
and leads. These devices are available in (1) a round T0-5 package weighing approximately 2.4 
grams (2Nl038 series), (2) a stud heat-sink package which weighs approximately 5.4 grams (2N2552 
series) and (3) a hexagonal flanged-nut heat-sink package which weighs approximately 8.6 grams 
(2N2556 series). Mounting hardware available is shown on page 8. 

•THE COLLECTOR IS IN ELECTRICAL CONTACT WITH THE CASE 

'''°Tl- O.WO 3. COLLECTOR 
0.370 0.025 NOM. T.P. 

o.•w ~'·""' 
i.ma°'· . 1 0.025 ;t:; 0.003 DIA « a ..----- 3 LfAOS , • 45• REF. 

0.340 0.100 T.P. _l_ 
0310 • ,, • 

__.______ 0.1:15 TAI ' 

11-----c~:: ~ ~=Ml~~~ ~0.100T.P. 1. EMITTH 
-ajf--o.030 ;t:;o.oos 

* OUTUNE - 2N1038 SERIES 

NO. 10-32 
UNf-2A 

* OUTLINE - 2N2SS2 SERIES 

*OU TUNE - 2N2556 SERIES 

I TEMPERATURE MEA~UREMENT POINT 0.060 
NOMINAL FROM SEAT OF HEAT SINK. 

2 HMPfltATURE MEASUREMENT POINT 0.160 
NOMINAl FROM CENTER Of HEAT SINK 

J THREAD RELIEF IS IJ.090 MAX. llY 0.430 DIA 
NOMINAL. 

*Indicates JEDEC Registered Dola. 

~: ~:~l~~~~o: ~~TT~~~;:,~~. RELATION TO 
S. :;~C~l1:NSIONS ARE IN INCHES UNlU5 OTHERWISE 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 5012 • DALLAS, TEXAS 75222 

17201 
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TYPES 2N1038, 2N1039, 2N1040, 2N1041 • 2N2552, 2N2553, 
2N2554, 2N2555 • 2N2556, 2N2557 I 2N2558, 2N2559 
P-N-P ALLOY-JUNCTION GERMANIUM MEDIUM-POWER TRANSISTORS 

*absolute maximum ratings at 25°C case temperature (unless otherwise noted) 

Collector-Base Voltage . 
Collector-Emitter Voltage (see Note 1) 
Emitter-Base Voltage 
Collector Current 
Base Current • 
Total Device Dissipation at (or below) 25°C 

Case Temperature (see Note 2) 
Operating Case Temperature Range 
Storage Temperature Range . 

NOTES: 1. This value applies when base-emitter voltage V BE = + 0.2 v. 

2. Derate linearly to + 100°C case temperature at the rate of 267 mw/C 0 • 

2N1038 
2N2552 
2N2556 

40 v 
40 v 

2N1039 
2N2553 
2N2557 

60 v 
60 v 

20 v 

3 a 
1 a 

20 w 

2N1040 
2N2554 
2N2558 

80 v 
80 v 

- 55°C to + 100°C 
- 55°C to + 100°C 

electrical characteristics at 25°C case temperature (unless otherwise noted) 

PARAMETER TEST CONDITIONS TYPE MIN TYP MAX 

2Nl038 
2N2552 -40 
2N2556 

2N103? 

Collector-Base 
2N2SS3 -60 
2N2557 

BYcso Breakdown le = - 650µ.a, le = o 
Voltage 2N1040 

2N2554 -80 
2N2558 

2Nl041 
2N2555 -100 
2N255? 

2Nl038 
2N2SS2 -30 
2N2SS6 

2Nl03? 

Collector-Emitter 
2N2SS3 -40 

*BYceo Breakdown le = -100 mo, 18 = O 
2N2SS7 

Voltage 2N1040 
2N2554 -SO 
2N2SS8 

2Nl041 
2N2SSS -60 
2N2SS? 

•Indicates JEDEC Registered Dato. 

17202 

2N1041 
2N2555 
2N2559 

100 v 
100 v 

UNIT 

y 

y 

268 
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TYPES 2N1038, 2N1039, 2N1040, 2N1041 • 2N2552, 2N2553, 
2N2554, 2N2555 • 2N2556, 2N2557, 2N2558, 2N2559 

P-N-P ALLOY -JUNCTION GERMANIUM MEDIUM-POWER TRANSISTORS 

electrical characteristics at 25°C case temperature (unless otherwise noted) 

PARAMETER TEST CONDITIONS TYPE MIN TYP MAX UNIT 
1---------------------+----------------+- ---+---+---+-----+-----! 

*1ceo 

"'lcex 

Collector 
Cutoff 
Current 

Collector 
Cutoff 
Curren I 

Collector 
Cutoff 
Current 

Collector 
Cutoff 
Current 

Emitter Cutoff Current 

"'Indicates JEDEC Registerea Doto. 

Yea = - 20 v, IE== o 

Y CB = - 30 Y, IE = 0 

2NI038 
2N2SS2 
2N2SS6 

2NI039 
2N2SS3 
2N2SS7 

r------- --- --------;------

Yca-=---40v, IE=O 

2NI040 
2N2SS4 
2N2SS8 

t-----------------j--------

Yee = - so v, IE = 0 

YcE = - lS v, le = 0 

YeE = - 20 '• 18 = 0 

Ye, = - 2s '· 18 = o 

YeE = - JO,, 18 = o 

YeE = - 40 '· Y., = + 0.2 , 

2Nl041 
2N2SSS 
2N2SS9 

2NI038 
2N2lS2 
2N2lS6 

2NI039 
2N2lS3 
2N2lS7 

2Nl040 
2N2SS4 
2N2ll8 

2NI041 
2N2lSS 
2N2ll9 

2N1_038 
2N2SS2 
2N2ll6 

2NI039 

YeE = -60 v, YBE = + 0.2 v 2N2ll3 
2N2ll7 

2N1040 

Ye, = - so '· Y., = + 0.2, 2N2ll4 
2N2ll8 

2NI041 

YeE = - 100 '· YBE = + 0.2 , 2N2lll 
2N2Sl9 

2NI038 
YeE = - 20 v, YBE = + 0.2 , 2N2SS2 

Tc == + Bl°C 2N2Sl6 

VCE ::::: - 30 v, VBE :::::::. + 0.2 v 
Tc = + 8l°C 

2NI039 
2N2SS3 
2N2lS7 

2NI040 

VeE = - 40 '· Y., = + 0.2 v 2N2Sl4 
Tc = + 8l°C 2N2ll8 

2N1041 
YeE = - SO v, YBE = + 0.2 v 2N2lll 

r c = + ss 0 c 2N2s11 

v,, = - 20 v, le = o All 

-12l µa 

-25 

-20 

ma 

-20 

-20 

-6l0 µa 

-S ma 

-650 µa 
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TYPES 2N1038, 2N1039, 2N1040, 2N1041 • 2N2552, 2N2553, 
2N2554, 2N2555 • 2N2556, 2N2557, 2N2558, 2N2559 
P-N-P ALLOY-JUNCTION GERMANIUM MEDIUM-POWER TRANSISTORS 

electrical characteristics at 25°C case temperature (unless otherwise noted) 

______ P_A_R_A_M __ E_T_E_R ______ i=:iEST CONDITl __ o __ N_s _____ +-_T_Y_P_E_-t-_M_l_N __ -t-_T_Y_P--j __ M_AX_~i--u_N_IT---: 

17204 

Static Common Emitter 
Input Impedance 

Static Forward 
Current Tromfer Rotio 

Yee = - o.s v, le = -1 a 
{see Note 3) 

Yee =-0.Sv, le= -1 a 
(see Note 3) 

All 60 ohm 

All 20 60 

33 Yee= -0.5 v, le= -SO mo 
f-------------------+----~ -------t-----j,--------+---t-----j-----j 

All 200 

YFE 

*h 

" 

Static Forward 

Current Trall'ifer Ratio 

Static Common-Emitter 

Forward Transfer Admitt<rnce 

Base-Emitter Voltage 

Bose-Emitter Voltage 

(ollector-Emitler 

Saturation Voltage 

Small-Signal Common-Emitter 
Forward Current Tran sf er Ratio 

Small-Signal Common-Emitter 
Forward Curren! Transfer Ratio 

Common-Bose Open-Circuit 
Output Capacitance 

Yee = -o.s v, le= -1 a 
Tc = - 55°C (See Note 3) 

Yee = -0.5 v, le = -1 a 
Tc = + B5°c 

Yce=-0.Sv, lc=-la 
{see Note 3) 

Ve• = - 0-5 v, le = -1 a 
(see Note 3) 

Yee= -o.s v, le= -SO ma 

18 = - 100 mo, le ::-:= - 1 a 
(see Note 3) 

VcE=-l.Sv, lc=-0.Sa 
f = 1 kc 

Ve, = -1.S v, le = - 0.5 o 
f = 112.S kt 

Vee = - 6 v, 1, = o 
f = 135 kc 

All 

All 

All 

All 

All 

All 

All 

All 

All 

NOTES: 3. Measurements ore made with voltage sensing contacts localed 0.25 inches from header of transistor. 
Voltage sensing contacts ore separate from current carrying contacts. 

*Indicates JEDEC Registered Data. 

switching characteristics at 25°C case temperature 

PARAMETER TEST CONDITIONSt 

Id Delay Time le= -lo 

t, Rise Time VBE(offl = J.4v 

'· Storage Time RL=29l1 

,, Fall Time (See circuit on Page 8) 

'r Total Switching Time 

tVoltage and current values ore nominml; exact values vary slightly with device parameters. 

1S 60 

20 75 

1.0 mho 

-1.0 

-0.35 

-0.25 

18 72 

2.0 

100 pf 

-·-
TYPICAL UNIT 

0.18 µsec 

0.47 µsec 

0.59 µsec 

1.21 µsec 

2-45 µsec 
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TYPES 2N1038, 2N1039, 2N1040, 2N1041 • 2N2552, 2N2553, 
2N2554, 2N2555 • 2N2556, 2N2557, 2N2558, 2N2559 

P-N.-P ALLOY-JUNCTION GERMANIUM MEDIUM-POWER TRANSISTORS 
TYPICAL CHARACTERISTICS 

COMMON-EMITTER COLLECTOR 
CHARACTERISTICS 

(Low-Voltage Region) 

COMMON-EMITTER COLLECTOR 
CHARACTERISTICS 

(High-Voltage Region) 
-3 .-----.-----r---~--~-~ 

0 
0 

-1.0 

0 

I -o.5 

.e 
u 

..!! 

8 
I 

-0.1 
0 

Tc= 25°C 

18 =-lOma 

18 = -5 ma 

18 =O 

-0.2 -0.4 -0.6 -0.8 -1.0 
Ve, - Collector-Emitter Voltage -v 

COMMON-EMITTER TRANSFER 
CHARACTERISTICS 

t 
L 

f 
iJ 

L 
I 

Tc = 25°C 7 Ve,= -0.5v 

1 
-0.2 -0.4 

V., - Base-Emitter Voltage -v 

-0.6 

I,= -5 ma 

18 =O 
0 L...~--='========:l:::::=====:!::====:::::I 

0 -10 -20 -30 -40 
Ve, - Collector-Emitter Voltage -v 

STATIC FORWARD CURRENT TRANSFER RATIO 
vs 

COLLECTOR CURRENT 

a 50 ,_...., 

j ~ 
~ NN 
]401---+-+--f-!-+-IH++--+--+-+--1-+-llol-l-l---+-I 

~ 
a ~~ 1? 1 .. 
o Minimum hFE 

! 30 t---+--t--r-r-HH"tt--t--t-+-t-t++++-~ ..e 

j \ 
I 

VCE = -0.5v 
Tc = 25°C 

20'----'-l--1.l~lL.L.L..U.L.l--_L-J......L~M~in~imu~A~:hk,~~';.J......J 
-0.01 "0.05 -0.1 -0.5 -1.0 -3.0 

le - Collector Current - a 
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TYPES 2N1038, 2N1039, 2N1040, 2N1041 • 2N2552, 2N2553, 
2N2554, 2N2555 • 2N2556, 2N2557, 2N2558, 2N2559 
P-N-P ALLOY-JUNCTION GERMANIUM MEDIUM-POWER TRANSISTORS 

100 

0 ;s 70 

J! 
j so 

1 
a 

TYPICAL CHARACTERISTICS 

STATIC FORWARD CURRENT TRANSFER RATIO 
vs 

CASE TEMPERATURE 

I 

_.Maximum h,. 

-

-
-1.00 

I -0.75 

t 
~ 

BASE-EMITTER VOLTAGE 
vs 

CASE TEMPERATURE 

- ...,.___ 
"-

J 30 Vee = -0.5v, le= -1.0a 

£ -0.50 ·e 

l 
r'-..... t'-.... Ve, = -0.5v, le= -1.0a r-.... 

~ 20 
~ 

I l 

I 

10 
-75 -50 -25 0 25 50 75 100 

Tc -Case Temperature - °C 

COLLECTOR-EMITTER SATURATION VOLTAGE 
vs 

CASE TEMPERATURE 
-0.20 

> 

I 
u 

1 
~ -0.15 

" 0 
:;::: 
e z 
" "' 
.!! -0.10 
~ 
w 
l. 

10 = -0.la, le= -1.0 a 

~ 
..!! 
0 -0.05 u 
I 
1 

:} 
0 

-75 -55 -25 0 25 50 75 100 

Tc -Case Temperature - °C 

17206 

I 
.j -0.25 

a 
E 

I 
1: 
~ 
:> 
u 
::: 
0 

0 

-100 

-50 

-10 

-5 

-1 

'5 -0.5 
u 
.e 
u 
u 
~ -0.1 
u 

-0.05 

-0.01 

-75 -50 -25 0 25 50 

Tc - Case Temperature -- °C 

COLLECTOR CUTOFF CURRENT 
vs 

BASE-EMITTER RESISTANCE 
and 

BASE-EMITTER VOLTAGE 

Ve, - -T5"v 

"'" 
i,....-

~· \c..t." 

TT 
R_ Tc =+55°C 

lcu: vs v., ::::;;'l 
T ~ 

\ "~~ ct• 

Tc 25°C 
IC-t.r "' 
TITI 1' V., 
JIIII 

10 50 100 500 1 k 
R1E - Bose-Emitter Resistance -ohm 

+0.01 +0.05 +0.1 +0.5 +1.0 
V8e - Base .. Emitter Voltage - v 

75 100 

5k lOk 

26 



TYPES 2N1038, 2N1039 I 2N1040, 2N1041 • 2N2552, 2N2553, 
2N2554, 2N2555 • 2N2556, 2N2557, 2N2558, 2N2559 

P-N-P ALLOY -JUNCTION GERMANIUM MEDIUM-POWER TRANSISTORS 
TYPICAL CHARACTERISTICS 

COLLECTOR CUTOFF CURRENT 
vs 

COLLECTOR-EMITTER VOLTAGE 

SMALL-SIGNAL COMMON-EMITTER 
FORWARD CURRENT TRANSFER RATIO 

vs 
COLLECTOR CURRENT 

-10.0 §===:::3~~§~~§~~§~~§ 
~ v,. - +0.2 v --+----+----+----l 

-5. 0 t-----11------t-----t----+--~""'.,..9 

-0.05 

-0.03 
(2N1038) 0 
(2N1039) 0 
(2N1040) 0 
(2N1041) O 

~ 

I 

..-1 ± 
-8 -16 -24 -32 - 40 

j 50 "" I 
~ 401----1--+--+--++H-H----~+hi..""""""1--~-1-+++l 
! 1' 
~ 301----1--+--+--++H-H----+--ll--l-'~'l.1"1-l-+++l 
£ l'I 

] ~ 
~ 20 ~ 8 r----t--+--+-++t-+-H---+--1-t-+-+++-H 

0 Vc,=-1.5v 
c f =lkc 

~",_::Tl -0.05 -0. 1 -0.5 -1.0 
-12 -24 -36 -48 - 60 

..c 
le - Collector Current - a 

-16 -32 -48 -64 - 80 
-20 -40 -60 -80 -100 
VcE - Collector-Emitter Voltage - v 

THERMAL CHARACTERISTICS -

CASE TEMPERATURE FREE-AIR TEMPERATURE 
DISSIPATiON DERATING CURVE DISSIPATION DERATING CURVES 

'.2 
Enclosed In 1 Cubic Foot 

~ 

I 1.0 

~ 15t------+--------+----+-----i 
c 
.~ 

l -~ 
i5 

" u 

-~ 101------+----+--T---t-------i 
0 

25 50 75 100 
Tc - Case Temperature - °C 

5 
0.8 

" u 
·; 
,3 0.6 

2 
,£ 
E 0.4 ~ 
E ·x 
c 
::; 
I 0.2 

0:-

0 
0 25 50 75 100 

TA - Free-Air Temperature - °C 
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TYPES 2N1038, 2N1039, 2N1040, 2N1041 • 2N2552, 2N2553, 
2N2554, 2N2555 • 2N2556, 2N2557, 2N2558, 2N2559 
P-N-P ALLOY-JUNCTION GERMANIUM MEDIUM-POWER TRANSISTORS 

17208 

PARAMETER MEASUREMENT INFORMATION 

SWITCHING TEST CIRCUIT 
0.15 pf 

INPUT 

290 

+29.6v -29 .2 v 

NOTES: o. The inpul waveform has the following characteristics: Ir S 10 nsec, If ::::; 10 nsec, PW = 1.6 msec, Duty Cycle = 10%. 

b. Waveforms are monitored on on oscilloscope with the following characteristics: tr::; 14 nsec, Rin? 10 Mn , (in S 11.S pf. 

c. Resistors must be non-inductive types. 

0.07 :0.01 .., ' t 
0.03 "'0.01 111 • 

J. 

NOTE 

0.500:!:0.015 

0.093 :!: 0 010 

UNDERCUT 
1° NOMINAL 

THE ORIENTATION OF 
THE LEADS IN RELATION 
10 THE HEX FLATS 
IS NOT CONTROLLED 

MOUNTING HARDWARE INFORMATION 

2N2SS2 SERIES 

ELECTRICAL ISOLATION WASHERS 
OUTSIDE DIA. 0.89 :t: 0.01 
INSIDE DIA. 0.51 :±: 0.01 

IF ISOLATION WASHERS ARE USED THE CHASSIS HOLE SHOULD BE 37 /64 DIA 
IF ISOLATION WASHERS ARE NOT USED THE CHASSIS HOLE SHOULD BE 1 /2 DIA 

2N2SS6 SERIES 

TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 



2N1539 
P-N-P ALLOY -JUNCTION GERMANIUM POWER TRANSISTORS 

mechanical data 

FOR HIGH-POWER SWITCHING 
AND AMPLIFIER APPLICATIONS 

These transistors are in precision welded, hermetically sealed enclosures. The mounting base provides an 
excellent heat path from the collector junction to a heat sink. The mounting base and heat sink must be 
in intimate contact for maximum heat transfer. Extreme cleanliness and the absence of flux during the 
assembly process prevents sealed-in contamination. 

ALL JEDEC T0-3 DIMENSIONS AND NOTES ARE APPLICABLE 

THE COLLECTOR IS IN ELECTRICAL CONTACT WITH THE CASE 

~ '"~'-M_A_X __ _ 

0.188 R MAX 
BOTH ENDS 

I -BASE 

DIMENSIONS ARE IN INCHES 

CASE TEMPERATURE 
MEASUREMENT POINT 

absolute maximum ratings at 25°C case temperature (unless otherwise noted) 

2Nl529 2N1530 2N1531 2N1532 2N1533 
2Nl534 2Nl535 2NIS36 2NIS37 2N1538 
2Nl539 2NIS40 2Nl541 2N1542 2NIS43 
2N1544 2NIS45 2NIS46 2N1547 2N1548 

Collector-Bose Voltage. -40V* -60V* -SOV*-lOOV* -120V* 

Collector-Emitter Voltage (See Note 1) . 

Emitter-Base Voltage 

Continuous Collector Current . 

Continuous Emitter Current 

Continuous Device Dissipation at (or below) 25°C Case 
Temperature (See Note 2) . 

-30V* -45V* 

-20V* -30V* 

-60V* -75V* -90V* 

-40V* -50V* -60V* 

-sA* 

5A* 

106W------

Operating Collector Junction Temperature 
-<-----{ 100°c•i __ _ 

1 iooctf 
Storage Temperature Range . -65°C to l00°C*-----.-

NOTES: 1. This value applies when base-emitter diode is short-circuited. 

2. Derate linearly to 110°C case temperature at the rate of 1.25 W/ 0 C. 

•Indicates JEDEC registered data 
tThis value is guaranteed by Texas Instruments in addition to the JEDEC regisferl!CI value which is also shown. 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 5012 • DALLAS, TEXAS 75222 

;:: ..... c ... ... r: ~ ).'. m"' a ::! .. z ! .. z ... 
E p .. ... 

Cl ... 
::! :;; :c 
z .. 

c 
z ... .. p .. 

~ ! Cl ... s; .. ... .. 
t z w 0 ... ... 

~ $> ... .. m m .. .. .. 
c :;; > .. "' ... .. 
:;; 
t 
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TYPES 2N1529 THRU 2N1548 
P-N-P ALLOY-JUNCTION GERMANIUM POWER TRANSISTORS 

2N 1529 THRU 2N 1533 

electrical characteristics at 25°C case temperature (unless otherwise noted} 

PARAMETER TEST CONDITIONS TYPE MIN MAX 
2N1529 -20 
2Nl530 -30 

*VllR)CEO Collector-Emitter Breakdown Voltage le = -500 mA, la = 0 2Nl531 -40 
2Nl532 -50 
2Nl533 -60 
2N1529 -30 
2Nl530 -45 

*VIBRleES Collector-Emitter Breakdown Volloge le = -500 mA, v,. = 0 2Nl531 -60 
2Nl532 -75 
2Nl533 -90 
2Nl529 -20 
2Nl530 -30 

*Y11t11eao Emiller-Bose Breakdown Voltage le= -25 mA, le= 0 2Nl531 -40 
2Nl532 -50 
2Nl533 -60 

*leao Collector Cutoff Current Yea= -2 V, le= 0 All -200 
Yea= -25 V 2Nl529 
Yea= -40 V 2Nl530 

*lcao Collector Cutoff Current Yea= -55 V le= 0 2Nl531 -2 
Yea= -65 V 2Nl532 
Yea= -80 V 2Nl533 
Yea= -40 V 2Nl529 
Yea= -60 Y 2Nl530 

*lcao Collector Cutoff Current Yea= -80 Y le= 0 2Nl531 -20 
Yea= -ll)OV 2Nl532 
Yea= -120 V 2Nl533 
Yea - -15V 2Nl529 
Yea= -22.5 Y 

le= 0, 
2Nl530 

*lcao Colleclor Cutoff Current Yea= -30 Y 2Nl531 -20 
Yea= -37.5 Y Tc = 90°C 2Nl532 
Yea= -45 Y 2Nl533 
Yee= -40 Y 2Nl529 
Yee= -60 V 2Nl530 

*lcev Collector Cutoff Current Yee= -80 Y Yae = 1 Y 2Nl531 -20 
YeE = -100 Y 2Nl532 
Yee= -120 Y 2Nl533 

*luo Emitter Culoff Current VEB - -12 v, le - 0 All -0.5 
*hFE Static Forward Current Transfer Ratio Yee - -2 V, le= -3 A All 20 40 

*gFE 
Stolic Common-Emitter 

Yee= -2 Y, Forward T ronsfer Conductance le=-3A All 1.2 

*Yae Bose-Emitter Voltage la= -300 mA, le=-3A All -1.7 
*Yce1 .. 11 Collector-Emitter Saturation Voltage 18 = -300mA, le= -3 A All -1.S 

.,hie Common-Emitter Forward Current 
YeE = -2 Y, le= -3 A All 2 Transfer Ratio Cutoff Frequency 

fr T ronsition Frequency Yee= -2 Y, le= -1 A, 
All 200 See Note 4 

thermal characteristics 

PARAMETER TYPE MAX 
Junction-to-Cose Thermal Resistance All 0.8 

HOJS,4. To obtain Ir, the \hto\ respanSB wllh frequency Is extrapolated al the rate of -6 dB/oclaVI from I= 100 kHz lo the frequency ol whioh \h1,\ = 1. 
*lndlcoltS JEDEC registered data 
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UNIT 

y 

y 

v 

µ.A 

mA 

mA 

mA 

mA 

mA 

mho 

y 

v 
kHz 

kHz 

UNIT 
deg/W 

86S 
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TYPES 2N1529 THRU 2N1548 
P-N·P ALLOY -JUNCTION GERMANIUM POWER TRANSISTORS 

2N 1534 THRU 2N 1538 

electrical characteristics at 25°C case temperature (unless otherwise noted) 

PARAMETER TEST CONDITIONS TYPE MIN MAX 
2Nl534 -20 
2Nl535 -30 

*YIBR)eEO Collector-Emitter Breakdown Voltage le= -500mA, la= 0 2N1536 -40 
2N1537 -50 
2N1538 -60 
2Nl534 -30 
2Nl535 -45 

*YIBRJeES Collector-Emitter Breakdown Voltage le= -500 mA, Yee= 0 2N1536 -60 
2NIS37 -75 
2Nl538 -90 
2N1534 -20 
2N1535 -30 

*Y(BR(Eao Emitter-Bose Breakdown Voltage '• = -25 mA, le= 0 2N1536 -40 
2N1S37 -50 
2Nl538 -60 

*feao Collector Cutoff Current Vea= -2 Y, 1. = 0 All -200 
Yea= -25 Y 2N1534 
Yea= -40 V 2Nl535 

*leao Collector Cutoff Current Yea= -55 V 1. = 0 2NIS36 -2 
Vea= -65 V 2N1537 
Yea= -80 V 2Nl538 
Vea= -40 Y 2N1534 
Yea= -60 V 2N1535 

*leao Collector Cutoff Current Vea= -80 Y 1. = 0 2NIS36 -20 
Yee= -100 V 2NIS37 
Yea= -120 V 2N1538 
Yee=-15Y 2N1534 
Yee= -22-5 V le= 0, 2NIS35 

*feeo Collector Cutoff Current Yea= -30 V Tc = '10°C 2N1536 -20 
Yee= -37-5 Y 2N1537 
Yee= -45 V 2Nl538 
Yee= -40 V 2NIS34 
Vee= -60 V 2N1535 

*feev Collector Cutoff Current Ye•= -80 V Yee= 1 Y 2N1536 -20 
Ye•= -100 Y 2NIS37 
Yee = -120 Y 2N1538 

*leeo Emiller Cutoff Current Yee= -12 Y, le= 0 All --0.S 
*hFe Static Forward Current Transfer Ratio Yee= -2 V, le= -3 A All 35 70 

*gFE 
Static Common-Emitter 

Yee= -2 V, le= -3 A All 1-5 Forward Transfer Conductance 
*Yee Base-Emitter Voltage le= -300 mA, le= -3 A All -LS 

*Ve~"I Collector-Emitter Saturation Voltage le= -300 mA, fe=-3A All -1.2 

•fhfa 
Common-Emiller Forward Current 

Yee= -2 Y, le= -3 A All 2 Transfer Ratio Cutoff frequency 

fr T ronsition Frequency Yee= -2 Y, le= -1 A, 
All 200 See Note 4 

thermal characteristics 

PARAMETER TYPE MAX 
*!he Junction-lo-Case Thermo( Resistance All 0.8 

NOTE:4. To obtain fr, the !ht.I response with frequency is extrapolated at the rate of - 6 dB/octave from f = 100 kHz lo the frequency at which !hi.I = 1. 

*Indicates JEDEC registered data 

UNIT 

y 

y 

y 

p.A 

mA 

mA 

mA 

mA 

mA 

mho 

v 
y 

kHz 

kHz 

UNIT 
deg/W 
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TYPES 2N1529 THRU 2N1548 
P-N-P ALLOY-JUNCTION GERMANIUM POWER TRANSISTORS 

2N1539 THRU 2N1543 

electrical characteristics at 25°C case temperature (unless otherwise noted) 

PARAMETER TEST CONDITIONS TYPE MIN MAX 
2N1539 -20 
2N1540 -30 

*V(BR)CEO Collector-Emitter Breakdown Voltage le = -500 mA, la ~ 0 2N1541 --40 
21U542 -50 
2N1543 -60 
2N1539 -30 
2Nl540 --45 

*Y·(aRJeES Collector-Emitter Breakdown Voltage le = -500 mA, VBE = 0 2N1541 -60 
2N1542 -75 
2Nl543 -90 
2N1539 -20 

i 2N1540 -30 
*Y(aRJEao Emitter-Bose Breakdown Voltage I,= -25 mA, le= 0 2N1S41 --40 

2N1542 -SO 
2N1S43 -60 

*lcao Collector Cutoff Current Yea= -2 V, 1, = 0 All -200 
Yea= -25 V 2N1S39 
Yea= --40 V 2N1S40 

*lcao Collector Cutoff Current Yea= -55 V 1, = 0 2N1S41 -2 
Yea= -65 Y 2N1S42 
Yea= -110 V 2N1S43 
Yea= -40 V 2N1539 
Yea= -60 V 2N1540 

*lcao Collector Cutoff Current Yee= -110 V 1, = 0 2N1541 -20 
Yee= -100 V 2N1S42 
Yee= -120 V 2N1543 
Yee= -15 V 2N1S39 
Yee= -22.5 V 2N1540 

*lceo Collector Cutoff Current Yee= -30 V 1, = 0, 2N1S41 -20 
Yee= -37.S V Tc = 90°C 2N1542 
Yee= --45 V 2N1543 
Ye,= --40 V 2N1539 
Ye,= -60 V 2N1S40 

*lcEV Collector Cutoff Current Ye, = -110 V VBE = 1 v 2N1S41 -20 
Ye,= -100 V 2N1542 
Ye,= -120 V 2N1S43 

*IEBo Emitter Cutoff Current VEB = -12 V, le= 0 All -0.5 
*hFE Static Forward Current Transfer Ratio Ye,= -2 V, le= -3 A All 50 100 

*gFE 
Static Cornman-Emitter 

Ve,= -2V, le= -3 A All Forward Transfer Conductance 3 

•v .. Bose-Emitter Voltage la= -300 mA, le= -3 A All -0.7 
*VcE(sat) Collector-Emitter Saturation Voltage Is= -300 mA, le= -3 A All -0.3 

"'fhfe 
Common-Emitter Forward Current 

Ve,= -2 V, le= -SA Transfer Ratio Cutoff Frequency All 1 

fy Transition Frequency Ve,= -2 V, le= -1 A, 
All 200 See Note 4 

thermal characteristics 

PARAMETER TYPE MAX 
Junction-to-Case Thermal Resistance All 0.8 

NOTE:4. To obtain fr, the ]ht.I response with frequency is extrapolated at the rate of-6 dB/octave from f ~ 100 kHz to the frequency at which \ht.]= 1. 
*Indicates JEDEC registered data 
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v 

v 

v 

µ.A 

mA 

mA 

mA 

mA 

mA 

mho 

v 
v 

kHz 

kHz 

UNIT 
deg/W 
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TYPES 2N1529 THRU 2N1548 
P-N-P ALLOY-JUNCTION GERMANIUM POWER TRANSISTORS 

2N1544 THRU 2N1548 

electrical characteristics at 25°C case temperature (unless otherwise noted) 

PARAMETER TEST CONDITIONS TYPE MIN MAX 
2NJ544 -20 
2NJ545 -30 

*V{aRJeEO Collector-Emitter Breakdown Voltage le= -500 mA, la= 0 2NJ546 --40 
2NJ547 -50 
2N1548 -60 
2NJ544 -30 
2N1545 --45 

*V{BRJeES Collector-Emitter Breakdown Voltage le = -500 mA, Vae = 0 2NJ546 -60 
2N1547 -75 
2N1548 -90 
2NJ544 -20 
2Nl545 -30 

*V{aRJEBO Emitter-Bose Breakdown Voltage le= -20 mA, le= 0 2NJ546 -40 
2NJ547 -50 
2N1548 -60 

*lceo Collector Cutoff Current Vea - -2 V, I, - 0 All -200 
Vea - -25 V 2NJ 544 
Vea = --40 V 2Nl 545 

*leao Collector Cutoff Current Vea= -55 V le= 0 2NJ546 -2 
Vea= -65 V 2N1547 
Vea= -80 V 2Nl548 
Vea - -40 V 2N1544 
Yea= -60 V 2NJ545 

*lcao Collector Cutoff Current Vea= -80 V 1, = 0 2NJ546 -20 
Vea= -JOO V 2N1547 
Vcs = -120 V 2Nl 548 

\-· 
Vee - -15V 2N1544 
Vea= -22.5 V 

1, = 0, 
2Nl545 

*lceo Collector Cutoff Current Yea = -30 V 2NJ 546 -20 
Vea = -37.5 V Tc = 90°C 2NJ547 
Vea= -45 V 2N1548 
Yee = -40 V 2NJ544 
Yee = -60 V 2NJ545 

*leev Collector Cutoff Current Vee= -80 V Vae = 1 V 2N1546 -20 
Vee= -JOO V 2NJ 547 
Ve,= -J20 V 2N1548 

*leao Emitter Cutoff Current Vee - -12 V, le= 0 All -0.5 
*h., Static Forward Current Transfer Ratio Ve,= -2 V, le= -3 A All 75 150 

•g., 
Static Common-Emitter 

Vee= -2 V, lc=-3A All 4 Forward Transfer Conductance 
*Vae Base-Emitter Voltage I,= -300 mA, le= -3 A All -0.6 
*VcE(HitJ Collector-Emitter Saturation Voltage la= -300 mA, le= -3 A All -0.2 

*fhte 
Common-Emitter Forward Current 

Vee= -2 V, le= -5 A All 1 Transfer Ratio Cutoff Frequency 

Ir Transition Frequency Vee= -2V, le= -J A, 
All 200 See Note 4 

thermal characteristics 

PARAMETER TYPE MAX 
Junction-to-Cose Thermal Resistance All 0.8 

NOTE: 4. To obtain fr, the fh,.I response with frequency ls extrapolated at the rate of - 6 dB/octave from f = 100 kHz to the frequency at which lhfel == 1. 

*Indicates JEDEC registered data 

UNIT 

v 

v 

v 

µ.A 

mA 

mA 

mA 

mA 

mA 

mho 

v 
v 

kHz 

kHz 

UNIT 
deg/W 
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TYPES 2N1529 THRU 2N1548 
P-N-P ALLOY -JUNCTION GERMANIUM POWER TRANSISTORS 

2N1539 THRU 2N1548 

switching characteristics at 25°C case temperature 

100 Turn-On Time 

'· Storage Time 
11 Fall Time 

PARAMETER TEST CONDITIONS 

lc""'3A,RL=lfi, 
See Figure I 

PARAMETER MEASUREMENT INFORMATION 

0.5 pF 

TEST CIRCUIT 

I 
-20 V- - - L"'-----...-'! 

I- ton-\ 

90% 

2Nl539 
THRU 

2Nl548 

10 

-3 v 

VOLTAGE WAVEFORMS 

INPUT 

OUTPUT 

NOTES: a. The input pulse is supplied by a generator with the following characteristics: fr :::; 0.1 µs, Ip = SO µs, duty cycle 5 100/o. 

b. The waveforms are menitored on an oscilloscope with the following characteristics: Ir :::; 0.1 µs, Rin ~ 100 kO, Cin :::; 20 pF. 

FIGURE 1 
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TYP UNIT 

5 p.S 

3 p.S 

5 p.S 
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TYPES 2N1529 THRU 2N1548 
P-N-P ALLOY -JUNCTION GERMANIUM POWER TRANSISTORS 

THERMAL INFORMATION 

DISSIPATION DERATING CURVE 
3: 125 

I 
8 
'i.1001--~--1r....~--11--~--11--~~t-~--1 
.ii 
15 

" " ~ 75 

!! 
g 
c 

~ 50 t----+-----'1----"ri----+----t 

§ 
E 

i 25..._~-l-~~+-~-+~~-+-~--t 
I 

Tc - Case Temperature - °C 

FIGURE 2 

SYMBOL DEFINITION 

SYMBOL DEFlNITION 

Pr1•vl Average Powar Dissipation 

P11mul Peak Power Dissipation 

fJJ-C Junction-to-Case Thermal Resistance 

9c-Hs Case·to-Heat-'Sink Thermal Resistance 

BHS-A Heat-Sink-to-Free-Air Thermal Resistance 

T. Free-Air Temperature 

Tc Case Temperature 

1Jrn1 Average Junction Temperature 

TJ(lllPI Peak Junction Temperature 

K Peak-Power Coefficient 

'• Pulse Width 

d Duty-Cycle Ratio 

Example - Find Pr1m11xl (design limit) 

OPERATING CONDITIONS, 

VALUE 

0.8 

~ 110 

~ 110 

See Figure 3 

Be.HS + BHs-A = 2.25 deg/W (From information suppli&d 

with heat sink.) 

T,1.,1 (design lfmlf) = no•c 
T. = so•c 
d = 10% (0.1) 
t,= 10ms 

UNIT 

w 
w 

deg/W 

deg/W 

deg/W 

•c 
•c 
•c 
•c 

ms 

TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
IN ORDER TO IMPROVE DESIGN AND TO SUPPl Y THE BEST PRODUCT POlllBlE. 

PEAK-POWER COEFFICIENT CURVE 

0.50 (5ilok Duty Cycle ,,, 0.7 

17 
o:-25T(J% i,..j.1 

0.4 

~ 
O.l~(l) ~ ~ 
0.07 1 
0.05 

l-e-tp/T 
..., 

~ 
~I K ~ 

--, 

~ ~ I •e ·tp!dT ..., 

~ 
__, 

v tp = Pulse width in ms 

v d = Duty-cycle ratio 
..., 

c 
~ ·;:; 0.2 ::: 
~ 

(J 

Ii o. 1 
~ 

f 0.07 
-" 
D 

& 0.04 

"' 
0.02 

I/ T =Thermal time constant =200 ms 
0.01 Li 

1 4 7 10 20 40 100 200 400 1000 

Ip -Pulse Width -ms 

FIGURE 3 

Equation No. 1 - Application: d-c power dissipation, 

heat sink used. 

TJ(nJ-TA 
Pr11 ... 1 = ---,.---,.----

0,.c + Oc.Hs + 8Hs-A 

for 2s•c ~ Tc ~ 11o•c 

us in Figure 2 

Equation No. 2 - Application: Peak power dissipation, 

heat sink used. 

PT(lftllr} == ____ T7Jf_-_•J_-_T_A ____ for 2S0 c s Tc~ 110°c 
d (Oc.Hs + OHs-A) + l 0 J-c 

Solution: 

From Figure 3, Peak-Power Coeffident 

K = 0.125 and by use of equation No. 2 

TJ(llllXJ-TA 
Pri ..... I ---d-(O_e_-H_s_+~o-"-s--•l_+_K_O-,.-c-

110 - lO 
Pr1111111 = --D-.-1(-2.-25_1_+_0-.1-25_(_0-.8-) 184W 
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FET 
design ideas 

from Texas Instruments 

FET Design Ideas is a must for every circuit design engineer's reference file. It contains: 
20 circuit diagrams covering a wide range of applications. How to bias field-effect transis­
tors. Applications literature available. And short-form data on all of Tl's standard FETs. 

To get your copy, write direct to Texas Instruments Incorporated, PO Box 5012, MS308, 
Dallas, Texas 75222. 

TEXAS INSTRUMENTS 
INCORPORATED 



TYPES 2N1907, 2N1908 
P-N-P ALLOY-DIFFUSED GERMANIUM POWER TRANSISTORS 

environmental tests 

HIGH-FREQUENCY POWER TRANSISTORS 
for 

MILITARY AND INDUSTRIAL APPLICATIONS 

To ensure maximum integrity, stability, and long life, finished transistors are subjected to the following tests 
and conditions prior to thorough testing for rigid adherence to the specified characteristics. 

• All transistors are temperature cycled from -55°C to + 110°C for four complete cycles. 
• All transistors are heat aged at 110°C for 100 hours minimum. 
• The hermetic seal is verified for all devices by the use of both helium and gross leak tests. 

Production samples are life tested at regularly scheduled periods to ensure maximum reliability under 
extreme operating conditions. 

mechanical data 
These transistors are in precision welded, hermetically sealed enclosures. The mounting base provides an 
excellent heat path from the collector junction to a heat sink. The mounting base and heat sink must be 
in intimate contact for maximum heat transfer. Extreme cleanliness during the assembly process prevents 
sealed-in contamination. The approximate weight of the unit is 18 grams. 

*ALL JEDEC T0-3 DIMENSIONS AND NOTES ARE APPLICABLE. 

*THE COLLECTOR IS IN ELECTRICAL CONTACT WITH THE CASE 

0.450 MAX -4 r-·O 312 MIN [[~.S7J MA::_~7S ~-~;~ 
OJSOf i I- ' f.-----]---0052SR MAX o:2soM1N I 10.04301A2LEA-os 11 o.bss 

r-----------=;=-:_=._rn=OJJ8 .... ~ ----2 EMITTER 0 0.875 ..:.. YJI . · / \ __l_ 
Q 0, I 050 MAX MAX 0225 _ I 0·\ ·-1• ---1 <;)- -

_L ~A-____ _ 0 205 0_440 - ,· It J ~ t ~: ~~~ DIA 

0.188 R MAX -- - ·--11 o.4 '20 \ 2 HOLES 

BOTH ENDS 0. 135 MAX --j r-- _/ \ 
SEATING PLANE CASE TEMPERATURE 

t Tl GUARANTEED MAXIMUM 1 BASE MEASUREMENT POINT 

DIMENSIONS ARE IN INCHES 

absolute maximum ratings at 25°C case temperature (unless otherwise noted) 
2Nl907 2Nl908 

Collector-Base Voltage 
Collector-Emitter Voltage (See Note 1) 

Emitter-Base Voltage 

Collector Current 
Base Current . 
Safe Continuous Operating Region 
Total Device Dissipation at (or below) 70°C Case Temperature (See Note 2) 
Peak Collector Power Dissipation at (or below) 25°C 

Case Temperature (See Note 3) 
Operating Collector Junction Temperature 

Storage temperature Range . 

NOTES: 1. This value applies when the base-emitter diode is open-circuited. 

100 v* 130 v* 
40v 50v 

+-f ~:g;;}-+ 
+--- 20a*-+ 
+--- 3a*-+ 

See Figures 15 and 16 
+--- 60w-+ 

800w lOOOw +- l00°c*-+ 

{- 55°C to + 100°C*} 
- 55°C to + 110°Ct 

2. Berate linearly to 100°( case temperature at the rate of 2 w/C0 • This corresponds to the JEDEC registered maximum value of thermal resistance, 
lhc• 0.5 c0 /w_ 

3. These values applf for rectangular waveshape. See Figure 14 for allowable pulse width and duty cycle combinations. Derate linearly to 100°c 
case temperature. 

*Indicates JEDEC registered data. 

tfexas Instruments guarantees this value in addition to the JEDEC registered value which is also shown. 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 5012 • DALLAS, TEXAS 75222 
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TYPES 2N1907, 2N1908 
P-N-P ALLOY -DIFFUSED GERMANIUM POWER TRANSISTORS 

electrical characteristics at 25°C case temperature (unless otherwise noted) 

TEST CONDITIONS 
2Nl907 2Nl908 

PARAMETER 
MIN MAX MIN MAX 

UNIT 

BYeao Collector-Bose 
le= -10 mo, IE= 0 -100 -130 Breakdown Voltage v 

BVe&o Collector-Emitter 
le= -200 ma, la= 0, See Note 4 -40• -so• Breakdown Voltage v 

BVEao Emitter-Base le=-2mo, le= 0 -1.5 -1.5 
Breakdown Voltage le= - lOmo, le= 0 -2.0 -2.0 

v 

Vea=-3v, =O 
-o.s• 
-0.3t 

Yea= -75 v, =O -2.0 
Vea= -100v, =O -10· 

lcao Collector Cutoff Current 
Vea= -75 v, = 0, Tc= + 70°C -12 

-o.s• ma 
Vea= -3 v, =O -0.3t 
Vea= -100 v, =O -2.0 
Yea=-130v, -0 -10* 
Vea= -lOOv, = o. Tc= + 70°C -12 

bx Collector Cutoff Current 
VeE = -75v, IE=+0.2V -2.0 
Ye&= -100 V, VIE=+ 0.2v -2.0 

mo 

Vu= -0.5 v, le= 0 
-0.2* -0.2* 

leao Emitter Cutoff Current -0.Jt -0.lt mo 
VEa = -1.5 v, le= 0 -2.0* -2.0* 

Ve&= -l.5v, lc=-la, See Note 4 80 80 
Ye& - -1.5 v, le - -5 a, See Note 4 90 90 

hFE Static Forward Current 
Ye&= -1.5 v, le= -lOo, See Note 4 30 170 30 170 

Transfer Ratio Yee= -1.5v, le= -15 a, See Note 4 20 20 
Yee - -1.5 v, le= -lOa, Tc= -55°(, 30 30 
See Note 4 (See Fig. 4) (See Fig. 4) 
VeE - -1.5 Y, le - -10a, Tc= + 70°C, 15 100 15 100 
See Note 4 (See Fig. 4) (See Fig. 4) 

= -100 ma, le =-1 a, See Note 4 -0.4 -0.4 

VIE Bose-Emiller Voltage 
= -500 ma, le= -5 a, See Note 4 -0.7 -0.7 
- -1 a, le - -IOa, See Note 4 -1.0 -1.0 

v 

= -1.5 a, le= -15 o, See Note 4 -1.5 -1.5 

= -100 ma, le =-1 a, See Note 4 -0.2 -0.2 

VeElsatJ Collector-Emitter = -500 ma, lc=-5a, See Note 4 -0.4 -0.4 
Saturation Voltage = -1 o, le= -lOa, See Nate 4 -0.7 -0.7 

v 

= -1.5 a, le= -15a, See Note 4 -1.0• -1.0• 

!hr.I Small-Signal Common- 1.0* 1.0• 
Emitter Forward Current Yee= -15 v, le= -0.5 a, f = 10 me 
Transfer Ratio 2.0t 2.0t 

NOTE 4: If these parameters are measured without a heat sink, d-c: collector current must not be applied longer than 250 msec. 

•1ndicatas JEDEC registered data. 

tJoxas Instruments guarantoos tho" valuos in addition to tho JEDEC registered values which are also shown. 
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TYPES 2N1907, 2N1908 
P-N-P ALLOY-DIFFUSED GERMANIUM POWER TRANSISTORS 

switching characteristics at 25°C case temperature 

"A" 

Hg Relay 

(or equivalent( 
see Note a) 

-6v 

Id 

t, 

t, 

t, 

Ir 

PARAMETER TEST CONDITIONS t TYPICAL UNIT 

Delay Time 0.1 µ.se< 

Rise Time lc=-lOa, lap1 =-l.33a, la121 =l.33a, 0.8 µ.sec 

Storage Time Yae101ij=2v, RL=2Il, 2.5 µ.se< 

Fall Time See Figure l 1.0 µ.sec 

Total Switching Time 4.4 µ.sec 

t Voltage and current values are nominal: exad values vary slightly with device parameters. 

PARAMETER MEASUREMENT INFORMATION 

SWITCHING TEST CIRCUIT 

2Q 

= +2 v 

2Q 

Vcc=-20.7v 

FIGURE I 

VOLTAGE WAFEFORMS 

POINT~ IO% r­·· ,~ 
: 90% I 90% 

OUTPUT : z-_____ l~ 10% 
I I I I 

I I I I I I 

1..., 1'1.... ~··-
.-.! td:~ +Jt,:.. 

NOTES: a. The pulse at point "A'' has the following characteristics: tr ~ 20 nsec, 11 :::; 20 nsec, PW~ SO µsec, duty cycle ::; S°/... 

b. The waveforms are monitored on an oscilloscope with the following characteristics: Ir ::; H nsec, Rin 2:: 1 MU, (in S 20 pf. 

TYPICAL CHARACTERISTICS 
COMMON-EMITTER COLLECTOR CHARACTERISTICS 

(Low-Voltage Region) 
COMMON-EMITTER COLLECTOR CHARACTERISTICS 

(High-Voltage Region) 

-20 1 la= -200 m~ Tc= 25°C 
See Note 5 lL- la - ro mo 

1- -·~~t 2N1907-

le= -50 ma 

_L_ l 
I/ I 

-15 
0 D 

I -10 I 
c c 
!! ~ 5 
u u 

.E .E -10 
u u 

..!! ..!! 
0 0 
u u 
I -5 I 

la= -30 ma -
I 

.Y _u 
-5 

la -10 mo 

0 
18 = 0 

0 -10 -20 -30 -40 -50 
VcE-Collector-Emitter Voltage-v Vee-Collector-Emitter Voltage-v 

FIGURE 2 FIGURE 3 
NOTE 5: These characterislics were measured using pulse technlq1.1es. PW== 300 µ.sec, Duty Cycle:::_ 2%. 

17233 

• 



TYPES 2N1907 I 2N1908 
P-N-P ALLOY-DIFFUSED GERMANIUM POWER TRANSISTORS 

TYPICAL CHARACTERISTICS 

.2 

STATIC FORWARD CURRENT TRANSFER RATIO 
vs 

COLLECTOR CURRENT 

J 
I 00 1---+---+'----l-_,.,,+---+---"k'• 

~ 

! 
c 
~ 50 l---+----+---1--->.--1---1---"'..+ 

u ,, 
5 
~ 

.£ 
u 

2 
I 
it! 

-" 

10 
0 

-1.0 

> -0.8 

1l, 
.E! 

~ -0.6 

~ 
~ 
" .§ -0 .4 

I 

-5 -10 -15 

le-Collector Current-a 

FIGURE 4 

BASE-EMITTER VOLTAGE 
vs 

CASE TEMPERATURE 

-20 

la= -JOO mo, le=- lo 
-0.2 

0 '----''-----'----'---'------'----'-----' 
-60 -40 -20 0 20 40 60 80 

Tc - Case Temperature - 0 ( 

FIGURE 6 

BASE-EMITTER VOLTAGE 
vs 

COLLECTOR CURRENT 

-1.0 ~--~--~------------

Tc= 25°C 
See Note 5 

-0.21----1----1----1----1----1-----1 

0'----"----'----'----"----''-----1 

-0.8 

> 
I 
" F 

§! -0.6 
c 
.2 
e 
.2 
Jl 
~ -0.4 

~ 
a 
v 
..!! 
d -0.2 

L 
] 

>t'j 

0 

0 

-60 

-5 -10 -15 

le-Collector Current-a 

FIGURE 5 

COLLECTOR-EMITTER SATURATION VOLTAGE 
vs 

CASE TEMPERATURE 

la= -100 mo, le= -la 

-40 -20 0 20 40 60 80 

Tc-Cose Temperature- 0 ( 

FIGURE 7 

NOTE S: These characteristics were measured using pulse techniques. PW== 300 µsec., Duty Cycle::: 2'%. 
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TYPES 2N1907, 2N1908 
P-N-P ALLOY-DIFFUSED GERMANIUM POWER TRANSISTORS 

TYPICAL CHARACTERISTICS 

2Nl907 

NORMALIZED COLLECTOR-EMITTER BREAKDOWN VOLTAGE 
vs 

"' BASE-EMITTER RESISTANCE 
~'tJJ.o ~~-~~~~~T~TT~mIT~fT1 

Tc = 25°C 
See Note 5 t 2 . 5 t--t-ttttttflll \..-H-ttttttt--t-Hirtttltt---r"T"TTITrri 

~ I' 
~ 2 . 0 l---t--++Htt!t---f'.+-!-+ttttt---l-+-t++Htt--1--t-++ttt+t .,, 

""' ~ 
"' ~ l.5 

~ 
~ 1.0 
~ 
0 
v 

!c = -50 ma 

.,, 0.5 l---t--++Htt!t--+-H~ ......... ---1_._ ............. _._.....,_._""+I 
-~ BVcEO ~ BVcER at RaE = l 0 k Q 

l 0 L-..J.....L...l..LJ.lllL__JL.J....l.JJ.J..LU.lllillLL__JlL.J...LllillllllillllL----Ll-1....1.illUJ..WUJJ 
z l 10 100 l k 10 k 

RaE- Base-Emitter Resistance - ohm 

FIGURE 8 

2Nl 907 . 
COLLECTOR CUTOFF CURRENT 

VS 

COLLECTOR-BASE VOLTAGE 

-10 
See Note 5 T 

Tc= +70°C 

-l 
~ 
I 

2Nl908 
NORMALIZED COLLECTOR-EMITTER BREAKDOWN VOLTAGE 

"' 'tj3.0 
;;; 

_t 2.5 

~ 
~ 2.0 

] 
g 

a; 
" l.5 
~ 

~ 
i; 
u 
~ 
0 
v 

l.O 

.,, 0.5 
~ 

.~ 

~ 
0 0 
z 

-1 

vs 
BASE-EMITTER RESISTANCE 

T lfTTTTT1 
Tc = 25°C 
5ee Note 5 

~ 
~ 

le = -50 ma 

~ t).. 

"""" 

ir illTui Rsrii 
10 100 1 k 

R8E- Base-Emitter Resistance - ohm 

FIGURE 9 

2N1908 
COLLECTOR CUTOFF CURRENT 

vs 
COLLECTOR-BASE VOLTAGE 

See Note 5 
Tc= +70°( 

10 k 

~ -lxl0-1 
5 

T 
Tc - +25°C " ~ -lxl0-1 1----irc = +25°C 

v v 

----r 
-lxlo-5 

0 -25 -50 -75 -100 

Yea-Collector-Base Voltage-v 

FIGURE 10 

] 
(l -lxlQ-2 

~ 
~ 

'15 -lxlo-3 
v 
I 
2 
~ -lxlQ-4 

-lx10-5 

0 

NOTE S: These characteristics were measured using pulse techniques. PW= 300 µsec., Duty Cycle::: 2%. 

-25 -50 -75 -100 -130 

Vc8-Collector-Base Voltcge-v 

FIGURE 11 
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TYPES 2N1907, 2N1908 
P-N-P ALLOY-DIFFUSED GERMANIUM POWER TRANSISTORS 

~ 

I 
c 

.!:! 
0 
Q. 

·= 0 .. 
u 
·;; .. 
0 

"E 
0 

>-
E 
:> 
E ·;;: 
0 :::;: 
I 
~ 
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THERMAL INFORMATION 

CASE TEMPERATURE 
DISSIPATION DERATING CURVE 

~ 
9J-C :'.: 0.5C 0 /w ~ 

\ 
\ 

50 75 

Tc-Case Temperoture-°C 

FIGURE 12 

!\ 
\ 

100 

2000 

~ 1750 E 
I 
c 
.!! 1500 0 
.!!-
::: 
0 1250 .. 
u 
"> .. 1000 
0 

"E 
0 750 >-
E 
:> 
E 

·;;: 500 
0 

:::;: 
I 

250 ~ 

0 
0 

PEAK-POWER- COEFFICIENT CURVE 

1.00 

50% Duty Cycle 

20% 

10% 

FREE-AIR TEMPERATURE 
DISSIPATION DERATING CURVE 

25 50 75 

TA- Free-Air Temperature -°C 

FIGURE 13 

See Note 6 

~ 0.10 
.:: 

K = 1 - e 

-" 
0 
,f 

5% 

1% .Y' 
~y Cycle (Nomecun;ng) 

0.01 
0.01 0.10 

-
1 - e d T 

tw =Pulse Width in msec 
d =Duty Cycle Rotio 
r =. Thermo I Time Constant = l. 0 msec 

1.0 
t_. - Pulse Width - msec 

FIGURE 14 

10.0 

NOTE 61 When lw > 3.0 msec or d > O.S (50%), operation must IHI conflnad to Iha continuous operating regions of Figure lS or 16. 

100 



-20 

-10 

-5 

0 -2 I 
c 

-I ~ 
5 

u -0.5 
£ 
v 
.! 

-0.2 0 
u 
I -0.1 _v 

-0.05 

-0.02 

-0.01 
0 

0 

I 
c: 
~ 
5 
u 
i5 
0 
.! 
0 
u 
I 

J::' 

l 

1-
~ 

-15 

-10 

-5 

TYPES 2N1907, 2N1908 
P-N-P ALLOY -DIFFUSED GERMANIUM POWER TRANSISTORS 

MAXIMUM SAFE OPERATING REGIONS 

2Nl907 
MAXIMUM SAFE CONTINUOUS 

OPERATING REGION 

Tc:S70°C 

..... 

:s: 
............. 

= [Z 'LL/ rL'.LZ ...... 
r2h.: ~ ~ 

-20 -40 -60 -80 -100 

VcE -Collector-Emitter Voltage-v 

FIGURE 15 

0 

I 
c: 
~ 
::> 
u 
£ 
v 
.! 
0 
u 
I 

_v 

-20 

\ 
-10 

-5 

I 
-2 1 

~ -I 

-0.5 

-0.2 

-0.1 

-0.05 

-0.02 

-0.01 
0 -20 

2Nl908 
MAXIMUM SAFE CONTINUOUS 

OPERATING REGION 

-40 

= ~ZLL. 
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NOTES: 6. When tw > 3.0 msec or d > 0.5 (SD%}, operation must be confined to the continuous operating regions of Figure 15or16. 

7. Operation In this region is permissible when base-emitter resistance RBE S S 0. 
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TYPES. 2N1907, 2N1908 
P-N-P ALLOY -DIFFUSED GERMANIUM POWER TRANSISTORS 

17238 

THERMAL INFORMATION 

TABLE I 

HEAT SINK 
t6Hs-A Type Dimensions 

411 x4"x1/8" 3.8 c• /w 
611 X 6" X 1/811 2.2C0 /w 

Bright Copper 
8"1811 11/811 1.8 c• /w 

10" x 10" x 1/8" 1.4C"/w 

411 x4"I1/8" 6.l c• /w 
6" x 611 x1/8" 4.5 c• /w 

Bright Aluminum 
8"x8"xl/811 3.5 c• /w 

10" x 10" x 1/8" 2.8 c• /w 
Delbert Blinn #113 
or Modine lEllllB, 3.7 c• /w 
Unfinished (or Equivalents) 

Delbert Blinn #113 
or Modine 1E11S5B, Black 3.2C0 /w 
Anodized (or Equivalents) 

t6Hs-A are typical values based on convection cooling; plates and fins 
mounted in vertical position. 

:t:All transistors mounted in the center of the heat sink with two 6-32 
screws at 6 inch - pounds of torque. 

SYMBOL 

Pr (avg J 

Py fmax 1 

OJ.C 

OJ-A 

6c-A 

:J:6c.HS 

OHS-A 

TA 

TJ (avg J 

TJ fmax 1 

Tc 

K 

lw 

•• 
d 

TABLE II 

DEFINITION UNIT VALUE 

Average Power Dissipation w 

Peak Power Dissipation w 

Junction-to-Case Thermal Resistance C0 /w D.5 

Junction-to-Free-Air Thermal Resistance c•;.,, 42.8 

Case-to-Free-Air Thermal Resistance C0 /w 42.3 

Case-to-Heat-Sink Thermal Resistance 
0.6S Typical With Dry Mounting Base c0 /w 

f--
Typical with DC-11 Silicone Grease 0.4S 

Heat-Sink-to-Free-Air Thermal Resistance c0 /w see 
Tablo 1 

Free-Air Temperature c• 
Average Junction Temperature c• :;: 100 

Peak Junction Temperature c• :':!OD 

Case Temperature c• 

Peak-Power Coefficient 
... 

Fig. 14 

Pulse Width msec 

Pulse Period msec 

Duty Cycle Ralia (tw/fp) 

For d-c operation, these transistors are voltage limited as well os thermally limited. Figure 12 and Figure 
15 or 16 are recommended as a guide for selecting safe voltage and current combinations. 

These transistors have a very low thermal resistance that may be fully utilized in a pulse-power applica­
tion provided the pulse width is equal to (or less than) 3 milliseconds. If the power pulse is longer than 
3 milliseconds, then the operating path is limited to the safe operating region described by Figure 12 
and Figure 15 or 16. 

The PEAK-POWER-COEFFICIENT CURVE shows the ratio of maximum instantaneous junction-to-case temperature rise for any pulse width and duty cycle to the 
rise which occurs al 100% duty cycle. Use of this curve is best ex:plained by the equations and example below. See Table II for a definition of terms. 

Equation No. 1 - Application: d-c power dissipation, heat sink used. 

_ TJ(avg)-TA 

Pr (avg 1 - OJ.c + Oc-HS + OHS-A 

Equation No. 2 - Application: d-c power dissipation, no heat sink used. 

TJlavg)-TA 
Pr (avg l ~ OJ-A 

Example - Find Pr fmax 1 (design limit) 

OPERATING CONDITIONS, 

Heat Sink = 8" x B" x 1/8" copper, 

OHS-A = 1.8 c• /w 
wilh DC-II grease, Be-HS = 0.4S c• /w 
TJ rmax 1 (design limit) = 100°c 
TA = 3s•c 
d = 203 (0.2) 
tw = 0.1 msec 

Equation No. 3 - Application: Peak power dissipation, heat sink used. 

TJfmax1-TA 

Equation No. 4 - Application: Peok power dissipation, no heat sink used. 

TJfmax1-TA 

Pr Im« I = d Oc-A + K 6J.c 

SOLUTION, 

From Figure 14 Peak-Power Coefficient, 

K == 0.24, ond by use of equation No. 3 

Pr fmax I 
100 - 35 

0.2 (0.45 + 1.8) + 0.24 (0.5) = 114 w 

TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 



TYPES Tl3027, Tl3028 
P·N·P ALLOY -JUNCTION GERMANIUM POWER TRANSISTORS 

mechanical data 

HIGH-POWER TRANSISTORS 
for 

CONSUMER APPLICATIONS 

These transistors are in a resistance-welded, hermetically sealed enclosure. The mounting base provides 
an excellent heat path from the collector junction to a heat sink. The entire mounting base must be in inti­
mate contact with the heat sink for maximum heat transfer. A minimum torque of 10 inch-pounds applied 
to each of the mounting screws is recommended for mounting the device to the heat sink. Extreme clean­
liness and the absence of flux during the assembly process prevents sealed-in contamination . 

.\LL JEDEC T0-3 DIMENSIONS AND NOTES ARE APPLICABLE 

THE COLLECTOR IS IN ELECTRICAL CONTACT .WITH THE CASE 

absolute maximum ratings at 25°C case temperature (unless otherwise noted) 

113027 113028 
Collector-Bose Voltage • -45 v ~ v 
Collector-Emitter Voltage (See Nate 1) • -40 v -50 v 
Emitter-Base Voltage . ~ -20 v -+ 
Continuous Collector Current . . ~ -7 a -+ 
Continuous Base Current • ~ -3 a -+ 
Continuous Device Dissipation at (or below) 25°C Case Temperature (See Note 2) . -+- 106 w -+ 
Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 3) -+- 2w -+ 
Operating Case Temperature Range . . -65°C to + 100°C 
Storage Temperature Range . . . . . . . . • • -65°C to + 100°C 
Lead Temperature \.ii Inch from Case for 10 Seconds • . -+- 230°C ~ 

NOTES, I. These v~lues apply wheo th• basa-omlller resistance llE :5 61 !I. 
2. Derale linearly to no0 c case temperatun at the rate of t.25 w/°C. 
3. Derate linearly ta 11o•c frae-a1r temperatun at the rate of 235 rnw/0 c. 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 5012 • DALLAS. Tl!XAS 75222 
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TYPES Tl3027 I Tl3028 
P-N-P ALLOY -JUNCTION GERMANIUM POWER TRANSISTORS 

17302 

electrical characteristics at 25°C case temperature (unless otherwise noted) 

PARAMETER TEST CONDITIONS 
Tl3027 Tl3028 

UNIT MIN MAX MIN MAX 
BVeao Collector-Bose Breakdown Voltage le= -5ma, IE= 0 -45 -60 v 
BVCER Collector-Emitter Breakdown Voltoge le= -600 ma, RBE = 68.!l , See Note 4 -40 -50 v 

Vea= -2v, IE= 0 -0.15 -0.15 
leao Collector Cutoff Current Vea= -30v, IE= 0 -1 ma 

Vea= -40v, IE= 0 -1 
IEBo Emitter Cutoff Current VEa = -20v, le= 0 -1 -1 ma 

hFE Static Forward Current Transfer Ratio VeE = -2v, le =-la, See Note 4 70 70 
VeE =-2v, le= -3a, See Note 4 40 250 40 250 

VaE Base-Emitter Voltage VeE = -2v, le= -lo, See Note 4 -0.S -0.S 
VeE = -2v, le= -3a, See Note 4 -1.0 -1.0 

v 

VeE{satl Collector-Emitter Saturation Voltage la= -JOO ma, le = -1 a, See Note 4 -0.4 -0.4 
la = -300 ma, le = -3 a, See Note 4 -0.S -0.S 

v 

lhi.I 
Small-Signal Common-Emitter VeE = -2v, le = -1a,f=100 kc 2 2 Forward Current Transfer Ratio 

NOTE 4: These parameters must be measured using pulse techniques. PW = 300 µ,sec, Duty Cycle :::; f%. 

thermal characteristics 

PARAMETER TEST CONDITIONS MAX UNIT 
fhe Junction-to-Case Thermal Resistance 

See notes in Thermal 
0.8 °C/w 

OJ.HS Junction-lo-Heat-Sink Thermal Resistance 1.4 °C/w 
OJ-A Junction-to-Free-Air Thermal ResiStance 

Characteristics section 
42.5 °C/w 

NUMERICAL SYSTEM FOR hn CODING 

Upon request the transistors will be numerically coded lo identify matched pairs. The transistors are 
in-house classified into 2-db (ratio 1.26 to 1) hFE brackets and any two units within a bracket constitute a 
matched pair. A 10% tolerance is included in the bracket limits shown below to allow for test-set correla­
tion. 

No hFE·bracket distribution is implied by this classification system. 

BRACKET hFE RANGE at 
NUMBER VeE = -2 v, le = -3 a 

1 
2 
3 
4 
5 
6 
7 

40- 60 
50- 80 
65 - 100 
80- 125 

100- 150 
125 - 200 
160 - 250 

569 
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TYPES Tl3027, T13028 
P-N-P ALLOY -JUNCTION GERMANIUM POWER TRANSISTORS 

120 

f 
5 

l 100 

0 . BO 
-~ 
Cl 

0 60 

-~ 
§ 
u 40 
E 

~ 

j 20 

I 
~ 

CA23002 

THERMAL CHARACTERISTICS 
CASE TEMPERATURE 

and 
HEAT-SINK TEMPERATURE 

DISSIPATION DERATING CURVES 

• I 
5 
&. 
-~ 

0 . 
-~ 
Cl 
; 

-~ 
5 
u 

~ 
E .. 
~ 
I 
.t 

2.0 

1.5 

1.0 

0.5 

FREE-AIR TEMPERATURE 
DISSIPATION DERATING CURVE 

O'---..._ __ ..._ __ ~--~~-~ 
0 

Tc or TH 5 -Temperoture-°C CA23003 

FIGURE l 

25 50 75 100 

T,., -Free-Air Temperoture-°C 

FIGURE 2 

125 

fhA is the thermal resistance from the junction of the transistor to free-air. The curve shown above was determined by 
positioning the transistor in the center of a box 12 inches by 12 inches by 12 inches with the temperature measured 
two inches below the transistor. 

fhc is the thermal resistance from the junction of the transistor to the point on the mounting base of the transistor case 
specified on the outline drawing. 

9c-Hs is the thermal resistance from the mounting base of the transistor case to the mounting surface of the heat sink. 
The heat sink used to determine this value was a smooth, flat, copper plate, with the thermocouple mounted 0.05 inch 
below the mounting surface in an area beneath the center of the transistor. Tlie transistor was mounted. directly to a 
clean, dry, heat-sink surface, without the use of silicone grease, and a torque of ten inch-pounds was applied to each 
of the mounting screws. 

BJ-HS is the thermal resistance from the junction of the transistor to the mounting surface of the heat sink. 
BJ.HS = 9J.c + Bc-Hs 

The dissipation levels shown above are verified statistically by operating-life tests. 
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TYPES 113027, 113028 
P-N-P ALLOY -JUNCTION GERMANIUM POWER TRANSISTORS 

TYPICAL APPLICATION DATA 

CLASS B AUDIO AMPLIFIER 

c 

= 

j -40 v (Tl3027) 
Vee= l -45 v (Tl3028) 

N\aximum Collector Power 
Dissipation per Transistor: 

5.0 w (113027) 
6. 25 w (Tl 3028) 

TYPICAL CIRCUIT PERFORMANCE CHARACTERISTICS 
TA = 25°C, f = 1000 cps (except where noted) 

Tl3027 Tl3028 

Minimum RMS Power Output at 5% Total Harmonic Distortion 
Minimum Power Gain . • . . • . 

20w 25w 
18 db 20 db 

Frequency Response . • . • . . . . . 20 to 20,000 cps 
D-C Collector Current with Zero Signal . . . -0.05 a -0.05 a 
D-C Collector Current with Maximum Signal . -1.25a -1.lOa 
Peak Collector Current with Maximum Signal . -3.9a -3.5 a 
Input Impedance, Base-to-Base . . . . . 73!1 68!1 

CIRCUIT COMPONENT INFORMATION 

R,: 
R,: 
R,: 
Speaker 
Impedance: 

Tl3027 

0.56!1, 1 w 
125!1, 5w 
1.1 !l, V.w 

8!1 

All resistors ±10% tolerance 

17304 

Tl3028 

0.56!1, 1 w 
150 n, 5w 
1.2 !l, Y2w 

an 

C: Selected to meet desired low-frequency response. Work­
ing voltage equals 40 v. 

T: Driver transformer primary-winding impedance, current­
carrying capacity, and d-c resistance are determined by 
large-signal characteristics of driver stage. Secondary 
windings are bifilar wound. The a-c impedance of each 
secondary winding equals 18 ohms for Tl3027 and 17 
ohms for Tl3028. 

TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 
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TYPES 1 N456, 1 N457 I 1 N458, 1 N459 
SILICON GENERAL PURPOSE DIODES 

VRM(wkgl .•• 25 to 175 Volts 

• Rugged Whiskerless Construction 
• Small Size 
• Low Reverse Current 

mechanical data 

~DIA r-0.230MIN-j o.OIJS I o.ozo::1::o.oo:z DIA 

--*----- ...... l 

c:::::::JL _Gr~- _j~ 
REGISTERED BODY DIMENSIONS' 
LENGTH ....................•.. 0.26S MAX. 
DIAMETER .. . O.lOS MAX. 

T SEENOfl 
0265 MAX 

l.OMIN IOMIN 

DWMNSIONS AH IN INCHES 

NOTE: WITHIN ntl!SE 10,.;5 DIAMEIEI Of EACH LEAD IS UNCONTIIOWD 
CATHODE END IS DENOTED 
BY COLOR BANOS 

*absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 
IN456 IN457 IN458 

Yu.i Peak Reverse Voltage 30 70 150 

VRl~.lw!il Working Peak Reverse Voltage 25 60 125 
Average Rectified Forward Current at 

lo (or below) 25°C Free-Air Temperature 90 75 55 
(See Notes 1 and 2) 
Steady State Forward Current at 

IF (or below) 25°C Free-Air 135 110 80 
Temperature (See Note 2) 

IF~~ Peak Surge Current, One Second (See Note 3) 0.7 0.6 0.5 

IFMlsurgeJ 
Peak Surge Current, Two Microseconds 

1.2 I 0.8 (See Note 4) 

p Continuous Power Dissipation at (or below) 
200 25°C Free-Air Temperature (See Note 5) 

T,t9 Storage Temperature Range -80 to 200 
Altitude Any 

*electrical characteristics at 25°C free-air temperature (unless otherwise noted) 

IN459 
200 
175 

40 

60 

0.4 

0.7 

PARAMETER TEST CONDITIONS 
IN456 IN457 IN458 IN459 

MIN MAX MIN MAX MIN MAX MIN 

v,~ Reverse Breakdown Voltage I•= 100 µA 30 70 150 200 
v. = Rated V•Mlwl<gJ 25 25 25 

1. Static Reverse Current v. = Rated VRMlwl<gJ, 
TA= 150°C 5 5 5 

IF= 40mA I 

VF Static Forward Voltage 
IF=20mA 1 
IF= 7 mA I 
IF= 3 mA 

NOTES: 1. TheH values may be applied continuously under single-phase 60-c/s half-sine--wave operation with resistive load. 
2. berate linearly to O at 200°c free-air temperature. 
3. These •alues apply for C. one-second square-wave pulse with the device at nonoperating thermal equilibrium immediately prior to the surge. 

4. These values apply for 2-µs pulses, duty <ycle :S: 13, with the device at nonoperating thermal equilibrium immediately prior to the surge. 

5. Dtrate linearly to 200°C frtt..air temperature at the rate of 1.14 mW/deg. 

tTrademark of Texas Instruments 
*Indicates JEDEC registered data 

MAX 

25 

5 

I 

UNIT 
v 
y 

mA 

mA 

A 

A 

mW 

oc 

UNIT 

y 

nA 

µA 

y 
y 
y 
y 

TEXAS INSTRUMENTS 
TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
JN ORDER 10 IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 

INCORPORATED 18101 
POST OFFICE BOX 5012 • OALLAS, TEXAS 75222 
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Designing with integrated circuits? 

The Choice is TTL. 
Frotn TI ... the leader in TTL. 

83 MSI and SSI functions ... plus 
40% tnore this year. 

3 cotnpatible speeds for 
optitnlllll designs. 

Why so many choices from TI TTL? 
To allow you to build your system 
to your specifications, not your 
supplier's. 

You can get the best combination 
of compatible speeds to do the job 
- and the widest choice of func­
tions within these speeds. 

Use Series 54H/74H circuits in 
speed-critical sections of your sys-

terns. You get the benefits of the 
highest speed available in satu­
rated logic. 

In most systems areas, Standard 
Series 54/74 circuits offer the best 
speed/power ratio. And the com­
plexity of MSI circuits provides 
substantial system cost and size 
reductions. 

Then, where power dissipation is 
more critical than speed, use Series 
54L/74L. It is twice as fast as other 
low-power circuits, and power con­
sumption is only 1 mw per gate. 

Low-power circuits greatly sim­
plify power dissipation problems, 
and reliability problems associated 
with heat. In addition, they often 
help lower system cost by reducing 
cost of power supplies and cooling 
systems. 

By using TI Series 54/74 TTL 
you can design by ~ 
choice-a choice of 3 · 
compatible speeds and 
83 TTL functions. 

TEXAS INSTRUMENTS 
INCORPORATED 

18102 



TYPES1N482, 1N483,1N484,1N485 
DIFFUSED SILICON GENERAL PURPOSE DIODES 

mechanical data 

VRMCwkgl • • • 36 to 180 Volts 
Rugged Whiskerless Construction • Small Size 

Designed for 
Magnetic Amplifiers • Modulators • Demodulators 

Networks • Power Supplies 

~DIA ~G.230MIN~ 
G.08S l1 I 0.o20±0.ll02DIA 

~L ~:o~_j~ T i--•wMAx 
1 0 MIN-------! 1 0 MIN 

REGISTERED BODY DIMENSIONS' 
LENGTH 0.300 MAX. 
DIAMETER 0.105 MAX. 

DIMENSIONS ARE IN INCHES 

NOTE, WnHIN 1HESE ZONES DIAMETEll OF EACH LEAD IS UNCOHHOUED CATHODE END 15 DENOTED 
BY COLOR BANDS 

I 

*absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 

1N482 11N483 11N484 11N485 

VRMlwkgl Working Peak Reverse Voltage 36 I 70 I 130 I 180 

lo 
Averoge Rectified Forward Current al (or below) 25°C 

100 Free-Air Temperature (See Notes 1 and 2) 

lo 
Average Redilied Forward Current at 

25 l 50°C Free-Air Temperature (See Notes 1 and 3) 

IFMlrepJ 
Repetitive Peak Forward Current al (or below) 25°C 

400 Free-Air Temperature (See Note 4) 
IFM11urg•I Peak Surge Current, 100 Milliseconds (See Note 5) 1 

p Continuous Power Dissipation at (or below) 25°C 
250 Free-Air Temperature (See Note 6) 

TAlop~ Operating Free-Air Temperature Range -65 ta 200 
Tst9 Storage Temperature Range -65 to 200 

*electrical characteristics at 25°C free-air temperature (unless otherwise noted) 

PARAMETER TEST CONDITIONS 
1N482 1N483 1N484 1N485 

MIN MAX MIN MAX MIN MAX MIN MAX 
\li_BRJ_ Reverse Breakdown Voltage IR -100~ 40 80 150 200 

1N482: VR = 30 v TA = 25°C 0.25 0.25 0.25 0.25 1N483: v. = 60 V 
IR Static Reverse Current 1N484: v. = 125 V 

1N485: VR = 175 v TA= 150°( 30 30 30 30 

VF Static Forward Voltage IF - lOOmA 1.1 1.1 1.1 1.1 

NOTES: 1. These values may be applied continuously under single-phase 60-Hz half-sine-wave operation with resistive load. 
2. Derate linearly to 25 ml at 150°C free-air ttmperatun. 
3. Berate linearly to 0 at 200°c free-air temperature. 
4. These values apply for a 4-ms square-wave pulsa. duty cycle :::::; 25%. 
5. These values apply for a 1/10-second square-wave pulse with the device at nanaperating thermal equilibrium Immediately prior to the surge. 
6. O.rate linearly to 200°c free-air temperature at the rate of 1.43 mW/deg. 

tTrademark of Texas Instruments 
*Indicates JEDEC registered data 

UNIT 
v 

mA 

mA 

mA 

A 

mW 

oc 
oc 

UNIT 

v 
µA 

µA 

v 

TEXAS INSTRUMENTS 
TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 

INCORPORATED 
POST OFFICE BOX 5012 • DALLAS, TEXAS 75222 
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TI 
Microlibrary Books 
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Circuit Designers 

'1 

Terms: F.O.B. destination, bulk rate. 
Ocher duw bulk rate, 
indicate method of shipment, 
add shipping charges. 

Outside U.S.: Indicate method of shipment, 
add shipping charges. 
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Texas Instruments 
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TRANSISTOR CIRCUIT DESIGN 

Shipping Weight 3-lb 4 oz • $15.00 

FIELD-EFFECT TRANSISTORS • L. J. SEVIN 

Shipping Weight I-lb 10-oz • $10.00 

MOSFET IN CIRCUIT DESIGN• ROBERT H. CRAWFORD 

Shipping Weight 1-Ib lO-Oz • $10.00 

CIRCUIT DESIGN FOR AUDIO, AM/FM AND TV 

Shipping Weight 2-Ib 8-oz • $14.50 

SILICON SEMICONDUCTOR TECHNOLOGY • 
W.R. RUNYAN 

Shipping Weight 2-Ib 9-oz • $16.50 

DESIGN AND APPLICATION OF TRANSISTOR 
SWITCHING ORCUITS • LOUIS DELHOM 

Shipping Weight 2-Ib • $14.50 

SOLID STATE COMMUNICATIONS 

Shipping Weight 2-Ib 9-oz • $12.50 

SOLID STATE ELECTRONICS • ROBERT G. HIBBERD 

Shipping Weight 1-Ib 12-oz • $8.95 



TYPES 1 N645 THRU 1 N649, 1 N645A 
DIFFUSED SILICON GENERAL-PURPOSE DIODES 

400 mA • 225 V to 600 V 
Ruggedized to meet stringent military requirements 

mechanical data 

The diode is encased in a hermetically sealed hard-glass package. The outline drawing meets the JEDEC 
D0-7 outline. 

um ..l_ uaol ..... 1 ..... 
STANDARD EIA 2 1EADS 

,4~~= 
f ""[ ......... 

REGISTERED BODY DIMENSIONS* 1-!:'.~~~m o.oos 
LENGTH ...................... 0.380 MAX. 
DIAMETER ................... O.IOS MAX. All DIMENSIONS IN INCHES 

CATHODE END IS DENOTED 
IY COLOR BANDS 

*absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 

l 
I 

1N64~1N645~1N646jlN647jlN648jlN649 

225 J 225 J 300 I 400 I 500 I 600 VaM(wtgJ 
Working Peak Reverse Voltage over 
Operating Free-Air Temperature Range 

lo 
Average Rectified Forward Current at 

400 (or below) 25°C Free-Air Temperature (See Note 1) 

lo 
Average Rectified Forward Current al 150°C 

150 Free-Air Temperature (See Note 1) 

I FM( surge) 
Peak Surge Current, One Second, at 25°C to 150°C 

3 F11e-Air Temperatu11 (See Note 2) 

p Continuous Power Dissipation at (or below) 
600 25°C F11e·Air Temperature (See Note 3) 

TA(opr) Operating Free·Air Temperature Range -65lo150 
Altitude at Rated Working Peak Reverse Voltage 100 000 

*electrical characteristics at 25°C free-air temperature (unless otherwise noted) 

TEST CONDITIONS 
1N645 1N645A 1N646 1N647 1N648 1N649 

PARAMETER MIN MAX ]i!IN MAX MIN MAX MIN MAX MIN MAX MIN MAX 
Reverse la= 100 µ.A, 

V111tJ Breakdown TA= 100°c 275 275 360 4IHI 600 720 
Voltage 

VR - Rated VRM(wtgJ 0.2 0.2 0.2 0.2 0.2 0.2 

Static v. - Rated V•MlwtgJ, 15 15 15 20 20 25 TA= 100°c 

'· Reverse v. - 60 v 0.05 Current 
v. = 60 v, 

10 TA= 12s0 c 
Static 

VF Forward IF= 400mA 1 1 1 1 1 1 
Voltage 

Cr 
Total v. -12V, 

6 lyp 6 lyp 6 lyp 6 lyp 6 typ 6 lyp Capacitance f=lMHz 

UNIT 

v 

mA 

mA 

A 

mW 

•c 
fl 

UNIT 

v 

µ.A 

µ,A 

µ.A 

µ,A 

v 

pf 

NOTES: 1. These values may be applied continuously under single-phase 60-Hz half~sine-wave operation with resistive load. Ahova 25°C derata according to figure 3. 

2. Thase values apply for a one-second square-wove pulse with the dewic:e at nonoperating thermal equilibrium immediately prior to the surge. 
3. Derat1 li•10rly to 200 mW at 1S0°C free-air temperature at the rate If 3.2 mW/deg. 

*Indicates JEDEC registered data. 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 5012 • DALLAS, TEXAS 75222 
18113 
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TYPES 1 N645 THRU 1 N649, 1 N645A 
DIFFUSED SILICON GENERAL-PURPOSE DIODES 
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TYPICAL CHARACTERISTICS 

STATIC REVERSE CURRENT 
vs 

REVERSE VOLTAGE 
STATIC FORWARD CONDUCTION CHARACTERISTICS 
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FIGURE I FIGURE 2 

THERMAL CHARACTERISTICS 

AVERAGE RECTIFIED FORWARD CURRENT DERATING CURVE 
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l - 400 
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1! 

~ 
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8, 200 

j 
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~ 
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TA - Free-Air Temperature -°C 

FIGURE 3 

TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 
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1N251 
DIFFUSED SILICON SWITCHING DIODE 

WHISKERLESS, DOUBLE-PLUG CONSTRUCTION 

mechanical data 

The glass-passivated silicon wafer is encased in a hermetically sealed glass package. 

0075~ 0042 MAX 

0 085 DUMET DUME/o 

L__j 1"-iii:::-" ~ .. !J 
REGISTERED BODY DIMENSIONS' 
LENGTH 
DIAMETER 

0.300 MAX. 
0.105 MAX. 

ALL DIMENSIONS IN INCHES 
CATHODE END IS DENOTED 
BY COLOR BANDS 

*absolute maximum ratings 

VRMlwkg} 

lo 

lo 

IFM(surge) 

p 

TAlop'} 
Ts+9 

Working Peak Reverse Voltage at l 25°C Free-Air Temperature . 

Average Rectified Forward Current at (or below) 25°C Free-Air 
Temperature (See Notes l and 2) . 

Average Rectified Forward Current at l 25°C Free-Air 
Temperature (See Notes l and 3) . 

Peak Surge Current, One Second, at 125°C Free-Air Temperature 
(See Note 4) 

Continuous Power Dissipation at (or below) 25°C Free-Air 
Temperature (See Note 5) . 

Operating Free-Air Temperature Range . 

Storage Temperature Range 

electrical characteristics at 25°C free-air temperature (unless otherwise noted) 

PARAMETER TEST CONDITIONS MIN MAX 

VISR} Reverse Breakdown Voltage I•= 100 µA 40 
v. = 20 v 20 

·1. Static Reverse Current v. = 10 v 0.1 

v. - 10 V, TA - 125°( 10 

•v, Static Forward Voltage I,= 5 mA l 

*switching characteristics at 25°C free-air temperature 

PARAMETER TEST CONDITIONS MIN MAX 
256-JAN, I, - 5 mA, V• = 10 V, 

t" Reverse Recovery Time RL = l kll, c. = l 0 pF, 150 
i" = 0.5 mA 

NOTES: 1. These values may he applied continuously under single-phase 60-Hz half-sine-wave operation with resistive load. 

2. Derale linearly to 30 mA at 125°C free-air temperature. 

3. Derate linearly to 0 at 1 so0 c free-air temperature. 

30V 

75mA 

30mA 

125 mA 

150mW 

-55°C to l 50°c 

-55°C to l 50°C 

UNIT 
v 
µA 

µA 
µA 
v 

UNIT 

ns 

4. These values apply for a one-second square-wave pulse with the device at nonoperating thermal equilibrium immediately prior to the surge. 

S. Derafe linearly to 1S0°C free-air temperature at the rate of 1.2 mW/ 0 c. 

tTrademark of Texas Instruments 

*Indicates JEDEC registered data 

TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
IN ORDER TO IMPROVE DESIGN AND TO SUPPl Y THE BEST PRODUCT POSSIBlE TEXAS INSTRUMENTS 

INCORPORATED 

POST OFFICE BOX 5012 • DALLAS. TEXAS 75222 
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Designing with 'integrated circuits? 

The 'ftend is TTL. 
TI is the leader in TTL. 

In breadth of line. In technology. 
In production capacity. 

In. availability. 
Look first to TI. 

In addition to 83 different circuits, 
three speed ranges, and a broad 
selection of MSI circuits, Series 
54/74 TTL from TI is offered in 
three package types. 

Tl's plastic dual-in-line pack­
ages are low in cost, yet rugged. 
And they are backed by millions 
of hours of reliability data. Series 
54 plastic performance over the 
full temperature range (-55°C to 
+ 125°C) is proven by customer 
usage in temperature critical 
systems. 

Ceramic dual-in-line packages 
from TI provide all the benefits of 

hermetic packages in a design 
suited to automatic insertion and 
soldering. Ceramic packages are 
ideal for severe environments 
where applications require vali­
dation of hermeticity. 

Tl's flatpacks-best for space­
critical applications - are backed 
by ten years service in all types of 
military, space, and commercial 
systems. 

When you design with Series 
54/74, you have a lot in your favor. 
A broad range of MSI circuits ... 
three compatible speeds ... three 
package types. Also, good availa-

bility, and second-sources for most 
circuits. 

The widest choice. The dominant 
trend. Series 54/7 4 TTL from Texas 
Instruments. 

New TIL design aid 

A new 80-page color brochure 
gives valuable data-including de­
sign information-on all TI series 
54/74 !C's. It's yours for the asking. 
Write Texas Instruments ~ 
Incorporated, P.O. Box 
5012, MS 308, Dallas, 
Texas 75222. 

TEXAS INSTRUMENTS 
INCORPORATED 

19102 



TYPES 1N659, 1N660, 1N661 
DIFFUSED SILICON SWITCHING DIODES 

WHISKERLESS, DOUBLE-PLUG CONSTRUCTION 

mechanical data 

The glass-passivated silicon wafer is encased in a hermetically sealed glass package. 

REGISTERED IODY DIMENSIONS• 
LENGTH 0.300 MAX 
DIAMETER 0.125 MAX 

ALL DIMENSIONS IN INCHES 
CATHODE END IS DENOTED 
BY COLOR IANDS 

absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 

1N659 l 1N660 

i 
1N661 

"VRM(wtg) 
Working Peak ReveBe Voltage over Operoling 

50 l 100 200 Free-Air Temperature Range 

*lo 
Average Redified Forward Current ot (or below) 

100 25°C Free-Air Temperature (See Note 1) 

"lo 
Average Rectified Forward Current ot 100°C 

40 free-Air Temperature (See Note 1) 

l'FM( .. rg•I 
Peak Surge Current at 25°C Free-Air 

500 Temperature (See Note 2) 

p Continuous Power Dissipation ot (or below) 
250 25°C Free-Air Temperature (See Note 3) 

*TA(opr) Operating Free-Air Temperature Ropge -65 to 150 
T.tg Storage Temperature Range -65 to 150 

* Altitude ot Rated Working Peak ReveBe Voltage 100000 

*electrical characteristics at 25°C free-air temperature (unless otherwise noted) 

PARAMETER 
1N659 1N660 1N661 

TEST CONDITIONS MIN MAX MIN MAX MIN MAX 

VIBRJ ReveBe Breakdown Voltage 1. - 100 µ,A, TA - 100°c 60 120 240 

v. - Roted V"Mf""•' 5 5 10 
1. Static Reverse Current v. = Rated V""'l""•I 25 50 100 TA= 100°C 
Vp Static Forward Voltage Ip - 6mA 1 1 1 

*switching characteristics at 25°C free-air temperature 

PARAMETER TEST CONDITIONS 
1N659 1N660 1N661 

MIN MAX MIN MAX MIN MAX 
256-JAN, Ip - 30mA, 

t,. ReveBe Recovery Time v. = 35 v, Rt.= 2kfi, 0.3 0.3 0.3 
'Ct. = 20 pf, Recovery to 400 ill 

UNIT 

v 

mA 

mA 

mA 

mW 

oc 
oc 
ft 

UNIT 

y 
µA 

µA 

y 

UNIT 

µs 

NOTES: 1. These values may be applied continuously under single-phase 60-Hz half-sine-wave operation with resistive load. Berate linearly to 0 at uo0 c free-air temperature. 
2. This value applies for 11 one--second square-wave pulse with the device al nonoperating thermal equilibrium immediately prior to the surge. 
3. Derate linearly to 150°C free-air temperature at the rate of 2 mW/ 0 c. 

tTrademark of Texas Instruments 
*Indicates JEDEC registered d11ta 

TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
IN ORDER TO IMPROVE DESIGN AND TD SUPPLY THE BEST PRODUCT POSSIBLE. 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 5012 • DALLAS, TEXAS 75222 
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19152 

FET 
design ideas 

from Texas Instruments 

FET Design Ideas is a must for every circuit design engineer's reference file. It contains: 
20 circuit diagrams covering a wide range of applications. How to bias field-effect transis­
tors. Applications literature available. And short-form data on all of Tl's standard FETs. 

To get your copy, write direct to Texas Instruments Incorporated, PO Box 5012, MS308, 
Dallas, Texas 75222. 

TEXAS INSTRUMENTS 
INCORPORATED 



TYPES 1N914, 1N914A, 1N9141, 1N915, 
1N916, 1N916A, 1N916B and 1N917 

DIFFUSED SILICON SWITCHING DIODES 

• Extremely Stable and Reliable High-Speed Diodes 

mechanical data 

1N914B ALL JED EC D0-35 DIMENSIONS AND NOTES ARE APPLICABLE I 

I LS.:Mn I 0090 Al "Q'0600JA 

0.020±000, ~ j 
2 LEADS 

' c::::::::J C[_ ] ]E E ::01 

L O>OOM•N~ ==!00>0 J I 
0200 

~:~on ~ 
- 0500 MIN 

I 
0120 

CATHODE END IS DENOTED 
DIMENSIONS AltE IN INC:HES BY COLOR BAND 
NOTE: WITHIN nus ZONE DIAMETEll OF EACH LEAD 15 UNCONTROLLED 

ALL EXCEPT 
1N914B 

~~ 
n085MAX 

c:=J ~::;::::~::!:.:.J 
CATHODE END IS DENOTED 

DIMENSIONS ARE IN INCHES BY COLOR BAND 

absolute maximum ratings at 25°C ambient temperature (unless otherwise noted) 

1N914 1N914A 1N9148 1N91S 1N916 1N916A 1N9168 1N917 Unit 
V0 Reverse Voltage at - 6S to 150°C 7S 7S 7S so 7S 7S 7S 30 v 
lo Average Rectified fwd. Current 7S 7S 7S 7S 7S 7S 7S so mo 
10 Average Rectified fwd. Current ot 1 S0°C 10 10 10 10 10 10 10 10 mo 
i, Recurrent Peak fwd. Current 22S 22S 22S 22S 22S 22S 22S 150 mo 
i11s.rg•I• Surge Current, 1 sec soo soo soo soo soo soo soo 300 mo 
P Power Dissipation 2SO 2SO 250 250 2SO 2SO 2SO 2SO mw 
TA Operating Temperature Range -6S to+ 175 oc 
T,.9 Storage Temperature Range 200 oc 

*Trademark of Texas Instruments 

TEXAS INSTRUMENTS 19201 
INCORPORATED 

POST OFFICE BOX 5012 • DALLAS, TEXAS 75222 

-



TYPES 1N914, 1N914A, 1N914B, 1N915, 
1N916, 1N916A, 1N916B and 1N917 
DIFFUSED SILICON SWITCHING DIODES 

maximum electrical characteristics at 25°C ambient temperature (unless otherwise noted) 

1N914 1N914A 1N914B 1N91S 1N916 1N916A 1N916B 1N917 Unit 
BVR Min Breakdown Voltage at 100 µa 100 100 100 6S 100 100 100 40 v 
IR Reverse Current at VR s s s s 5 s s µa 
IR Reverse Current at - 20 v 0.02S 0.02S 0.02S O.OZ5 0.025 0.02S µa 
IR Reverse Current al - 20 v al 100°C 3 3 3 s 3 3 3 2S µa 
IR Reverse Current at - 20 v at 150°C so so so so so so µa 
IR Reverse Current at - 10 v 0.025 O.OS µa 
IR Reverse Current at - 10 v at 12S°C µa 

'· Min Fwd Current at v, = 1 v 10 20 100 so 10 20 30 10 mo 
v, at 2SO µa 0.64 v 
v, at 1.5 mo 0.74 v 
v, at 3.S mo 0.83 v 
v. at S mo 0.72 0.73 0.73 v 
v, Min at S mo 0.60 v 
c Capacitance at YR = 0 4 4 4 4 2 2 2 2.S pf 

maximum operating characteristics at 25°C ambient temperature (unless otherwise noted) 

t., Reverse Recovery Time 

Y1 Fwd Recovery Voltage (SO ma Peak Sq. wove, 
0.1 µsec pulse width, 10 nsec rise time, 
5 kc to 100 kc rep. rate) 

0 Lumatron (10 mo If, \0 mo IR, recover to 1 mo) 

•• EG&G (10 mo Ip 6 v VR, reconr lo 1 ma) 

19202 

1N914 1N914A 
''4 ''4 
•s •a 

2.5 2.5 

1N9148 1N915 1N916 1N916A 1N9168 1N917 Unit 
••4 0 10 ••4 ••4 '*4 03 nsec 
•a •a •s •s nsec 

2.5 2.5 2.5 2.5 2.S 2.S v 

TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUU POSSIBLE. 



TYPE 1N3070 
DIFFUSED SILICON SWITCHING DIODE 

WHISKERLESS, DOUBLE-PLUG CONSTRUCTION 

mechanical data 

The glass-passivated silicon wafer is encased in a hermetically sealed glass package. 

All DIMENSIONS IN INCHES 

·- :~ 
~ OUMET 
0.075~ 0042 MAX 

rr~OJ65MAX~ 1:.•0oo2JJ ' ~:~::MAX---r-IOOOMIN 
CATHODE END IS DENOTED BY COLOR BANDS 

absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 

*Vo., 
IF 
lfM(mgeJ 

JfM(mgeJ 

Peak Reverse Voltage 200 V 
Steady-State Forward Current at (or below) 25°C Free-Air Temperature (See Note 1) 150mA 
Peak Surge Current, One Second (See Note 2) 500 mA 
Peak Surge Current, One Microsecond (See Note 2) 2 A 

*P 
*Tst9 

*TL 

Continuous Power Dissipation at (or below) 25°C Free-Air Temperature (See Note 3) 250 mW 
Storage Temperature Range --65°C to 200°C 
lead Temperature ){, Inch from Case for 2 Seconds 250°C 

*electrical characteristics at 25°C free-air temperature (unless otherwise noted) 

PARAMETER TEST CONDITIONS MIN MAX UNIT 
v, .. , Reverse Breakdown Voltage 10 = 0.1 mA 200 v 

'· Static Reverse Current 
v. = 175 v 0.1 µA 
V0 = 175 V, TA= uo•c 100 µA 

VF Static Forward Voltage IF - 100 mA l v 
avF Temperature Coefficient of Stotic Forward Voltage IF = 100 mA, See Note 4 3 mV/"C 
Cr Tolal Capacitance v. = 0, f = l MHz 5 pf 

*operating characteristics at 25 °C free-air temperature 

PARAMETER TEST CONDITIONS MIN MAX UNIT 

'" Reverse Recovery Time 
IF - 30 mA, 1 .... - 30 mA, RL - 150 n, 

50 CL= 10 pf, i" = l mA, See Figure 2 ns 

'YJ, Rectification Efficiency 
V, = 2 V, RL = s k!!, CL = 20 pf, 

35% z, .. ,"' = 50 !!, I = 100 MHz 

NOTES: 1. These values may he applied continuously under single-phase 60-Hz half-sine-wave operation with resistive load. Berate linearly to O al 200°( free-air temperature. 
2. These values apply for the specified square-wan pulse with the device ot nonoperofing thermal equilibrium immediately prior to the surge. 
3. For operation above 25°C free-air temperature, refer to Dissipation Derating Curve, figure I. 
4. Temperature coefficient, avF• is determined by the following formula: 

tTrademark of Texas Instruments 
*Indicates JEDEC registered data 

vF @ uo•c - vF @ -ss•c 
avF = uo•c - 1-ss•q 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 5012 • DALLAS, TEXAS 75222 
19303 
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TYPE 1N3070 
DIFFUSED SILICON SWITCHING DIODE 

19304 

3: 
e 
I 

THERMAL CHARACTERISTICS 

DISSIPATION DERATING CURVE 

TA - Free-Air Temperature - •c 
FIGURE I 

PARAMETER MEASUREMENT INFORMATION 

INPUT 

OL__J 
Adjust amplitude 
for IRM = 30mA 

INPUT VOLTAGE WAVEFORM 

OUTPUT 

---------------- Ir 

----- 0 

I 
I 
I 
I 
I 

IRM ---+'--....J I 
I+-- t., --..i 

OUTPUT CURRENT WAVEFORM 

FIGURE 2 - REVERSE RECOVERY TIME 

NOTES: a. The input pulse i5 supplied by a generator with the following characteristics: lout = 50 0, tr :::;; 0.25 ns, tp = 100 ns. 

b. The outpul waveform is monitored on an oscilloscope with the following characteristics: tr ~ 0.35 ns, Z10 = 50 0. 

TEXAS INSTRUMENTS RESERVES THE RIGHI TO MAKE CHANGES AT ANY TIME 
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 



TYPES 1N4148, 1N41 1N4446, 1N4447, 1N4448, 1N4449 
PLANAR SILICON SWITCHING DIODES 

mechanical data 

• Small-Size, Whiskerless, Double-Plug Construction 
• Extremely Stable and Reliable High-Speed Diodes 

Electrical Equivalents 
1N4148 • 1N914 
1N4149 • 1N916 
1N4446 • 1N914A 
1N4447 • 1N916A 
1N4448 • 1N914B 
1N4449 • 1N916B 

The glass-passivated silicon wafer is encased in a hermetically sealed glass package. 

•ALL JEDEC D0-35 DIMENSIONS AND NOTES ARE APPLICABLE 

DIMENSIONS ARE IN INCHn 
NOTE WITHIN THIS lONE DIAMETER OF EACH LEAD IS UNCONtlOllEO CATHODE END IS DENOlED 

BY COLOR BAND 

*absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 

VRM(wk9I 

p 
Workin:g Peak Reverse Voltage • . • • . • • • • 
Continuaus Power Dissipation at (or below) 25°C Free-Air 

Temperature (See Nate 1) • • • . . • . • 
Storage Temperature Range . • • • • • • . • . 
Lead Temperature 1/16 Inch from Cose for 10 Seconds • 

*electrical characteristics at 25°C free-air temperature (unless otherwise noted) 

75V 

500mW 
. -65°C to 200°c 
. ... 3oo•c 

1N4148 1N4149 1N4446 1N4447 1N4448 1N4449 
UNIT PARAMETER TEST CONDITIONS MIN MAX MIN MAX MIN MAX MIN MAX !MjN MAX 

V llRJ Reverse Breakdown Voltage 
1. = 5 µJ. 
IR = 100 µJ. 
YR= 20 v 

1. Static Reverse Current YR= 20 Y,TA = 100~ 
v. = 20 Y, TA = 150°( 
IF= 5 mA 
IF=JOmA 

VF Static Forward Voltage IF= 20mA 
IF= 30mA 
IF - IOOmA 

Cr T Dini Capacitance YR= o. I= I MHz 

NOTE h Del'llo llnoorly to zoo•c ot the rate of 2.BS mVl/0 C. 
tTrademark of Texas Instruments 
* lndlcalos JEDEC rtgistored data 

75 
100 

75 75 75 
100 100 100 

25 25 25 

50 50 50 

l I 
I 

4 2 4 

TEXAS INSTRUMENTS 
t NCORPORATEO 

POST OFFICE BOX 5012 • DALLAS, TEXAS 76222 

75 
100 

25 25 
3 

50 50 
0.62 0.72 

I 

1 
2 4 

MIN MAX 
75 v 

100 v 
25 nA 
3 µJ. 

50 µA 
0.63 OJ3 v 

v 
v 

1 v 
v 

2 pf 

-
I 
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TYPES 1N4148, 1N4149, 1N4446, 1N4447, 1N4448, 1N4449 
PLANAR SILICON SWITCHING DIODES 

*switching characteristics at 25°C free-air temperature 

PARAMETER TEST CONDITIONS IN4148 IN4149 1N4446 1N4447 1N4448 1N4449 
MIN MAXjMiN MAX~N MAX~N MAXjMIN MAXJMjN MAX UNIT 

R R I• = 10 mA, v. = 6 V, i,, = 1 mA, 
rr everse ecovery Time Rt. = 100 n, See Figure 1 4 4 4 4 4 4 ns 

'· = 50 mA, RL = 50 n. 
VFMl,•cl Forward Recovery Voltage See Figure 2 2.5 2.5 V 

*PARAMETER MEASUREMENT INFORMATION 

INPUT 

OL_J 
Adju•t amplitude 
for VR = 6 V 

INPUT VOLTAGE WAVEFORM 

0.2 µF D.U. T. 

OUTPUT 

TEST CIRCUIT 

OUTPUT CURRENT WAVEFORM 

FIGURE I - REVERSE RECOVERY TIME 

NOTES: a. The input pulse is supplied by a generator with the following characteristics: Zout = SO 0, tr ~ 0.5 ns, tp = 100 ns. 

b. The output waveform is monitored on an oscilloscope with the following characteristics: tr =:; 0.6 ns, Zin = SO 0. 

50 Q 

INPUT~ OUTPUT 

1 D.U.T. 

TEST CIRCUIT 

INPUT n Ad!ust for 

_J ~mA 

VOLTAGE WAVEFORMS 

FIGURE 2 - FORWARD RECOVERY VOLTAGE 

NOTES: c. The input pulse is supplied by a generator with the following charaderistics: Zout = SO 0, tr s; 30 ns, IP = 100 ns, P'RR = S to 100 kHz. 

d. The o.utput waveform is monitored on an oscilloscope with the following characteristics: tr S 15 ns, Rin ~ 1 MO, (in ~ 5 pf. 
*Indicates JEDEC registered tlata . 

19402 IEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 
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1 1N4154 
PLANAR SILICON SWITCHING DIODES 

mechanical data 

• Small-Size, Whiskerless, Double-Plug Construction 
• Extremely Stable and Reliable High-Speed Diodes 

Electrical Equivalents 
1N4151 • 1N3604 
1N4152 • 1N3605 
1N4153 • 1N3606 
1N4154 • 1N4009 

The glass-passivated silicon wafer is encased in a hermetically sealed glass package. 

*ALL JEDEC D0-35 DIMENSIONS AND NOTES ARE APPLICABLE 

"'',, ~·· 
- ~ ""''~'''.l~ 

c:=J,~ I • /,'~ 

L ~ ~I'·'" J j.- .... ,.~ 
HI N0 1f 

0.100 ,,.,.. ~-.~~~ n.100 ,,..,,. 

DIMENSIONS AIE IN INCi<H 
NOTf WITHIN THIS lONl OIAMETEll OF EACM LEAD IS UN(ONTllOLUO CATHODE ENO IS DENOTED 

BY COLOR BAND 

*absolute maximum ratings at 25°C free-air temperature {unless otherwise noted) 

I N4151j_l N4152jlN415aj_l N4154 
75 I 40 I 75 I VRM Peak Reverse Voltage 

VRM(wkg) Working Peak Reverse Voltage 50[30}50}25 

p Continuous Power Dissipation at {or below) 500 
25°C Free-Air Temperature {See Note 1) 

T,.. Storage Temperature Range -65 to 200 

It Lead Temperature 1/16 Inch from Case for 10 Seconds 300 

*electrical characteristics at 25°C free-air temperature {unless otherwise noted) 

PARAMETER TEST CONDITIONS 

V(BR) Reverse Breakdown Voltage IR= 5µA 

v. = roted VRMl""'•l 
1. Static Reverse Current 

VR = roted VRM(wkg), 
IF= 0.1 mA 
IF= 0.25 mA 
IF= 1 mA 

VF Static Forward Voltage 
IF= 2 mA 
IF= lOmA 
IF= 20 mA 
IF= 30 mA 
IF= 50 mA 

Cr Total Capacitance YR= 0, 

NOTE 1: Berate linearly to 200°C at the rate of 2.8S mW/°C. 
tTrademark of Texas Instruments 
*Indicates JEDEC registered data 

TA = 1S0°C 

f = 1 MHz 

IN4151 IN4152 
MIN MAX MIN MAX 

75 40 
0.05 0.05 

so 50 
0.49 0.55 
0.53 0.59 
0.59 0.67 
0.62 0.70 
0.70 0.81 
0.74 0.88 

1 
2 2 

TEXAS INSTRUMENTS 
INCORPORATED 

F"OST OFFICE BOX 5012 • DALLAS, TEXAS 75222 

IN4153 
MIN MAX 

75 
0.05 

50 
0.49 0.55 
0.53 0.59 
0.59 0.67 
0.62 0.70 
0.70 0.81 
0.74 0.88 

2 

IN4154 
MIN MAX 
35 

0.1 
100 

1 

4 

UNIT 
v 
v 

mW 

oc 
oc 

UNIT 

v 
µ.A 
µ.A 
v 
v 
v 
v 
v 
v 
v 
v 
pf 

19403 
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TYPES 1N4151, 1N4152, 1N4153, 1N4154 
PLANAR SILICON SWITCHING DIODES 

*switching characteristics at 25°C free-air temperature 

PARAMETER TEST CONDITIONS 

IF = 10 mA, loM = 10 mA, i" = l mA, 

t" Reverse Recovery Time 
R, = l 00 .n, See figure l (Condition l) 

1. = 10 mA, V0 = 6 V, i" = l mA, 
R, = 100 .n, See figure l (Condition 2) 

1N4151 1N4152 
MIN MAX MIN MAX 

4 4 

2 2 

*PARAMETER MEASUREMENT INFORMATION 

INPUT 

CONDITION 1: Adjust V;n for 
loM ~ 10 mA 

CONDITION 2: Adjust Y;n 
for V0 ~ 6 Y 

INPUT VOLTAGE WAVEFORM 

0.2 µF 

= 

D.U. T. 

Ad just for 
IF~ 10 mA 

TEST CIRCUI 1 

------.- - IF 

I 
I 

-0 

-{I---+-+~ 
I 
I 
I 
I I 

!---t" -I I 
...-t,,-...i 

1N4153 
MIN MAX 

4 

2 

OUTPUT CURRENT WAVEFORMS 

FIGURE I - REVERSE RECOVERY TIME 

NOTES: a. The input pulse is supplied by a generator with the following characteristics: Zout = SO 0, Ir ~ 0.5 ns, IP = 100 ns. 

b. The output waveform is monitored on an oscilloscope with the following characteristics: tr :::;; 0.6 ns, Zin = 50 0. 

•indicates JEDEC registered data. 

1N4154 
UNIT 

MIN MAX 

4 ns 

2 ns 

19404 

TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES Al ANY TIME 
IN ORDER 10 IMPROVE DESIGN AND TO SUPPLY lHE BEST PRODUCT POSSIBLE. 

Bl 



TYPES 1N4305, 1N4444, 1N4454 
PLANAR SILICON SWITCHING DIODES 

• Small-Size, Whiskerless, Double-Plug Construction 
• Extremely Stable and Reliable High-Speed Diodes 
• 1 N4305 Electrically Equivalent to 1 N3063 
• 1 N4454 Electrically Equivalent to 1 N3064 

mechanlcal data 

The glass-passivated silicon wafer is encased in a hermetically sealed glass package. 

*ALL JEDEC DD·35 DIMENSIONS AND NOTES ARE APPLICABLE 

OIM~NSIONS ARE IN INCHES 
NOn: WITHIN THIS ZONE OIAMEl&R' OF EACH LEAD IS UNCONTROLLED CATHODE END IS DENOTED 

BY COLOR BAND 

*absolute maximum ratings at 25°C free·air temperature (unless otherwise noted) 

IN4305 1N4444 1N4454 
Vu, Peak Reverse Voltage 75 75 
VoM(wk•I Working Peak Reverse Voltage 50 

p Continuous Power Dissipation at (or below) 
500 25°C Free-Air Temperature (See Note 1) 

T,+• Storage Temperature Range -65 to200 
Tt Lead Temperature 1/16 Inch from Case for 10 Seconds 300 

*electrical characteristics at 25°C free-air temperature (unless otherwise noted) 

PARAMETER TEST CONDITIONS 1N4305 1N4444 1N4454 
MIN MAX MIN MAX MIN MAX 

~"!L Reverse Breakdown Voltage 1•=5p,A 75 70 75 

1. Slatic Reverse Curren! 
v. = 50 v O.J 0.05 0.1 
v. = 50 v, TA = iso•c JOO 50 JOO 
1, = O.J mA 0.44 0.55 
I, = 0.25 mA 0.505 0.575 
I,= 1 mA 0.55 0.65 ~.56 0.68 

v, Slatic Forward Voltage I,= 2 mA 0.61 o.n 
l,=lOmA 0.70 0.85 0.69 0.82 J 
I,= 100 mA !BS J 

av, 
Forward Voltage Temperolure 1, = JO µA lo JO mA, See Note 2 3 
Coefficient 

Cr Total Capacitance v. = 0, f = 1 MHz 2 2 z 
NOTES, 1. Deratt linearly to 2oo•c at the rate of 2.85 mW I •c. 

2. Temperature coefficient, avF• is determrned by the following formula: 

tTradomark al Texas lnitrumtnls - v, @ uo•c - v, @ -55"C 
*lndlcat11 JEDEC registered data avF - 150°C - (-55°() 

TEXAS INSTRUMENTS 
INCORPORATED 

ll'OIT OP',,ICI! BO)( !11012 • OA.l.LAS1 TSXA8 Hila 

UNIT 
v 
v 

mW 

•c 
•c 

UNIT 

v 
µA 
µA 
y 
y 
y 
y 
y 
y 

mV!°C 

pF 

19405 
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TYPES 1 N4305, 1 N4444, 1 N4454 
PLANAR SILICON SWITCHING DIODES 

*operating characteristics at 25°C free-air temperature 

PARAMETER TEST CONDITIONS 
1N4305 1N4444 1N4454 

MIN MAX MIN MAX 
IF = 10 mA, IRM = 10 mA, irr = 1 mA, 4 7 RL = J 00 fi, See Figure J, Condition J 

t rr Reverse Recovery Time 
IF = JO mA, V, = 6 V, irr = 1 mA, 
RL = JOO !l, See Figure J, Condition 2 2 

yFMl,ecll Forward Recovery 
Voltage IF = JOO mA, RL = 50 n. See Figure 2 

71, Rectification Efficiency V, = 2 v, RL = 5 k!l, Cc = 20 pf, 45% 
Z,oucce = 50 fi, I = J 00 MHz 

*PARAMETER MEASUREMENT INFORMATION 

INPUT OUTPUT 

-----.--IF 

CONDITION 1: Adlust V;n for 
IRM= lOmA 

CONDITION 2: Adjust V;n 
for VR = 6 V 

INPUT VOLTAGE WAVEFORM 

TEST ClRCUIT 
------ - 0 

FIGURE 1 - REVERSE RECOVERY TIME 

NOTES: a. The input pulse is supplied by a generator with the following characteristics: ZOld = 50 D, 'r ::;;_ 0.5 ns, tp = 100 ns. 

b. Output waveforms are monitored on on oscilloscope with the following characteristics: t, S 0.6 ns, Z;n = SO 0. 

MIN MAX 

4 

2 

3 

INPUT r\ Adjust for 

~ ~OOmA 
50 Q 

INPUT~ OUTPUT 

1 D.U.T. 

TEST CIRCUIT 

f\.-------~~r 
OUT:J ~I 

VOLTAGE WAVEFORMS 

FIGURE 2 - FORWARD RECOVERY VOLTAGE 

NOHS: c. The input pulse is supplied by a generator with the following characteristics: lout = 50 0, Ir ~ 30 ns, Ip = 100 ns, PRR = S to 100 kHz. 

d. The output waveform is monitored on an oscilloscope with the following charocferistics: tr ~ 15 ns, Rin 2: 1 MU, Cin S S pf. 

*Indicates JEDEC registered data. 

UNIT 

ns 

ns 

v 

19406 TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
IN ORDER TO IMPROVE DESIGN AND TD SUPPLY THE BEST PRODUCT POSSIBLE. 
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TYPES TID21, TID22, TID23, TID24 
EPITAXIAL PLANAR SILICON 8-DIODE ARRAYS 

mechanical data 

8-DIODE CORE DRIVERS 
For Application With 

Magnetic Cores • Memory Drums • Memory Tapes 
Magnetic Discs • Diode-Capacitor Storage 

The diode arrays are mounted in a glass-to-metal hermetically sealed, welded package which falls within 
the JEDEC T0-89 outline. Leads are goldplated F-15t glass-sealing alloy. Approximate weight is 0.1 gram. 
All external surtaces are metallic. 

ALL LEADS INSULATED FROM CASE 

®@©©@ NOTES, a. All dimensions in ind!,., 

b. All d1<imals ± O.DOS ampt as noted. 

c. load-spacing tolerance Is ± O.OIS at 
utremitits and ± 0.005 al padcage, 
nonaccumulative. 

d. lead centerlines are located within 
± O.OOS of their true pasltlons nlatlve 
to body c111t1rllnes. 

1. Sym&olization denotes orientation of pack­
age. 

tF-15 is the ASTM designation for an iron-nickel-cobalt alloy containing nominally 29% nickel, 17% cobalt, and 53% iron. 

schematic diagrams 

I 

®llf1Ilii 1Ilifill 
Q) No connection 

COMMON CAT HOOE 
(!) No connection 

COMMON ANODE 

absolute maximum ratings at 25°C free-air temperature (unless otherwise noted} 

EACH DIODE TOTAL 

TID21 TID22 DEVICE 

TID23 TID24 ALL TYPES 

Peak Reverse Voltage (See Note 1) 60 40 

Steady State Reverse Voltage, VR 30 15 

Peak Forward Current at (or below) 500 500 25°C Free-Air Temperature (See Notes 1, 2, and 3) 

Continuous Forward Current at (or below) 100 200 25°C Free-Air Temperature (See Notes 2 and 4) 

Storage Temperature Range -65 to 200 

Lead Temperature ){, Inch From Case for 10 Seconds 300 

NOTES, 1. These values appiy for 100-µs puhes, duty cycle :=:;; 203. 

2. The values shown for total device apply for any combination proVided the ratings of individual diodes are not exceeded. 

3. Derate linearly to 150°C free-air temperature at the rate of 4 mA/deg. 

4. Derate linearly to 1S0° C free-air temperature at the rate of 0.8 mA/ deg for each diode and 1.6 mA/ deg for the total devlc:e. 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 5012 • DALLAS, TEXAS 75222 

UNIT 

v 
v 

mA 

mA 

oc 
•c 
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TYPES TID21, TID22, TID23, TID24 
EPITAXIAL PLANAR SILICON 8-DIODE ARRAYS 

20006 

electrical characteristics at 25°C free-air temperature 

single-diode operation (see note 5) 

TID21 TID22 TID23 TID24 
UNIT PARAMETER TEST CONDITIONS 

MIN MAX MIN MAX MIN MAX MIN MAX 

V(BR) Reverse Breakdown Voltage 1.=10 µA 60 40 60 40 y 

v.=30 v 0.1 0.1 µA 
1. Static Reverse Current 

v.=1sv 0.1 0.1 µA 

v. Static Forward Voltage 1.=lOOmA l 1.1 1 1.1 v 
VF lnslantaneous Forward Voltage 1.=SOOmA, See Note 6 1.3 1.5 1.3 1.5 v 
v ... Peak Forward Voltage 1.=500 mA, See Note 7 5 5 5 s v 
Cr Total Capacitance v,=o, f=l MHz 4 4 7 7 pf 

multiple-diode operation (see note 8) 

PARAMETER TEST CONDITIONS TID21 TID22 TID23 TID24 
UNIT MIN MAX MIN MAX MIN MAX MIN MAX 

1., Static Reverse Current v. 1 =roted V0, 10 10 10 10 µ,A IFN=2S mA 
v., Static Forword Voltage IFi-IFN-25 mA 1 l 1 1 v 

switching characteristics at 25°C free-air temperature 

single-diode operation (see note 5) 

PARAMETER TEST CONDITIONS 
ALL TYP!'S 

UNIT 
MAX 

t1r Forward Recovery Time l,=SOO mA, 
See Figure 2 40 ns 

1,=200mA, 1 ... =200mA, 
Irr Reverse Recovery Time RL =lOO!l, 20 ns 

irr=20mA, See Figure 3 

NOTES: 5. Test conditions and limits apply separately to each of the diodes. The diodes not under test are open-drtuited during the measurement of these characteristics. 

6. Thi$ parameter is measured using pulse techniques. tp = 100 µs, duty cycle S 2%. ~eod time is 90 µs from leadjng edge of the pulse. 

7. The initial instantaneous value is measured ufing pulse techniques. IP= 150 µs, duty cycle S 2% pulse rise fin,e S 10 ns. The total diode shunt 
capaci!ance is 19 pf max and the equipment bandwidth is 80 MHz. 

8. Subscript numerl!'I 1 refers lo the diode under test; subscript N refers simultaneously to each of the other diod~s. Each diode is Individually fMled after the device 
reaches operating t~ermol equilibrium. 



TYPES TID21, TID22w TID23, TID24 
EPITAXIAL PLANAR SILICON I-DIODE ARRAYS 

100 

1000 

<( 100 
E 

I 

~ 
" u 10 

l 
..e 

-~ 1.0 

0.1 

TYPICAL CHARACTERISTICS 

FORWARD CONDUCTION CHARACTERISTICS 

F TA 25•c 
~See Note 6 L 

IL 
L 

rz: 

1 
..L 
.L 
I 

.L 
1 

0 0.2 0.4 0.6 0.8 1.0 1 .2 I .4 
vf - Instantaneous Forward Voltage -V 

FIGURE 1 

PARAMETER MEASUREMENT INFORMATION 

INPUT 

INPUT OO---~• .. ,..'>;,•'l..•---1 ... -----00 OUTPUT 

~ ""·" 

Adjust for 
Ip= 500 mA 

TEST CIRCUIT VOLTAGE WAVEFORMS 

FIGURE 2 - FORWARD RECOVERY TIME 

NOTES: a. Tho Input pulse Is supplied loy a geoorator with the following characterisliu: 1, ~ 15 ns, z .. 1=50 0, PW=150 ns, duty cyde ~ rx,. 
b. Tht output wavefonn is monitored en an oKllloscope with the following characterlstiu: •r S 4.5 ns, Rin ~ 1 MO, Cin ~ S pF. 

20007 
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TYPES 11021, 11022, 11023, 11024 
EPITAXIAL PLANAR SILICON 8-DIODE ARRAYS 

20008 

PARAMETER MEASUREMENT INFORMATION 

o_n_ 
Ad just ompl itude 
for IF = 200 mA 

INPUT VOLTAGE 
WAVEFORM 

6 kQ 

0.05 pf 

= 

o.u.T. 

Adjust for 
10M= 200 mA 

TEST CIRCUIT 

-----IF 

______ __,_ - - - - - - - ____ Q 

I I 
I 
I I 
I I 
I I 
I I --r I 

... 1.--- t,, --l 
OUTPUT CURRENT WAVEFORM 

FIGURE 3 - REVERSE RECOVERY TIME 

NOTES: c. The input pulse is supplied by a generator with the following characteristics: ff::;; 1 ns, Z0 u+=50 Q, IP =200 ns, duty cycle::;; 1%. 

d. The output waveform is monitored on an oscilloscope with the following characteristics: tr ::;; 0.4 ns, Rin = 50 Q. 

TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEil PRODUCT POSSIBLE. 



TYPES TID25, TID26 
EPITAXIAL PLANAR SILICON 16-DIODE ARRAYS 

mechanical data 

16-DIODE CORE DRIVERS 

For Application With 
Magnetic Cores • Memory Drums • Memory Tapes 

Diode-Capacitor Storage • Magnetic Discs 

The diode arrays are mounted in a glass-to-metal hermetically sealed, welded package which falls within 
the JEDEC T0-89 outline. leads are goldplated F- l 5t glass-sealing alloy. Approximate weight is 0.1 gram. 
All external surfaces are metallic. 

ALL LEADS INSULATED FROM CASE 

NOTES: a. All dimensions in in<hes. 

b. All dedmals ± 0.005 except G5 noted. 

<. Lead-spacing tolerance is ±0.015 at 
extremities and ±0.00S at package, 
nonaccumulative. 

d. lead centerlines are located within 
± 0.005 of their true positions relalive 
ta body centerlines. 

e. Symbolization denotes orientation of pack· 
age. 

tF-15 is the ASTM designation for an iron-nickel-cobalt alloy containing nominally 29% nickel, 17% cobalt, and 533 iron. 

schematic diagrams 

absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 
EACH DIODE TOTAL 

DEVICE 
TID25 TID26 ALL TYPES 

Peak Reverse Voltage (See Note 1) 60 40 

Steady State Reverse Voltage, V0 30 15 

Peak Forward Current at (or below) 500 500 25°C Free-Air Temperature (See Notes 1, 2,and 3) 

Continuous Forward Current at (ar below) 100 200 25°C Free-Air Temperature (See Notes 2 and 4) 

Storage Temperature Range -65 to 200 

lead Temperature }(, Inch From Case for 10 Seconds 300 

NOTES: l. These values apply for 100-µs pulses, duty cycle :5; 20%. 

2. The values shown for total device apply for any combination provided the ratings of individual diodes are not exceeded. 

3. Berate linearly to 1S0°C free-air temperature at the rote of 4 mA/deg. 

4. Derate linearly to 1S0°C free-air temperature at the rate of 0.8 mA/deg for each diode and 1.6 mA/deg for the total devic:e. 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 5012 • DALLAS, TEXAS 75222 

UNIT 

v 
v 

mA 

mA 

•c 
•c 

20009 



TYPES TID25, TID26 
EPITAXIAL PLANAR SILICON 16-DIODE ARRAYS 

20010 

electrical characteristics at 25°C free-air temperature 

single-diode operation (see note 5) 

PARAMETER TEST CONDITIONS 

v, .. 1 Reverse Breakdown Voltage 1.=10 µA 

1. Static Revme Current 
v.=30 V, See Note 6 
v.-15v, See Note 6 

v. Static Forward Voltage 1.=IOO mA 
VF Instantaneous Forward Voltage 1,-500 mA, See Nole 7 
VFM Peak Forward Voltage 1.-500 mA, See Note 8 
Cr Total Capacitance t v.-o. f=l MHz 

multiple-diode operotion (see note 9) 

PARAMETER TEST CONDITIONS 

1., Static Reverse Current v.,=rated v •• 
IFN=25mA 

v., Static Forward Voltage l.,=IFN=25mA 

switching characteristics at 25°C free-air temperature 

single-diode operation (see note 5) 

PARAMETER TEST CONDITIONS 

'" Forward Recovery Time 
1.=soomA, 
See Figure 3 

1.=200 mA, '•"'=200mA, 

'" Reverse Recovery Time RL =100 n, 
irr=20mA, See Figure 4 

TID25 TID26 
MIN MAX MIN MAX UNIT 

60 40 v 
0.1 µA 

0.1 µA 
I 1.1 v 

1.3 1.5 v 
5 5 v 
8 8 pf 

TID25 TID26 
MIN MAX MIN MAX UNIT 

10 10 µA 

1 l v 

ALL TYPES 
MAX 

UNIT 

40 ns 

20 ns 

NOTES: 5. Tesl conditions and limits apply separalely lo each of the diodes. The diodes not under test are open-riu:uited during the measurement of these characteristics, 
except for IR as shown in figu~es 1 and 7. 

6. See figures 1 and 2, Parameter Measurement Information section. 

1. This parameter is measured using pulse techniques. Ip= 100 µ.s, duty cycle = 2"/o. Read time is 90 p.s from leading edge of the pulse, 

8. The initial instantaneous value is measured using pulse techniques. tp = lSO µs, duty cycle ::;;: 2%, pulse rise time :::; 10 ns. The total diode shunt 
capacitance is 19 pF max and the equipment bandwidth is 80 MH1. 

9. Test conditions apply separately to the common-anode and common-cathode sections. Subscript numerial 1 refers to lhe diode under test; subscript N refers simul· 
taneouily to each of the other diodes in the section. Each diode is individually tested after the device reaches operating thermal equillbrium. 

tc1 Is the total pin·to-pin capatitance measured across any of the diodes. The interaction of the other diodes cannot easily be separated out unless three· 
terminal guarded measurement techniques are used. The actual capacitance of a single, isolated diode will typically be 30% of the measured pin-to-pin value 
for the common-cathode diodes, and 75% of the measured value for the common·anode diodes. 



nPES TID25. TID26 
EPITAXIAL PLANAR SILICON 16-DIODE ARRAYS 

PARAMETER MEASUREMENT INFORMATION 

When measuring the reverse current of an individual diode the current meter must be placed so that 
the shunt current through the other diodes is bypassed around the meter. To obtain accurate readings, 
the voltage drop across the current meter must be less than 10 mV. 

Shunt Current 

FIGURE 1 - TEST CIRCUIT FOR 

COMMON-CATHODE DIODE 

10'2 
INPUT O ___ _..-.,,.V"-•----41------<>0 OUTPUT 

I.,. 

TEST CIRCUIT 

Shunt Current ---

FIGURE 2 - TEST CIRCUIT FOR 

COMMON-ANODE DIODE 

INPUT 

OUTPUT 

10% 

I 
I 

Adjust for 
IF= 500 mA 

~'" I 

VOLTAGE WAVEFORMS 

FIGURE 3 -FORWARD RECOVERY TIME 

NOTES: a. The input pulse is supplied hy a generatar with the following characteristics: t, ~ 15 ns, Zout=SOO, tp =150 ns, duly cycle~ 2%. 

b. Tha output waYeform is monitored on an oscilloscope wilh the following characteristics: •r !S; 4.5 ns, Rin ~ 1 MO, Cin :5;: 5 pf. 

20011 
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TYPES TID25, TID26 
EPITAXIAL PLANAR SILICON 16-DIODE ARRAYS 

20012 

PARAMETER MEASUREMENT INFORMATION 

Ad just amplitude 
for Ip = 200 mA 

INPUT VOLTAGE 
WAVEFORM 

6kQ 

0.05 f1F 
D.U.T. 

1.2mH 

Adjust for 
IRM= 200 mA 

TEST CIRCUIT 

______ _,_ -- - ---- ____ o 

I 
I 
I 
I 
I --r'------' 
... i,.,__ __ t .. 

OUTPUT CURRENT WAVEFORM 

FIGURE 4 - REVERSE RECOVERY TIME 

I 
I 
I 
I 
I 
I 

..1 

NOTES: c. The input pulse is supplied by a generator with the following characteristics: t1 :s:;1 ns, Zou1=50tl, •p =200 ns, d11ty cycle~ 1%. 

d. The output wanform is monitored on an oscilloKOpl with the following characteristics: t, S: 0.4 ns, lin = 50 0. 

TEXAS INSTRUMENTS RESERVES THE RIGHT· TO MAKE CHANGES AT AllY THIE 
IN ORDER TO IMPROVE DESIGN AND TO SUPPi. Y THE BEST PRODUCT POSSIBlE. 



TYPES TID29, TID30 
EPITAXIAL PLANAR SILICON DUAL 10-DIODE ARRAYS 

mechanical data 

20·DIODE CORE DRIVDS 
For Application With 

Magnetic Cores • Memory Drums • Memory Tapes 
Diode-Capacitor Storage • Magnetic DiKs 
Convenient Input/Output lead Arrangement 

The diode arrays are mounted in a glass-to-metal hermetically sealed, welded package which falls within 
the JEDEC T0-84 outline. Leads are goldplated F-15t glass-sealing alloy. Approximate weight is 0.1 gram. 
All external surfaces are metallic. 

ALL LEADS INSULATED FROM CASE 

NOTESo a. All dlMonslons la i1<hn. 

•·All decimals ±I.GOS 111<1pt as noted. 

<. load.,paclng toleranco Is ± 0.015 11 
11trtmi1111 •d ± 0.005 al p11ekag1, 
1anaccumulat1ve. 

d. lead unttrlines are lacated wil•in 
±0.005 of ,.,Ir true pnilions relaliH 
to ltodJ. c•terlines. 

t. Symbolization denotes orientation of pack· 
age. 

tF-15 is the ASTM designation far an iron-nickel-cobalt alloy contai11ing ntt111inollr 29% nickel, 17% cobalt, and 53% iron. 

schematic diagrams 

I ; 

absolute maximum ratings at 25ac free-air temperature (unless otherwise noted) 
EACH DIODE TOTAL 

DEVICE UNIT 
TID29 TID30 All TYPES 

Peak Reverse Voltage (See Note 1) 60 40 v 
Steady State Reverse Voltage, VR 30 15 v 
Peak Forward Current at (ar below) 500 500 mA 25°C Free-Air Temperature (See Notes l, 2,and 3) 

Continuous Forward Current at (or below) 100 200 mA 25°C Free-Air Temperature (See Notes 2 and 4) 

Storage Temperature Range -65 ta 200 oc 
Lead Temperature }(, I nth From Case for l 0 Seconds 300 •c 

NOTES, I. Thne values apply for 100·1'• pulsos, duty cyde :S 20%. 

2. The values shown for total device opply for any combination provided the ratings of individual diodes ore not exceeded. 

3. Dtrate linearly to U0°C fne·air tamp1rahlr1 ot the rate of 4 mA/deg. 

4, Derato llaoarly to uo0 c frtHlr tomporaturo at tho rat• of 0.8 mA/dog far each diode and 1.6 mA/dog .for tire _, dnko. 

TEXAS INSTRUMENTS 
INCORPORATED 

POST Of'FICE BOX 1012 • DALLAS, Tl!XAS 75222 

20013 

• 



TYPES TID29, TID30 
EPITAXIAL PLANAR SILICON DUAL 10-DIODE ARRAYS 

20014 

electrical characteristics at 25°C free-air temperature 

single-diode operation (see note 5) 

PARAMETER TEST CONDITIONS 

V1••1 Reverse Breakdown Voltage 1,-10 µA 

1. Static Reverse Current 
v.-30Y, See Note 6 
v,=15 v, See Note 6 

v. Static Forward Voltage r.=100 mA 
VF Instantaneous Forward Voltage 1.=SOO mA, See Note 7 
VFM Peak Forward Voltage r.=500 mA, See Note 8 
Cr Total Capacitance t v.-o. f-1 MHz 

multiple-diode operation (see note 9) 

PARAMETER TEST CONDITIONS 

'·· 
Static Reverse Current v.1=rated v .. 

l,N=25 mA 
v., Static Forward Voltage l,,=l,N=25mA 

switching characteristics at 25°C free-air temperature 

single-diode operation (se.e note 5) 

PARAMETER TEST CONDITIONS 

'" Forward Recovery Time r.=soo mA, See Figure 3 

r,=200mA, '•M=200 mA, 

'" Reverse Recovery Time i,,=20mA, RL =100.f!, 
See Figure 4 

TID29 TID30 
MIN MAX MIN MAX UNIT 

60 40 y 
0.1 µA 

0.1 µA 
1 1.1 v 

1.3 1.5 v 
5 5 v 
8 8 pf 

TID29 TID30 
UNIT MIN MAX MIN MAX 

10 10 µA 

1 1 y 

ALL TYPES 

MAX 
UNIT 

40 ns 

20 ns 

NOTES: S. Test conditions and limits apply separately to each of the diodes. The diodes not under tesl ore open-circuited during the measurement of these characteristics, 
except for IR os shown in figures 1 ond 2. 

6. See figures 1 and 2, Parameter Measurement Information section. 

7. This parameter is measured using pulse techniques. tp =100 µs, duty cycle = 2%. Read time is 90 µs from leading edge of the pulse. 

8. The initial instantaneous value is measured using pulse techniques. tp = lSO µs, duty cycle S 2%, pulse rise time ::; 10 ns. The total diode shunt 
capacitance is 19 pF max and the equipment bandwidth is 80 MKz. 

9- Test conditions .apply separately to the common-anode and common-cathode sections. Subscript numeriol 1 refers to the diode under test; subscript N refers simul­
taneously to each of the other diodes in the section. Each diode is individually tested after the device reoches operating thermal equilibrium. 

tcr is the total pin-to-pin capacitance measured across any of the diodes. The interaction of the other diodes cannot easily be separated out unless three­
terminol guarded 1111!asurement techniques are used. The actual capacitance of a single, isolated diode will typically be 30% of the measured pin-to-pin value 
for the common-cathode diodes, and 75% of the measured value for the common-anode diodes. 



TYPES TID29, Tl.D30 
EPITAXIAL PLANAR SILICON DUAL 10-DIODE ARRAYS 

PARAMETER MEASUREMENT INFORMATION 

When measuring the reverse current of on individual diode the current meter must be placed so that 
the shunt current through the other diodes is bypassed around the meter. To obtain accurate readings, 
the voltage drop across the current meter must be less than 10 mV. 

+ 

-­Shunt Current 

FIGURE 1 - TEST CIRCUIT FOR 
COMMON.CATHODE DIODES 

100 

INPUT o---'""w. ... ---I+-------oo OUTPUT 

= ""' 

TEST CIRCUIT 

Shunt Current 

FIGURE 2 - TEST CIRCUIT FOR 
COMMON-ANODE DIODES 

INPUT Adjust for 
IF= 500 mA 

OUTPUT 

10% 

I 
I 

---i '" I 

VOLTAGE WAVEFORMS 

FIGURE 3 - FORWARD RECOVERY TIME 

NOTES: a. Tha input pulse is supplied by a generGtor with the following characreristics: •r $ 15 ns. Zout =SO 11, IP = 150 ns, duty cyde ~ 23. 

b. 1111 output waveform is monitored on an oscilloscope with the following characterhtiu: t, ::; 4.5 ns, Rin ~ 1 M 0, Cin ::; 5 pf. 
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TYPES TID29, TID30 
EPITAXIAL PLANAR SILICON DUAL 10-DIODE ARRAYS 

20016 

PARAMETER MEASUREMENT INFORMATION 

INPUT 

o_n_ 
Ad just amp I itude 

for IF = 200 mA 

INPUT VOLTAGE 
WAVEFORM 

0.05 l'f 
D.U.T. 

o+---+--!l----e----..... .W.-------4-0) OUTPUT 

6kQ 

Adjust for 
IRM= 200 mA 

TEST CIRCUIT 

______ __._ - - - - - - - ____ Q 

I 
I I 

I I 
I I 
I I 

IRM 
I I 

--T I 
I. t,, ---I 

OUTPUT CURRENT WAVEFORM 

FIGURE 4 - REVERSE RECOVERY TIME 

NOTES: c. The input pulse is supplied by a generator with the following characteristics: 1, S 1 ns, Zout=SO!l, tp=200 ns, duty cycle::; 1%. 

d. The output waveform Is monitored on an ascilloscope with the following charaderhtics: tr S 0.4 ns, Rin = SO 0. 

TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CllANGES AT ANY TIME 
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 



TIV306, TIV307, TIV308 
PLANAR SILICON VOLTAGE-VARIABLE-CAPACITANCE DIODES 

mechanical data 

FOR USE IN AUTOMATIC FREQUENCY CONTROL 
AND VOLTAGE-VARIABLE TUNING 

• Small Size, Whiskerless, Double-Plug Construction 

• High Q, High Capacitance Ratio 
• Replaces TIV300 and TIV301 

"' ...... 
!; ~ ~ 
>;;; = n :::! ..... 
::: z < 
"'z w 
~p~ 
~~~ z ... w 
z.,., ~ 
0 ~ .. 
• 0 ::::! 
c:OS 
l:S" g 
"'ii: ... l> 
0 ... 
= ;; .!'- g; 

The glass-passivated silicon wafer is encased in a hermetically sealed glass package. High-temperature 2 
bond between wafer and leads ensures integral positive contact under extreme environmental conditions. ~ 

FALLS WITHIN 00-35 DIMENSIONS 

~::~DIAL_ 

OIMENSIONS ARE IN INCHES 
NOTE. WITHIN THIS ZONE DIAMETER OF EACH LEAD 15 UNCONTROLLED CATHODE END IS DENOTED 

BY COLOR BAND 

absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 

Peak Reverse Voltage . 20V 
250mW 

-65°C to 150°C 

Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note ll 
Operating Free-Air Temperature Range 
Storage Temperature Range . -65°C to 200°C 

electrical characteristics at 25°C free-air temperature 

PARAMETER TEST CONDITIONS 
TIV306 TIV307 TIV308 

UNIT 
MIN MAX MIN MAX MIN MAX 

v1 ... 1 Breakdown Voltage I, - 100 µ.A 20 20 20 v 

'· Reverse Current v. - 15 v 50 50 50 nA 
Cr Total Capacitance v. - 4 v. I= l MHz 5 9 7 11 9 14 pf 
Q Figure of Merit (Note 2) v. = 4 v, 1=50MHz 200 200 200 
Cv1 

Capacitance Ratio V, = l V, V2 = 5 V, I= l MHz 1.5 1.5 1.5 -

Cv2 

NOTES: 1. Derate linearly to 150°( free-air temperature at the rate of 2 mW/deg. 

2. Figure of Merit, Q, i$ defined by the equation Q = _I_ where r5 is Equivalent Series Resistance, u0s measured on o Boonton RF Admittance Bridge, Model 
21Tf(Trs 

33A or equivalent. 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 5012 • DALLAS, TEXAS 75222 

TEXAS INSTRUMENTS RESERVES THE RIGHT TO 
MAKE CHANGES AT ANY TIME IN ORDER TO 
IMPROVE DESIGN AND TO SUPPLY THE BEST 
PRODUCT POSSIBLE. 

i ... 
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TYPES TIV306, TIV307, TIV308. 
PLANAR SILICON VOLTAGE-VARIABLE-CAPACITANCE DIODES 

21206 

TYPICAL APPLICATION DATA 

Cs 2N4997 

T, ~ Ef21 OUTPUT c,. u (--o 

~ C22 

" '- I 
C20l 

c, 

l 
",, ''J R1 

AGC or Ground 

TIVJal 

.J. 
T 

" ' ' ' "'-------'I--_._ ____ _ 

' 

R12 

L----~1---------'>----"Nlr---...--+--oAFC or Ground 

CAPACITORS 

C1: 0.001 µ.F 
C2: 10 pf 
C,: t 
C.: 0.001 µ.F 
Cs: t 
C.: 10 pf 
C7: 0.001 µ.F 
C.: 12 pf 
C,: 4.7 pf 
c,., 6.8 pf 
C11 : 4.7 pf 

C12: 1.2 pf 
C,,: t 
c,.: 10 pf 
C1s: 240 pf 
( 16: 0.001 µ.f 
Cn: 0.1 µ.F 
C11: 0.01 µ.F 
(19: 47 pf 
( 20: 0.01 µ.f 
C21 : 100 pf 
C22: 0.01 µ.F 

tThrtt-gang, 6-21 pf each, wilh trimmen. 

Ra 

TYPICAL TUNER PERFORMANCE AT f 0 = 98 MHz 

Image Rejedion (119.4 MHz) 47 dB 
f0 + Vz IF Rejedion (103.35 MHz) 73 dB 

Sensitivity for 30-dB ~ (±75-kHz deviation) 2.3 µ.V 

Sensitivity for 30-dB ~ (±22.5-kHz deviation) 3.4 µ.V 

Voltage Gain from Input to Primary of IF Transformer 37 dB 

CIRCUIT COMPONENT INFORMATION 

RESISTORS COILS 

R1: 27 kO R7: 10 kO 
R2: 10 kO R.: 330 kO 

L1: 2.S T, #16 bus,%" ID, carbonyl "E" core, 
tapped at 1 T and 2 T from bottom 

R,: 2.7 kO R9: 820 0 
R4: 330 0 R10: 120 0 
Rs: 1 kO R,,: 330 !l 
R6: 2.7 kO R12: 330 0 

All resistors Vz W, ten percent tolerance 

TRANSFORMER 

T 1: 10.7 MHz IF transformer 

L2: 4 T, #16 bus, '14'' ID, air core, tapped 
of 1.3 T and 1 T from bottom 

L,: 1 µ.H 
4: 3 T, #16 bus,%" ID, carbonyl "E" core 

FIGURE 19 - TYPICAL FM TUNER 



TYPES 1N746 THRU 1N759, 1N746A THRU 1N759A 
SILICON VOLTAGE REGULATOR DIODES 

mechanical data 

3.3 TO 12 VOLTS • 400 mw 

GUARANTEED DYNAMIC ZENER IMPEDANCE 

Availa•le In 50/e and 100/e tolerances 

·65 to 175°C operation & storage 

The diode is encased in a hermetically sealed hard-glass package which falls within the JEDEC 00-7 
outline. Unit weight is typically 0.195 gram. 

0.230 2 LEADS G D.300:J1.000MIN1 

~~ml.::! f!= 
Lo.101DIA ..... 

REGISTERED iODY DIMENSIONS* 
MAX 

LENGTH G.300 
DIAMETER 0.125 

*absolute maximum ratings 

All DIMENSIONS IN INCHES 

AYerage Redilied Forward Currant dt (or below) 25°C Frae-Air Temperatura 

AV.rage Redilild Forward' Curiant at 1 so0 c Frae-Air Temperatura • • 
Continuous Power Dissipation ilt (or below) S0°C Frae-Air Temperature 

Continuous Power ilissipation at 150°C Free-Air Temperatura 
Operating Frae-Air Temperature Range • 

Storage Temperature Range 

*Indicates JEDEC ngistared data 

CATHODE ERO IS DENOTED 
BY COLOR BANDS 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 5012 • DALLAS, TEXAS 75222 

I 

- 230 ma 

- as ma 
_ 400 mw 

• 100 mw 
. -'5°c to 175 •c 
. -'5°c to 11s •c 

23109 
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TYPES 1N746 THRU 1N759, 1N746A THRU 1N759A 
SILICON VOLTAGE REGULATOR DIODES 

23110 

*electrical characteristics at 25°C free-air temperature (unless otherwise noted) 

Vz 
Zener 

PARAMETER Breakdown 
Voltage 

TEST 
lzr = 20 ma CONDITIONS 

LIMIT-+ NOM 
lN746-lN759 1N746A· 1N759A 

MIN MAX MIN MAX 

llNIT--+ y y y y y 

1N746 3.3 2. 97 3.63 3.135 3.465 
1N747 3.6 3.24 3. 96 3.420 3. 780 
1N748 3.9 3.51 4.29 3705 4.095 
1N749 4.3 3.87 4. 73 4.085 4 515 
1N750 4. 7 4.23 5.17 4 .465 4. 935 
IN751 5.1 4.59 5.61 4.845 5 .355 
1N752 5.6 5.04 6.16 5.320 5.880 
IN753 6.2 5.58 6.82 5.890 6 5IO 
1N754 6.8 6 12 7 .48 6.460 7 140 
IN755 7.5 6.75 8.25 7 .125 7 .875 
IN756 8.2 738 9 02 7. 790 8.610 
JN757 9.1 8.19 10 01 8.645 9 555 
IN758 10.0 9 00 1100 9 500 10 .500 
JN759 12.0 10 80 13.20 11. 400 12.000 

*Indicates JEDEC registered data 

MAXIMUM POWER DISSIPATION 
500.-----,c----r----.----,---..,.---.---.,---· 

~ 

l : ,____,f----+-~-+~-------+---+---+---· 
~ LSJ 
~ 200 ~-+---+----+----__,..___~ -~---< 

! 100 ,____,,____,_-+--+--+-~--~--+---I 
O'----"f-----'--'-----'---'---"-~--"'----~ 

0 25 50 75 100 125 150 175 
T•- FREE-AIR TEMPERATURE-°C 

TYPICAL DYNAMIC IMPEDANCE 
vs ZENER VOLTAGE 

4 5 6 7 8 9 10 11 

V1-ZENER VOLTAGE-v 

200 

12 

az Zz IR 
Temperature Small·. Static 
Coefficient Signal Reverse 
of Breakdown Breakdown Current 
Yoltoge lmpedan11 

lzr = 20 ma lzr = 20 ma, YR= 1 y YR= 1 Y, 

1,1 = l ma TA=l50°c 

TYP MAX MAX MAX 

%/•c n p.a p.O 

-0.062 28 IO 30 
-0.055 24 IO 30 
-0 049 23 10 30 
-0 036 22 2 30 
-0.018 19 2 30 
-0 008 17 1 20 
+o 006 11 1 20 
+O 022 7 0.1 20 
+O 035 5 0.1 20 
+O 045 6 0.1 20 
+O 052 8 0.1 20 
+o 056 JO 0 I 20 
+O 060 17 0.1 20 
+0.060 3Q o. l 20 

TYPICAL 
ZENER TEMPERATURE COEFFICIENT 

vs ZENER VOLT AGE 

~ 
' ~ 
I 
% ... 
2 ... 
~ 
v ... .,. 
::J 

~ -0.02 ... .... 
~ -0.04 .,. ... 
z -0.06 _!_ 
~ 

N -0.08 ~~-~~-~~-f--~~f--~ 
i'j 3 4 5 6 7 8 9 10 11 12 

v,-ZENER VOLTAGE-v 

56a 



568 

TYPES 1N746 THRU 1N759, 1N746A THRU 1N759A 
SILICON VOLT AGE REGULATOR DIODES 

ZENER SURGE CURRENT 
SINGLE SURGE-NON REPETITIVE mmmmm 10 

r.=25•cEEf_ff 

TYPE-IN ••• 

FORWARD SURGE CURRENT 
SINGLE SURGE-NONREPETITIVE 

TYPE 1N746-1N759 

j 
.J_ 

T.,,;150°C J 

i 
IT. 

r.=25°C--j_ 

l 
I_ 

15 10 
IF - SURGE CURRENT - a 

0.1 

0.01 

0 
0 

ZENER :[RENT SURGE 1 

t ;2~·~ I\_ I 0.9 

_i J__J.j Ll 0.8 

MAX. ~ai R~~ =I kcl\ a 
1-+-++-++-+-+-t--+-+...+-i \--t-1'0.7 I 

! 1-+-+-+-++-+-+-t--+-+-tTt-iH0.6 "' 
a 

\ 
0.5 15 

~ 
1-+-+-+-+-+-++-t--+-T-+-+-t•0.4 .. 

I 0.31 
t-- 0.2 

r =1so•c ~ 
_ _t_). J__j.J_ .!..-" O.J 

TYPE-IN .•. 

TYPICAL CAPACITANCE 

t.=25°C +-t- t--

I' 
YR= lv t-- t--b 1=100 kc- t--

1' 

~ 
bl' 

TYPE-IN .•• 

500 
475 
450 
425 
400 
375 
350 

325 -.. 
300 I 
275 ~ 
250 ~ 
225 !:: 

u 
200 ~ 
175 :5 
150 
125 
100 
75 
50 
25 
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TYPES 1N746 THRU 1N759, 1N746A THRU 1N759A 
SILICON VOLTAGE REGULATOR DIODES 

23112 

TYPICAL CHARACTERISTICS 

Vz vs lz TYPE 1N746 

~---1---1---l---l---l-#l-~30 
MEAN-

MEAN-Hf 

l---+--+~-l----+-71/1#-+--~IO w 
MIN-±:::,z: 

Ja?Z=+-MAX 

'---'-----'-----1 ~_.J..___jl__J 0 
I 1.5 2 2.5 3 3.5 4 

V,- ZENER VOLTAGli-v 

40 

MEAN+-

30 

T•=llO"C 

~ 
I 

i 
20 = a 

71 
/} 

MEAN--i fil 
I. ~MAx 

Ml~ 
T-7 

I 1.5 2 2.5 3 3.5 4 
V,-ZENER VOLTAGE -v 

I 
N 

I 
10 ~ 

0 

100 
F=F=MEA 

I I ~ 
T.,=25°C IT 

10 

-Jl 
E MEAN 

0 
E 
I 

i .. 
~ 

-- ::> 
u 

0.1 I 
I 
~ 

/--+-MAX 
0.01 

ii 
0 2 3 4 5 6 

0.001 
1 

V,-ZENER VOLTAGli -v 

MEAN+ 

T..,=150°C 

t---+--+--+-++u-+---130 

~ 
I 

i 
1-----+--+--+-_.,_-+--l 20 ! 

u 
81 
~ 
I 

1-----+--+--'---'---'---' 0 
I 1.5 2 2.5 3 3.5 4 

V, - ZENER VOLTAGE-v 

An individual diode will have voltage characteristics which vary with reverse current as shown on all curves. 

When a diode has a zener voltage at 20 ma different from the value shown, translate the curves to this new value or shift the voltage axis 
to correspond to the translation. The max-min curves will now give the individual diode zener voltage spread at different current levels. 
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TYPES 1N746 THRU 1N759, 1N746A THRU 1N759A 
SILICON VOLTAGE REGULATOR DIODES 

TYPICAL CHARACTERISTICS 

Vz vs lz TYPE 1N751 

f-+--+-+-+::M=tEA-=-N::+H--11-!~ 30 

MEAN --tR. 
UJJ 

>---+---+-1--H<H---+-t---i 30 
MEAN 

r. = 11 o•c -+-+r-+-+--+--t ~ 
,! 

i 
~-l---+-H--l---+-f--l20~ 

u 

MIN--t=:l 
f-'.''F-+1+-ll---4-l--+--I l 0 

MEAN q} 

L_ ..... _:r:L__L__L__IL__L__'--' o 
3.7 4.1 4.5 4.9 5.3 5.7 6.1 6.5 

j_JL 
JL NMAX 

v,-ZENERVOLTAGE-v 

I 
I 

[ 
T.=2s0 c 

MEAN-t-{/j_ 

mm~O.l 

lL1 

:LJ ~H-~~-~~_,___, 0.001 
0 l 234567 

V,-ZENER VOLTAGE-v 

~-l---+-l---l---+-t-----l30 

~ 
>----+---+-t-r--+---+-t--120~ 
r.= uo•c -+Llf-+---+---+---t u 

~~-"1"'~~~~~~o 
3.7 4.1 4.5 4.9 5.3 5.7 6.1 6.5 

V, -ZENER VOLTAGE-v 

I 
I 
~ 

An individual diode will have voltage characteristics which vary with reverse current as shown on all curves. 
When a diode has a zener voltage at 20 ma different from the value shown, translate the curves to this new value or shift the voltage axis 
to correspond to the translation. The max·min curves will now give the individual diode zener voltage spread at different current levels. 
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TYPES 1N746 THRU 1N759, 1N746A THRU 1N759A 
SILICON VOLTAGE REGULATOR DIODES 

23114 

TYPICAL CHARACTERISTICS 

V z vs 12 TYPE 1 N752 

~~~1~~~~-,--~40 

MEAN~ 

l--+--+--111'-T•=-65°C- 30 

~ 

~ 
1---1--+--l-t--l--+-+----I 20 = a .. 

~ 
N 
I _,,. 

t---+---+lff-t---+---+-t----ilO 

f-+-MAX 

[7} MEAN 
/ '/ l 0 

5.1 5.3 5.5 5.7 5.9 6.1 6.3 6.5 
V,-ZENER VOLTAGE-v 

l---+--+-t---+--+ff-t----130 

l---+--+-t----v+l-+-t----110 
MEAN t----! 

~frMAX 
~~+--~---~~~l~~ 0 

4.6 4.8 5.0 5.2 5.4 5.6 5.8 6.0 
V, -ZENER VOLTAGE- v 

~j_~}J_~l_j_~~~~ 0.001 
1.2 2.0 2.8 3.6 4.4 5.2 6.0 6.8 

V,-ZENERVOLTAGE-v 

l---+---+-t---+---+-t----130 

~ 
I 

~ .. 
l---+---+-t---+---+-t----i20~ 

u 
1-- r.J'.1so•c LiJ :ii 

'l ~ 
-- .1 j_ IJ +----! l 

1---+MEANJ=. 10 nd 
VI/ 1 l 0 

4.4 4.6 4.8 5.0 5.2 5.4 5.6 5.8 
V,-ZENER VOLTAGE-v 

An individual diode will have voltage characteristics which vary with reverse current as shown on all curves. 

When a diode has a zener voltage at 20 ma different from the value shown, translate the curves to this new value or shift the voltage axis 
to correspond to the translation. The max-min curves will now give the individual diode zener voltage spread at di!lerent current levels. 
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TYPES 1N746 THRO 1N759, 1N746A THRO 1N759A 
SILICON VOLTAGE REGULA TOR DIODES 

TYPICAL CHARACTERISTICS 

40 

MEAN 

30 

0 
E 

~ 
T..,=-65°C +-- 20 ~ 

MINf--
10 

t-MAX 

t-MEAN ,,, 
0 

6.2 6.4 6.6 6.8 7.0 7.2 7.4 7.6 
V, -ZENER VOLTAGE-v 

l---t--+~t-lff+--+~t---i30 

MEAN-llJ, 

Ml~MAX 
.__.LI /___.____.__J.1...--.1...--,__, o 

6.3 6.5 6.7 6.9 7.1 7.3 7.5 7.7 
Vz-:-ZENEI VOLTAGE - v 

u 
• 
I 
I 

..!:' 

V, vs I, TYPE 1N754 

100 

:r 
r ... =25°C 

JO 

. 
E 
I ... 

MEAN +-- I 
u I 

O.li 

N 
I 

..!:' 

MIN I-/ j 0.01 

L.---1-'LlZ___._ll_.LL__J__T...L....-J 0.001 
2 3 4 5 6 7 • 

V,-ZENH VOLTAGE-v 

40 

30 

T"=150°C 

ii JO 

MEAN-fr 

7_ fl- I-MAX 

MINJ=¥7'. 
17]"7~ 

0 
6.3 6.5 6.7 6.9 7.1 7.3 7.5 7.7 

V,-ZENER VOLTAGE-v 

An individual diode will have voltage characteristics which vary with reverse current as shown on all curves. 
When a diode has a zener voltage at 20 ma different from the value shown, translate the curves to this new value or shift the voltage axis 
to correspond to the translation. The max-min curves will now give the individual diode zener voltage spread at diffii'ent current levels. 
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TYPES 1N746 THRU 1N759, 1N746A THRU 1N759A 
SILICON VOLTAGE REGULATOR DIODES 

23116 

TYPICAL CHARACTERISTICS 

Vz vs lz TYPE 1N759 

± IL 40 100 

T..,=-65°C 

1-t-MEAN 
30 

J-+--MAX 
10 

MIN-H 

Ji MEAN 
(; 1----' 

0 ~ II! "'! 'C! ~ 'Ill; 11!0 
222::::~~~ 

V,-ZENER VOLTAGE-v 

t--+--+-+--+--+-+--~30 

.J;' 

t---+--+-~-~lfl--t--+--+--ilO 

JL 
MIN-tfl./J 

TTA MAX 

v,-ZENER VCILTAGE~v 

I 

i 
--~0.11 

Ml MEAN 

I 
.J;' 

,__...__.__~1~~~~0.001 
7 I 9 10 II 12 13 14 

V,-ZENER VOl.TAGE-v 

l---+--+-+---+---+__,,__,30 

I 
,!. 
iii 

f---+--4-+--+--+-l--f 20 = 

f---+--4-+--+--+-1--flO 

MEAN-f::ti'.J:: MAX 

V,-ZENER VOLTAGE-v 

a 
I 
I 

.J;' 

An individual diode will have voltage.characteristics which vary with reverse current as shown on all curves. 
When a diode has a zener voltage at 20 ma different from the value shown, translate the curves to this new value or shift the voltage axis 
to correspond to the translation. The max-min curves will now give the individual diode zener voltage spread at diffiirent current levels. 
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TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
IN OIOER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 



1 N4370 THRU 1 N4372, 1 N4370A THRU 1 N4372A 
ALLOY -JUNCTION SILICON VOLTAGE REGULATOR DIODES 

400 mW - 2.4 V to 3 V 

1N4310A Thru 1N4372A Can Be Supplied in Accordance with Mll-S-19500/127 
low Noise Density: 20 µ,VI v'lh Typical 
Very Low Dynamic Zener Impedance 

mechanical data 

The diode is encased in a hermetically sealed hard-glass package. The outline drawing meets JEDEC D0-7 
outline*. Unit weight is 0.195 gram. 

L ..... :11 .. ""l 0.230 MIN 
2 LEADS 

+~= 
CATHODE END T~::- DIA MOLYBDENUM HEAT SINK 

ALL DIMENSIONS IN INCHES 

*absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 

lzM p T, •• Lead 
TYPE 

Steady-Stole Dissipation Storage Temperature Reverse Current TA<; 50°( Temperature 
(See Note 1) (See Note 2) Range (See Note 3) 

1N4370 
150 mA 

1N4370A 
1N4371 -55°C 

135 mA 400mW to 230°C 
1N4371A 175°( 
1N4372 

120 mA 
1N4372A 

NOTES: 1. The nominal lzM currents shown are applicable ta devices having regulator voltages 10% above the nominal Vz values. These values do not represent absolute 
limits. The actual steady-state current-voltage product must not exceed 400 mW. 

2. Berate ilnearly to 11s0 c free-air temperature at the rate of 3.2 mW/deg. 
3. This value applies J{6 inch from the case far 10 seconds. 

•Indicates JEDEC registered data. 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 5012 • DALLAS, TEXAS 75222 

"' ~ c 

§ Ill ... 
z f z 
p $! .. ii! s; 

"' ... c 
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~ 
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> ~ z i c t; > 
"' .. 
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TYPES 1 N4370 THRU 1 N4372, 1 N4370A THRU 1 N4372A 
ALLOY-JUNCTION SILICON VOLTAGE REGULATOR DIODES 

*electrical characteristics at 25°C free-air temperature 

Yz Zz 

PARAMETER 
Zener Small-Signal 
Breakdown Breakdown 
Voltage Impedance 

lzr = 20 mA lzr = 20 mA 
TEST CONDITIONS 1,1 = 2mA (See Note 4) I= 60 Hz 

LIMIT MIN NOMt MAX MAX 
UNIT v .a 

1N4370 2.16 2.4 2.64 30 
1N4370A 2.28 2.4 2.52 30 
1N4371 2.43 2.7 2.97 30 
1N4371A 2.57 2.7 2.84 30 
1N4372 2.70 3 3.30 29 
1N4372A 2.85 3 3.15 29 

NOTE 4: This parameter is measured after the device reaches operating thermal equilibrium. 
•indicates JEDEC registered data. 
tTolerance Is ± 10% for the 1N4370 thru 1N4372 series; ± 5% for the 1N4370A thru 1N4372A series. 

IR 
Static 
Revemi 
Current 

YR= 1 v 

MAX 
µA 
100 
100 
75 
75 
50 
50 

PARAMETER MEASUREMENT INFORMATION 

+ 

D-C Power 
Supply 

NOi SE DENSITY 

, ~ vout 
ND in ~V/v n• = -----== 

Overall GoinVBW" 

Filter 
0 =2 kHz 

FIGURE 1 - NOISE DENSITY TEST CIRCUIT 

True 
RMS 

Volt-

Vp 
Static 
Forward 
Voltage 

Ip= 200mA 

MAX 
y 

1.5 
1.5 
1.5 
1.5 
1.5 
1.5 

23602 TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANT TIME 
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PIOOUCT POSSIBLE. 



STANDARD MOUNTING HARDWARE FOR SILICON THYRISTORS 

This data sheet identifies those standard hardware kits which are supplied with each device. At additional 
cost, nonstandard hardware items will be supplied. 

The mounting hardware assembly drawings of Section A (Figures 1 and 2) specify the individual hard­
ware items that are included in each mounting hardware kit. Section A also references the package out­
lines for which each kit is designed and shows the typical thermal resistance associated with the mounting 
hardware. 

Section B contains mechanical drawings of the individual hardware items that are referenced in Figures 1 
and 2. 

•No hardware furnidi1d with these devices. 

DEVICE TYPES 
TIC20-TIC21 
TIC22-TIC23 

TABLE A 
SILICON THYRISTORS 

Tl40AO-T140A4 
TIC44-TIC47 
Tll 4SAO-Tll 4SA4 
2N681,A-2N689,A 
2N876-2N881 
2N884-2N889 
2N1S9S·2N1599 
2N1600·2N1604 
2Nl770,A-2N1777,A 
2N1778 
2N1842B-2N18508 
2N2322-2N2326 
2N2653 
2N2687-2N2690 
2N3001-2N3004 
2N300S-2N3008 
Tl3037-Tl3042 
2N3555-2N3558 
2N3SS9-2N3S62 
2N3936-2N3940 
2NS273.·2NS275 

KIT 
• 
10 
9 
• . 

10 
• . 
• 
9 
9 
9 

10 . 
9 
• 
• 
• 
10 . 
• 
9 

10 

Taxers lnstrumenls reserves the right to substitute similar parh at any time in order to expedite delivery or improve dtsig11. 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 5012 • DALLAS, TEXAS 75222 
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STANDARD MOUNTING HARDWARE FOR SILICON THYRISTORS 

SECTION A MOUNTING HARDWARE. ASSEMBLY DRAWINGS AND PHOTOGRAPHS 

24002 

Item 6-Mica Insulating Washer, 
Dwg. 10-31-188-018 

MOUNTING KIT 10 
for 

T0-48 PACKAGE OUTLINE 

MOUNTING KIT 9 
for .K T0-64 PACKAGE OUTLINE 

f~~ 
',,29~ 

Item 2 - Tin-Plated 
Copper Solder Lug, 
Dwg. 10-2Hl64-ooo 

Chassis or Heat Sink 

FIGURE 1 

TYPICAL THERMAL RESISTANCEt 

lie.HS 4 deg/W 

. Item 7 -Mica Insulating Washer, Owg. 10-31-199-001 

TYPICAL THERMAL RESISTANCEt 

lie.HS 1.2 deg/W 

Brass 

FIGURE 

tOc-HS is the thermal resista!lce frem the mounting base of the semiconductor-device case to the mou~ting surface of the heat sink. The heat sink used to 
determine 'this value was a smooth, flat, copp~r plate, with t~e thermOco~ple mounted 0.05 inch below the mounting surface in an area beneath the device. 
The device was mounted diredly lo a clean, dry, heat-silik surface, without the use of a thermal compound and a torque of ten inch·pounds was applied to 
the stud or •ach of the mounting. screws. 

;f:Trade~ork of E. I. d'u Pont 
§Trademark Ot Cedar Plastics 

561 



STANDARD MOUNTING HARDWARE FOR SILICON THYRISTORS 

SECTION B - MECHANICAL DRAWINGS OF HARDWARE ITEMS 

0.510 
0.490 

SOLDER LUG 
Item 2 

0.580 
0.550 

TERMINAL LUG 
Item 3 

0.083 RAD 
0.073 

0.075 DIA 
0.065 

0.250 RAD MAX 

# 12 WIRE SIZE 

24003 
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STANDARD MOUNTING HARDWARE FOR SILICON THYRISTORS 
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SECTION B - MECHANICAL DRAWINGS OF HARDWARE ITEMS 

A 
DIA 

r 
A 

DIA 

Item 

6 

7 

Item 

9 
t--·-

10 

A I 
0.205 0.536 -
0.195 0.526 
0.270 o.aas 
0.260 0.865 

INSULATING WASHER 
lteMs 6 anti 7 

A I 
0.340 0.270 

-
0.330 0.260 
0.271 0.203 -
0.251 0.191 

INSULATING SLEEVE 
Items 9 and 10 

c 
0.005 
0.001 
0.0025 -
O.OOlS 

8 
DIA 

-+r­
n 
u 

c 
0.072 
0.052 
0.050 
0.035 
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STANDARD MOUNTING HARDWARE FOR SILICON THYRISTORS 

SECTION B - MECHANICAL DRAWINGS OF HARDWARE ITEMS 

A 
DIA 

Item 

17 

18 

Item 

20 

22 

A B 
0.208 0.505 
0.198 0.495 
0.276 0.635 
0.255 Q.615 

FLAT WASHER 
Items 17 and 18 

A B 
0.204 0.381 -
0.195 0.365 
0.267 0.478 - -
0.256 0.466 

A 
DIA 

INTERNA1-TOOTH LOCK WASHER 
Items 20 and 22 

B 
DIA 

c 

c--H-

0.051 
0.041 
0.069 
0.034 

c 
0.025 -0.020 
0.027 -
0.023 

24005 
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STANDARD MOUNTING HARDWARE FOR SILICON THYRISTORS 
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SECTION B - MECHANICAL DRAWINGS OF HARDWARE ITEMS 

Item Thread 

25 10-32 
UNF-28 

27 
1/4-28 

UNF-28 

f 
B 

! 

A B 
0.375 0.433 -
0.362 0.413 
0.438 0.50"6 -
0.423 0.488 

HEXAGONAL NUT 
Items 25 and 27 

2 SIDES 

c D 
0.130 

30° -
0.117 
0.193 

30° 
0.178 

568 



Tl42A, Tl43A, 
N-P-N DIFFUSED SILICON BREAKDOWN DIODES 

description 

AVALANCHE SWITCHING DEVICES USED FOR 

FIRING SCRs AND TRIACS 

Types Tl42A, TIC54, and TICSS guarantee the stated values of breakdown and breakback voltages only 
when the marked end is negative with respect to the unmarked end. 

Types Tl43A, TIC56, and TICS? are electrically symmetrical trigger diacs that have guaranteed break­
down voltage and negative resistance characteristics in both directions. The breakdown voltage in either 
direction is guaranteed ta be within two volts of the breakdown voltage in the other direction. 

mechanical data 

COLOR BAND DENOTES NEGATIVE 
END OF Tl42A, TIC54, AND TICSS ONLY 

o.oas ~LASS 
0.075~ 

DEVICE rYPES ARE DESIGNATED BY THE FOLLOWING COLOll BANDS 
Tl42A- RED T143A - ORANGE 
TIC54 - YELLOW TIC56 - BLUE 
TIC55 - GREEN TIC57 - VIOLET 

absolute maximum ratings at 100°C free-air temperature (unless otherwise noted) 

Average Power Dissipation (See Note l) 

Nonrepetitive Peak Current for l 0 µs 

lOOmW 

. l A 

Storage Temperature Range . -65°C to 150°C 

electrical characteristics at 25°C free-air temperaturet 

PARAMETER TEST CONDITIONS TYPE MIN MAX UNIT 

Tl42A 28 36 
TIC54 26 38 

V1111<1 Breakdown Voltage dv/dt = 12 V/ms, TICSS 22 38 v 
See Figure 1 Tl43A 28 36 

TICS6 26 38 
TIC57 22 38 
Tl43A 

V1BRwV1e•12 Breakdown Voltage Differential+ 
dv/dt = 12 V/ms, TICS6 2 v 
See Figure l 

TIC57 

6V Breakback Voltage 
dv/dt = 12 V/ms, 

ALL 8 v See Figure 1 

NOTE l: Derole linearly to JS0°C free-air temperature al the rote of 2 mW/deg. 

tBreakdown and breakbnck voltage characteristics apply unilaterally to the Tl42A, TICS4, and TICSS; bilaterally to the Tl43A, TICS6, and TIC57. See Description. 

*Breakdown Voltage Differential is the difference between the two breakdown voltages measured in the two directions. 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 5012 • DALLAS, TEXAS 75222 

24105 
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TYPES Tl42A, Tl43A, TIC54, TIC55, TIC56, TIC57 
N-P-N DIFFUSED SILICON BREAKDOWN DIODES 

INPUT 
PULSE 
TO 
RELAY 

VtBRI 

PARAMETER MEASUREMENT INFORMATION 

lOQ 

i:-3.5 ms-j 

Tl43A 
TIC54 

;_~ ~F TIC55 

(See Note o) 

RL 

100 Q 

TEST CIRCUIT 

16.67 ms 

dv/dt odiusted for 12 V/ms 
(See Note o) 

., 

01--~~_._ ___ __,,~~~~~~~~~~~ .... -----''----I 

01--~~~~~--~--~~~~~~~~~~~~~....---.~--t 

t;.V 

VtBRJ 

!:>. v 

NOTE a: Capacitor C is adjusted until dv/dt across DUT is 12 V/ms. 

VOLTAGE WAVEFORMS 

FIGURE 1 

33.0 

32.8 

> 32.6 

I .. 32.4 
E 
~ 32.2 
c 
J: 32.0 0 ,, 

-"-
0 

~ 31.8 

I 
"' 3 l.6 

J- 31.4 

31. 2 

31.0 

24106 

TYPICAL CHARACTERISTICS 
It is of special importance to recognize the fact that the breakdown voltage decreases in magnitude 
as the voltage rate of ri8e, dv/dt, is increased. This characteristic is illustrated by Figure $. 

BREAKDOWN VOLTAGE BREAKDOWN VOLTAGE 
VS vs 

VOLTAGE RATE OF RISE FREE-AIR TEMPERATURE 
34..----.,---.---.--~-~-~-~-~ 

dv/dt ~ 12 V/ms l TA~ 25'C 
1--~---t--+---+- See Figure l --1 33t---t---+---+---+---+ See Figure 1-

> ~ 

0 5 10 15 20 25 30 
dv/dt -Voltage Rate of Rise -V /ms 

FIGURE 2 

35 

I 321--+--+---+----'"'lc,--+---+--+--l 

i 311-~+--+-·-+---~1---h...~-+---+--~ 
~ " ~ '-,.. 
~ 301---t---t--+---+---+---a.P~'<---+--l 

1 I 29 

~ 28t--+---+---t---+---+---+--+'""--'i,I >-

271--+--+---+---+---+--+---+--l 

26~-~-~--'---'---'--.....J...--"---' 
-75 -50 -25 0 25 50 75 100 125 

TA - Free-Air Temperature - 0 ( 

FIGURE 3 



i68 

120 v 
AC 

Clomping 
diodes may be 
used if 
smoother 
control is 
required 

120 v 
AC 

TYPES Tl42A, Tl43A, TIC54, TIC55, TIC56, TIC57 
N-P-N DIFFUSED SILICON BREAKDOWN DIODES 

TYPICAL APPLICATION DAT A 

' ' ' 'i' 1--,.--1 
\ 'J' I 
'-r/ 

I 

' I 
' 

0. 1 µF 

Tl40A2 
0, 1 µF 

Tl40A2 

0. 1 µF 
10 kQ 

0.25 MQ 

SYMMETRICAL CONTROL CIRCUIT 

FIGURE 4 

0.25 MQ 
10 kQ 

Tl42A 

HALF-WAVE CONTROL CIRCUIT 

FIGURE 5 

24107 
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TYPES Tl42A, Tl43A, TIC54, TIC55. TIC56, TIC57 
N-P-N DIFFUSED SILICON BREAKDOWN DIODES 

24108 

120 v 
AC 

TYPICAL APPLICATION DATA 

0.1 µF 

0.1 µF 

I kn 

200 kQ 

T143A 

200 kQ 

B idi rectionol 
Thyristor 
2N5273 

SYMMETRICAL CONTROL CIRCUIT 

FIGURE 6 

RELAXATION OSCILLATOR 

FIGURE 7 

TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 
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TYPES TIC44, TIC45, TIC46, TIC47 
P-N-P-N PLANAR SILICON REVERSE-BLOCKING TRIODE THYRISTORS 

l!!m't THYRISTORS 

600 mA DC • 30 thru 200 VOLTS 
Rugged, One-Piece Construction with Standard T0-18 100-mil Pin Circle 

mechanical data 

These thyristors are encapsulated 1n a plastic compound specifically designed for this purpose, using a 
highly mechanized process developed by Texas Instruments. The case will withstand soldering temperatures 
without deformation. These devices exhibit stable characteristics under high-humidity conditions and are 
capable of meeting MIL-STD-202C method 1068. The thyristors are insensitive to light. 

0.015 1- CATHODE 

--1 i;:i"'l ..... .,, 
1 J O.IOOT.P. 

z~= D:A z~(-EJE-~--_J L_-_+-+.o:i. 

uos I I ~500..,N _J 
~~ ... 

NOTES: A. Lead diameter i1 not cotttroHed in this °""• 
a. Leads having m111xlmum d~ (0.019) lhall be ~lthin 0.007 of their tru• posit.._ 

mecisur.d in tt.. gaging plan. 0.054 l:telaw the MOting plone of the device rel.tin to 
Cl mcuUmum-clianMNir pcickag•. 

C. All dimensions are in inchH. 

3· ANODE 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

TIC44 TIC45 TIC46 TIC47 UNIT 
Continuous Forward Blocking Voltage, VFO (See Note 1) 30 60 100 200 v 
Peak Forward Blocking Voltage (See Nole 1) 30 60 100 200 v 
Continuous Revene Blocking Voltage, Yao (See Note 1) 30 60 100 200 v 
Peak Ravena Blocking Voltage (See Note 1) 30 60 100 200 v 
Continuous Anode Forward Current at (or below) 55°C 

600 rnA Case Temperature (See Note 2) 
Continuous Anode Forward Current at (or below) 25°C 

300 mA Free-Air Tempemture (Sie Note 3) 
Average Anode Forward Current (180° Conduction Angle) at (or 

430 mA below) 55°C Case Temperature (See Note 4) 
Peak Anode Surge Current (See Note 5) 6 A 
Peak Gate Reverse Voltage 8 v 
Peak Gate forward Current (Pulse Width < 300 ~ 1 A 
Peak Gate Power Dissipation (Pulse Width < 300_ll.S} 4 w 
Opemting Free-Air Temperature Range -55 to 125 oc 
Storage Temperature Range -55to150 oc 
Lead Temperature J<, Inch from Case for 10 Seconds 260 oc 

NOTES: 1. These values apply when the gate-cathode resistance ~K ::::; 1 kO. 
2. These values apply for continuous d-< operation with nslstive load. Abm ss0 c derate according to Figure 5. 
3. These values apply for continuous d-c operation with resistive load. Above 2S°C derate acconling to Figun 6. 

4. This value may be applied continuously under single-phase, 60-Hz, half-sine-Wavt operatlDD with resistive load. Above 55°C derate according to Figure S. 
S. This Yalue applies for one 60-Hz half sine wave when the devic:e is optrating at (or below) rated values of peak reverse bloddng voltage and anode forward current. 

Surge may be repeated after the device has returned to original thermal equilibrium. 

tTrademark of Texas Instruments. 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 5012 • DALLAS, TEXAS 75222 
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TYPES TIC44, TIC45, TIC46, TIC47 
P-N-P-N PLANAR SILICON REVERSE-BLOCKING TRIODE THYRISTORS 

24110 

electrical characteristics at 25°C free-air temperature (unless atherwise noted} 

PARAMETER TEST CONDITIONS 
IFR Static Anode Forward Blocking Current VF = Rated Y"", RsK = 1 kfl., TA= 12s0 c 
IRR Static Anode Reverse Blocking Current v. = Rated·v • ., Rs• = 1 kfi, TA = 12S°C 
lsr Gate Trigger Current (See Note 6l VAA = 6 v. Rt.= 100 n • .!el!I_> 20..E:!_ 

Yer Gate Trigger Voltage (See Note 6) 
VAA = 6 v. Rt.= 10on. 'em!_> 20..E:!_ 
YAA = 6 v. Rt.= 1oon. tJ>M > 20 µs,TA = 12S°C 

IHR Holding Current Ri. = 1oon. RsK = 1 kfl. 
VF Static Forward Voltage IF= 300mA, Ra. 2 1 kfl., See Note 7 

NOTES: 6. When measuring these parameters, a 1 k{} resistor should be used between gale and cathode to prewent triggering by random noise. 

7. This parameter is measured using pulse techniques. IP = 1 ms, duty cydt ~ 1%. 

thermal characteristics 

PARAMETER 
fhc Junction-to-Case Thermal Resistance 
fJJ.A Junction-to-Free-Air Thermal Resistance 

switching characteristics at 25°C free-air temperature 

PARAMETER TEST CONDITIONS 

t.., Tum-On Time VAA = 30 v. RL = son. Rs = 20 kfl, 
V;0 = 20 V, See Figure 1 

Ion Commutating Tum-Off Time vAA = 30 v. RL =son. 1. = 1 A. 
See Figure 2 

MIN MAX UNIT 
so JiA 
50 µA 

200 µA 
0.8 y 

0.2 
5 mA 

1.4 y 

MAX UNIT 
75 

27S deg/W 

TYP UNIT 

3.5 µs 

6.8 µs 



TYPES TIC44, TIC45, TIC46, TIC47 
P-N-P-N PLANAR SILICON REVERSE-BLOCKING TRIODE THYRISTORS 

PARAMETER MEASUREMENT INFORMATION 

INPUf r;r:::-\_ 
I 

"-- ton ....-,1 

ovrPur ~90% 
VOLTAGE WAVEFORMS 

ovrPvr 

GENERATOR 

TEST CIRCUIT 

FIGURE 1 - TURN-ON TIME 

NOTES: A. Vin is measured with gate and cathode terminals connected as 

shown and anode terminal open. 

8. The input waveform of Figure l has the following characteristics: 

tr ~ 40 ns, tp 2': 20 µs. 

(. Waveforms ore monitored on an osciHoscope with the following 

charocferistin: tr ~ 14 ns, Rin ~ 10 MO, (in :S 12 pf. 

D. R6 includes the total redstonce of the generator and the external 

resistor. 

V2 

v, 

IF 

IR 

VF 

VR 

0 

0. -----

OL/ 
ri 

-I j.-to11 

WAVEFORMS 

Generator Synchronization 

TEST CIRCUIT 

L/ 
r 

VAA = 30 V.­
See Note F 

FIGURE 2 - COMMUTATING TURN-OFF TIME 

NOTES: E. Pulse generators for V1 and V2 are synchronized to provide an 
anode current wavefMm with the following characteristics: tp = 
SO to 300 µs, duty cycle = 1%. The pulse widths of V1 and V2 
ore ;:::: 10 µs. 

F. Resistor R1 is adiusted for IR = 1 A. 

24lll 
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TYPES TIC44, TIC45, TIC46, TIC47 
P-N-P-N PLANAR SILICON REVERSE-BLOCKING TRIODE THYRISTORS 

24112 

THERMAL INFORMATION 

The minimum heat-sink requirements may be calculated for 
any anode-current, heat-sink combination by the following 
procedure: 

1. Determine worst-case power dissipation from figure 3. 

2. Calculate maximum allowable case-to-free-air thermal 
resistance by use of the equation: 

(} TJ-TA (} 
C-A= ~- J-C 

where: T, = Junction temperature 
TA = Free-air temperature 
P A(ovJ = Average anode power dissipation 

(see figure 3 for worst-case values) 
(} J-c = Junction-to-case thermal resistance = 

75 deg/W maximum. 

3. Determine area of heat sink from figure 4. 

EXAMPLE 
Determine: Minimum size of ){•"-thick aluminum heat sink 

for safe operation of thyristor at an average 
current of 0.4 A with a conduction angle of 
180° 

Given: Maximum T, = 125°C 
TA= 35°C 
(J,_c = 75 deg/W 

Solution: From figure 3, P A!••I = 0.84 W for 0.4 A 
with 180° conduction angle. Using the equa­
tion of step 2 above: 

(} _ 125°C - 35°C _ 
C-A - 0.84 w - 75 deg/W - 32 deg/W 

Figure 4 shows that for Oc-A of 32 deg/W, the' area 
is 18 sq. in. The minimum dimensions of the sides 
should be: 

~xff=Jif xFF=3"x3" 

NOTES: 8. The thyristor is mounted in the center of a square heat sink vertically 
positioned in still free air with both sides exposed. The heat-sink area 
is twice the area of one side. 

9. (JC-A includes the case-to-heat sink thermal resistance, (JC-HS• in 
addition to the heat-sink-to-free-air thermal resistance, OHS-A• and is 
defined by the equation, OC-A = OC-HS + 9HS-A· 

MAXIMUM AVERAGE ANODE POWER DISSIPATED 

AVERAGE ANODE FORWARD CLl<RENT 

TJ = 125°C 
o. 9 t---t---f: 

~ 

I o.e 1---t--tt--t--f'-t--t1r--+-1'--t---t 
II 
i ·a 0.1 .---r--.-.-.--.--.....-.--r--.....,--...---1 
0 
; 
rf. 0.6 t---+---+-tl--1Ht+--+-+--+--+---t 

j 0.5 t--+-r--tt+i,_,.+----ifr--t--+---t 

f -( o ... ,_ _ _,...,,_,....,,..,...._T#"_-r----.--...---1 
~ • 
Io.3t----j'-fi'fT_,.-r-~-r-~t-----t~...., 
I 
10.2 t--.rfl'ff-7"!f---+---+-f--f---+---I 
~"' 

0.1 

100 

Ir 
I 

70 

40 

~ 10 

100 200 300 400 500 600 
lflav) -Avercige Anode Forward Curr.nt -mA 

FIGURE 3 

TYPICAL HEAT-SINK AREA .. 
CASE-TO-FREE-AIR THERMAL RESISTANCE 

1/16" - THICK ALUMINUM HEAT SINK 

-1 
1 
-1 
' 
~ 
~ 

Mounted with \ Wakefield Engineering 
Delta Bond No. 152 I\ General Purpose Epoxy Adhesive 

See Notes 80~ 

.l ~ 
10 20 70 
Be_,.,- Case-To-Free-Air Thermal Resistance - deg/W 

FIGURE 4 

700 
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TYPES TIC44, TIC45, TIC46, TIC47 
P-N-P-N PLANAR SILICON REVERSE-BLOCKING TRIODE THYRISTORS 

THERMAL INFORMATION 

AVERAGE ANODE FORWARD CURRENT DERATING CURVE 
1 700 

~ Continuous DC 
i 600 1------~---i-':":4 ........ ___,~,...-1 s l 500 
"' 4>= 1so• 

1-----+-----+--~ 

l. <400 4>= 120° 

<I>= 90• f 300 <I>= 60" 

~ 
~ 200 4>= 30° 
E 

j 100 r---+---+----+-___:~~ 
I 

25 50 75 100 
Tc - Case Temperature - °C 

FIGURE 5 

TA - Fr .. -Air Temperature - °C 

FIGURE 6 

TYPICAL CHARACTERISTICS 

1. 
J 
c . 
t 
" u 
~ 

:ii 
u 
0 .. 
l 
1 
• 
1 

0.'4 

0.1 

0.0'4 

0.01 

Vr 

STATIC ANODE FORWARD BLOCKING CURRENT 
vs 

FREE-AIR TEMPERATURE 

Rated VFR 

RGK= 1 kO 

± 
_f 

0.001 .____.,____. _ __... _ _.__ ....... _ _.__...._ _ _, 
-75 -50 -25 0 25 so 75 100 125 

TA - Free-Air Temperature - °C 

FIGURE 7 

1. 
I 
c 
i 
u 
~ 

::;; 
!! .. 
• 

10 

0.'4 

! 0.1 

1 0.0'4 

u i 0.01 

I o.004 

0.001 

STATIC ANODE REVERSE BLOCKING CURRENT 
vs 

FREE-AIR TEMPERATURE 

EVR Rated VRR 
F-
l=RGK= 1 kQ z 

L 
L 

IL 
.Ll 

IL 
~ 

L 

-75 -50 -25 0 25 so 75 100 125 

T,..-Frae-Alr Temperature -"C 

FIGURE 8 
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TYPES TIC44, TIC45, TIC46, TIC47 
P-N-P-N PLANAR SILICON REVERSE-BLOCKING TRIODE THYRISTORS 

24114 

TYPICAL CHARACTERISTICS 

GATE TRIGGER CURRENT GATE TRIGGER VOLTAGE 
VI vs 

FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE 
1000 

VAA 6V = 
«JO 

~ 
I 100 
c 
~ '40 ::> 
u 
:0 

~ 10 

....... RL = 100'2 = ....... 

""" 
lp(g) "' 20 .... -

RGK= 1 kQ ~ 

3 
See Note 6 ~ 

~ 
.... 
~ 4 
C> 

I 
_l; 

~ 

" 
0.4 ~ 

0.1 o~-~-~-~--~-~-~-~-~ 
-75 -50 -25 0 25 50 75 100 125 -75 -50 -25 0 25 50 75 100 125 

TA- Free-Afr Tomperature -•c TA - Free-Air Temperature - •c 

FIGURE 9 FIGURE 10 

NOTE 6: When measuring these parameters, a 1 kO resistor should be used between gate and ca.thode to prevent triggering by random noise. 

HOLDING CURRENT 
vs 

FREE-AIR TEMPERATURE 

TA - Free-Air T emperoture -. °C 

FIGURE 11 

-

TURN-ON TIME 
VS 

GATE CURRENT 

VAA = 30 V 

r----+---+-+--+--il--ct--i-t--RL=50Q -

8 r----+---+-+--+--ir--'t--i-t-- lp(g)> 20 .... -

0 0.2 

T,.. = 25°C 

0.4 0.7 2 
IG -Gate Current-mA 

FIGURE 12 

TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 
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AUTOMATIC TURN-OFF CONTROL FOR HEADLIGHTS 

ADJUST TIME DELAY 

HEADLIGHT SWITCH 

•12vo r 1 tJ ~HEADLIGHT 
HEADLIGHT ,Ill '=' 

RELAY t 
t <400 mA 

500k!1 

r-
1 

---------·------------
I 0.1 µF 6.8k!1 

TIC44 

I 
I 330k!1 1k!1 

I 
I 1N2971 

L----------
+ 

'=' 
1 
'=' 

100µF 1 
-= --= 

OVERRIDE TURN -ON SWITCH 
CAl7llO 

I 

• Lights turn on with light sllllitch, 

• Lights turn off 1 second to 15 minutes (adjustable! after 

ignition is turned off. 

• 2N4891 unijunction u58d as variable timer. 

1 k!1 2N3707 

-= 

IGNITION SWITCH 

~ 

-, 
I 

10 k!11 

I 
I 
I 

:=~ 

... 
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TYPES 2N3001, 2N3002, 2N3003, 2N3004 
P-N-P-N PLANAR SILICON REVERSE-BLOCKING TRIODE THYRISTORS 

mechanical data 

350 ma - 30 to 200 VOLTS - 20 µa GATE SENSITIVITY 

All PLANAR, OXIDE.PASSIVATED JUNUIONS 
NO SOLDER OR FLUXES 

• High Operating Temperatures 
• High Surge Current Capability 
• Fast Switching Speeds 
• low Forward Voltage Drop 

The devices are in a hermetically sealed welded case with a glass-to-metal seal between case and leads. 
Approximate weight is 0.35 grams. 

• THE ANODE 15 IN ELECTRICAL 
CONTACT WITH THE CASE 

•ALL JEDEC T0-18 DIMENSIONS 
AND NOTES ARE APPLICABLE. 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

21113001 2N3002 2N3003 2N30cM UNIT 

*Continuous Forward Blocking Voltage, YFa (See Note 1) 30 60 100 200 v 
•continuous Reverse Blocking Voltage, YR 30 60 100 200 v 
*Peak Forward Blocking Voltage (See Note 1) 30 60 100 200 v 
*Peak Reverse Blocking Voltage 30 60 100 200 v 

Peak Gate Reverse Voltage 8 v 
*Continuous Anode Forward Current at (or below) 55°C 

Free-Air Temperature (See Note 2) 350 ma 
*Continuous Anode Forward Current at 130°C Free-Air Temperature 

(See Note- 2) 75 ma 
•Average Anode Forward Current (180° Conduction Angle) at (or below) 

55°( Free-Air Temperature (See Note 2) 250 mo 
•Anode Surge Current (See Note 3) 6 a 
*Peak Gate Forward Current (Pulse width ::;; 8 msec) 250 ma 
*Average Gate Power Dissipation 100 mw 
*Operating Free-Air Tempemture Range -65 to+ ISO oc 
*Storage Temperature Range -65 lo+ 200 oc 

NOTES: 1. This value applies when the Gate-Cathode lesislance. R6 K ~ 1 k 0. 

2. For operation above n°c frtt·air ltmp1ratur1, refer to Anode Forward Current Derating Curve. Figure 1. 

3-. This raling applies for ant half-cycle sine waVI, 60 cps, when the device is conducting maximum rat1d curr1nt imm1diat1ly Hfor1 and after tht 
surg1. Surg1 may b1 r1p11l1d afttr th1 dni<1 has r1tumlcl to original thermal 1quililuium conditions. 

*lndlolts JEDEC roglsltrtd data. 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOK 5012 • DALLAS, TEXAS 75222 

24401 
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TYPES 2N3001, 2N3002, 2N3003, 2N3004 
P-N-P-N PLANAR SILICON REVERSE-BLOCKING TRIODE THYRISTORS 

*electrical characteristics at 25°C free-air temperature (unless otherwise noted) 

PARAMmR TEST CONDITIONS MIN 

1, Anode Forward Blocking Currenrt 
V.,. - Haled v,., Re. - l lcO 
v.,. = Raled v,.. leK = l kO, TA = uo•c 

1. Anode Reverse Blodcing Currenrt VKA-RaledVL leK- 00 

Yu - Haled v .. ReK - oo, rA - 1so•c 
1 .... Gale Reverse Curren! v • ., - Sv, Ii.- 00 

l&T(onl Gale Trigger Curren1t VAA - Sv, Ri.-120 
YM = Sv, lti.-120, TA= -65°c 

Y&T(onl Gale Trigger Vollaget VM = Sv, Ri.= 120 
VM= Sv, Ri.= 120, TA= uo•c 0.2 

IH Holding Curren! 
R.,.=lkO 
l&1e = lkfi, TA= -•s•c 

'• Peak Instantaneous Fwd. Voltage 1, = 350 ma, (See Nole 4) 
dY/dt Criliml Rale of Anode Voltage Rise v.,. = l.Ov 

tFor additional Tl 1uaranteed characteristics, He Figures 2, 3, 6, and 7. 

switching chara • ti cter11 cs a t 25°C f ree-a1r temperature 

PARAMETER TEST CONDITIONS 

I.., Tum-On Time VM - 200 v, ... - 2.HO, ... -1000, 
v,. = 3.0v, (See Fig. 14) 

, ... Commutating Tum·Off Time YM = SOv, ... -1400, 1N64S between 
gale and cathode, (Sel Fig. 15) 

thermal characteristics 

24402 

PARAMETER TYP 
JunctiOD-to-Case Thermal Relistance 75 
Junction·to-fr•-Air Thermal Resistance 275 

NOTE 4: Tiits• parameters must b1 maasuml using pulse tec:hnlques. Anode pulse width = 300 p.stt, PRR = 10 pps. 

• lndicales JEDEC reglslered dala (typical data ududed). 

ANODE FORWARD CURRENT DERATING CURVES 

400 .-~~.--~--.~~ ....... ~~ ........ ~~....--~--. 

~ 
I 1350 
0300 t--~~t--~--t~--"" 
~ 
j 250 1-------
l 200 < 1--~~1--~--.~~-..· 

& 
e 150 1--~~1--~--1~~-+~-" 

l 
~ 100 
E 

l so 
I J 0 o'--~~2~5~~5~0~~-7~5~~,~oo'---~-1~25~~1~so 

T. -Ambient Temperature - °C 

FIGURE 1 

TYP MAX UNIT 
100 na 
100 µ.a 
0.1 µ.a 
100 µ.a 

s µ.a 
s.o 20 µ.a 

0.9 v 
o.ss 0.7 v 

v 
1.2 3.0 ma 

4.0 ma 
1.2 v 

400 V//JMC 

2N3004 
TYP UNIT 

0.3 µ.sec 

3.5 µ.sec 

UNIT 
"C/watt 
•c/watt 
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TYPES 2N3001, 2N3002, 2N3003, 2N3004 
P-N-P-N PLANAR SILICON REVERSE-BLOCKING TRIODE THYRISTORS 

ANODE CHARACTERISTICS 

ANODE FORWARD BLOCKING CURRENT 
vs 

FREE-AIR TEMPERATURE 

v,. =RA TED VFB 
R0 ,=1 kfi 

10 TJ :::!: T,., -<----+----+----+---+--+--+,,,,__----< 

0.0001 '---~-~-~-~~-~-~-~-~ 
-75 -50 -25 0 25 50 75 100 125 150 

T,., - Free-Air Temperature - °C 

FIGURE 2 

PEAK INSTANTANEOUS FORWARD VOLTAGE 
vs 

ANODE FORWARD CONDUCTION CURRENT 

> 2.4 ~,~T ~l~'~lI~-~~~~~~-
1 .____~ ~1( = ~+l++t+-->--+-+-+-<'++H---+--+-+-+-++<f+< 
:!l, 2.01--See Note 5++!--+-f-+++++++---le--1--!~+l.ll 
l! g 
-0 
5 1.6 
i: 
..e 
s 

1. 2 0 
~ c 
l! 
c 
~ o.a £ 

] r. = 15o•c_....i-+-

I 0.4 
>~ 

0 
0.01 0.10 1.0 10 

IF -Anode Forward Conduction Current - a 

FIGURE 4 

0 
"- 10 

0.0001 

ANODE REVERSE BLOCKING CURRENT 
vs 

FREE-AIR TEMPERATURE 

V., = RA TED V, 
RGJ( = 00 

rJ~ T,., 

-75 -50 -25 0 25 50 75 100 125 150 

~ 
I 
~ 1.2 , 
u 

O> 
c 

r .. - Free-Air Temperature - °C 

FIGURE 3 

TYPICAL HOLDING CURRENT 
vs 

FREE-AIR TEMPERATURE 

~ 0.8 f---+--+---+-'...,..-+---+---f''o<--+--t--f 
I 

I 

0.4 

-50 -25 0 25 50 75 100 125 150 
T,., - Free-Air Temperature - °C 

FIGURE 5 

NOTE: 5. Thtse parameters were measured using pulH techniques. Anode pulse width = 300 µsec, PRR = 10 pps. 
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TYPES 2N3001, 2N3002, 2N3003, 2N3004 
P-N-P-N PLANAR SILICON REVERSE-BLOCKING TRIODE THYRISTORS 

24404 
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GATE CHARACTERISTICS 

GA TE TRIGGER CURRENT 
vs 

FREE-AIR TEMPERATURE 
140 

120 
VAA =5.0 v 

. -- RL ; 12 1l 

T, -.::::. TA 
100 See Note 6 

80 

60 

40 

20 

0 

-20 
-75 -50 -25 0 25 50 75 100 125 

TA - Free-Air Temperature - °C 

FIGURE 6 

TYPICAL GATE -CATHODE VOLTAGE 
vs 

GATE FORWARD CONDUCTION CURRENT 

0.2 .....f-

0.1 10 100 
IGf- Gate Forward Conduction Current - ma 

FIGURE 8 

150 

1000 

1J, 
.E 

GATE TRIGGER VOLTAGE 
vs 

FREE-AIR TEMPERATURE 

VAA =5.0 v 
f-----...:+--+---t-----t---t-- R, ; 12 fl 

Tj ~TA 
-+--+--See Note 6 

~ o. 6 1----+--+---""k---+--+--""'.t---+--+------i . 
"' ! 
~ o. 4 f-----+--+-cc--+----+--t--+--"'1..--t----"'1 
0 
I 

0 

>Go.21-----+--+--+--~---1---+----+--+=,...,_. 

0'----'--'-~.1-.--"-~--L-~...____.~__..____. 

-75 -50 -25 0 25 50 75 100 125 150 
TA -Free-Air Temperature - °C 

FIGURE 7 

TYPICAL GATE TRIGGER VOLTAGE 

o~~~~-~~~~~~~~~~ 

0.01 0.1 10 
PW - Gate Pulse Width - µsec 

FIGURE 9 

100 

NOTE: 6. These parameters were measured using single pulse techniques. Anode pulse width = 300 µ.sec, Duty Cycle = 0. 
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TYPES 2N3001, 2N3002, 2N3003, 2N3004 
P-N-P-N PLANAR SILICON REVERSE-BLOCKING TRIODE THYRISTORS 

TYPICAL SWITCHING CHARACTERISTICS, TA =25°C 

TURN-ON TIME 
vs 

GATE INPUT PULSE AMPLITUDE 

v~2o6J 
R, =570 1l 
See Fig. 14 -1 
2N3004 

~ 
r I\ 

~ 
,..,.. Ii. 

m .fl 
JI 

10 
V'" - Input Pulse Amplitude - v 

FIGURE 10 

TURN-ON TIME 
vs 

ANODE FORWARD CURRENT 

100 

1.0 

l o.e 
I 
~ 0.6 
;.: 

6 
I 0.4 E 
.: 
'· •• 0.2 

0 
0 

u 20 

TURN-ON TIME 
vs 

ANODE SUPPLY VOLTAGE 

V;" =3.0v 

R =~ 
L 350 ma 

R0 = 100 1l 
See Fig. 14 

50 100 150 
V., -Anode Supply Voltage - v 

FIGURE 11 

COMMUTATING TURN-OFF TIME 
vs 

ANODE FORWARD CURRENT 

200 

2N3004 J ~ RG••"F 10 k 0 

0.3 

0.2 

0.1 

0 
1 

v 
r-H-II--

v •• = 200 v 
R, = 200 y 

I, 
R0 = 100 1l 
v. =3.0v 

Jilgjj 
l 1lll 

10 100 
I, -Anode Forward Current - ma 

FIGURE 12 

I 
" E 
;.: 

5 
I 

E 
~ .... .. 

.!: 
2 
~ 
E 
E 
0 
u 
I 

1000 
j 

16 

12 

8 

4 

R, = 5ov, See Fig, 15 

0 
I, 

0 50 100 150 200 250 300 350 
IF -Anode Forward Current - ma 

FIGURE 13 

PARAMETER MEASUREMENT INFORMATION 

INPUT ~ , I 
0 I I- .M .... 

~--~;sov 
1 See Note C 

'· 
~ OUTPUT VOLTAGE WAVEFORM 

OUTPUT 

VOLTAGE WAVEFORMS '•l V.-

See NotesA,B, ond C Rl OUTPUT •• 
Switch clOlel ot '• 

100 II 
J1. 

GENERATOR 

FIGURE 14- TURN-ON TIME JEST CIRCUIT FIGURE 15 -TURN-OFF TIME TEST CIRCUIT 

NOTES, A. Y;0 ls 11e00111d wit• 9ah and catllede tennlnals canneclod as ••- all1i anode ternln1l ap111. 
I. The Input wavtlann has the lallawlng characterlsllcs. t, :::;; 40 nH<, PW ~ d1¥ict tum1ft tlm1 al the op11atlng point. 
C. W1¥1 lonns art monllo1od .., an oscilloscope with foll owing c•aradlrisllcs t, :::;; 14 n11c, 1;0 ~ 10 II 0. C;0 :::;; 12 pf. 
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TYPES 2N3001, 2N3002, 2N3003, 2N3004 
P-N-P-N PLANAR SILICON REVERSE-BLOCKING TRIODE THYRISTORS 

R, 

c, 
2N3001 

RG 

o, 

D, 

TYPICAL APPLICATION DATA 

20-kc RING COUNTER 

R, 

c, 
2N3001 

o, 

D, 

t'..__lnsert additional 
stages here. 
(3 stages shown) 

Ro 

o, 

INPUT 

rln 

v •• --

CIRCUIT PERFORMANCE CHARACTERISTICS FOR 10-STAGE OPERATION AT TA= 25°C 

24406 

a. V AA Range for 20-kc Operation: 6 v to 30 v (Rated V ••> 
b. VAA Range for 10-kc Operation: 2.75 v to 30 v (Rated v.,) 
c. Range of Input Amplitude for 10-kc operation: 3 v to 8 v 

CIRCUIT COMPONENT INFORMATION 

RA: 330.0 

Ra:33k.0 

Rs: lk.0 

R.<:33.0 

All Resistors, ± 5% tolerance, ¥.. w 

CA : 0.06 µf ± 20% 

c, : 0.001 µf ± 20% 

L : 40mh 

0 1, 0 2, and 0 3 1N914 

NOTE: 1. The commutating tum-off time of the 2N3001 series thyristor is significantly affected by the source impedance al the gate firing circuit as shown 
in Fig. 13. Fader tum-off times are achieved when this impedance is low. However, some circuits require the use of a high source impedance, 
nan though fad turn-off is desired. In these applications, a diode may be used lo by-pass the gate-cathode junction, as shown in the circuit in 
Fig. lS. This diode improves commutating turn-off time by eliminating the effect of the gale-cathode recovery time. 

TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 
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TYPES 2N3005, 2N3006, 2N3007, 2N3008 
P-N-P-N PLANAR SILICON REVERSE-BLOCKING TRIODE THYRISTORS 

mechanical data 

350 ma - 30 to 200 VOLTS - 200 µa GATE SENSITIVITY 
All PLANAR, OXIDE-PASSIVATED JUNCTIONS 

NO SOLDER OR FLUXES 

• High Operating Temperatures • Fast Switching Speeds 
• High Surge Current Capability • Low Forward Voltage Drop 

• Gate Turn-Off Capability 

The devices are in a hermetically sealed welded case with a 9lass-to-metal seal between case and leads. 
Approximate weight is 0.35 grams. 

• THE ANODE IS IN ELECTRICAL 
CONTACT WITH THE CASE 

'ALL JEDEC TD-18 DIMENSIONS 
AND NOTES ARE APPLICABLE. 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

2N3005 2N3006 2N3007 2N3008 UNIT 

*Continuous Forward Blocking Voltage, VFa (See Nate I) 30 60 100 200 y 

*Continuous Reverse Blocking Voltage, V, 30 60 100 200 y 

*Peak Forward Blocking Voltage (See Note I) 30 60 100 200 y 

*Peak Reverse Blocking Voltage 30 60 100 200 y 

Peak Gale Reverse Voltage 8 y 

*Continuous Anode Forward Current at (or below) 55°C 
Free-Air Temperoture (See Nole 2) 350 ma 

*Continuous Anode Forward Current al 130 °C Free-Air Temperature 
(See Note 2) 75 ma 

•Average Anode Forward Current (180° Conduction Angle) at (or below) 
55°C Free-Air Temperature (See Note 2) 250 ma 

'Anode Surge Current (See Nole 3) 6 a 
*Peak Gate Forward Current (Pulse width :5 8 msec) 250 ma 
'Average Gate Power Dissipation IDO mw 
'Operating Free-Air Temperature Range -65 to +ISO oc 
'Storage Temperature Range -65 ta+ 200 oc 

NOTES: l. This value applies when the Gate-Cathode Resistance, RGK :S 1 k 0. 

2. For operation above SS°C free-air temperature. refer to Anode Forward Current Berating Curve, Figure 1. 

3. This rating applies for one half-cyda sine wave, 60 cps, when the device is conducting maximum rated current immediately before and after the 
surge. Surge may be repeated after the device has returned to orlgi nal thermal equilibrium conditions. 

•Indicates JEDEC registered data. 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 5012 • DALLAS, TEXAS 75222 
24407 
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TYPES 2N3005, 2N3006, 2N3007, 2N3008 
P-N-P-N PLANAR SILICON REVERSE-BLOCKING TRIODE THYRISTORS 

*electrical characteristics at 25°C free-air temperature (unless otherwise noted) 
PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 

1, Anode Forward llledcln1 Currentt '"" = lattd v,., .... - 1 kO 100 na 
v ... - lated v ....... - 1 kO, TA - 150°( 100 /J.ll 

1. Anode ltvene Blocking Curnntt '•A = Ralld v .. •• = QO 0.1 ~. 

'•A = Ralld '·· -... = co, TA = uo•c 100 _E_ 
1 ... Gate ltvene Curnnt v •• =sv, ... = QO 5 /I.II 
loyt...i Gate Trlg91r Curnntt YM= SY, lo.= 120 90 200 /J.ll 

VM =SY, lo.= 120, TA= -65°C G.9 y 

'•Ttenl Gate Trl9111 Yollapt YM= h, lo.= 120 0.6 0.1 y 

VM-h, lo.- 120, TA - 1so•c 0.2 y 

IH Holding Curnnt 
.... -lkO I.I 5.0 ma 
loi.-lkO, T4 - -65°C 1.0 ma 

v, Peak Instantaneous Fwd. Voltage 1. - 350 ma. (See Nolt 4) 1.2 y 

dV/~t Crllkal llatt of Anode Valfate Ilse 
'·· - 1.0v 

400 Y/JIM( 

tFor addltlonal Tl guaraot...i c•arattorlstlcs '" F1tuns 2 J 6 and 7 . ... 
switching characteristics at 25°C free-air temperature 2N3008 

PARAMml TEST CONDITIONS 

t., Tum-On 1lml VM - 200Y, ... -2.UO, .. - 1000, 
Y1n = 3.0Y, (See flt. 14) 

'off Cammutallnt Tum-Off Timi VM - Sh, lo. - 1400, 1N645 lier-
lllfe alld adhadl, (See .!!i:_ 1~ 

!•r.J!l!l Gate Tum·Olf Curnnt 1, - 200 ma (Seo 11o1t 5) 
I !_er loffl Gate Tum-Off Voltage YM ::S 100 y (Not to extllld lated v .. 1 

thermal characteristics 

PAIAMETll TYP 

Junctlon-h>-Cme Thermal llllstan11 75 
BJ.A Jundlan-111.fr•-Air Thermal ltslstanct 275 

llOTE 4. Th ... partllllltts "'"'' be mHSUM usln9 p•lll llcllol .. 11. Anodo pul,. wldfll = 3GO p.m, PH = 10 pps. 
NOTE 5: Anode current not to mttd 200 ma for gate turn-off appllc:atitns. 
• lldl- JEDEC rt9ld1rod dot1 (lyplctl doto ucludodJ. 

TYP 

0.55 

2.2 

40 
u 

ANODE FORWARD CURRENT DERATING CURVES 

24408 

~ 
I 

400 ~-"""T--.,----r---r----r----. 

f 350 

u 300 l----+--1---
1! 

j 250 ------­

] 200 I----+--+---...... 

• 
J1so 1----+---1------1--~~~i..---+---1 

~100 l----+-~-1-----1---+-~~i"'od----I 
E 

i so ~--4--+---+--+----1 ............ ---1 
I J 0 o.__ __ 2~5--so..._~-7~5--1~00~~1~25-~1so 

T. -Ambient Temperature - "C 

UNIT 

JIM' 

/"'8C 

ma 
y 

UNIT 

•c/watt 
•c/watt 
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TYPES 2N3005, 2N3006, 2N3007, 2N3008 
P-N-P-N PLANAR SILICON REVERSE-BLOCKING TRIODE THYRISTORS 

ANODE CHARACTERISTICS 

ANODE FORWARD BLOCKING CURRENT 
vs 

FREE-AIR TEMPERATURE 

V., =RATED V" 
Rc,=1 kn 

10 TJ::. T,.. -+----+----+---+---+--+--_._-----< 

0.0001 '--~'---'--~'--__J'--.......1~.......1~.....J.~......L~-' 
-75 -so -25 0 25 50 75 100 125 150 

TA - Free-Air Temperature - °C 

FIGURE 2 

TYPICAL PEAK INSTANTANEOUS FORWARD VOLTAGE 
vs 

ANODE FORWARD CONDUCTION CURRENT 
2.4 

ilYI I--' J • 

RGK =CDT 
> 
I 
1l. 2.0 
l! 

!--See Note 6 

~ 
"E 1.6 

1 
11.2 
l! 
c 
~ ..E 0.8 
_,, 
£ 
I o.4 

0 
0.01 

~ 
T. ,,_55•c i.-1- ~ ti' 

1• _ zs•c 1..-l- v 
I-+"' ~. ,,.1so•c--

0.10 1.0 
If -Anode Forward Conduction Current - o 

FIGURE 4 

10 

I 

~ 
a 
"' .!; _,, 
u 
0 

;;; 

1 
j 

ANODE REVERSE BLOCKING CURRENT 
vs 

FREE-AIR TEMPERATURE 

~0001 '--'---'--__Jl....-__J _ __J~--'~--'~--'~-' 

4.0 

3.5 

~ 
3.0 

I 2.5 
~ 
~ 
" 2.0 u 

"' .!; .., 
0 1.5 
:i:: 

I -= 1.0 

0.5 

-75 -50 -25 0 25 50 75 100 125 150 
T" - Free-Air Temperature - °C 

FIGURE 3 

TYPICAL HOLDING CURRENT 
vs 

FREE-A JR TEMPERATURE 

-50 -25 0 25 50 75 100 125 150 
T" - Free-Air Temperature - 0c 

FIGURE 5 

llOTE 6: These parameters were measured using pulse tethnlques. Anode pulse width = 300 µsec, PH = 10 PJK· 
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TYPES 2N3005, 2N3006, 2N3007, 2N3008 
P-N-P-N PLANAR SILICON REVERSE-BLOCKING TRIODE THYRISTORS 

GATE CHARACTERISTICS 

GATE TRIGGER CURRENT 
vs 

FREE-AIR TEMPERATURE 

g_ 
600 

~ \~J-'--_,_____,______,___,___,_______._____, 
I\ 1;. 
~ i-4----1--+--v-•• 4--=-5.--10f--v-+---l 

c ~ 
~ T ~4----1--+- R, = 12 !l -+---1 

a ' - ~-~ 
I\ ~ See Note 7 

~ 400 ._.. l ~\+I ,..~J.~--+"-~-~ 
~ t-- Qi( ~--'ol----1-----1---l----l--+-----I 

~200 ~~ 
-2 1'..I~ 

0 ~~jG=UA~RAjj:N::::TjElt:D:M:l~§'M~uf~~lt-~3+-~~~E-~~ -~ L ~ 
-75 -50 -25 0 25 50 75 100 125 150 

TA - Free -Air Temperature-°C 

FIGURE 6 

TYPICAL GATE - CATHODE VOLTAGE 
vs 

GATE FORWARD CONDUCTION CURRENT 

10 F- Gate Forward Conduction Current - mo 

FIGURE 8 

& 
.E 

GATE TRIGGER VOLTAGE 
vs 

FREE-AIR TEMPERATURE 

~ o. 61--+--+--+--~oe--+--+---+--I-~ 
8, 
-~ 
,!: 

~ o. 41-r---+::.=: 
<.:> 

I 

o~--+---'--'"----+--'--"'----+--'----' 
-75 -50 -25 0 25 50 75 100 125 150 

TA -Free-Air Temperature - °C 

FIGURE 7 

TYPICAL GATE TRIGGER VOLTAGE 
vs 

GATE PULSE WIDTH 
5.o ~~~~~~~,-'TT~TTTTT~l"~~ 

VA,., = 50v 
t---+l{.+<-+++i++--+--+-+++++++---+--+R, = 140 !l 

I I T,"' T. 
> 4. 0 t--+-tt*+f+tt+--4f-+-+-++++1+---+-+ See Note 7 
I T. = -55°C 

f tffilf i 3. 0 r-++\H'-l++lfVi -< T, illl] ~-'--l-1--'"''""--,___,_._.J.J.iJJ 
·~ 1. T = 150°C 

>- f-+-t-+N+ \-l\JY
1 k1_-+· - H - -H j 2.0 

I ~ 

J 1.0 ~-~tH-+1-t-~tt-~~e~I 
0'--..L.....i....l....LLl..W_l-J....l....U..LI.Jl...--1.....L..JU..U.J.ll..._J__.J....LJ..WlJ 
0.01 0.1 10 100 

FW - Gote Pulse Width - ~sec 

FIGURE 9 

NOTE 7; These paramelers were measured using single pulse techniques. Anode pulse width = 300 µsec, Duty Cycle = 0. 
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TYPES 2N3005, 2N3006, 2N3007, 2N3008 
P-N-P-N PLANAR SILICON REVERSE-BLOCKING TRIODE THYRISTORS 

u 
;. 
I 
~ 
;:: 

0 
I 

e 
,:! 

I . 

TYPICAL SWITCHING CHARACTERISTICS, TA=25°C 

3.0 

2.5 

2.0 

1.5 

1.0 

0.5 

0 

TURN-ON TIME 
vs 

GATE INPUT PULSE AMPLITUDE 

v .. =200 v 

t--+-+++H-~,__R, = 570 n 
See Figure 14 

1111111 I 

0.1 10 

0.8 

V;" - Input Pulse Amplitude -v 
FIGURE 10 

TURN-ON TIME 
vs 

ANODE FORWARD CURRENT 

2N3008 ill 

u 
" !!l. 
I 
~ 
;:: 

0 
I 

e 
~ .... 
'· . 

100 

1.6 

1.4 

1.2 

1,0 

o.s 

0,6 

0.4 

0.2 

0 

~ 

0 

TURN-ON TIME 
vs 

ANODE SUPPLY VOLTAGE 

v. -3.0v --

R = V..,.._ 
L 350 ma=-.___., _ _,____,~_, 

R0 =10011 
See Figure 14 2N3008 

50 100 150 
VA• -Anode Supply Voltage - v 

FIGURE 11 

200 

COMMUTATING TURN-OFF TIME 
vs 

ANODE FORWARD CURRENT 

i 0.6 
y 

I" :>. 

I 
~ 

~ R, =50v 
0 61-----t--+---1---r...- I, i.-r-

;:: 0.4 I See figure 15 ! v •• =200v-1 

R< =200v u j l 41--~~:::!..-=..:+~~===t:==::t::~ 
l! 

I, 
R0 =100 !l 

I 0.2 ! 2 f--:::::1~;;;;.::.::;:;::::......::r;.;.~==t===I v.=3.0v 
See figure 14 

-· 
0 

1 

]] [ I 
10 100 

I, -Anode Forward Current - ma 
FIGURE 12 

I 

1000 100 150 200 250 300 350 
I, -Anode Forward Current - ma 

FIGURE 13 

PARAMETER MEASUREMENT INFORMATION 

INPUT 

OUTPUT 

:r-·r----:-\ 
~10'6 l \__ 

o I 
I I I'- ,_ ..... 

~ 
v .. 

VOLTAGE WAVEFORMS I., I 
See Notes A,B, and C t Rl .. 

100 Jl 
.n. 
GENERATOR 

OUTPUT 

FIGURE 14- TURN-ON TIME TEST CIRCUIT 

v,--~~50· 
1 S..Nor.C 

'· OUTPUT VOLTAGE WAVEFORM 
----IVu•+SOv 

,,. 1N645 
I (See Note 8) 

Switch cloMt ot t. 

FIGURE 15 -TURN-Off TIME TEST CIRCUIT 

llOTES, A. 'in Is moasuml with "'9 and calhadt ltrmlnals <annodod as shown and anatlt lermlnal opon. 
I. The Input wGYtfonn llas th1 fallowing ch1raderistics; tr ~ 40 nstc, PW ~ device tum-on time 1t the operming point. 
C. Wanfonns art menitorld on an osdllaKope wl .. following characteristics tr ~ 14 nsec, lin ~ 10 II 0, (in S 12 pf. 
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TYPES 2N3005, 2N3006, 2N3007, 2N3008 
P-N-P-N PLANAR SILICON REVERSE-BLOCKING TRIODE THYRISTORS 

TYPICAL GATE TURN-OFF CHARACTERISTICS 

TYPICAL GATE TURN -OFF GAIN 
vs 

ANODE FORWARD CURRENT 
6.0 .....---.--~-...... --~-~-....--...... --.. 

The 2N3005 series thyristors exhibit gate turn-off gain, 5. o i------r-----r---t--t--+---t---+:=""'1 

in addition to the standard controlled switch characteristics. ~ 
Figure 16 shows the typical gate turn-off gain as a func- .5 vV 84.0 1---+~-+~+-.,...,_F--+~-l-~+---I 
tion of anode current. This characteristic offers increased VV 

8 flexibility in the design of pulse-width modulators, pulse- I / 
.!5 3.0 1--~v-""---·+-·--+--!----+ forming networks, static switches, choppers, bistable-circuits - /Jo,. =Ji._ 
2 ~~ 

and inverters. i3 T, = 25•c 

r, ~ 

~11 4- IGTloffl 

o-3....__-

TYPICAL GATE TURN -OFF CIRCUIT 

I 2. o 1---+--+---+---+---+--+---+----1 
.. 
"' 

1. 0 t--T----r----+---11---+---t----+---i 

0 .___ ....... _ __. __ ..._ _ _._ _ __. __ ..__....._ _ __, 

0 50 100 150 
IF - Anode Forward Current - ma 

FIGUIE 16 

I I I 

200 

lorloffJ 

_L_ 
IGT(off) - IJoff 

TYPICAL WAVEFORMS 

Improved turn-off time may be realized using the gate turn-off method. A combination of gate turn-off and 
standard commutating turn-off will further improve the turn-off time. For applications requiring a guaranteed f3off• 
contact your nearest Tl Sales Office for information on special types. 

NOTE 8: The commutating tum-off time of the 2N300S series thyristor Is significantly affected by the source impedance of the gale firing circuit as shown in Fig. 13. 
Faster tum-off times are ath18Yld when this impedance is low. HowMr, some circuits require the use of a high source impedante, nen though fast tum-off is desired. In 
tflese applications, a diode may be used to by-pass the gate-cathtde junction, as shown in the circuit in Fig. 1 J. This diode improves commuted Ing tum-off time by 
elimin1ting the effect of the gate"4:atltode reCDVll')' time. 

24412 lEXAS INSTRUMENTS RESERVES THE RIGHI 10 MAKE CHANGES Al ANY llME 
IN ORDER TO IMPROVE DESIGN ANO 10 SUPPlY !HE BEST PRODUCl POSSIBLE. 
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TYPES 2N3555, 2N3556, 2N3557 I 2N3558 
P-N-P-N PLANAR SILICON REVERSE-BLOCKING TRIODE THYRISTORS 

mechanical data 

1 AMP AVG - 30 to 200 VOL TS - 20 µa GA TE SENSITIVITY 
All PLANAR, OXIDE-PASSIVATED JUNCTIONS 

NO SOLDER OR RUXES 

• High Operating Temperatures 
• High Surge Current Capability 
• Fast Switching Speeds 
• Low Forward Voltage Drop 

These devices are in precision welded, hermetically sealed enclosures. Extreme cleanliness during the 
assembly process prevents sealed-in contamination. The approximate unit weight is 1.8 grams. 

'THE ANODE IS IN ELECTRICAL 
CONTACT WITH THE CASE. 

•THE GATE TERMINAL IS 
CONNECTED TO A P REGION. 

*ALL JEDEC T0-5 DIMENSIONS 
AND NOTES AIE APPLICABLE. 

*absolute maximum ratings over operating case temperature range (unless otherwise noted) 

2N3555 2N3556 2N3557 2N3558 UNIT 

Continuous Forward Blocking Voltage, YFll (See Note 1) 30 60 100 200 y 

Peak Forward Blocking Voltage (See Note 1) 30 60 100 200 y 

Continuous Reverse· Blocking Voltage, VRo (See Note 2) 30 60 100 200 y 

Peak Reverse Blocking Voltage (See Note 2) 30 60 100 200 y 

Continuous or RMS Anode Forward Current at (or below) 100°C 
1.6 a Case Temperature (See Note 3) 

Average Anode Forward Current (180° Conduction Angle) at (or below) 
1 a 100°C Case Temperature (See Nole 4) 

Peak Anode Surge Current (See Note S) 18 a 
Peak Gate Reverse Vohage 8 y 

Peak Gore Forward Current (Pulse width :5 8 msec) 250 ma 
Average Gate Power Dissipation 100 mw 
Operating Case Temperature Range ~s to +uo •c 
Storage Temperature Range ~s ta +200 •c 

NOTES, I. 111111 valuos apply whon tho 9ato·cat .. d1 ruisla0<1 ileK :5 I k ll. 
2. Thesa nlues apply when the gate-cathode resistance 16K = oo. 
3. Thh value applles for continuous d-c: or single-phas1, 60-cps, half-sine-w11Ye operation with reslstlYI load. Above 100°C. derail accardint to Fig•re 13. 
4. This value may be applied continuously ander singlt-phase, '°-cps, half·sine..wave operation wit• resistive laad. Above 1oo•c, ••rate according te;.flgure 13 • 
.5. This value applies for one 60..c:ps half sine wan when the dlfiet is operating at (or below) rated values of peak reverse blocking volt1ge and 

anode forward current. Surge may be repeated after the dnlce has returned to original thermal 1quilfllrium. 

,ndi,ates JEDEC registered data 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 5012 • DAt..LAS. TEXAS 7!5222 
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TYPES 2N3555, 2N3556, 2N3557, 2N3558 
P-N-P-N PLANAR SILICON REVERSE-BLOCKING TRIODE THYRISTORS 

*electrical characteristics at 25°C case temperature (unless otherwise noted) 

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 

1 .. 
Static Anode Forward y AK = Roted v.R. RGK = 1 k!l 100 no 
Blocking Current YAK = Roted v .. , RGx = l k!l, Tc= 1S0°C 100 µa . 

VKA = Ra,ted v.0, IG = 0 0.1 
1.0 

Static Anode Reverse µa 
Blocking Current VKA = Ra,fed v.o. IG = 0, Tc= 150°C 100 µa 

IGKO Gate Reverse Current VKG = 5 v, IA= 0 -s µa 
IGr Gate Trigger Current VAA = Sv, RL = 12!l, PWG 2::: 10 µsec s 20 µa 

VAA = 5v, RL=12!l, PWG 2::: 10 µsec, 0.9 y 
Tc= -6S°C 

VGr Gate Trigger Voltage VAA = 5v, RL=12!l, PWG 2::: 10 µsec 0.55 0.7 y 

VAA = 5v, RL = 12n, PWG 2::: 10 µsec, 
0.2 y 

Tc= 1so0 c 
RGK = lk!l, RL=2k!l 1.2 3 mo 

IHR Holding Current 
RGK = lk!l, RL = 2k!l, Tc= -6S°C 4 mo 

v. Forword Voltage 1. = 1.6 o, RGK2::: 1 k!l, See Nate 6 1.4 y 

dv I dt Critical Rate of Anode Voltage Rise VKG = 1v 400 !v/µ,sec 

switching characteristics at 25°C case temperature (unless otherwise noted) 

2N3558 
PARAMETER TEST CONDITIONS 

TYP 
UNIT 

Ion Turn-On Time VAA = 200v, RL = 2.2 k!l, RG=lOO!l, 0.3 µsec 
V;n = 3 v, See Fig. 14 

fotf Commutating Turn-Off Time VAA = SOv, RL = 140!l, 1 N64S between 3.S 
gate and cathode, See Fig 1 S µsec 

thermal characteristics 

PARAMETER MAX UNIT 

fhc Junction-to-Case Thermal Resistance 3S °C/w 

NOTE 6: The initial Instantaneous value is measured using pulse techniques. Anode-pulse width= 300 µsec, PRR = 10 pps. 

*Indicates JEDEC n19istered data (typical data excluded). 

8~ 
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TYPES 2N3555, 2N3556, 2N3557 I 2N3558 
P-N-P-N PLANAR SILICON REVERSE-BLOCKING TRIODE THYRISTORS 

ANODE CHARACTERISTICS 

I 

l a 
g> 

:;; 
g 

;;; 

10 

STATIC ANODE FORWARD BLOCKING CURRENT 
vs 

FREE-AIR TEMPERATURE 

V., =RA TED V,. 
R0 , =1 kn 
T," T. -+---+---+---+--+---+------; 

~ 0.11---+--+--+--+--...,..__,_,'---'_--+---+ 

j 
i O.Olr--r--+----:7"'-f"'<;:::--tT--r------1----t--; 
~ 
-~ 
~ O.OOlr---r---r:::.,..."F--+--r---r-----1r-----t--; 

0,0001 ..__..__....__..__....__.___.____,.____. _ _, 
-75 -50 -25 0 25 50 75 100 125 150 

5 

TA - Free-Air Temperature - °C 

FIGURE 1 

TYPICAL FORWARD VOLTAGE 
Y5 

ANODE FORWARD CURRENT 

T},,. t_ 11 
1--11o.;,: 1 kQ 

4 

0 
0.1 

See Note 7 

j 

1 
I][_ 

ILi TA = -551 
, 

v TA= 25°C 
II I 

..L TA= 1so•c 

'- v ~ 
1--

1.0 10 
IF - Anode Forward Current - a 

FIGURE 3 

100 

g_ 
I 

I 
a 
"' c 

:;; 
u 
0 

;;; 

10 

STATIC ANODE REVERSE BLOCKING CURRENT 
vs 

FREE-AIR TEMPERATURE 

V,, =RA TED Vao 
le= 0 
T,"' T, 

5 0,1 t--+--t--l-"""~f--f#--jf---jf---f----1 
> 
.:! 

1 0.01 

u 

-~ 
"' 0.001 

0.0001 
-75 -50 -25 0 25 50 75 100 125 150 

~ 
I 

T,., - Free-Air Temperature - °C 

FIGURE 2 

TYPICAL HOLDING CURRENT 
v• 

FREE-AIR TEMPERATURE 

l 1·2 ~~~-~ --+--11,.---+--+--+--+--1 

" u 

"' c 

~ o. 8 1---1---t--1-""~f----j---l"'c--+--+----t 
J: 

I 

0.4 

-50 -" 0 " 50 ~ 100 1" 150 
TA - Free-Air Temperature - °C 

FIGURE 4 

NOTE 7: These parameters were melllsured using pulse techniques. Anode~pulse width= 300 µsec:. PRI = 10 pps. 
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TYPES 2N3555, 2N3556, 2N3557, 2N3558 
P-N-P-N PLANAR SILICON REVERSE-BLOCKING TRIODE THYRISTORS 

24420 

GATE CHARACTERISTICS 

120 

GATE TRIGGER CURRENT 
vs 

FREE-AIR· TEMPERATURE 

V,,.,,. =5v 
---1---+---+-----11-- R, = 12 A 

PWG l!: 10µsec 
+---+---+----11--TJ ~ T.., 

See Note 8 

g_ 
I 100 

1 80 >----+-->. 

.~ 60 

.... 
! 40 l---+,._-+-__,,,.__--+--+---+---1---+--< 

I 
~ 20 1---+---Po~+---">~--+---+-__,l---+-4 

-20 .____,_ _ _.__..____. _ _,_ _ _.__--"._____._ _ _, 

-75 -50 -25 0 2S 50 7S 100 12S 150 
T ... - Free-Air Temperature - °C 

FIGURE 5 

TYPICAL GATE -CATHODE VOLTAGE 
yS 

GATE FORWARD CURRENT 

·R, =a> 

TJ~T.., 

o~~] ............... "ll1~ 
0.01 0.1 10 100 

IG,- Gate Forward Current - mo 

FIGURE 7 

1000 

GATE TRIGGER VOLTAGE 
YS 

FREE-AIR TEMPERATURE 
1. 0 ,----,.-....--.----,.--.--.----r--r----. 

o.____._ _ _._ _ _.____. _ _..._ _ _.____. _ _.____, 
-75 -so -2S 0 2S so 75 100 125 150 

TA -Free-Air Temperature - °C 

FIGURE 6 

TYPICAL GATE TRIGGER VOLTAGE 
YS 

GATE PULSE WIDTH 

2N3558 T 
V,, = SOv 

1--+1..++-+++ ........ -+-++ ....... 1<---+-+ R, = 140 .n 
TJ~ T .. 

> 4 l--+-lt*+++lll-+-+++++1-11---+-+see Note 8 
I 

t 
0 
> 
li 
CJ 
.!!' 
,!:: 1 _...rT, = 1so•c 
j! 2 1-i-i-ttWV"'--~t-++tttttt---+-+-IH+lttt--+-t+tttttt 
c3 N 
I 
.j 

o.___....__._..... .......... _._._ ......... .LJ.U..__.......L...JUJ.J..w--+-..w..'-1-L-W 

0.01 0.1 10 
FWG- Gate Pulse Width - ~sec 

FIGURE 8 

100 

NOTES: 7. T11t11 paramoton wore measured using pulso techniques. Anode·pulst wldlh=300 J.151<. PRl=IO PP'· 

I. ThlfO pa,..tltn wore moasurod using sln9le pulst ttchniquos. Anadt-pula wldlll = 300 J.lllC. Duty Cy do= 0. 
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TYPES 2N3555, 2N3556, 2N3557, 2N3558 
P-N-P-N PLANAR SILICON REVERSE-BLOCKING TRIODE THYRISTORS 

TYPICAL SWITCHING CHARACTERISTICS, TA= 25°C 

TURN-ON TIME 
vs 

GATE INPUT PULSE AMPLITUDE 

2N3558 JTT 
VAA=200v 

RL = 570 Q 
See Figure 14 

~ 
~ 

~ ~ R 

TURN-ON TIME 
vs 

1.0 ...--r--TA_N_O_D..,E_s_u_P...,P,...LY_v_o,...LT_A_G_E,....-.,...__, 

VAA 
0.2 r--;---;---r---r--;r- RL = 350ma 

RG=IOOQ 
See Figure 14 

0 
0.1 

~Tu 
10 100 

0 ~-~---'--~-~---'--~-~-..... 
0 50 100 150 200 

0.4 

~ 0.3 
"-

' ~ ;:: 
8 0.2 

I 

E 
~ 

>-

Jo.1 

0 
1 

Vin - Input Pulse Amplitude -v 
FIGURE 9 

.,. ,..,. 
2N3558 

~ 

TURN-ON TIME 
vs 

ANODE FORWARD CURRENT 

lLv 
v 

IA-" ~ 

VAA = 200 v 

RL = 200 v 
1, 

RG= 100 Q 

V;n=3.0v 
See Figure 14 

_l_ _l_ ..lll..UJ 
10 100 

IF -Anode Forward Current -ma 
FIGURE 11 

1000 

" ~ 

VAA - Anode Supply Voltage - v 
FIGURE 10 

COMMUTATING TURN-OFF TIME 
VS 

ANODE FORWARD CURRENT 
20r--...... --..----.---.----..----.----.. 

-101<0 
RGK\effl -

2N3558 

!161---1:::..-=t-~t--~-1---t--t----I 
" E 
;:: 

912 t---::il"""''---+---+--~+---+---+---1 
E 
~ 
g> 
~ 8 t---+--+-- RGKleffl = lOO Q 

E 

~ 
I 4 r----i---1--

0 .._ _ _.. __ ~--~---''---~--...... -~ 
0 50 100 150 200 250 

If - Anode Forward Current - ma 
FIGURE 12 

300 350 

NOTE 9: The commutating turn-off time of the 2N3555 series thyristor is significantly affected by the source impedance of the gate firing circuit as shown 
in Figure 12. Faster tum-off times are achieved when this Impedance is low. However, some circuits require the usa of a high source impedance, 
even though fad turn-off is desired. In these appllcations, a diode may be used to by-pass the gate-cathode jundion, as shown in the circuit in 
Figure 15. This diode improves commutating tum-off time by elimlnatlng the effect of the gate-cathode recovery time. 
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TYPES 2N3555, 2N3556, 2N3557, 2N3558 
P-N-P-N PLANAR SILICON REVERSE-BLOCKING TRIODE THYRISTORS 

24422 

ANODE FORWARD CURRENT DERATING CURVE 

~ 1750 

I 
~ 1500 
5 

Continuous DC 

~A-~~~ u 
-0 1250 

~ 
~ 1000 

_S._ Ccnductlon _ ...... 
cz, = iao• 

i 
1i 750 

t 

CZ,= 1201 ~\ 
I-CZ,= 90°T 

~ ~ CZ,= 60° 

!;! 500 
< 
E 

~ 250 

l 
I 0 

-75 

CZ,-30° 

~ ~ _ ... -50 -25 0 +25 +50 +75 
Tc - Case Temperature - °C 

FIGURE 13 

+100 

PARAMOER MEASUREMENT INFORMATION 

INPUT 

OUTPUT 

~ 
I 
I 

:.- Ion ....... 
I 

'\.90% 

VOLTAGE WAVEFORMS 

See Notes A, B, and C 

lOOQ 

INPUT 

GENERATOR 

TEST CIRCUIT 

FIGURE 14- TURN-ON TIME 

NOTES: A.. Yin Is measured with gate and cathode terminals connected as shown and anode terminal open. 

OUTPUT 

+125 

B. The input waveform of Figure 14 bas the following characteristin: •r ~ 40 nsec, PW ~ device tum-on time at the operating point. 

C. Wawtforms ar1 maintained on an oscllloKope with following characteristics: •r :::; 14 nsec, Rin 2:: 10 MO, Cin :S 12 pf. 

+150 
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TYPES 2N3555, 2N3556, 2N3557, 2N3558 
P-N-P-N PLANAR SILICON REVERSE-BLOCKING TRIODE THYRISTORS 

PARAMETER MEASUREMENT INFORMATION 

V2 

0 t----­
V1 
0 

IF 

0 -------~-~------------' 
IR 

Thyristor Under Test 

RGK(efl) ©: 1N645 

(SeeNote9 
on Page5) 

(See Note D) : 

I 
I 
I 

WAVEFORMS 

0.lto5µf 

VF Monitor {See 
Note C on 
Page 6) 

IA 1'1\onitor 

(Non inductive 
monitor resistor) 

Generator Synchronization 

TEST CIRCUIT 

R1 (See Note E) 

2N3558 

(See Note D) 

FIGURE 15 -COMMUTATING TURN-OFF TIME 

VA.A= 50v-=.. 

D. Pulse generators for V 1 and ¥2 ore synchronized to provide on anode current waveform with lhe following characteristics: PW= SO 

to 300 µsec, Duty Cycle=l°f.,. The pulse widths of V1 and Y2 are 2:: 10 µsec. 

E. Resistor R1 is adjusted for IR= 1 a. 

24423 



TYPES 2N3555, 2N3556, 2N3557, 2N3558 
P-N-P-N PLANAR SILICON REVERSE-BLOCKING TRIODE THYRISTORS 

R, 

c, 
2N3555 

D, 

D, 

TYPICAL APPLICATION DATA 

I 
I 
I 
I 
I 
I I 
I 

20-kc RING COUNTER 

R, 

c, 

o, 

D, 

2N3555 

: I 
L-1nsert additional 

stages here. 

(3 stages shown) 

D, 

INPUT 

R. 

};; c. 

v •• -

CIRCUIT PERFORMANCE CHARACTERISTICS FOR 10-STAGE OPERATION AT TA= 25°C 

24424 

a. V AA Range far 20-kc Operation: 6 v to 30 v (Rated VFR) 

b. V AA Range far 10-kc Operation: 2.75 v to 30 v (Rated VFR) 

c. Range of Input Amplitude far 10-kc operation: 3 v to 8 v 

CIRCUIT COMPONENT INFORMATION 

RA: 330 n. 
Re:33k0. 

R6 :1k0. 

Ri< : 33 n. 

All Resistors, ± 5% tolerance, V. w 

CA : 0.06 µ,f ± 20% 

c. : 0.001 µ,f ± 20% 

L : 40 mh 

Di. 0 2, and D, : 1N914 

TEXAS INSTRUMENTS REIERVEI THE RIGHT TO MAKE CHANGES AT ANY TIME 
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEil PRODUCT POlllBLE. 
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TYPES 2N3559, 2N3560, 2N3561, 2N3562 
P-N-P-N PLANAR SILICON REVERSE-BLOCKING TRIODE THYRISTORS 

mechanical data 

1 AMP AVG - 30 to 200 VOL TS - 200 µa GATE SENSITIVITY 
ALL PLANAR, OXIDE-PASSIVATED JUNCTIONS 

NO SOLDER OR FLUXES 

• High Operating Temperatures 
• High Surge Current Capability 
• Fast Switching Speeds 
• Low Forward Voltage Drop 

These devices are in precision welded, hermetically sealed enclosures. Extreme cleanliness during the 
assembly process prevents sealed-in contamination. The approximate unit weight is 1.8 grams. 

'THE ANODE IS IN ELECTRICAL 
CONTACT WITH THE CASE. 

'THE GATE TERMINAL IS 
CONNECTED TO A P REGION. 

'ALL JEDEC T0-5 DIMENSIONS 
AND NOTES ARE APPLICABLE. 

All OIMIN510Hl Aff 
IN INCHES 

UHllSS OlMHWISE 
W(:IFIED 

•absolute maximum ratings over operating case temperature range (unless otherwise noted) 

Continuous Forward Blocking Voltage, v,,. (See Note 1) 
Peak Forward Blocking Voltage (See Note 1) 
Continuous Reverse Blocking Voltage, Yao (See Note 2) 
Peak Reverse Blocking Voltage (See Note 2) 
Continuous or RMS Anode Forward Current ot (or below) 100°C 

Case Temperature (See Noll 3) 
Average Anode Forward Current (180° CA>nduction Angle) at (or below) 

100°C Case Temperature (See Note 4) 
Peak Anode Surge Current (See Note 5) 
Peak Gate Reverse Voltage 
Peak Gale Forward Current (Pulse width ~ 8 msec) 
Average Gate Power Dissipation 
Operating Casa Temperature Range 
Storage Temperature Range 

NOTES: 1. These values apply wlttn th• 9ate-c:1thode resistan(e R6 K :5 1 ks~. 

2. Thne waluts apply when th1 gate.cathode rnislance a6 K = oo. 

2N3559 
30 
30 
30 
30 

2N3560 2N3561 2N3562 
60 100 200 
60 100 200 
60 100 200 
60 100 200 

1.6 

1 
18 
8 

250 
100 

-65 to +uo 
-65 to +200 

S. This YGlut appliK for coRtlnuous d-c: or slngle·phost, 60-cps, half·sln•wan operalion with resistive lood. A.ban 100°C, dtrale oc<0rcling ta Figure 13. 
4. This value may bt applied continuously under slnglt-pllase, 60-c:ps, holf·sine-wavt operation with l'flistlvt load. Above 100°c deralt accordh11 to 

"'"' 13. S. This val111 1ppll11 for one 60-cps half lint WDYI when the dHlct Is operat1n1 at (or below) roted volues of peak mine blockln1 volta,. and 
anode forwerd nrrtt1t. Surgt may U repealed aft1r the dtvlct has returned to orltlnal lhtrmol •qulllbrlum. 

lndlca111 JEDEC registered data. 

TEXAS INSTRUMENTS 
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UNIT 
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v 

a 

a 
a 
v 

ma 
mw 
oc 
oc 
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TYPES 2N3559, 2N3560, 2N3561, 2N3562 

P-N-P-N PLANAR SILICON REVERSE-BLOCKING TRIODE THYRISTORS 

24426 

*electrical characteristics at 25°C case temperature (unless otherwise noted) 

PARAMETER TEST CONDITIONS 

Stotic Anode Forward YAK = Rated Y,., RGK = 1 kn 
1,. Blocking Current YAK = Rated Y ,., RGK = 1 kil, Tc= 150°C 

Static Anode Revelle YKA = Roted Yoo, IG = 0 
loo Blocking Current YKA = Ro,ted Yoo, IG = 0, Tc = 150°C 
IGKO Gate Reverse Current VKG = 5 V, IA-0 
IGT Gote Trigger Current VAA=5v, R, = 120., PWG ?:: 10 µ,sec 

YAA = 5v, R, = 120., PWG?:: 10 µ,sec, 
Tc= -65°C 

VGT Gote Trigger Voltoge VAA=Sv, R, -120., PWG?:: 10 µ,sec 

VAA = 5v, R, = 120., PW6 ?:: 10 µ,sec, 
Tc= 15o•c 

RGK = 1 kfi, Re= 2kfi 
ltto Holding Current 

RGK = 1 kfi, R, - 2kfi, Tc= -65°( 
v, Forward Yoltoge I,= 1.6 a, RGK 21 k!l, See Note 6 
I Go Gole Turn-Off Current I, = 200 ma (See Note 7), 

VGo Gote Turn-Off Voltoge VAA ~ 100 v (Not to exceed Roted V Fol 
dv/dt Criticol Role of Anode Voltage Rise VKG = ]y 

switching characteristics at 25°C case temperature (unless otherwise noted) 

PARAMETER TEST CONDITIONS 
~- --

t--vAA = 200 v, R, = 2.2 kn, RG = 100 n, 

'"" Turn-On Time Yin== 3 v, See Fig. 14 

Commutating Turn-Off Time 
VAA = so v, R, = 140 !!, l N645 between 

toff gale ond cathode, See Fig. 15 

thermal characteristics 

PARAMETER 

L(J--'J'---e= _____ J_u_nct_i_on_-t_o-Case Thermal Resistance 

NOTES; 6. The initial instantaneous value is measured using pulse techniques. Anode-pulse width= 300 µsec, PRR = 10 pps. 

7. Anode current not to exceed 200 ma for gate turn-off applicalions. 

•Indicates JEDEC registered data (typical data excluded). 

MIN TYP MAX UNIT 

100 
100 
0.1 

100 
-5 

90 200 

0.9 

0.6 0.8 

0.2 

1.8 5 
8 

1.4 
-40 

-4 
400 

2N3S62 

MAX 

35 

TYP 

0.55 

2.2 

na 
µ,a 
µ,a 
µ,o 
µ,o 
µ,a 

v 

v 

y 

ma 
mo 
v 

mo 
v 

]!I µ,sec 

UNIT 

µ,sec 

µ,sec 

UNIT 

OC/W 

SE 
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TYPES 2N3559, 2N3560, 2N3561, 2N3562 
P-N-P-N PLANAR SILICON REVERSE-BLOCKING TRIODE THYRISTORS 

ANODE CHARACTERISTICS 

STATIC ANODE FORWARD BLOCKING CURRENT 
vs 

FREE-AIR TEMPERATURE 

V., =RATED V,. 
Re,= 1 kn 
TJ ~ T ... -+---+---+---+---+---+--+..oo<'--< 

!I. 
I 

~ a 
gi 
:;; 
8 

;;; 

" ~ 
~ 
-g 
.i 
-~ 

STATIC ANODE REVERSE BLOCKING CURRENT 
vs 

FREE-AIR TEMPERATURE 

10 

0.1 

0.01 

l 0.001 t---t---r:.: ...... 'F--t--t---t----it----t---t l 0.001 

lg I 
~ 

0.0001 .___.....__..__..__..__.___.__~ ....... ~~__, 
-75 -50 -25 0 25 50 75 100 125 150 

T ... - Free-Air Temperature - °C 

FIGURE 1 

TYPICAL FORWARD VOLTAGE 
vs 

ANODE FORWARD CURRENT 
5..---,.--,........,......,.,..,.,,...---.--T""'I~ ..... ,......-..-.,....., ............ ~ 

T} .. t 11 
1--RGK~l kQ++.i~--+--+-+-+-++M+---+--+-H~.j.-11 

See Note 8 

> j 

j 3 .---+-++++1-1+--+--+-+++11+1+-I ,__....._ 

J [//_ 
l ~ • IA TA= -55°C .! 2 t--+~f-+~ILl-..... _ ...... -+-H-++---+-+-+-~+H 
I V T1,= 250f 1.A 

> t--f~fjL!.-+1'.TA = ISO'C~··ll+l-H--++H++HI 

_J_ v ~ 

o,____.__..._.. ............... ..___....__._,,_.... ....... .....__,__..._._._ ........ 
0.1 1.0 10 100 

If - Anode Forward Current - a 

FIGURE 3 

0.0001 
-75 -so -25 0 25 50 75 100 125 150 

T,... - Free-Air Temperature - °C 

FIGURE 2 

TYPICAL HOLDING CURRENT 
vs 

FREE-AIR TEMPERATURE 
4. 0 ..--.---ir----ir----ir----i----r----r----r----r 

a 3.o 

I 2.5 

~ 
a 2.0 

"' c 
:;; 
0 1.5 
:c 
I 
.!! 1 • 0 1----t_,,,.,-

oL_LJLJLJLJ~:::j:::±:=J 
-75 -so -25 0 25 50 75 100 125 150 

T ... - Free-Air Temperature - °C 

FIGURE 4 

NOTE 8: These parameters were measured using pulse tachniques.. Anode-pulse width= 300 µ.sec, PRR = 10 pps. 
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TYPES 2N3559, 2N3560, 2N3561, 2N3562 
P-N-P-N PLANAR SILICON REVERSE-BLOCKING TRIODE THYRISTORS 

c 
:>. 

1: . 
I: , 
u 
~ 
"' .g> ... 
2 
0 

(') 

I 
.3 

.) 

GATE CHARACTERISTICS 

GATE TRIGGER CURRENT 
vs 

FREE -AIR TEMPERATURE 
800 

600 

400 

200 

-5~ f---F:::t-F~~~F=*==±=i 
-75 -50 -25 0 25 50 75 100 125 150 

T..., - Free -Air Temperature-°C 

FIGURE 5 

TYPICAL GATE -CATHODE VOLTAGE 
vs 

GATE FORWARD CURRENT 

0.2 __}-

10 100 1000 
IGF- Gate Forward Current - me 

FIGURE 7 

" "' 2 

GATE TRIGGER VOLTAGE 
vs 

FREE-AIR TEMPERATURE 

~ o. 6 t----l--+--t--""loc::--11---+-+-+---""' 
~ 
~ 
~ o. 4 1----lo-==f-' 
(') 

I 
.j 

> 
I 

0.2 

0 ..____. _ _._ _ _,__...____, _ __.._ _ _,_ _ _,___, 

-75 -50 -25 0 25 50 75 100 125 150 

T. -Free-Air Temperature - °C 

FIGURE 6 

TYPICAL GATE TRIGGER VOLTAGE 
vs 

GATE PULSE WIDTH 

OL-..L-LL!.ll.Llj__..L_LLJ..LWJ__...LJJJ.LWL__...LJL.Lllilll 

0.01 o. 1 10 
FW0 - Gate Pulse Width - ~sec 

FIGURE 8 

100 

NOTES: 8. These porameters were measured using pulse techniques. Anode.-pulse width= 300 µsec, PRR = 10 pps. 

9. These parameters were measured using single pulse techniques. Anode·-pulse width=300 µsec, ·Duty Cycle=O. 
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TYPES 2N3559, 2N3560, 2N3561, 2N3562 
P-N-P-N PLANAR SILICON REVERSE-BLOCKING TRIODE THYRISTORS 

TYPICAL SWITCHING CHARACTERISTICS, TA=25°C 

3.0 

2.5 

u 

" f 2.0 

" E ;:: 

0 
I 

E 
~ 

>-

I 
J 

1.5 

1.0 

0.5 

0 
0.1 

TURN-ON TIME 
vs 

GATE INPUT PULSE AMPLITUDE 

2N3562 
VAA = 200 v 

RL =570 Q 

See Figure 14 

I\ 
"\ 

N ~ ~k 
M~'l'~ ~ ~o" I) 

Jrl ~ 
1.0 10 

Vin - Input Pulse Amplitude - v 
FIGURE 9 

TURN-ON TIME 
vs 

100 

ANODE FORWARD CURRENT 
0.8.--.---r ...... T'T'TTT....---,--,r-T'T'T'TT'l.,....-r--.....,l"T"TT'Tft 

2N3562 

1' ~ 0.61---+-+-t-1H-1+H--t--t-+t+t1rt+-17".,,....+--+-++-tttt1 

"!. 
I .. 
E 
~ 0 0.4 
I 
E 
~ t- V AA = 200 v +t--+-+-+++ttt+--t-+-+-t-H-H1 

I 200 v 
.Ji 0.2 t- R, - -IF-

RG = 100 Q 
I- v,. = 3.0 v 

o s";''}g~ 
1 10 100 

IF -Anode Forward Current - ma 
FIGURE 11 

1000 

TURN-ON TIME 
vs 

ANODE SUPPLY VOLTAGE 
1.6 

1.4 

T V· _ I 0,...__ .....___ tN3562 'l ·J_· ~, r-

u 1.2 
~ 
:I. 

I 1.0 .. 
E 
;:: 
O 0.8 t---+---tf--Vin - 3.0 v r--I 

E 
~ 0.6 t---+---t--+---+--+---+----t--~ 

I 
J 0.4 t-

R, VAA 
= 350 ma 

0.2 1-RG=lOOQ 

See Figure 14 
0 .___.i~_i..____.~_._~_._~...____..___, 

0 50 100 150 
VAA -Anode Supply Voltage - v 

FIGURE 10 

COMMUTATING TURN-OFF TIME 
vs 

200 

10,....._...,... __ A_N~O_D_E_FO.,.....RW_A_RD.....-c_u_RR_ETN_T_--r--~ 

I l 2N3562 
= 101<.0 

ll See Figure 15~ 
'l. 8 l---="4-"""':::~=i---+---4--+---4---1 
I - RG:feft) = 1 kO 

" ~ _J---1 

o._ _ _.. __ _._ __ .._ _ __,,__ _ _._ __ .._ _ __, 
0 50 100 150 200 250 

IF - Anode Forward Current - mo 
FIGURE 12 

300 350 

NOTE 10: The commutating tum-off time of the 2N3559 series thyristor is significantly affe<ted by the source impedance of the gate firing circuit as shown 
in Fig. 12. Faster turn-off times are achieved when this Impedance Is low. However, some circuits require the use of a high source Impedance, even 
though fasl turn-off b desired. In these appllcatlons, a diode may ba used to by-pass the gate-cathode function, as shown In the circuit In Fig. 15, This diode 
Improves commutating turn·off time by ollminaflng the effect of tho gata·cathode re<overy time. 
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TYPES 2N3559 I 2N3560, 2N3561, 2N3562 
P-N-P-N PLANAR SILICON REVERSE-BLOCKING TRIODE THYRISTORS 

24430 

ANODE FORWARD CURRENT DERATING CURVE 

~ 1750 

I 
~ 1500 
5 
u 
.., 1250 

~ 
.f 1000 

Continuous DC 

~ = 1ao• 
~=12J -8 

.? 750 I-~= 90.:i-

t 1 500 

E 
~ 250 

l 
I 0 

-75 

~ = 6Q• 

T 
~ - 30° 

-50 -25 0 +25 +50 +75 
Tc - Ca5e Temperature - °C 

FIGURE 13 

~ 1 
~~-
~ Condu<11~-...... 

~\ 

~ ~ 
~\ ~ 
~ 

+100 +125 +150 

PARAMETER MEASUREMENT INFORMATION 

INPUT 

OUTPUT 

~
--

Vin 

10% 
I 
I 

I+- Ion 
_.. 

j 

~90% 
VOLTAGE WAVEFORMS 

See Notes A, 8, and C 

1000 

.J1. 

GENERATOR 

TEST CIRCUIT 

FIGURE 14 - TURN-ON TIME 

OUTPUT 

NOTES: A. Vin ls measured with gale and cathode terminals connected as shown and anode terminal open. 

I. The inpul waveform of Figure 14 h01 the following characteristics: tr :5' 40 nsec, PW ~ dHlce turn-on time at the operating point. 

C. WaHforms are monitored on an oscilloscope with following characterisli<s t, .S 14 nsec, Ri,. ~ 10 MO, Cin ~ 12 pf. 
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TYPES 2N3559, 2N3560, 2N3561, 2N3562 
P-N-P-N PLANAR SILICON REVERSE-BLOCKING TRIODE THYRISTORS 

PARAMETER MEASUREMENT INFORMATION 

V2 

Di------' 
v, 0 _....__ _____________ __, 

VF 

0 1------1-1------------------++----I 
YR 

Thyristor Under Test 

RoK(eff) ~ 1N645 

'-;.I (See Note 9 

(See Note D) ; · 

I 
I 
I 

WAVEFORMS 

Generator Synchronization 

TEST CIRCUIT 

(See Note D) 

FIGURE 15 -COMMUTATING TURN-OFF TIME 

V =SOv 
- AA 

D. Pulse generators fir v1 and Y2 are synchr1nlztd to pnivhfe an anade current waveform witb tfle following rharad1rlstlcs: PW=SO ft 300 µ.m, 
dary <r<I•= 1%. Th pulse wldlhs of Y1 and Y2 are ~ 10 JIM'. 

E. lftlslor R 1 Is ad(1St1d 111 IR= I a. 

24431 

II 



TYPES 2N3559, 2N3560, 2N3561, 2N3562 
P-N-P-N PLANAR SILICON REVERSE-BLOCKING TRIODE THYRISTORS 

24432 

TYPICAL GATE TURN-OFF CHARACTERISTICS 

The 2N3559 series thyristors exhibit gate-turn-off gain, 

in addition to the standard contralled switch characteristics. 

Figure 16 shows the typical gate-turn-off gain as a func­

tion of anode current. This characteristic offers increased 

flexibility in the design of pulse-width modulators, pulse­

forming networks, static switches, choppers, bistable circuits 

ond inverters. 

+v,.,. 

1, t 

~,, 4-lca 

~~-

TYPICAL GATE-TURN -OFF CIRCUIT 

TYPICAL GATE-TURN-OFF GAIN 
vs 

ANODE FORWARD CURRENT 

1--1 
c ~ ;3 41---+--+--+-,,..,.'f-----+--+--+-----l 

I~ 
iJ ~ I .... t----f"--+--+--+-----+-_ _L-'---+---1 
.f BoFf - 10Q 

~ ~-~~ 
I 2t----+---+--+--+--~+--+---+---t 

0 
0 50 100 150 200 

If -Anode Forward Current - mo 

FIGURE 16 

'· I I I I I 

IGI 

IGQ 

1, 
IGQ '=:p::;;-

TYPICAL WAVEFORMS 

Improved turn-off time may be realized using the gate-turn-off method. A combination of gate-turn-off and 
standard commutating turn-off will further improve the turn-off time. For applications requiring a guaranteed /30 11, 

contact your nearest Tl Sales Office for information on special types. 
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IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 



TYPES 1N4001 THROUGH 1N4007 
DIFFUSED-JUNCTION SILICON RECTIFIERS 

50-1000 VOLTS • 1 AMP AVG 

• MINIATURE MOLDED PACKAGE 

• INSULATED CASE 

• IDEAL FOR HIGH-DENSITY CIRCUITRY 

*mechanical data 

I'·'· MIN-------i ::::¥ 
"' ( i.- I n.. © 

~34 DIA 2 LEADS 1----::: l----1.10 MIN_____J 
0.030 (NOTE A) ~----i 

0.'85 

NOTE A: The specified l1J11d diamater applies in the ione betltfffn 
0.050'' and I .DO'' from 1M r«tifier body.·Ouhide of this 
zone the lead diam.ter ii not controli.d. 

All DIMENSIONS AIE IN INCHES 

THE LEADS ARE ELECTRICALLY INSULATED FROM THE CASE 

*absolute maximum ratings at specified ambientt temperature 
IN4001 IN4002 IN4003 1N4004 1N4005 

VoM 
Peak Reverse Voltage from 

50 100 200 400 600 -65°C to + 175°C(See Note 1) 

v. Steady Stole Revme Voltage 50 100 200 400 600 from 25°C to 7S°C 

lo 
Average Rectified Forward Current from 1 25°C to 75°C (See Notes 1 and 2) 

IFMjrepJ 
Repetitive Peak Forward Current, 10 cycles, 10 at (or below) 75°C (See Note 3) 

IFM1••'9•1 
. Peak Surge Current, One Cycle, 30 at (or below) 75 °C (See Note 3) 

TAlop•I Operating Ambient Temperature Range -65 to +175 

T.i9 Storage Temperature Range -65 to +200 
Lead Temperature Ya Inch from 350 Cose for 10 Seconds 

1N4006 1N4007 

800 1000 

800 1000 

NOTES: 1. These values may be applied continuously under single-phase, 60-cps, half-sine-wave operation with reslslive load. Above 75°C derate 10 
acnrding to Figure l. 

2. This rectifier is a lead..conduction-cooled device. At (or above} ambient temperatures of 7S°C, the lead temperature Ya inch from case must b1 
no higher than s°C above the ambient temperature for these ratlngs to apply. 

3. These values apply for 60·cps half sine waves when the device is operating at (or below} rated values of peak reverse voltage and average rectified 
forward current. Surge may be repeated after the device has returned to original thermal equilibrium. 

• lndl<at11 JEDEC registered data. 

t The ambient temperature Is measured at a point 2 Inches below the dHiu. Natural air cooling shall be used. 

TEXAS INSTRUMENTS 
INCORPORATED 

POST O~FICI BOX SOU • DAL.LAS, TEXAS 71222 

UNIT 

y 

y 

a 

a 

a 

oc 
oc 
oc 
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TYPES 1N4001 THROUGH 1N4007 
DIFFUSED-JUNCTION SILICON RECTIFIERS 

25402 

*electrical characteristics at specified ambientt temperature 

PARAMETER 

1, Static Reverse Current 

1,,.,9) Average Reverse Current 

v, Static Forward Voltage 

VFjavgJ Average Forward Voltage 

v, .. Peak Forward Voltage 

•tndicotes JEDEC register,d data. 

1.5 

c 
~ 1.0 
5 
v .,, 
0 
~ 
J: 
g, 
~ 0.5 

~ 
5 

TEST CONDITIONS MAX 

v. = Roted v •. TA = 2s•c 10 
V, = Roted V,, TA = 100°c so 
v,., = Roted v, .. , lo= 1 o, 

31> 
f = 60 cps, TA= 1s•c 
1, = 1 0, TA = 2s 0 c to 75°C 1.1 
v,., = Roted v, .. , 10 =1 o, 

0.8 f = 60 cps, TA = 2s 0 c to 1s•c 
v ... = Roted v .... 10 =1 o, / 1.6 I= 60 cps, TA = 2s•c to 1s 0 c 

THERMAL INFORMATION 

FORWARD CURRENT DERATING CURVE 

See Note 2 

Single-Phase 

Six-Phase Star 

~ 
..I Three-Phase Wye ~ ~ 

........... 

"'~ K 
"""'-J "§ 

"'--~ !Iii... 

UNIT 

µ.o 
p,D 

µ.a 

v 

v 

v 

E 
·;: 
0 

~ ~ 
I o 
~ -75 -50 -25 0 +25 +50 +75 +100 +125 +150 

TA - Ambient Temperature - °C 

FIGURE 1 

tne ambient temperature is measured at a point 2 inches below the devi'ce. Natural air cooling ~hall be used. 

NOTE 2: This rectifier is a lead-conduction-cooled device. At (or above) ambient temperatures of 75°(, the lead temperature % inch from case must be 
no higher than s0 c above the ambient temperature for these ratings to npply. 

~ 
+175 

TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 
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TYPE TILOl 
P-N PLANAR GALLIUM ARSENIDE DIODE LIGHT SOURCE 

DESIGNED TO EMIT NEAR-INFRARED 
LIGHT WHEN FORWARD BIASED 

• light Source Spectrally Matched to Silicon Sensors 
• Recommended for Application in Character Recognition, 

Tape and Card Readers, and Encoders 
• Unique Package Design Allows for Matrix Assembly 

Directly into Printed Circuit Boards 
• Narrow light Beam 

mechanical data 

r!]Q~~1 c•··~· ... 0.M.NSION5 IN INCHES 

0.063 ~ 
0.059 0.084 

1-ANok- 0.082 ~ G 2-CATHODE 

0.064 l_:j fl I 0.024 
0.010---..l I+- ~ i--.1 0.016 
0.005 0.130 0.009 

0.1'11 

absolute maximum ratings 

Reverse Voltoge at 25°C Case Temperature . . . . . . . 
Continuous Forward Current at 25°C Case Temperature (See Note l) 
Operating Case Temperature Range 
Storage Temperature Range • 
Soldering Temperature (3 minutes) . 

operating characteristics at 25°C case temperature 

PARAMETER TEST CONDITIONS 

x....., Wavelength at I,= 50 mA Peak Emission 

Po 
Radiant Power Output I,= SO mA, See Note 2 Into 90° Circular Cone 

Po 
Radiant Power Output I,= SO mA, See Nore 3 Into 10° Circular Cone 

v. Static Forward Voltage IF= SO mA 

NOTES: 1. Derate linearly to 12S°C case temperature at the rate of 0.5 mA/ 0 C. 

MIN 

sot 

3 

TYP 

0.9 

• 
2V 

.50mA 
-65°C to 125°C 
-65°C ta l 50°C 

. 240°C 

MAX UNIT 

µm 

µ.W 

µ.W 

1.3 v 

2. The radiant power output into a 90° right circular cone coaxial with the device axis of symmetry is measured by use of a calibrated silicon solar cell held in 
close proximity to the glass lens of the device. 

3. The radiant power output into a 10° circular a>ne coaxial with the deviu axis of symmetry is measured by use of a calibrated silicon solar cell which is covered 
by a 0.175 cm aperture. The measurement is made with an aperture mounted coaxial with the devke axis of symmetry and with the solar cell surface at a dis­
tance of 1.00 ± 0.05 cm from the device lens surface. 

flhis power is equivalent to approximately 2.25 x 1014 photons per second at 0.9 micron. 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 5012 • DALLAS, TEXAS 75222 
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TYPE TILOl 
P-N PLANAR GALLIUM ARSENIDE DIODE LIGHT SOURCE 

27002 

·f . 
1 
.:E 
"' :::; . 
-~ 
~ 

100 

90 

80 

70 

60 

50 

40 

30 

20 

10 

_l 

i 
1 
~ 

TYPICAL CHARACTERISTICS 

RELATIVE SPECTRAL INTENSITY 

L ~ 1 j_ 1, = 50 mA _ 

\ 
Tc= 25°C 

1 ; 
~ r--

100 

90 

80 

·f 70 

] 60 

t 50 
:::; 

-~ 40 
] 
~ 30 

20 

10 

RELATIVE LIGHT INTENSITY 
VS 

ANGULAR DISPLACEMENT 

lL ~ 
j I I 

1 1 
See Note 4 -

I 

t ~ ~ 
0 

~ .~ 

V_ 
Q_ 
0 

ii_ ~ 0 
0.88 0.89 0.90 0.91 0.92 0.93 0.94 

0 
30° 20° 10° 0° 10° 20° 30° 

>< - Wavelength -~m (} - Angular Displacement 

FIGURE 1 

50 

40 
<( 
E 

I 
c 30 . 
~ 

u 
1:! 
c 
~ 20 
~ 

~ 

10 

0 
0 

FORWARD CONDUCTION CHARACTERISTICS 

Tc= J.c 

0.25 

J 

~ 
0.50 0.75 1.00 

VF - Forward Voltage -V 

FIGURE 3 

1.25 

FIGURE 2 

1.50 

NOTE 4: The diagram for relative light intensity shows that most of the radiant output of the TILOl is concentrated within a narrow circular cone. Radiant power output 
into various view angles can be measured by a small-diameter aperture and a calibrated solar cell. The solar cell, covered by the aperture, is held at a distance S 
from the light source, where S is related to the view angle (} and the aperture radius r by the following equation: r 

soc---
tan( ~ ) 

TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 
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TYPE TIL09 
P-N PLANAR GALLIUM ARSENIDE DIODE LIGHT SOURCE 

DESIGNED TO EMIT NEAR-INFRARED 
LIGHT WHEN FORWARD BIASED 

• Light Source Spectrally Matched to Silicon Sensors 
• Recommended for Application in Character Recognition, 

Card Readers, and Encoders 

mechanical data 

• Unique Package Design Allows for Matrix Assembly 
Directly into Printed Circuit Boards 

• Narrow Light Beam 

This device is in a hermetically sealed package with a flat glass window in the top of the case. The 
emitting surface of the GaAs material is hemispherical. The cathode is in electrical contact with the lens 
ring and the anode is in electrical contact with the base plug. 

KOVAR (CATHODE) 

MOLYBDENUM (ANODE! 

.I Foo~ ... 'j .L f (~ 1;'j' 
_j_ ~r ~ L_L 

L~~~' 1-tC>,!'!! G.022~ D.OIS 

~:::: '!!!! DIMENSIONS ARE IN INCHES 
0.145 0.030 
U3o 

absolute maximum ratings 

Reverse Voltage at 25°C Case Temperature . . . . . • • • • • . • 
Continuous Forward Current at (or below) 25°C Case Temperature (See Note 1) 
Storage Temperature Range . • 
Soldering Temperature (3 Seconds) • . . . • . • . • • • • • . • 

operating characteristics at 25°C case temperature 

PARAMETER TEST CONDITIONS MIN 
Po Radiant Power Output 500 
Apeok Wavelength at Peak Emission 

BW>., 
Spectral Bandwidth between IF= 50 mA Half-Power Points 

9HP 
Emission Beam Angle between 
Half-Power Points 

VF Static Forward Voltage 

NOTE 1: Derate linearly to lOD°C case temperature at the rate of 0. 67 mA/0 c . 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 5012 • DALLAS, TEXAS 75222 

I 
2V 

50 mA 
-65°C to 100°C 

240°C 

TYP MAX UNIT 
900 µW 

0.91 µm 

230 i 

20° 

1.3 1.4 v 

27009 



TYPE TIL09 
P-N PLANAR GALLIUM ARSENIDE DIODE LIGHT SOURCE 

-~ 
~ 

~ 
c 
.2 

~ 
" -~ c 

<; 
"" 

27010 

TYPICAL CHARACTERISTICS 

RELATIVE SPECTRAL CHARACTERISTICS 

l.O 

0.9 

0.8 

0.7 

0.6 

D I I 
I, = 50 mA 

T 

1 
Tc =25oC -

l 
0.5 

0.4 

0.3 

0.2 

0.1 

1 :l 

± ~ 
~ 

1 "' b-.. v r--
0 
0.88 0.89 0.90 0.91 0.92 0.93 0.94 0.95 0.96 

A - Wavelength - µm 

FIGURE 1 

RELATIVE PHOTON INTENSITY 
vs 

FORWARD CURRENT 

i.o ~--T~--~--~--~---/~ 

Tc =25°C L_ ,.. L 
0.6 1---1---1--L_____,vl-+---t----! 
0 .4 i--------+-L1--+-v-r--+-------+-----I 
0.2 1--/-!--,.<v~--l--~----I 

0 """'----'-----'-----'-----'~------' 
0 10 20 30 

IF - Forward Current - mA 

FIGURE 3 

40 50 

CHANGE IN WAVELENGTH OF PEAK INTENSITY 
vs 

o..; CASE TEMPERATURE 
I 400 

!;.J 1, =Constant 
~ 
II 
0 ,__ 
c 200 
~ 

0 
> 
E g 
" 0 g> 
0 

..c 
u 
-£ 
g> 

" <; 
-200 > 

0 
~ 
I 

1 
'""' -400 <I 

-0: 
E 
I 

~ 
5 

u 
~ 
0 

~ 
~ 

.:!-

-75 

50 

40 

30 

20 

10 

0 
0 

-50 -25 25 50 75 

Tc - Case Temperature - °C 

FIGURE 2 

FORWARD CONDUCTION CHARACTERISTICS 

T 
Tc = 25°C 

0.2 0.4 0.6 0.8 l.O 

v, - Forward Voltage - V 

FIGURE 4 

1 
./ 

1.2 

100 

l.4 

TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRDDU[J POSSIBLE. 
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TYPE LS400 
N-P-N PLANAR SILICON PHOTO TRANSISTOR 

mechanical data 

DESIGNED FOR APPLICATIONS IN CHARACTER RECOGNITION, 
TAPE-READOUT, PHOTO SWITCHING, PROPORTIONAL CONTROL, 

AND DIFFERENTIAL DETECTION 

featuring 

• Fast Switching Times 
• Collector-Emitter Breakdown Voltage ... 50 V Min 

The device is in a hard glass, hermetically-sealed package with a dome-shaped lens. Unit weight is approximately 
0.1 gram. 

h 0.600 ci 0500 0.085 

~1.SMIN ~(Se~~~~ a) ~ 
1:::=J. Tl l)_U 
l 0.010 (.±0.001) LEAD :;;:::: DOT INDICATES COLLECTOR LEAD f 

NOTES: a. Within this zone, body diameter is 0.079 ±. 0.003 
b. All dimensions are in inches. 

absolute maximum ratings at 25°C case temperature (unless otherwise noted) 

Collector-Emitter Voltage . . . . . . . . . . . . . . . . . . . 
Emitter-Collector Voltage . . . . . . . . . . . . . . . . . . . 
Continuous Device Dissipation at (or below) 25°C Case Temperature (See Note 1) 
Operating Free-Air Temperature Range . . . . . 
Storage Temperature Range . • . . . • . . 
Lead Temperature 1/16 Inch from Case for 10 Seconds 

electrical characteristics at 25°C case temperature (unless otherwise noted) 

PARAMETER TEST CONDITIONS 

IL Light Current Vce=5V, H =9mW/cm2, See Note 2 

lo Dark Current 
Vee= 30V, H =O 

Vce=30V,H=O, Tc= 125°C 

V Collector-Emitter 
CE(sat) Saturation Voltage le= 0.4 mA, H = 9 mW/cm2, See Note 2 

NOTES: 1. Derate linearly to 125°C case temperature at the rate of 0.5 mW/°C. 

MIN TVP 

1 3 
10 

0.3 

50V 
6V 

. 50mW 
-65°C to 125°C 
-65°C to 150°C 
.... 260°C 

MAX UNIT 

mA 

25 nA 

10 p.A 

v 

2. lrradiance (H) is the radiant power per unit area incident upon a surface. For this measurement the source is a tungsten-filament 
bulb. The wavelength is 0.7 to 1 ~O ,u.m determined by a Corning CS7-69 filter. 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE SOX 5012 • DALL.AS. TEXAS 75222 

27401 
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TYPE LS400 
N-P-N PLANAR SILICON PHOTO TRANSISTOR 

switching characteristics at 25°C case temperature 

PARAMETER TEST CONDITIONS TYP 

tr Rise Time Vee= ao v. IL =400µA, 1.5 

tf Fall Time AL= 1 kn, See Figure 1 15 

PARAMETER MEASUREMENT INFORMATION 

See Note a 

\\ 

: Vcc=30V 

TEST CIRCUIT 

OUTPUT 
See Note b 

FIGURE 1 

I 
I 

I I 
I I 

- 90% 

I I ----+---0 1 I l- I 
~ t, t-- ....-- tf ~ 

OUTPUT VOLTAGE WAVEFORM 

NOTES: a. Input irradiance Is supplied by a pulsed xenon bulb source. Incident irridation is adjusted for IL= 400 µ.A. 

UNIT 

µs 

µs 

b. Output waveform ·is monitored on an oscilloscope with the following characteristics: tr ::;25 ns, Rin ~ 1 Mfl, Cjn ~20 pF. 

27402 TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 

869 



TYPE LS600 
N·P·N PLANAR SILICON LIGHT. SENSOR 

mechanical data 

0.019 
0.009 

t 

MICRO SENSOR DESIGNED FOR 
HIGH.,DENSITY MATRIX AND 
LINE READ-OUT EQUIPMENT 

• Recommended for Application in 
Charader Recognition, Tape and 
Card Readers, Velocity Indicators, 
and Encoders 

• Unique Package Design Allows for 
Assembly into Printed Circuit Boards 

• Small Diameter Reduces Optical 
"Cross-Talk" 

• Power Dissipation 50 mw 

-.;;:-CERAMIC rLENS 

fr :s:=ivi 
~DIA I ~ 0.092 

9~.,.~ ... 
~~i;,Jf." EMmER 

0.063 0.010 _J i--0.014 
0.088 0.005 

0.016 

0.082 
0.115 
0.102 

ALL DIMENSIONS IN INCHES 

t 

absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 

Colledor-Emitter Voltage • . • • • • • • • • • • • • • 
Emitter-Collector Voltage • • • • . • • • • • . • • • • 
Total Device Dissipation at (or below) 25°C Free-Air Temperature (See Nate 1) 

Operating Free-AirTemperature Range 
Storage Temperature Range 
Soldering Temperature (3 minutes) • 

MOTE 1: Berate linearly to 125°C free-air temperature at the rate of 0.5 mw/Oc .. 

TEXAS INSTRUMENTS 
INCORPORATED 

~OST OFPICE BOX 9011 • DALLA.a, T•XAS 75121 

. 50v 
7v 

50mw 
. -65°C to + 125°C 
, - 65°C to + 150°C 

240°C 

27501 
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TYPE LS600 
N-P-N PLANAR SILICON LIGHT SENSOR 

27502 

electrical characteristics at 25°C free-air temperature (unless otherwise noted) 

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 

IL Light Current Yee= 5v, H = 20mw/cm2 0.8 1.0 ma 
See Note 2 

lu Dark Current Yee=30v,H=O 0.01 0.025 µ,a 

lo Dark Current Yee=30v,H=O 10 µ,a TA= 100°c 

YCE(s•tl Collector-Emitter Saturation Voltage IL = 0.4 ma, H = 20 mw/cm2 0.3 v 
See Note 2 

'NOTE 2: lrradiance (H} is the radiant power per unit area incident upon a surface. Far this measurement the source is an unfiltered tungsten linear filament bulb operating 
at 2870° K color temperature. 

switching characteristics at 25°C free-air temperature 

PARAMETER TEST CONDITIONS TYP 

t, Rise Time Yee= 35 v, k = 800µ,a 1.5 

tr Fall Time RL = 1 kfl, See Figure 1 15 

PARAMETER MEASUREMENT INFORMATION 

See Note a "" 

OUTPUT 
~---------o See Note b 

TEST CIRCUIT 

FIGURE 1 

0.8 v I ___ ,, __ 90% 

0 

I 
I 
I 
I 
I 

I I ,----,-----
-e i,.t- ...... ~ _.. 

OUTPUT VOLTAGE WAVEFORM 

t40TES: a. Input irradiance Is supplied by a pulsed xenon bulb souKe. Incident irridalion is adjusted for IL = 800 µa. 

b. Output waveform is monitored on an oscilloscope with the following characteristics: 

tr :5' 2S nsec, Rin 2:::: 1 megohm, (in :,:::; 20 pf. 

UNIT 

µMC 

µsec 

TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PIODUCT POSSIBLE. 
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Tll601 THRU Tll608 
TYPES TIL601 THRU Tll616 

N-P-N PLANAR SILICON PHOTOTRANSISTORS 

• 
• 

mechanical data 

TIL601 THRU TIL604 

CA23437 

TIL605 THRU TIL608 

CA23438 

TIL609 THRU TIL612 

CA23439 

TIL613 THRU TIL616 

CA23440 

Designed for High-Density Read Out 

Improved and Repackaged Versions of LS600 

..... 
i.009 

All DIMENSIONS tN IN(HH 

0.019 
Ci.009 

t 

IT" 
~DIA 
0.0$8 

COLLECTOR 

All DIMENSION$ IN INCHES 

AU DIMENSIONS IN INCHES 

AU DIMENSIONS IN INCHES 

~OOIO' O.OO•RAD 

""'-~ 
EMITTER--' ~ 0.024 

0.016 

'"''Qi ~DIA 
0.05' 

L_j_ 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 5012 • DALLAS. TEXAS 75222 

t 

I 
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TYPES TIL601 THRO TIL616 
N-P-N PLANAR SILICON PHOTOTRANSISTORS 

absolute maximum ratings at 25°C case temperature (unless otherwise noted) 

Collector-Emitter Voltage . . . . . . . . . . . . . . . . . . . . . 
Emitter-Collector Voltage . . . . . . . . . . . . . . . . . . . . . 
Continuous Device Dissipation at (or below) 25°C Case Temperature (See Note 1) 
Operating Case Temperature Range 
Storage Temperature Range . . . 
Soldering Temperature (3 minutes) 

electrical characteristics at 25°C case temperature (unless otherwise noted) 

PARAMETER TEST CONDITIONS TYPE 

V(BR)CEO Collector-Emitter Breakdown Voltage le= 100µA, H =O ALL 

V(BR)ECO Emitter-Collector Breakdown Voltage le= 100µA, H=O ALL 

TIL601 
TIL605 
TIL609 
TIL613 

TIL602 
TIL606 

H = 20 mW/cm2, 
TIL610 

vce=5V, TIL614 
IL Light Current 

See Note 2 TIL603 
TIL607 
TIL611 
TIL615 
TIL604 
TIL608 
TIL612 
TIL616 

Vee= 30 v, H =O ALL 

lo Dark Current Vce=30V, H=O, 
Tc= 1oo"c ALL 

Vce(satl Collector-Emitter Saturation Voltage 
le =0.4mA, H = 20 mW/cm2, 

ALL 
See Note 2 

NOTES: 1. Derate linearly to 125°C at the rate of 0.5 mWf'C. 

MIN TVP 

50 

7 

0.5 

2 

4 

7 

1 

0.15 

50 v 
7V 

50mW 
-65°C to 125°C 
-65°C to 150°C 

240°C 

MAX UNIT 

v 

v 

3 mA 

5 mA 

8 mA 

mA 

25 nA 

µA 

v 

2. lrradJance (H) is the radiant power per unit area incident upon a surface. For this measurement the source Is an 

unfiltered tungsten linearafilament lamp operating at a color temperature of 2870°K. 

switching characteristics at 25° C case temperature 

PARAMETER TEST CONDITIONS TVP UNIT 

tr Rise Time vcc=30V, IL= 800 µA, 1.5 
µs 

tf Fall Time RL = 1 kS1, See Figure 1 15 

27504 
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TYPES TIL601 THRU Tll616 
N-P-N PLANAR SILICON PHOTOTRANSISTORS 

PARAMETER MEASUREMENT INFORMATION 

See Note a ' ' 

NOTES: 

CA23441 

CA23442 

OUTPUT 
11--------0 See Note b 

= 
TEST CIRCUIT 

FIGURE 1 

0.8 v 

0 

I 
---... , __ 90% 

I 
I 
I 
I 
I 

I , I ,----,-----
-i \ i- i-- ti __.,. 

OUTPUT VOLTAGE WAVEFORM 

a. Input lrradlance Is supplied by a pulsed xenon bulb source. Incident Irradiation Is adjusted for IL= 800 µA. 

b. Output waveform Is monitored on an oscilloscope with the following characteristics: t, ~ 25 ns, R10 ~ 1 MS'l, 

c10 .;;20 pF. 

TYPICAL APPLICATION DATA 

.----------------------------------0 +20V 

1N756 

5.6k!l. 

TIL601 
THRU 
TIL616 

a------+-----<D OUTPUT 

FIGURE 2-LOW-LEVEL DETECTOR AND PREAMPLIFIER 
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TYPES TIL601 THRU TIL616 
N-P-N PLANAR SILICON PHOTOTRANSISTORS 

27506 

TYPICAL CHARACTERISTICS 

DARK CURRENT 
vs 

CASE TEMPERATURE 

10000 ~~lT ~~~ 

, 000 I---~ :E0~ 30 v -+-.------<l/f-----1-rz--//f.V'----4 
100 1---+---+-~--+---A--~---i 

10 l---t--+---+L'1v-........ -~1---+------1 

y 
0.1 1--_L_-171---.o~-l----+--l----+------l 

O.D1 17 
0.001 .__ _ _._ _ _._ _ __J.____....__-L.._---''------' 

-50 -25 0 25 50 75 100 125 

CA23449 
TC-Case Temperature-°C 

FIGURE 3 
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0 

COUPLING CHARACTERISTICS 

of 

TIL01 WITH TIL602, TIL606, TIL610, OR TIL614 
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E SOURCE: 
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I= IF=50mA 
I- 0 

t-Tc=25C 

20 
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4 

2 

1 
0.001 

~ 
f= SENSOR: 
~ Tl L602, Tl L606, 
I= TIL610, TIL614 
f- VCE = 5 V 

Tc= 25°C 

0.01 0.04 0.1 

Distance Between Lenses-in 
CA23451 

FIGURE 5 

~ 

~ 

0.4 

RELATIVE OUTPUT 

MODULATION FREQUENCY 

10 
11=· VCE 5 V 

4 ~ TC 25°C 1+1<~--l--l---l--j.-1-j.+u---1--~-1-1.j.j.j.j 

10 20 40 100 400 1000 

CA23450 
f-Modulation Frequency-kHz 

FIGURE 4 

RELATIVE OUTPUT 

vs 

CASE TEMPERATURE OF SOURCE ANO SENSOR 
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CA23452 FIGURE 6 
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TYPES 111601 THRU Tll616 
N-P-N PLANAR SILICON PHOTOTRANSISTORS 

TYPICAL CHARACTERISTICS 

NORMALIZED LIGHT CURRENT 

VS 

ANGULAR DISPLACEMENT 

1.25 
TIL601 THRU TIL604-:r 
TIL609 THRU TIL612 

1.00 

0.75 
j_ 
v I\ 

~ 
I/ .!I! ' " 

0.50 j 
c( 

~ ii 

~ 
0 

0.25 

Oo 
500 400 30° 20° 100 OO 10o 200 JIJO 400 500 

0-Angular Displacement 
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1.00 
..J 

i 
:i 0.75 
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~ 
!il' 
..J 

i 0.50 
.!l! 

1 
z 

0.25 

0 

NORMALIZED LIGHT CURRENT 

vs 
ANGULAR DISPLACEMENT 

TIL605 THRU TIL609, 
TIL613 THRU TIL616 

v .. ' 
f i \ 
I 

so0 40° 30° 20° 10° o0 10° 20° 30° 40° 50° 

CA23453 
FIGURE 7 

CA23454 

€I-Angular Displacement 

FIGURE 8 

.. ! 1.0 

RELATIVE SPECTRAL CHARACTERISTICS 

Response of Human Eye 

Output of Tungsten 

Source et 2870°K 
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A - Wavelength - µm 

FIGURE 9 
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TYPES TIL601 THRU TIL616 
N-P-N PLANAR SILICON PHOTOTRANSISTORS 

TYPICAL CHARACTERISTICS 
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2.2 
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0.2 

0 

0 

CA23445 

COLLECTOR CURRENT 
vs 

COLLECTOR-EMITTER VOLTAGE 

0.05 0.1 0.15 0.2 0.25 

V CE-Collector-Emitter Voltage-V 

FIGURE 10 

COLLECTOR-EMITTER SATURATION VOLTAGE 

vs 

IRRAOIANCE 
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CA23446 

4.0 

COLLECTOR CURRENT 

vs 

COLLECTOR-EMITTER VOLTAGE 

H = 10 mW/cm2 

4 8 12 16 
V CE-Collector-Emitter Voltage-V 

FIGURE 11 

COLLECTOR CURRENT 

vs 

IRRAOIANCE 

Tc= 25°C 

20 

-1 
lc= 0.5mA 

Tc=25°C 

See Note 2 
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FIGURE 12 
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CA23448 
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H-lrradiance-mW/cm2 

FIGURE 13 

NOTE: 2. lrradiance (H) Is the radiant power per unit area Incident upon a surface. For this measurement the source is an unfiltered 
0 

tungsten linear-filament lamp operating at a color temperature of 2870 K. 

20 

27508 TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
IN OROER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 



FOR APPLICATION IN: 

Tape readout 
Card readout 
light switching 
Measurement indicators 

TYPE 1N2175 
N-P-N DIFFUSED SILICON PHOTO-DUO-DIODE 

50 Volts 
Designed for 125°C operation 
Unlimited altitude range 

mechanical data 

ratings 

Hermetically sealed case. Unit weight 0.16 gram. 

11.3 MINT- :;: =1 
=}=; I Tl I) 

__L 
0 0.082 (:0.003) DIA 

~ Lo.010 (±0.001) LEAD DIA 

DIMENSIONS ARE IN INCHES 

conditions 

Bias Voltage @25°C 
Power Dissipation @2S°C 
Operating Temperature 
Storage Temperature 

min 

-65 
-65 

typical 

! 
1! 

II 
II 

max unit 

±SO y 

250 mw 
J2S oc 
J2S oc 

specifications 

:j:Dark Current @25°C @±SO v 
Dark Current @100°C @±50 v 

tlight Current @25°C @±JO v 
•Typical Photocurrent Rise Time 

Typical Photocurrent Fall Time 
Typical Sensitivity 

NOTES, 

JOO 

:f: Dark current is revena current lhrough the diode with no incident irradiation. 

0.01 
20 

200 
2 

45 
22.3 

o.s µa 
100 µ.a 

µ.a 
µ.s 
µ.s 
µ.a/mw/cm2 

t Light current is measured with irradiance == 9 mw/cm2 at a wavelength of 0.7 to 1.0 µ.m determined by a Coming CS 7-69 filter. A two-hour light soak 
at an illumination of 40 to 80 lm/ft2 is used prior to measurement of light current to approximate actual operating conditions and improve correlation. 

• Rise time Is the time required for the photocurrenl ••to rise from 10% to 90% of its final value aftar instantaneous application of exdtaflon. Fall 
time is the time for the photocurrenf to decay from 90% to 10% of its initial value after instantaneous removal of excitation. 

**Photocurrent is the difference between Light Current and Dark Current. 

APPLICATION NOTESo 

The 1N2175 is a subminiature symmetrically diffused silicon unit. The two junctions are symmetrical so either diode terminal can be biaStd positively 
or negatively. Because of this unique design, AC or DC bias voltage can be used. The small size and high light sensitivity of this unit makes it particularly 
useful in high speed reading of punched cards and tapes, light detection systems, and In production line screening or counting. Numerous other comm11cial 
and military applications exist. 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 5012 • DALLAS, TEXAS 75222 2780J 

• 



TYPE 1N2175 
N-P-N DIFFUSED SILICON PHOTO-DUO-DIODE 

27802 

TYPICAL CHARACTERISTICS 

SPECTRAL RESPONSE CURVE* 
WAVELENGTH -ANGSTROMS 

4000 5000 6000 7000 8000 9000 10000 11000 12000 
100,-....,~.,..-..-~,-....,--r--.---,---..,,-....,-..--..--=~--,--.-~-.-.---.., vr- ~ 

o.___.__...___.__..__._ _ _.___., _ _.___._......__.___,_-...,........__.__..___.,~l__.___. 

0 0.4 o.s 0.6 0.7 0.8 0.9 1.0 1.1 1.2 
WAVELENGTH - MICRONS 

*For Equal Values of Radiant Flux at All Wavelengths 

PHOTOCURRENT PHOTOCURRENT 
vs 

BIAS VOLTAGE FOR DIFFERENT IRRADIANCE INTENSITIES IRRADIANCE 
400.---~-.--~-.-~---.,,..-~~.-~---, 

9~ 
cm' 

4~ 
cm2 

o..___~-'-~~-'---__.~--~-~ 

0 10 20 30 40 50 
BIAS VOLTAGE 

700 

LIGHT SOURCE: 
TUNGSTEN FILAMENT 
LAMP OPERATED AT 
A COLOR TEMPERATURE 

600 OF 2870°K 

"L/ ] 500 t---+--r---+---t--+-----t--+- <§>.> ~----t--t---t 
z ,;,y 
:::! 400 t---+--r---+---t--t- ..,L---+--+--r---+---t 

a V 
8 300 ~ <"-

~ 200 t--1---+--#-lL--+--t-- t.\9' ~r"""1 
]7 v 

100 L ~ 
o~ 

0 2 4 6 8 10 12 14 16 18 20 
IRRADIANCE (mw/cm') 

TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 



TYPES CG Mt, CGU. I CG !12 
PRECISION, CARBON-FILM, GLASS-ENCAPSULATED HERMETIC RESISTORS 

• Proven high reliability -
> 40,000,000 test data hours 

• -65°C to 175°C storage 
temperature 

• Hermetically sealed in hard glass 

• Meet or exceed all requirements of 
Speciffcation MIL-R-10509D 
for Charaderistics 8, D & G 

• leads welded to end caps 
• :!: 1 % ohmic tolerance 

environmental tests 
To achieve maximum reliability, all Tl glass resistors are 100% inspected for hermetic seal as a 

continuous process control. Tests are conducted to all electrical, environmental, and mechanical 
specifications to insure full and continuous compliance with Mil-R-105090, Characteristics B,D,andG. 

specifications 

0.035 

~r t•»M ~ _1 g-· --------... I ?I ?I I 0 

Le • I. I _J1s: .002 DIA ...... 
A •• c 

-""9• ..... 
Tl rating Mil standard jnaaxlmu.- . ...,. IHMly lead lead -lght 

type (TA:::; 70°()• cleslg- resistance working length*** diameter lon91h 1110 per 100 
number Mil nation .ranges voltage•• (A) (I) (Cl unpack., 

Tl • D G u•lti 

- - - volte lltcltes Inches lndles ~# ...... 
CG'Ao % - 'Ao Yro RN55 100 to IOOKO 250 0.240(.::-:g~g) 0.125(±0.015) 1.500(±0.125) 22 0.076 

CG'A 14 % 'A % RN60 100 to 1 MegO 350 0.360( .::-:g~~) 0.140( ± 0.020) 1.500( ± 0. 125) 22 0.09 

CG~ ~ l4 ~ 14 RN65 100 to 2 MegO 500 0.560( ± .025) 0.225( ± 0.020) 1.500(±0.125) 22 0.228 

*for operation ot higher temperature, see Dissrpation Derating Curves. Page 2. 
**Critical ohmic value and above. For lower values use E = \fiii. See Paragraph 3.6 of MIL-R-10509D 

***length of 91011 poclr:age. Fillets on leads extend 0.035" max. beyond gla11. 

symbolizatlon 
CGl/8 - Standard stock symboliz:ation includes manufocturer's identification, tolerance and ohmic value 
(e.g.-TI, 1%, 100 K). 

CGl/4- Standard stock symboliz:ation includes manufacturer's identification, tolerance, mil-type designa­
tion and ohmic value (e.g. - Tl, l %, RN60G, l 003F, 100 K). 

CGl/2 - Standard stock symboliz:otion includes manufocturer's identification, tolerance, mil-type designa­
tion and ohmic value (e.g. -Tl, 1%, RN65G, 1003F, 100 K). 

modifications avallable on request 
± %%, 2% or 5% Resistance Tolerance 
Resistance Values Outside Published Ranges 
Special symbolization 

performance characteristics t 
tell 

Temperoture Cycling per Mll·R· 10509D (4.6.4) 
low Temperoture Operoiion per Mll·R· 10509D (4.6.5) 
Short Time O•erload per Mll-R-10509D (4.6.6) 
Effed of Soldering per Mll-R-105090 (4.6.10) 
Insulation Resistance per Mll-R-105090 (4.6.9) 
Moisture Resiatance per Mll-R-10509D (4.6.11) 
Shock per Mll·R· 105090 (4.6.15) 
Vibration, High Frequency per Mll·R· 10509D (4.6.16) 
Shelf Life, Change per Year 
Voltage Coefficient 

average performance 
of Tl CG V. resistors 

less than ::!:: 0.05% 
less than ::!:: 0.05% 
less than ::!:: 0.05% 
less than ::!:: 0.03% 
greater than 1,000,000 megohma 
less than ::!:: 0.08% 
less than ::!:: 0.05% 
less than ::!:: 0.05% 
less than ::!:: 0.04% 
leis than 0.002%/valt 

Hmih 
Tl ..... 

MIL Char D MIL Cllar G 
:1: o.SK ::!:: 0.25% 
±0.50% :!:0.25% 
± 0.50% ::!:: 0.25% 
±0.50% ::!:: 0.10% 
11raater than 10,000 mogohma 
::!:: 1.50% ::!:: 0.50% 
±0.50% :!:0.25% 
± 0.511% :!:0.25% 
no requirement 
no requirement 

no require111ent 
no requirement 

Jnless otherwise noted, data is 'o/o change in initial resi•tance. The two-•igma limits were uaed a• the ronp indications for avuage 1Hrformance. 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 5012 • DALLAS, TEXAS 75222 
28201 
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TYPES CG~, CG!4, CG~ 
PRECISION, CARBON-FILM, GLASS-ENCAPSULATED HERMETIC RESISTORS 

28202 

'THERMAL INFORMATION 

DISSIPATION DERATING CURVES 

3' Type CG 1/8 (Ml L Type RNSS) 
I 

3' Type CG 1/2 (MIL Type RN65) 

Ii 1/8 

& 
·~1;10 
0 !+=~~ 

11/16 t+-t+­

&1/20 H--t-+---+ 

il 

~ 

s 
0 , 

.5 
§ 
u 

I 
.§1/2 

8. 
~ 
; 

~1/4 
B , 

.5 
§ 
u 

l 0 50 70 75 100 125 150165 175 
TA -Ambient Temperature - °C 

~ 0 50 70 75 100 125 150 165 175 
x OL..L~.W..---L---L---"1-"L..I 

0 

~ -0.01 
liG 
]~ -g--0.02 
u' 
"!l 
~ -~ -0.03 
8. ~ 
e"' 
-~ ,_ 0 -0.04 

'if. 
I 

" 

-0.05 
10 

+2.0 

+1.0 

Unhelixed 

~ 50 70 75 100 125 150165 i75 
TA - Ambient Temperature - °C 

TYPICAL CHARACTERISTICS 

TEMPERATURE COEFFICIENT vs RESISTANCE 

CGl/2 

TA - Ambient Temperature - °C 

lllI . Il 
T, = -55°C to +165o(~ 
See Por. 4.6.12 of 

MIL-R-10~1·-

CGl/4 Helixed -i---i-. t-1-. f... CGl/2 
CGl/8 

100 1 K !OK 
Resistance-ohms 

CGl/8 

lOOK 

LOAD LIFE PERCENT CHANGE vs TIME 

10,000 HOUR LOAD LIFE TEST ON 100 CG! (RN60G) 
HARD-GLASS HERMETIC, CARBON FILM RESISTORS. 

--CGl/4 

lM 10 M 

O> 0 ---- --- ±::.: - -- ---- - ---c 
.2 
u 

" u 
c 
~ 
'ii 
"' 

-1.0 t-

-2.0 
0 

- - - - - - ----- -- -~ -- - - ---- -- - - --- ·-j-- ·-1 ---- - - ---- - - -
CONDITIONS 

1 Operoted ot 1 /8 wot! } • . 
2 700 C ombient charactenstac G LEGEND 

3 100,000 ohms l -- Average 

4 One ond one-holf hours on --- Minimum and maximum 

ond one-ho If hour off per cent change l 
2 3 4 5 6 7 8 9 10 

Time - Thousand Hours 

lEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 



TYPES MC50, MC55, MC60, MC65 
EPOXY-ENCAPSULATED PRECISION METAL-Fl·LM RESISTORS 

Designed to meet or exceed all requirements of Specifications 
MIL-R-l0509F for Characteristics C, D, E, & F, and MIL·R-22684, and the 
electrical requirements of Specification MIL-R-55182 for Characteristics H, J, & K. 

• Load-rated for 125°C or 70°C applications 
• High degree of stability and reliability 
• Precision resistance tolerances 
• Rugged cap-and-lead construction 
• Temperature Coefficients :±:10, :±:25, :±:50 and :±:100 ppm/°C 
• Tough Epoxy coating • Fully insulated 

specifications 

0.025 (±0.002) DIAt 

I I #22 AWG _1 

.B 
~'~'~"'~ .. . 

I ' JT MC50 

L l-A-L 

MC55 

--- I I -1.500 (±0.125)t 1.500 (±0.125)t 
MC60 

Body length is measured between the points where body diameter is 0.038". The lead 
is solderabla up to 0.062" from the body. MC65 tFor MClOo load diametor is 0.020 (±0.002) 

ALL DIMENSIONS IN INCHES lead longth Is 1.000 (±0.125) 

MIL·R·l0509F DESIGNATION RATINGS AND CHARACTERISTICS MECHANICAL DATA 

resistance body size average 
opplicable Tl maximum value weight 

type power power working for 100 charaderistic ratingt TYPE rating:j: voltage range§ length-A diameter-B unpacked (TA ::;= 25°C) units 
w w v indt inch lb 

RNlO c 1/20 MCSOC, E 1/10 
200 

49.9 ll to 0.1$5 0.065 
O.OS4 

None MClOD 1/8 100 kll {±O.OU) (±D.010) 

RNll C&E 1/lD MCSSC,E 1/8 250 
24.9 ll to 100 kll 0.250 D.095 0.075 

D 1/8 MClSD 1/4 10 ll to 100 kO {±0.031) (±0.0U) 

RN60 C&E 1/8 MC60C, E w 49:9 ll to 499 kll 0.375 0.140 
0.101 

D 1/4 MC60D 3/8 
300 10 ll to 4" kll (±0.031) (±0.015) 

C & E w MC65C E 
1/2 

49,9 ll to 
0.575 0.171 RN6l F 1/2 MC65F 350 1 f!\IJ 0.198 

D 1/2 MC65D l 10 IJ to I MIJ 
(±0.031) (±0.015) 

symbolization 
Standard stock symbolization includes Tl Type Number, Resistance Value, Tolerance, and Temperature 
Coefficient, depending upon wattage size and space available. Military type symbolizotion is used when 
applicable. Resistonce values are symbolized to a maximum of three significant figures per Tobie 1. 

modifications available upon request 
Special testing 
"A" nickel weldable leads 

Resistance values outside published ranges 
Special paint coverage 

tThese ratings apply at (or below) J25°C ambient temperature for characteristics C, E, and F and at (or below) 70°C ambient temperature for characteristic 
D. For higher temperatures refer to MIL-R-10509F. 

:j:These ratings apply at (or below) 125°C ambient tempen1ture for all types except MCSOD, MC55D, MC60D, and MC65D and ot (or below) 10°c ambient tem­
pan1turt for "D" suffix devices. For higher temperatures refer ta Power Dissipation Berating Curves Page 2. 

§Tho value ranges shown are for a temperature coelfident of 25 ppm. Su "high- and low-value ovallobllity" on Page 2. 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFl'ICI BOX $012 • DALL.it.S, Tl!)CAS 75222 
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TYPES MCSO, MCSS, MC60, MC65 
EPOXY-ENCAPSULATED PRECISION METAL-FILM RESISTORS 

RESISTANCE VALUE 

standard values and tolerance 
The following resistance values are standard and in most cases are available from stock. Nonstandard 
values will be manufactured ta specific requirements. 

TABLE 1 - 1% TOLERANCE 

1.00 1.10 1.21 1.33 1.47 1.62 1.78 1.96 2.ll 2.37 2.61 2.87 3.16 3.48 3.83 4.22 4.64 l.11 l.62 6.19 6.81 7.lO 8.2l 9.09 
1.02 1.13 1.24 1.37 1.50 1.6l 1.82 2.00 2.21 2.43 2.67 2.94 3.24 3.l7 3.92 4.32 4.7l l.23 S.76 6.34 6.98 7.68 8.45 9.31 
1.0S 1.lS 1.27 1.40 1.S4 1.69 1.87 2.0S 2.26 2.49 2.74 3.01 3.32 3.6S 4.02 4.42 4.87 S.36 S.90 6.49 7. lS 7.87 8.66 9.S3 
1.07 1.18 1.30 1.43 1.SB 1.74 1.91 2.10 2.32 2.SS 2.80 3.09 3.40 3.74 4.12 4.S3 4.99 S.49 6.04 us 7.32 8.06 8.87 9.76 

Standard stack tolerance is ± 1 % (F). Tolerances of ±0.5% (0), ±0.25% (C), and ±0.1% (B) are 
also available upon request. The MC - D series is also available with ±2% tolerance. The parenthetical 
letters are equivalent Mll-R-10509F tolerance designations. 

temperature coefficient 

T-C Code Designation 

T-1 
T-2 
T-9 
T-10 

Comparable Mll-R-10509F 
Characteristic 

D 
C & F 
E 

Special tracking requirements, temperature ranges, etc., 

T-C Range 

±100 ppm/°C 
±50 ppm/°C 
±25 ppm/°C 
±10 ppml°C 

are available. 

Temperature Range 

-55° to + 175°C 
-55° to + 175°C 
-55° to + 175°C 
+25°to+150°C 

high and low-value availability 
The range of available resistance values is dependent upon temperature coefficient, e.g., the available 
range is extended for temperature coefficient of 100 ppm compared to 25 ppm. Contact a Tl sales 
office for extended value ranges currently available in each T-C range. 

POWER RATING AND PERFORMANCE CHARACTERISTICS 
power dissipation derating curves 

~ 
Iii 
1/24---.----.----~-~ 

75 100 125 150 175 
TA -Ambient Temperature - °C 

50 75 125 150 175 
T,.,-Ambient Temperature - °C 

performance characteristics 

28402 

Resistance-value stability is affected by power dissipation in operational-environment tests. Following 
are two typical examples. In one, the mare stable MC series is tested ta a low-power Mll-R-10509 
application demonstrating maximum stability. In the other example, the lower-cost MC - D series is 
tested at its maximum Tl-rated power to demonstrate its excellent stability under these extreme power 
conditions. 

TEST PER APPLICABLE MCSOC, E; MCSSC, E; MC60C, E1 MC6SC, E, F MCSOD, MCS5D, MC60D, MC6SD 

lllL-R-10S09F PROCEDURE MIL-R-10S09F Tl TYPICAL Ml L-R-10S09F Tl lYPICAL 
Char E LIMllS PERFORMANCE Char D LIMITS PERFORMANCE 

1000-Hour Load Life ±0.50% max +0.14')'. avg ±1.0% +0.30% avg• 
Moisture Resistance ±0.50% max +0.15% avg ±1.S% +o.40% avg• 
low· Temperplure Operation ±0.25% max <±O.OS')'. ±0.SO% +o.10')'.avg 
Temperature Cycling ±0.25% max <±O.OS% ±0.SO')'. <±o.OS% 
Short-Time Overload ±0.25% max <±0.05% ±O.SO% +0.103 avg• 
Effed of Soldering ±0.10% max <±0.05% ±0.SO% <±O.OS% 
Insulation Resistance >1010 !! >JOl21J >1010 u >10l21J• 
Shock ±0.25% max <±O.OS% ±0.50% <±O.OS% 
Vibration ±o.2S% max <±O.OS% ±0.50% <±O.OS% 

Unless utherwise noted, data is percent change from initial resistance. •Operaled at maximum Tl-rated power. 

TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 
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TYPES TG 1 /8, TM 1 /8, TM 1 /4 
SOLID-STATE TEMPERATURE-SENSING SILICON RESISTORS 

mechanical data 

POSITIVE· TEMPERATURE-COEFFICIENT, 
TEMPERATURE-SENSING, TEMPERATURE-COMPENSATING THERMISTORS 

• Designed to meet or exceed all electrical requirements 
of Mll-T-23648 for positive-TC thermistors 

• TG 1 /8 electrically equivalent to RTH42 
• TM 1 /8 electrically equivalent to RTH22 
• large positive temperature coefficient of resistance (approx. 0.7% I deg) 

The TG 1/8 resistor is encapsulated in a hard-glass, hermetically sealed package with welded unborated 
solder-coated dumet leads. 

The TM 1/8 and TM 1/.4 resistors are encapsulated in molded packages with solder-coated copper leads. 
A-nickel leads.or gold-plated A-nickel leads,are also available upon request. 

r1.20t-r:=0.300 DIA.I 
MIN 0.270 

LEADS u 

9~0 
0.020 t _JTI. "'0002 DIA. 0 105 

· ~DIA 
2 LEADS 0.350 MAX o.oas 
{SEE NOTE) 

NOTE: THE SPECIFIED LEAD DIAMETER APPLIES 
IN THE ZONES BETWEEN 0.025" AND 

TG 1/8 1.200" FROM THE END PLUGS. DIMENSIONS ARE IN INCHES 

COLOR, GREEN 

TM 1/8,TM 1/4 

maximum ratings 

TYPE A 

TM 1/• 0.585±0.015 0.200±0.015 
TM 1/e o.~06±0.015 0.1All±0.015 

Power Dissipation at (or below) 25°C Ambient Temperature (See Figure 1) 
Power Dissipation at 100°C Ambient Temperaf\Jre (See Figure 1) . • . 

Power Dissipation at (or below) l00°C Ambient Temperature (See Figures 2 ond 3) 

Operating Ambient Temperature Range 
Storage Temperature Range . • 

electrical and thermal characteristics 

PARAMETER TG 1/8 TM 1/8 

Rzsoe/Rm•c Zero-Power Resistance Ratio 0.55 ± 15% o.ss ± 15% 

T Thermal Time Constant 
35 lyp 35 lyp 

60 max 40mox 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX !5012 • DALLAS, TEXAS 75222 

' ! 
" 

.TG 1/8 

. TG 1/8 
jTM 1/8 
1TM 1/4 

250mW 
125mW 
125mW 
250mW 

-65°C to 150°C 
-65°C to 150°C 

TM 1/4 UNIT 
0.55 ± 15% 

54 typ s 60 max 

• 



TYPES TG 1/8, TM 1/8, TM 1/4 
SOLID-STATE TEMPERATURE-SENSING SILICON RESISTORS 

standard zero-power resistoance values (ohms) at 25°C ambient temperature 

10 12 15 18 22 27 33 39 47 50 56 68 82 

100 120 150 180 220 270 330 390 470 500 560 680 820 

1000 1200 1500 1800 2200 2700 3300* 3900* 4700* 5000* 5600* 6800* 8200* 

10000* 

•These values apply to types TM 1/8 and TM 1/4 only. 

Standard stock tolerances ore ±5% and ±10% 

performance characteristics 

TEST PER APPLICABLE MAXIMUM RESISTANCE 
MIL-T-23648 PROCEDURE CHANGE, TA= 2S°C 

Short-Time Overload ±1% 
Dielectric Withstanding Voltage ±1% 
Low-Temperature Storage ±1% 
High-Temperature Storage ±2% 
Terminal Strength ±1% 
Thermal Shock ±2% 
Resistance to Soldering Heat ±1% 
Moisture Resistance ±2% 
1000-Hour Load Life, TA = l00°C ±2% 
Vibration, High-Frequency ±1% 
Shock ±1% 
Immersion ±1% 

military applications 

The sensistor silicon resistor has been designed to operate under military test conditions as stated 
above. Production lots are regularly tested to these criteria as part of Tl's continuing process-control test­
ing program. 

Special methods have been developed for load-life and temperature-coefficient testing. Test details, 
recommended test parameters, and test results are available upon request. 

dissipation derating curve 

TG 1/8 

700.---.---.--....... --r--r--r---. 
3: 
!6001---+-+---+--+--+---+--l 

i 500 >---+-+--+--+---+--+--I 
.e- TG 1/8 Absolute 
~ 400 I---+ Maximum Roting -t-~t---1 

~ 300 [I ~G 1/s --+-+---1 
£ -~ Recommended Roting 
g 200 "'.'...! ..... 
E ~RT=Ht42:::::j:A1Tl'~~~~~+----+-~ ~ 100 ~ .. t-• ....,.,,_ 

01--~-~~-~'-~~~~---~ 
0 25 50 75 100 125 150 175 

T,1.,-Ambient Tempernture -°C 

FIGURE I 

29002 

3 ! 600 

0 t 500 

TM 1/8 

g 4001---+--<ilr--+--+---l----+---I 

~ 300 
£ 
E 2001---+-+--+-->w-_..,_-l----+---I 
~ 

·g 100 rTi::;-1°7"::;1:'1!:::!=~~k---+-l 
'.:; 

01--~-~---...... ,__~__, 
0 25 50 75 100 125 150 175 

TA-Ambient Temperoture-°C 

FIGURE 2 

TM 114 

3: r 600F==iio.--+--+-+--1----+--1 

15001---+-,._--+--+--f----+--I 

.''! 400 l---+-1---. 
0 

@ 3001---+-+---+ ........ -+--f-----+---I 
~ 
$ 200~--+-+F---+--+-'-.-l---+--l 
E 

·x ioo 
~ 

25 50 75 100 125 150 175 
TA-Arnbi ent T emperoture -°C 

FIGURE 3 
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TYPES TG 1/8, TM 1/8, TM 1/4 
SOLID-STATE TEMPERATURE-SENSING SILICON RESISTORS 

TYPICAL CHARACTERISTICS 
To determine resistance value with power applied, obtain a multiplying factor from the applicable curve below. 1'he free-air 
curve is for the condition of heat removal by free-air convection only. The heat-sink curve is for the maximum-cooling-rate 
condition of a heat-sink strap, with leads attached to an infinite heat sink. Actual conditions encountered will be between 
these two extremes. After selecting an applicable multiplying factor from Figure 4, 5, or 6, multiply this by the nominal zero­
power resistance. This product is then corrected for the actual ambient temperature by use of a multiplying factor from Figure 7. 

TG 1/8 
PERCENT RESISTANCE CHANGE 

vs 
POWER DISSIPATION 

1.2 

t rl- "' c 

TM 1/8 
PERCENT RESISTANCE CHANGE 

vs 
POWER DISSIPATION 

·;.. ~ ~ 
~ ~ .L_ 
~ 1. 1 1--~Frr-e-e--A-i+r--~t:~.,_---1r-L1--;,,...-t---r--1 

.,,. L v 
~ ..tit. 
~ 1.11---t----+--t--1""-~--~1 ...... --:;J~t--~ 

• f--T;0,=25't .LJ 

! ~ ~at Sink--+---+---1 

J ~ L TL =25'tt 

I/ 

::;: Free-Air .L .L 
~ t---+-r,.,=25't oT I / 

.;; V-.LV~Heat sink 
~ TL =25°Ct 

,i'I 

I.OIL 
0 50 100 200 300 

~ 1.0~--'---'---'---''---"----'---'---' 
0 200 400 100 150 

Pow« Oiuipation - mW Power Dissipation - mW 

FIGURE 4 FIGURE 5 

TM 1/4 
PERCENT RESISTANCE CHANGE 

vs 
POWER DISSIPATION 

1.2 

z ~ y IL:: 
lL[Z IL:: 

Free-~i r .L_ 
t--T,.,=25C7 

!ZtSink 

F- TL =25"ct 

~ 
100 200 300 400 

Power Diuipation - mW 

FIGURE 6 

t TL ii lead temperature measurad )1'6 Inch from the body. 
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TYPES TG 1/8, TM 1/8, TM 1/4 
SOLID-STATE TEMPERATURE-SENSING SILICON RESISTORS 

29004 

5 
u 

TYPICAL CHARACTERISTICS 

NOMINAL RESISTANCE MULTIPLYING FACTOR vs AMBIENT TEMPERATURE 

2.4,...,....,...,..~...,....,.....,..,........,~,.......,...,...T"T'"...-.-.,...,...,...,.....,..,....,-,-.-,...,....T"T'"~~TI~I-r-r..,...,.-r-r....,...,-. 

TM 1/8 TM 1/4 II 
2. 2 

2.0 

CURVE 

A 
B 
c 
D 
E 

TG 1/8 
10 Q 

22 Q 

82 Q 

150 Q 
500 Q to 2.7 kQ 

10 Q to 68 Q 
100 Q l++-+-t-+-t--1 IEI T. Srl-f-LH-IA,.<I 

3300 D ~ v 
500 Q rt lfu 

1 . 8 kQ to 2 .7 kQ >+-+-+->-+-+~ D, N J.!'.'. 

8 
1. a l-+l--H-H-l--1--+-l-++-++++++++++++-++++t+++t+H-IQM~Y,~bll'f-;.l/~H-I 

H-H--+++++++++-+-+-1H-f-+-l--+-t+++++++-+--lH-f-+-l-Hi~~,f-'l'- c i--+--
1. 6 I/,~ !71 ' ' i-t+-

~~ b 1i.c-+-
~tl'JL ~ 11]1 -+­

~~!11 
l.4H-++++++++-H-+-1H-+-+-+++++++++++-+~~~vM--+++++++-+-+-+-H-1 

lfl '/I 

~ ~ 
-~ 1. 2 H-++++++++-HH-H-+-+-++++++++---i'l--.JH-1-+-++++++++++-+-t~ 
,... IJ 
~ ~ 

~ 

~ 
0 

~ 

"' c 
-~ 5 o. 9 
z 
I 
~ l 0.8 

0.7 

l=t= A H 

r=l=t= B H-t-. 

i-+-+-+--+-+--+-+-+-+--+-Form u I a to Compute M Limits 

~1Ha:EffitlmE=tm 
i-+-+-+--+-+-+-+-+-+--+-Mlimit = Mnom ±o. l 5 (Mnom -l) 

nQ".NJ::+:::f:++:1=1=K=!=+=+=l=::).:::l::++:Example at 100°c, 330-Q TM 1/8 

nom 
Mlimit 1.60 ± 0.15 (1.60-1) 

M upper 1.60 + 0.09 1 .69 11111~~11111tM~~~1:lj.6~0:~sa~J 0 _4 M lower 1 .60 -0.09 1 .51 
-75 -50 -25 0 25 50 75 

TA -Ambient Temperature_ 0 ( 
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TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 
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TI authorized distributors 

AIABAMA IOWA ROCHESTER RADIO SUPPLY CO., INC. BELGIUM 
ACK SEMICONDUCTORS INC. DEECO, INC. 140 W. Main St./(716) 454·7800 Brussels: Avi-Elec, 49 38 16 

3101 Fourth Ave. South/(205) FA 2·0588 2500 16th Avenue S.W./(319) 365-7551 Rochester, New York 14614 
Birmingham, Alabama 35233 Cedar Rapids, Iowa 52406 Tl SUPPLY COMPANY CANADA 

ELECTRONIC WHOLESALERS, INC. LOUISIANA 
4 Nevada Dr./(516) 488-3300 Calgary: canadian Electronics Ltd. 

2310 Bob Wallace Avenue, S.W. New Hyde Park, L I., N. Y. 11040 Edmonton: C8nadian Electronics ltd. 
(205) 534-2461 ELECTRONIC PRODUCTS CORPORATION 

NORTH CAROLINA Montnal: Tl Supply, 631-6736 
Huntsville, Alabama 35805 3622 Toulouse St./(504) HU 6-3777 

ELECTRONIC WHOLESALERS, INC. Toronto: Tl Supply, 889-0844 New Orleans, Louisiana 70119 
ARIZONA 938 Burke St./(919) PA 5-8711 Vancouver: Canadian Electronics Ltd. 

KIERULFF ELECTRONICS, INC. MARYIAND Winston-Salem, North Carolina 27101 Winnipeg: Canadian Electronics Ltd. 
2633 East Buckeye Road ELECTRONIC WHOLESALERS, INC. OHIO DENMARK Phoenix, Arizona 85034 3200 Wilkens Ave./(301) 646-3600 

ESCO ELECTRONICS INC. Copenhagen: Texas Instruments A/S (602) 273-7331 Baltimore, Maryland 21223 
R. V. WEATHERFORD COMPANY MILGRAY/WASHINGTON 221 Crane St./(513) 224-9192 31 13 37 

1917 North 25 Drive/(602) 272-7144 5405 Lafayette Place/(202) 864·1111 Dayton, Ohio 45403 
Ml LG RAY !CLEVELAND FINIAND Carson Industrial Center Hyattsville, Maryland 20781 

1821 East 40th Street/(216) 881-8800 Helsinki, Texas Instruments, 44.73.73 Phoenix. Arizona 
MASSACHUSEITS Cleveland, Ohio 44102 

CALIFORNIA DEMAMBRO ELECTRONICS NEWARK-HERRLINGER FRANCE 
KIERULFF ELECTRONICS, INC. 1095 Commonwealth Ave. ELECTRONICS CORP. Lyon, Tl Supply, 42 78 50 

3969 E. Bayshore/ (415) 968·6292 (617) 787·1200 112 E. Liberty St./(513) GA 1-5282 Paris-Clamart: Tl France, 644 55 30 
Palo Alto, California 94303 Boston, Massachusetts 02215 Cincinnati, Ohio 45210 Paris-Clamart: Technique et Produits, 

MILO OF CALIFORNIA Tl SUPPLY COMPANY PATTISON SUPPLY CO. 626 02 35 
2060 India St./(714) BE 2-8951 480 Neponset Road/(617) 828-5020 4550 Willow Parkway/(216) 441-3000 Rennes: Tl France, 10 56 85 

San Diego, California 92101 Canton, Massachusetts 02021 Cleveland, Ohio 44125 Toulouse: Tl France, 62 19 64 
RADIO PRODUCTS SALES, INC. LAFAYffiE INDUSTRIAL ELECTRONICS OKlAllOMA 

1501 S. Hill St./(213) RI 8· 1271 1400 Worcester Rd./(617) 969-6100 Tl SUPPLY COMPANY 
GERMANY 

Los Angeles, California 90015 Natick, Massachusetts 01760 12151 E. Skelly Dr./(918) 437-4555 Berlin: Hermann Koets, 83 02 16 
R. V. WEATHERFORD COMPANY MILGRAYINEW ENGLAND INC. Tulsa, Oklahoma 74110 Essen: Tl Deutschland, 79 20 24 

1550 Babbitt Avenue 75 Terrace Hall Avenue/(617) 272-6800 Frankfurt: Tl Supply, 72 64 41 
(714) Kl 7-7521 Burlington, Massechusetts 02021 OllE80N Hannover: Tl Supply, 80 00 51 

Anaheim, California 92805 ALMAC STROUM ELECTRONICS Munich: Tl Supply, 91 10 60 6921 San Fernando Rd./(213) VI 9·3451 MICHIGAN CORPORATION Stuttgart: Tl Supply, 22 50 92/3 Glendale, California 91201 NEWARK-DETROIT ELECTRONICS, INC. 8888 S.W. Canyon Road/(503) 292-3534 
3240 Hillview Drive 20700 Hubbell Ave./(313) 548-0250 Portland, Oregon 97225 ITALY Stanlo1d Industrial Park Detroit, Michigan 48237 Florence: Tl Supply, 41 00 79 (415) DA 1-5373 NEWARK· INDUSTRIAL PENNSYLVANIA 

Palo Alto, C1llfornla 94304 ELECTRONICS CORP. MILGRAV• DELAWARE VALLEY INC, Mll.,o: Tl Supply, 688 31 41 
1095 Ent 31d St1eet 2114 So. DivlSlon/(616) CH 1·5695 2532 N. Broad St./(215) BA 8-2000 Romi: Tl Supply, 512 36 10 

(714) 623·1261/(213) 966-8461 G11nd Rapids, Michigan 49507 Philadelphia, Penn, 19107 Torino: Tl Supply, 54 06 93 
Pomona, Califomia 91766 RPC ELECTRONICS NEl'HERWlllS Tl SUPPLY COMPANY MINNDOTA 620 Alpha Or/(412) 782·3170 

1651 Ten!h Slree!1(213) 393-6731 STARK ELECTRONIC SUPPLV CO. RIDC Park Amsterdal-Schlphol: Tl Supply, 
Santa Monica, California 90404 112 Third Avenue H/(612) FE 2·1325 Plttsburah, Pennsylvania 15238 020·159293 

Tl SUPPLY COMPANY Mlnneapoll,, Minnesota 55401 NEW Z!'AIMO 755 North p,.10111/(408) 732·5555 TEXAS 
Sunnyvale, California 94086 MISSGURI Tl SUPPLY COMPANY Wellington: W. G. Leatham Ltd. 

COLOIWIO II SUPPLY COMPANY 6000 01nton Drlve/(214) fl 7-6121 
NORWAY 2916 Holm" Stroet/(816) 753·4750 Dall•s. Tem 15235 

Tl SUPPLY COMPANY Kansas City, Mjssour1 64109 3939 Ann Arbor Dr.l(713J 785 4800 0.lo: Morgenstierne & Co., 37 29 40 
2186 S, Holly (303) 751 7671 

ELECTRONIC COMPONENTS FOR Hou"ton, Ttl., 11042 
01rnver, Colorido 80222 

INDUSTRY HARRISON EQUIPMENT COMPANY, INC. SOUTH AFRICA 
nORIDA <605 Soulh Hanley Rd/(314) Ml 7'5505 1422 Son l•einto St./(113) CA 4-9131 Johannesbur1: H1ns Pollack 

ELECTRONIC WHOLESALERS. INC. St. l.ouis, Mluouri 63144 Houston., Tun 77001 SPAIN 
345 Groham Ave.'(305) 841·1550 

NEW JERSEY MIDLAND SPECIAi.TY COMPANY 8.rcelona: Oifitronle, 253 24 57 Orl&ndo, florid• 32814 2235 Wyom1n1 A'°.; (915) KE 3.9555 
9390 N. W. 2/lh Avt./(305) OX 61620 Gl.NERAL RADIO SUPPLY COMPANY, INC. El P.,o, Tex" 79903 Madrid: Atala Enaenleros, 235 35 43 

M1amt, Florida 33147 600 Penn Sl./(609! WO 4'8560 
SW£Dlll C•mdon, New ''"'' 08102 UTAH 

tUINOIS II SUPPLY COMPANY STANDARD SUPl'L Y COMPANY Slo<kholm: A.8, Gosta Backslrom, 
ALLILO EllCTRONICS CORPORAJION 

JOI C•n~;::k~v~/fg;J,i82 6400 ns E Si•lh So•th St.· (801) [L 5.2971 54 03 90 
100 N. W101<1n A••./(312) TA 9 9100 S.lt Lake C1t1, Ul•h IMllO SWl1Z£RIAllD Chi<1&<1, Illinois 61J680 NlW MDICO 

MERQUIP ELECTRONICS, INC Kl[RUlFF ll.f.CIRl)NICS, INC WASlllNlfON G1nw1: Tl Supply, 35 97 40 
I 101 No. Au1lin A ... /(312) !165·1500 1124 8•ylor Dr ~ ! /(505) 24).1055 Al.MAC STROUM tl.ECTRONICS Zurich: Fabrim>x AG, 47 06 70 

Skokie, llhn•I• 60016 Albuquerque. New Me11co 81108 5811 Si.th Ave. So /(206) 7113-2300 
NlWARM !lfCTRONICS CORP. Soallle, W .. h1nrton 98108 UNIYEJ KINIDOM 

!>!JON. Pul.,ki ROid i (312) 638 4411 11£WY0111( 
WASlllNQTON, D.C, 

811m1nahlrn: Tl Supply, (081) 743-2078 
Ch1e110, Jlhncls 60624 Gf.Nl:Sff RADIO & PARIS CO., INC Derby: Quarndon Electronics ltd., 
Tl SUPPLY COMPANY ;·;~o Oel•w•r• A•• /(716) TR 3·9661 !:LECTRONtC WHOLESALERS. INC 46695 

11.35 N 8•111 A"nuo/(312) 200·1161 Sullalo. New Yolk 14216 13'~ Shorm•n A .... l'I. W Edinburah: Tl Supply, 229-1481 
Rasemont, IU1noi1 60018 l&s H ICIRONICS INC 

c ion Hu u200 London: Tl Supply, Slouah 29481 
lllOIANA 14; t Merrick Rd /(5161 lO f.2414 

Wuhlnct••. o.c. 200(11 
Manch,.ter: Tl Supply. 236-6303 

lSCO H.l.CTRONICS INC Valle1 St1 .. m, Now Yolk 11580 AUSTRALIA Por!$ma•lh: S,0.S. ~Port•moulh) Ltd., 
?441 N Shadtt .. d A•t./(317) J~l 8'191 l.AfAYf.HE 1NOV$1RIAI. [lFCTRONICS Bmb.Jt:UJI Oot111IH U1trtoniC:$ 623 2 

lnd1.nnjpof1s, lndl.tn• 46219 165 08 lrberty A•• /12121 658!>-050 MolboUIDO. R•d10 Pir'I! l'ty, I.Id Redin1: W.E.L. Components Ltd., 
RA· DISCO J;iimll.ic.111. New Y<lrk 1'1431 Ptrlh: Pl'&r.hkin rlff:troA~c~ 40616 

814 Nor!h S.n1to Avtnu• MILGRAY NlW YORK 
AllSTllA 

Sheffield: Needhom Enrtneerina Co., 
ilt1> 1>11 ~SU 1(.0 Verr<t 'ii /(712) Yll 9·1600 27161 

lod1•"'P<'''" lndl•n• 46104 N1lh•t 'fork, N•• Y~11ti: 10013 vienni: Rtlmlflr G,othuwn, 8? 41 99 Southompton: Tl Supply, 27267 /8 



TI worldwide sales offices 
ALABAMA MICHIGAN WASHINGTON, D.C. Texas Instruments Deutschland GmbH 

Sahara Office Park Bldg., Suite 111 Suite 706 West, Northland Towers Bldg. 1875 Connecticut Ave., N.W., Suite 913 
Kepserstrasse 33 

8050 Freising-Lerchenzeld 3313 Memorial Parkway, s.w: 15565 Northland Dr. Washington, D.C. 20009 West Germ.any Huntsville, Alabama 35801 Southfield, Michigan 48075 202-234-9320 
205-881-4061 313-357-1703 Texas Instruments Deutschland GmbH 

CANADA Westendstrasse 52 
ARIZONA MINNESOTA 6000 Frankfurt, West Germany 

280 Centre Str. West 
2535 W. camelback Rd., Suite ID 7615 Metro Blvd. Richmond Hill 

Phoenix, Arizona 85017 Suite 202, U.C.L.I. Bldg. Ontario, Canada 
602-279-5531 Edina, Minn. 55424 416·889·7373 MEXICO 

612-941-4384 Texas Instruments de Mexico S.A. 
CALIFORNIA EUROPE Poniente 116 #489 

1800 North Argyle Ave. NEW JERSEY Texas Instruments Limited 
Col. Ind. Vallejo 

Hollywood, California 90028 25 U.S. Highway 22 Manton Lane 
Mexico 15, D.F. 

213-466-7251 Springfield, New Jersey 07081 Bedford, England 

5005 West Century Blvd., Suite 208 201-376-9400 Texas Instruments France S. A. ARGENTINA 
Inglewood, California 90301 Boite Postale 5 

Texas Instruments Argentina S.A.l.C.F. 213-673-3943 NEW YORK Villeneuve-loubet (A.M.), France 

P. 0. Box 87, 2209 E. Main Texas Instruments France S. A. 
Ruta Panamericana KM. 13,5 

230 C81ifornia Ave., Suite 201 Don Torcuato (Pdo. de Tigre) 
Palo Alto, California 94306 Endicott, New York 13760 379 Av de la Liberation Prov. de Buenos Aires 

. 415-326·6770 607-785-9987 92 Clamart, France 

1505 East 17th st, Suite 201 4 Nevada Drive Texas Instruments France S.A. 
New Hyde Park, N. Y. 11040 Lyon Branch BRAZIL Santa Ana, California 92701 516-488·2200 30-31 Quai Rambaud 

714-547 -6506 69 - Lyon, France Texas lnstrumentos Electronicos 
167 Main Street do Brazil Ltda. 

4185 Adams Ave. Fishkill, New York 12524 Texas Instruments France S.A. Rua Cesario Alvim 770 
San Diego, California 92116 914-896-6793 Metz Branch Caixa Postal 30.103 

714-284-1181 5, Rue Lancon Sao Paulo 6, Brazil 
6563 Ridings Rd. 57 - Metz, France 

COLORllDO 
Syracuse, New York 13206 

315-463-9291 Texas Instruments France S.A. 
2186 South Holly St., Suite 204 Toulouse Branch AUSTRALIA 

Denver, Colorado 80222 OHIO 20, Avenue Honore-Serre Texas lnstrmnents Australia Ltd. 
303-757-8548 31-Toulouse, France Box Q,.'91dbam Road· 

23811 Chagrin Blvd., Suite 100 
Texas Instruments Holland N.V. 

Elizabeth, South Australia 

CONNECTICUT Cleveland, Ohio 44122 
216-464-1192 P.O. Box 7603 Texas Instruments-Australia Ltd. 

300 Amity Road Entrepotgebouw Kamer 225-227 Roonr5; Rur8f·Banfl:. Bldg. 
Woodbridge, Connecticut 06525 Suite 205, Paul Welch Bldg. Schiphol-Centrum Burwood, N.s.w .. Allslralia 

203-389-4521 3300 South Dixie Dr. Netherland 
Dayton, Ohio 4~9 

513-298-7513 Texas Instruments Italia S.p.A. 
FLORIDA Via Colautti 1 ASIA 

5400 Diplomat Circle PENNSRVANIA Milan, Italy 
Texas Instruments Asia Limited 

Diflomat Bldg., Suite 252 Texas Instruments Italia S.p.A. 617 Sanno Grand Building 
Ori~rido, Florida 32810 Benjamin Fox Pavilion Via Padre Semeria, 63 14-2, Nagatacho 2 Chome 

305-644-3535 Suite 424, Foxcroft Square Rome, Italy Chiyoda-Ku, Tokyu, Japan 
Jenkintown, Pa. 19046 

3151 Third Ave. North 215-885-3454 Texas Instruments Sweden A.B. Texas Instruments Japan Limited 
300 West Bldg., Room 429 Timmermansgatan 34, Boll 11116 18-8, Minami 3 Chome 

St. Petersburg, Florida 33704 TEXAS Stockholm 17, Sweden Hatogaya City, Saitama Pref. 
813-898-0807 334 Japan 

MS80 - P.O. Box 5012 Texas Instruments Deutschland GmbH 
ILLINOIS Dallas, Texas 75222 Am Mittellelde 169 Texas Instruments Asia Limited 

214-238-4861 3000 Hannover, W. Germany Room 1502 Star House 
Suite 205, Executive Towers Harbour Centre 

5901 N. Cicero Ave. 3801 Kirby Bldg., Suite 600 Texas Instruments Deutschland GmbH Kowloon 
Chicago, Illinois 60646 Houston, Texas 77006 Im Kaisemer 5 Hong Kong 

312-286-1000 713-526-3268, 9 7000 Stuttgart-N 
West Germany Texas Instruments Singapore (PTE) 

MASSACHUSEJTS WASHINGTON Limited 
Texas Instruments Deutschland GmbH Factory 4-B 

60 Hickory Drive 5801 Sixth Ave. S. Arabellastrasse 4-Sternhaus 27 Kallang Place 
Waltham, Mass. 02154 Seattle, Washington 98108 8000 Munich 81 Singapore 12 

617-891-8450 206-762-4240 West Germany Republic of Singapore 

I - 2040 125M 99 PRINTED IN U.S.A. 


